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Presidential Address
Last year, based on the strong need for a worldwide coordination between all tissue engineers and between all tissue
engineering societies, the European Tissue Engineering Society (ETES), Tissue Engineering Society International
(TESI) and several Asian societies joined together to form the Tissue Engineering and Regenerative Medicine
International Society (TERMIS). The creation of TERMIS has already resulted in a coordinated sequence of annual
meetings in the field and is supporting the challenging development of a worldwide registry of clinical trials for tissue
engineering products and processes. In order to maintain the possibility to organize initiatives reflecting the
geographical/cultural needs and exploiting local resources, TERMIS is structured in continental chapters, including
the European section (TERMIS-EU).
I’m happy to welcome you to the first annual meeting of TERMIS-EU!
By participating to this meeting, you have had the possibility to get/renew your membership to TERMIS, which among
other benefits offers complimentary personal on-line access rights to Tissue Engineering, the official journal of the
society. Most importantly, your presence in Rotterdam contributes to making the TERMIS-EU meeting as the main
annual event in the field, bringing together the broad European tissue engineering community and promoting its
development, consolidation and international networking.
I wish you a stimulating, fruitful and enjoyable meeting!
Sincerely,

Ivan Martin, TERMIS-EU Chair

Welcome
Dear Colleagues,
I am pleased to welcome you to Rotterdam for the annual meeting of the European Chapter of the Tissue
Engineering and Regenerative Medicine International Society, also on behalve of the rest of the local organizing
committee.
We would like to thank all the presenters for submitting their work thereby enabling us to put together an interesting
programme with over 200 oral presentations and almost 150 posters. We are confident that in the venue of De
Doelen, you will be able to present and discuss your work in a pleasant environment.
We would like to thank the sponsors for making this meeting possible, the reviewers for their help with selecting the
abstracts and the many others who helped with various aspects like putting together the program, organizing all kind
of logistical issues, giving tips and ideas or promoting the meeting.
I would like to draw your attention especially to the many activities that will be organized by the Student and Young
Investigator Section (SYIS). This is new in the European meeting and I hope it will stimulate the young researchers to
become/stay actively involved in tissue engineering and regenerative medicine.
Finally, the social aspects of the meeting are as important as the scientific aspects. Don’t forget to enjoy Rotterdam!
There is a large variety of places you can go to for a drink or a bite, in the mean time discussing the latest scientific
results or the meaning of life.
Enjoy the meeting and enjoy Rotterdam,

Gerjo van Osch , Conference Chair
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Influence of nano-vibration stimuli on cell differentiation for tissue engineering
Kimura et al, TOKYO, Japan
Three-dimensional cell seeding and growth in radial-flow perfusion bioreactor
Yamaoka et al, SUITA, Japan
Novel perfusion bioreactor system increased the thickness of three-dimensional myocardial tissues
bioengineered by cell sheet technology
Sawada et al, TOKYO, Japan
The influence of compressive loading on calcium distribution in skeletal muscle cells
Langelaan et al, EINDHOVEN, The Netherlands
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Ibold, et al, BERLIN, Germany
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Bettahalli et al, ENSCHEDE, The Netherlands
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Sebastine et al, LOUGHBOROUGH, United Kingdom
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Sadr et al, MILANO, Italy
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scale
Das et al, OXFORD, United Kingdom
BioDynamic Test Instrument for the Characterization of Tissues and Biomaterials
Williams et al, EDEN PRAIRIE, USA
Coupling Mechanic, Transport and Biosynthetic Activity in Cartilage Constructs
Urciuolo et al, NAPOLI, Italy
Computational Multi-Scale Approach of Bone Growth in Scaffolds
Sanz et al, ZARAGOZA, Spain
A Bioreactor for Mechano-Stimulation and Mechanical Property Evaluation in Functional Tissue Engineering
Bottlang, et al, PORTLAND, United States of America
Effect of mechanical stimulation on the redifferentiation of dedifferentiated chondrocytes in alginate bead
culture
Wang, MS. et al, France
Electrospun Starch-polycaprolactone Nano Fibrous Scaffold
Ylikauppila et al, TAMPERE, Finland
Mechanical straining of adipose tissue derived mesenchymal stem cells for application in bone tissue
engineering
Diederichs et al, HANNOVER, Germany
Porous Hydroxyapatite Ceramics with High Mechanical Strength Made from Bovine-Bioglass Composite
Punyanitya et al, CHIANGMAI, Thailand
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Zaporozhan et al, ODESSA, Ukraine
Isolation and characterization of cardic derived cells from human heart biopsies
Haag et al, BERLIN, Germany
Cryopreservation of human umbilical vein as a scaffold material - Influence on vasomotoric, antithrombotic,
and seeding properties
Hoenicka et al, REGENSBURG, Germany
Vascularization of tissue engineered constructs
Pullens et al, EINDHOVEN, The Netherlands
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Development of bioscaffold preserving collagenic structure in biological tissue
Terada et al, SUITA-CITY OSAKA, Japan
Myogenic Pre-Differentiation of Bone-Marrow Human Mesenchymal Stem Cells By in Vitro
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Genovese et al, PITTSBURGH, United States of America
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Moelker et al, ROTTERDAM, The Netherlands
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Expression of the progenitor marker c-kit within adult human articular cartilage
Thornemo et al, GOTHENBURG, Sweden
The Effect of Scaffold Composition on Intervertebral Disc Cells
O Halloran et al, GALWAY, Ireland
Chondrocytes succeed in synthesising cartilage specific collagen type II only adding human serum to a
suitable three-dimensional cell culture system.
Krueger et al, SENFTENBERG, Germany
Induction of Chondrocytic Differentiation of Human Adipose-Derived Stem Cells by BMP-6 and FGF-2
Hildner et al, LINZ, Austria
Autologous chondrocytes transplantation in treatment of degenerative disk disease in rat model
Volkov et al, MOSCOW, Russia
Comparative analysis of bovine chondrocyte behaviour in different collagen-based scaffolds : sponge and
gel composed of type I or II collagens
Freyria et al, LYON, France
The Stability of Cartilage Phenotype of Human Bone Marrow Stromal Cells and Chondrocytes
Cocq van Delwijnen et al, ROTTERDAM, The Netherlands
Comparison of different 3D-cultivation systems to engineer human autologous in vitro cartilage-like tissue
with focus on differentiation and viability
Lehmann et al, SENFTENBERG, Germany
Bioreactor improves the growth and attachment of chondrocytes into the knitted poly-L,D-lactide scaffold
Tiitu et al, KUOPIO, Finland
Quantitative analysis of gene expression in human articular chondrocytes used for autologous chondrocyte
transplantation
Barlic et al, LJUBLJANA, Slovenia
Bioreactor Studies in Tissue Engineering Cartilage
Chang et al, CN,TAICHUNG, Taiwan
Development and evaluation of scaffolds for regeneration of articular cartilage
Evans et al SYDNEY, Australia
Why tissue engineering of cartilage does not work for the human ear and nose: the role of proinflammatory
cytokines
Groger et al, AACHEN, Germany
Anomalous diffusion in developing tissue engineered cartilage
Chao et al, EINDHOVEN, The Netherlands
(CANCELED)
Short term exposure of TGFß1 induces stable aggregation and chondrogenic differentiation of MSCs
Hamann et al, BILTHOVEN, The Netherlands
Prenatal stem cell therapy for severe combined immundeficiencies and osteogenesis imperfetcta: report of 7
cases
Porta et al, BRESCIA, Italy
Guided Neurite Growth on a Graded Laminin Conjugated Enzymatically Cross-Linked Collagen
Scaffold Yao et al, GALWAY, Ireland
Immunophenotype of Muscle-Derived Stem Cells in Different Culture Medium
Gómez-Gil et al, ALCALA DE HENARES, Spain
Muscle-Derived Cells, Source of Mesenchymal Cells to Create a Subcutaneous Equivalent to Improve
Compromised Wound Healing
Bujan, Juli et al ,ALCALA DE HENARES, Spain
Cultured corneal cells for tissue engineering. A quality control study
Gonzalez-Andrades et al, GRANADA, Spain
Strategies to Prevent the Phenomenon of Settling Associated with Cardiac Cell Delivery
Fernandes, et al, MAASTRICHT, The Netherlands
Early Endothelial Progenitor Cells (EPC) are useful for vascularisation on TCP scaffold for bone tissue
engineering
Seebach et al, FRANKFURT AM MAIN, Germany
Embryonic Cell Suspensions in New-Onset Type 1 Diabetes Mellitus
Smikodub et al, KIEV, Ukraine
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Performance of autologous artificial connective tissue and acellular collagen scaffolds on Rabbit Oral
Mucosa Lesions
Fontanilla et al, BOGOTA D.C., Colombia
Stimulation and characterisation of muscle progenitor cell differentiation
Boonen et al, EINDHOVEN, The Netherlands
Long -Term Cultures of Cells From Non Touched Omentum and Peritoneal Adhesions Show Phenotypic
Changes to Mesenchymal Cell
Gómez-Gil et al, ALCALA DE HENARES, Spain
Effects of Protein Kinase C activity on Proliferation and Osteogenesis of Human Mesenchymal Stem cells
Liu et al, ENSCHEDE, The Netherlands
Production and characterization of neural stem cells for therapy of demyelinating disorders
Mokry et al, HRADEC KRALOVE, Czech Republic
Peritoneal Adhesions as Source of Multipotential Cells Can Be Used To Study Aging Effects
Bujan et al, ALCALA DE HENARES, Spain
Changes in functional behaviour and the proteome pattern of mesenchymal stem cells with donor age
Kasper et al, BERLIN, Germany
Macrophage mediated effect of particulate silica on rat mesenchymal stem cells in vitro
Wilson et al, TURKU, Finland
Mesenchymal Stem Cells derived from Bone Marrow and Trabecular Bone – Microarray- and FACSAnalysis for the Description of Differences
Weber et al, WÜRZBURG, Germany
Iron Oxide-labeling of Human Mesenchymal Stem Cells for cellular MR imaging
Heymer et al, WÜRZBURG, Germany
Molecular Profiling of Multipotent Rat Mesenchymal Stem Cells
Ahmed et a,l REGENSBURG, Germany
The Development of Defined Serum-Free Media for the Directed Differentiation of Human Mesenchymal
Stem cells
Bryan et al, LIVERPOOL, United Kingdom
Bioluminescent imaging (BLI) for in vivo tracing of human mesenchymal stem cell-based bone tissue
engineering
Prins et al, UTRECHT, The Netherlands
The Isolation of Progenitor Cells from Dental Pulp and Their Potential as a Cell Source for Tissue
Engineering
Thompson et al, LIVERPOOL, United Kingdom
Adipose Tissue-Derived Mesenchymal Stem Cell Yield and Function are Affected by the Tissue Harvesting
Site
Jurgens et al, AMSTERDAM, The Netherlands
Stem cell-derived substitutes for cardiac repair
Forte et al, ROME, Italy
Endochondral bone formation by embryonic stem cells on scaffolds in vivo
Jukes et al, BILTHOVEN, The Netherlands
Vitamin D shows its enhancing effect on bone marrow mesenchymal stem cells induction to osteoblasts
differentiation with their bone formation and mineralization
Sila-asna et al, NAKORNPATHOM, Thailand
Comparison of the Effects of BMP-2 and BMP-7 on Osteogenesis and Chondrogenesis in Adipose Tissuederived Mesenchymal Stem Cells
Knippenberg et al, AMSTERDAM, The Netherlands
Application of hyperbaric oxygen in bone tissue engineering--effect of hyperbaric oxygen treatment on bone
marrow stem cells
Xiao et al, BRISBANE, Australia
Genetic modification of smooth muscle cells to increase endothelial cells seeding in vascular tissue
engineering
Zhu et al, CHONGQING, China
Genomics on large animals with unknown sequence data
Zandieh Doulabi et al , AMSTERDAM, The Netherlands
Immunomodulation by untreated and cytokine treated human stem cells from adipose tissue and amnion
Wolbank et al, LINZ, Austria
Nano and Macroporous Bioglass Scaffolds
Sharaf et al, A,CAIRO, Egypt
Assessment of micro-stereolithography system for development of various types of three-dimensional
scaffolds in cartilage and bone tissue regeneration
Lee et al, POHANG, South-Korea
(CANCELED)
Surface modification of PCL nanofiber mats for tissue engineering
Ghasemi-Mobarakeh et al, ISFAHA, Iran
Study of the connective tissue surrounding cycloolefin copolymer implanted into the porcine femur
Hulejová et al, PRAQUE, Czech Republic
In vitro and in vivo study of 3D calcium phosphate scaffolds for bone tissue engineering
Sviridova et al, MOSCOW, Russia
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Functionalized poly(a-hydroxy acid)s: towards hydrophilic polyesters with pendant hydroxyl groups for tissue
engineering applications
Leemhuis et al, UTRECHT, The Netherlands
In vitro study of the effect of the surface modification of selected implant materials on adhesion and synthetic
activity of bone cells
Pešáková et al, PRAQUE, Czech Republic
Culturing of mesenchymal stem cells on trimethylene carbonate copolymers for the tissue engineering of
small-caliber blood vessels
Weekamp et al , ENSCHEDE, The Netherlands
Bioerodible nanoscaffolds loaded with Diclofenac sodium
Nikkola et al, TAMPERE, Finland
Organic-inorganic hybrid biomaterials as tissue engineering scaffolds for artificial bone production
Choi et al, ,DAEGU, South-Korea
A slowly degradable poly(urethane urea) scaffold (Artelon®) for cartilage tissue engineering - An in vitro
study of human articular chondrocytes
Stenhamre et al, GOTHENBURG, Sweden
Polymer matrix based gene delivery to heart valve
Li et al, ROSTOCK, Germany
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Cell and Biomaterials
Abstract nr : 2
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Cells and Biomaterials
Abstract nr : 3

New strategies for bone tissue engineering: why and how to promote cell communication between
osteoblasts and endothelial cells inside a biomaterial?
J. Amedee
Inserm U-Universite Victor Segalen Bordeaux Cedex, France
Osseointegration of bone substitutes can be considerably helped if the implants are cellularized before implantation. Moreover,
bone development and remodelling depend on cellular interactions between bone-forming osteoblasts, bone-degrading osteoclasts,
and other cells present within the bone microenvironment. Recent studies revealed that vascular endothelial cells may be pivotal
members of complex interactive communication network in bone with the others cell types. The aim of our topic is to develop tissue
and cell engineering to promote the colonization and the vascularization of the implants.
The first approach consists in the better knowledge of cell to cell communication between osteogenic and vascular endothelial cells
(ECs). To do that, co-cultures of human osteoprogenitors (HOP) arising from bone marrow stromal cells were performed with
endothelial cells arising from different human sources (saphen vein, umbilical vein). Dye coupling assays with Lucifer Yellow
showed that a functional coupling exists between HUVEC and HOP, that connexin 43 and AMPc signalling pathway play a main
function in this juxtacrine signalling. This coupling induces in one hand an increase of HOP differentiation and cell mineralization and
modifies in another hand a number of endothelial-specific markers (Tissue plasminogen Activator, Tissular Factor). Our team is now
involved in the isolation of Endothelial Progenitor Cells (EPCs) from human bone marrow as far as we have already demonstrated
the interest of co-cultures of ECs with HOP from the same biological compartment in the field of bone tissue engineering.
The second approach consists in the design of materials able to support these two cell types. Fonctionalized implants with cyclic
RGD-containing peptides are well developed by our group in order to promote adhesion of osteoprogenitors and endothelial
progenitors present in bone marrow. In addition, one of our objective is to perfect a laser procedure for molecular assembly and tissue
reconstruction on the surface of biomaterials based on the LIFT (Laser-Induced Forward Transfer) technique. In other words, our aim will be
to generate biofunctional surfaces by the formation of bioactive nanodomains, and to use laser transfer to deposit on these surfaces HOP
and EPCs able to encourage bone formation and the neovascularisation of newly formed bone.

Baxter Symposium ‘Fibrin based for soft and hard tissue repair’

The Baxter symposium appears in a separate abstract book!
Fibrin as cell carrier in cardiovascular tissue engineering applications
I. Moll, ROTTERDAM, The Netherlands
Fibrin gels for cell loading within porous 3D scaffolds
I. Martin BASEL, Switzerland
Dural defect repair with Tissudura and fibrin Glue: Clinical experiences with 135 cases
F. Biroli , BERGAMO, Italy
Induction of axial vascularization in fibrin-based scaffolds
U. Kneser ERLANGEN, Germany
R. Mittermayr VIENNA , Austria
A fibrin spray for the delivery of bone marrow-derived cultured mesenchymal stem cells to acute and chronic human wounds
V. Falanga BOSTON, USA
ICX-PRO – a cell-seeded, fibrin-based woundcare product
M. Leek MANCHESTER , UK
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SEHIT Symposium: 'Cell viability in tissue engineering'
Abstract nr: 10

Bone Tissue Engineering: Cellular activity on a collagen-GAG scaffold is affected by collagen and
GAG content
1

2

1

1

CMM Tierney , CM Tierney , MJ Jaasma , FJ O'Brien
1
Royal College of Surgeons in Ireland, DUBLIN, Ireland
2
Trinity Centre for Bioengineering, TCD, DUBLIN 2, Ireland
Collagen-glycosaminoglycan (GAG) scaffolds have shown great potential for cartilage and bone tissue engineering (1). However, to
date the scaffold material composition has been optimised for skin regeneration (2). Therefore, the aim of this study was to determine
the biological characteristics of various compositions of collagen-GAG scaffolds for bone tissue engineering by evaluating osteoblast
adhesion, viability and proliferation on the scaffolds.
Scaffolds were made from Type-I collagen and chondrotin-6-sulphate (3). Scaffold composition was varied by fabricating scaffolds with
four different material concentrations: 1) Standard (collagen content of 0.5%), 2) Half (0.25%), and 3) Double (1%) the collagen content
(GAG content of 0.1%) as well as 4) the standard collagen content without GAG (No-GAG). Each scaffold (1x2cm) was seeded with
2x106 MC3T3-E1 osteoblastic cells. Constructs were assessed at 6, 24, 48 hours and 7 days. Cell adhesion and viability was measured
using the alamar blue metabolic assay and cell number was calculated at day 7 using the Hoechst 33258 DNA assay (4). Cell infiltration
was examined histologically using H&E and aniline blue staining at day 7.
All constructs showed cell proliferation at 48 hr as the cell density was 1.9'3.5 times higher at 48 hr compared to 6 hr post seeding (p <
0.05). At 24 hr and 48 hr, the Half and Double scaffolds had a 2.6 to 2.8-fold higher cell density than the Standard and No-GAG
scaffolds (p < 0.05). At 7 days the Half and Double collagen scaffolds had a 2 to 3-fold higher cell density compared to the Standard (p
< 0.022), with the Double significantly higher than the Half (p < 0.001). This study has shown that alamar blue and Hoechst 33258 can
be used together to confirm cell numbers on the scaffolds (p = 0.085), and both verified cell viability to 7 days. Histological analysis
verified cell infiltration for all scaffolds apart from the No-GAG which did not show a large degree of cell penetration. Good cellular
adherence and metabolic activity for all scaffold compositions confirm the excellent biological characteristics of the collagen-GAG
scaffolds for bone tissue engineering. Scaffold composition does have an effect on the cellular activity and this study shows that the
Double and Half scaffolds are better substrates for bone tissue engineering.
(1) Farrell E, et al. Tissue Engineering. 2006; 12:459-468
(2) Yannas I.V, et al. PNAS USA. 1983; 86:933-937
(3) O Brien FJ, et al. Biomaterials. 2004; 25:1077-1086
(4) Kim Y.J, et al. Analytical Biochemistry. 1988; 174:168-176

SEHIT Symposium: 'Cell viability in tissue engineering'
Abstract nr : 11

Determination of the cell viability of primary cultures of corneal endothelial cells by quantitative
electron probe X-ray microanalysis
1

2

2

2

3

2

2

MA Alaminos , M Alaminos , MC Sánchez-Quevedo , JM García , JI Muñoz-Avila , M Gonzalez-Andrades , A Campos
1
University of Granada, GRANADA, Spain
2
Dept of Histology, University of Granada, GRANADA, Spain
3
Division of Ophthalmology. H San Cecilio, GRANADA, Spain

Introduction
Evaluation of the viability of the cells kept in culture is very important before the cells can be used for construction of artificial tissues and
organs by tissue engineering. In this study, we determined the cell viability of isolated rabbit corneal endothelial cells kept in culture from
the first to the 5th subculture and identified microanalytical changes associated to each cell subculture.
Materials and Methods:
Corneal endothelial cells were isolated from rabbit corneas by incubation of the organs with trypsin-EDTA for 10 min, followed by
mechanical dissection of Descemet’s layer under the microscope. Endothelial cells were then cultured in DMEM medium supplemented
with 10% fetal calf serum and different growth factors. On confluency, cultured endothelial cells were passaged until subculture 5. On
each subculture, cell viability was determined by trypan blue staining and quantitative electron probe X-ray microanalysis of cells
cultured on gold grids.
Results
Our results show that the ionic content of potassium in cultured corneal endothelial cells tends to rise initially but significantly decrease
in cells at the last subcultures. The differences between cells at the 4th subculture and cells belonging to the 5th subculture were
statistically significant (p<0.001). The concentration of sulphur was higher in cells at the 5th subculture than at 5th subculture (p<0.001),
with a non-significant increase of sodium in the 5th subculture (p=0.031). On the other hand, trypan blue staining showed very few
differences among the five subcultures considered (91% survival for the first subculture, 94% for the second, 94% for the third, 95% for
the fourth, and 92% for the fifth subculture).
Conclusions
These data imply a remarkable decrease of the K/Na ratio from the 4th subculture to the 5th subculture. Furthermore, these
microanalytical results, along with the morphological differences found between the cells belonging to both subcultures, are compatible
with an early phase of the preapoptotic process taking place in cells of the 5th subculture, and suggest that cells of the first four
subcultures could be better candidates for the tissue engineering. Electron probe X-ray microanalysis was a sensitive technique to
identify changes associated to different cell passages.
Supported by FIS 04/1983 and FIS 03/141.
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Successful transplantation of skeletal muscle progenitor cells (satellite cells or myoblasts) for either structural repair or ex vivo gene
therapy applications will require the optimization of cell survival and differentiation into long-lived postmitotic muscle fibers. Three
dimensional biodegradable polymer scaffolds have been successfully utilized for growth and transplantation of numerous cell types,
including rodent skeletal muscle cells, but have normally utilized non-clinical grade carrier proteins such as MatrigelTM to optimize cell
retention and attachment to the porous scaffold material. Utilizing primary adult human skeletal myoblasts isolated by needle biopsy,
their retention, growth and differentiation on polymeric scaffolds was achieved utilizing clinical grade collagen or fibrin carrier proteins.
Porous polymer scaffolds were fabricated from poly(lactide-co-glycolide) (PLG) using high-pressure carbon dioxide. Scaffolds 4 to 13
mm in diameter by 1.5 mm thick were fabricated from particulate PLG and 10% - 100% (wt/wt) microsphere PLG. Cells (1.5 - 16
million/scaffold) seeded on the scaffold without a carrier protein were poorly retained whereas the use of collagen type I (ZydermTM) or
fibrin (TisseelTM) during seeding lead to the retention of greater than 85% of the cells within the scaffold’s pores. Cell viability in vitro for
3-4 days in growth medium was best on the surface of the scaffold, with decreasing viability from the surface to their center. When
differentiation medium was added to the cell-seeded scaffolds for an additional 3-5 days in vitro, short isolated postmitotic muscle fibers
expressing sarcomeric tropomyosin formed throughout the scaffold pores. Prefilling the scaffolds with a cell-free (ZydermTM) or fibrin
(TisseelTM) carrier protein prior to plating a layer of cells in carrier protein onto the scaffold surface resulted in the formation of a 100 µm
cell layer of well formed postmitotic muscle fibers. When implanted subcutaneously into immunodeficient mice, the muscle fibers were
maintained under tension in vivo. Primary human skeletal myoblasts stably transduced with GFP were used to track muscle fiber
survival in vivo. Preliminary data show a 60% cell survival at 2 weeks and 24% at 4 weeks post-implantation, which compares favorably
to the use of cells in a non-tensioned carrier protein matrix alone (22% at 2 weeks, 5% at 4 weeks). Although immunodeficient animals
were used, loss of cells may in part be attributable to the use of xenogeneic cells. Polymer scaffolds therefore provide a reliable method
for the successful transfer of ex vivo differentiated postmitotic muscle fibers under tension in vivo for their potential future use in muscle
repair or gene therapy applications.
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Introduction
Diferent substances frequently used in tissue engineering could be released to the culture medium and exert a cytotoxic effect
on the cultured cells. HEMA (2-hydroxyethylmethacrylate) is a composite resin widely used in dental repair and to develop
contact lenses and intraocular implants. In this work, we have determined the cytotoxical effect of liquid HEMA on human oral
fibroblast cells cultured for tissue engineering purposes.
Materials and Methods
Human oral fibroblasts were isolated from small biopsies of oral mucosa by incubating the samples in collagenase I. Primary
cell cultures were established in DMEM culture medium supplemented with 10% fetal calf serum. To evaluate the cytotoxic
effects of HEMA, 10,000 cultured oral fibroblasts were incubated in increasing doses of liquid HEMA diluted in culture medium
(5, 10, 20, 30, 40 and 50 mM) for different times (1, 6, 12, 24 and 48 h). As negative control (no toxicity), we used DMEM
without HEMA, whereas a 1% dilution of triton-X was used as positive control. Cytotoxicity was detected by quantification of DLactic Dehydrogenase (LDH) and free DNA in the cell media, as well as by electron probe X-ray microanalysis on the cells
cultured in the presence of the toxic.
Results
Short-term incubation of human oral fibroblasts in the presence of 5, 10, 20 and 30 mM HEMA was associated to a low degree
of cell mortality. However, concentrations of 40 and 50 mM resulted in cytotoxic effects in 20% of the cells, with a high amount
of DNA and LDH liberation to the culture medium. Long-term incubation of the cells in HEMA was associated to 25-90% cell
mortality. Cytotoxicity was associated to a decrease in the intracellular concentration of potassium and an increase in the
sodium cell content by microanalysis.
Conclusions
Electron probe X-ray microanalysis is an accurate procedure to determine the viability of human cells kept in culture. The use of
HEMA was associated to a diminished cell viability in human oral fibroblasts.
This work was supported by FIS 03/1052.
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The aim of tissue engineering is to allow the body to repair itself scaffolds, and biological signals to damaged or diseased tissues and
organs. Since limitation of current surgical treatments for degenerated intervertebral disc (IVD), tissue engineering method has been
proposed. DBP has a powerful inducer of bone/cartilage specialization. In this study, we manufactured scaffold of cylinder and donut
shape of similar IVD, using PLGA (poly(L-lactide-co-glycolide)/DBP (demineralized bone particle) and confirmed effect by content of
natural material.
DBP was obtained from bovine femoral region. PLGA/DBP scaffold was fabricated to cylinder or donut shape by various contents (0,
10, 20, 40 and 80%) of DBP using solvent casting/salt leaching method. We isolated nucleus pulposus (NP) and annulus fibrosus (AF)
cells from New Zealand white rabbit IVD, separately. After these scaffolds were associated, NP cells were seeded in the inner section
and AF cells in the outer section of scaffold were seeded. Morphology of scaffold was characterized by SEM. Trypan blue solution
dropped onto DBP/PLGA scaffolds for wettability evaluation and water absorption was observed with time. Cell proliferation of disc cell
into scaffold was evaluated by MTT assay. After seeding on scaffold, we implanted it in subcutaneous of athymic nude mouse scaffolds
were performed the histological staining by H&E, MTS, safranin-O, and type II collagen. In addition, we observed specific gene
expression of disc cell (aggrecan, type II collagen) in method of RT-PCR.
In SEM result associated scaffold of DBP/PLGA, fabricated PLGA only and PLGA/DBP scaffold has interconnected open pore and
180~250 ㎛ pore size, also did not observe difference of morphology by content of DBP. In wettability observation, we could confirm that
wettability improved with content. The high cell viability presented at scaffold included 20% DBP and special gene expression increased
from 10 to 20% by RT-PCR. Through various staining, expression of collagen and GAG was powerful in around DBP. In conclusion, we
suggest that DBP/PLGA scaffold has effectiveness including DBP of 10~20 % for bio-disc.
Acknowledgements : This work was supported by KMOHW (0405-BO01-0204-0006)
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X-ray microanalysis in the Study of Apoptosis
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King's College London, LONDON, United Kingdom
It has been known for a long time that decreases in intracellular potassium concentration are associated with the later stages of the
apoptotic process but, only recently, has it become clear that the decreases in potassium begin very early during the commitment
phase, and are accompanied by parallel decreases in intracellular chloride concentration. Much of the direct information about changes
in intracellular element concentrations and their relationship with the key events of apoptosis has been gained using the technique of
electron probe X-ray microanalysis (EPXMA), which uses the X-ray signal generated during the interaction between the electron beam
and the specimen to determine local element concentrations. The power of this technique is that it allows the determination of element
concentrations in individual cells or, in cellular compartments if cells sections are used, and enables correlation between these
concentrations and morphological and biochemical markers of apoptosis.
Studies using EPXMA in the scanning electron microscope on U937 cells undergoing staurosporine-induced apoptosis have shown
that the changes in concentrations of potassium and chloride have a biphasic pattern characterised by initial parallel decreases in both
elements followed by a continuing decrease in potassium but a subsequent increase in chloride. The early phase is concomitant with
cell shrinkage and precedes the activation of caspase-3, whereas the later phase began with caspase-3 activation. These studies were
carried out on individual whole cells. Investigations on sections of U937 cells undergoing UV-induced apoptosis confirmed the early loss
of potassium and chloride and, in association with confocal microscopy, showed that these losses occurred before release of
cytochrome-c from mitochondria. It was also shown that the concentrations of potassium and chloride decreased before cytochrome-c
release occurred suggesting that, in mitochondria, altered volume regulation may be important in membrane breakdown. These studies
indicate that cell shrinkage occurs early in the apoptotic pathway and that the consequential alterations in element concentrations affect
intracellular compartments differently and also demonstrate the usefulness of EPXMA in studying cell viability.
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Rapid Prototyping technologies allow the generation of solid objects, regardless of the complexity of their shape. It is possible to
separate the requirements for rapid prototyping materials from those for tissue engineering materials applying indirect methods.
It is evident that the adaptation of a biodegradable polymer to such a technology allows the generation of patient specific scaffolds for
tissue engineering. So not only functional, but also pleasing implants can be made.
We developed a poly(caprolactone)-based two-component scaffold material, adapted to a cast process. The cartilaginous part of the
human auricle was used as a model for the process: a CT data file is used to create a model by stereolithography, from which a silicon
mold is produced, having the exact shape of the cartiligous part of the auricle as determined by the CT scan. Porous scaffolds can be
cast from the adapted biodegradable material using this mold. The scaffolds represent all details of the external structure defined by the
initial data file. Porosity is above 80%, with highly interconnected pores and open surface. The scaffold is the filled with chondrocytes
(bovine or human) and growth factors, suspended in a specially designed fibrin gel.
Experiments for biocompatibility, biodegradation and tissue formation were made in vitro as well as in different animal models. The
influence of cell number, preculture period and insulin as a model substance for IGF were tested.
The scaffold material and the fibrin gel are compatible with the cells, and no toxic or other adverse effects were found so far in vitro and
in vivo. Bovine chondrocytes are distributed uniformly throughout the constructs. After four weeks the fibrin gel was substituted by
extracellular matrix.
Histological and immunohistological stainings show that the expressed ECM has the same composition as in articular cartilage.
A continuous cartilage-like tissue is formed from bovine chondrocytes within a few days throughout the whole construct.

Figure: Open Surface
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Since the 90th cartilage tissue engineering has received a particular attention for its possible use in clinical treatment by the use of
three-dimensional porous scaffolds as cells support and carrier. Scaffolds should answer certain essential criteria: biocompatibility, high
porosity, and important pore interconnectivity for facilitated cells migration and fluid diffusion. Different research groups focused on pore
interconnectivity. Based on modified SC/PLO, they used several porogens to obtain spherical or almost spherical particles. Some
inconvenience appeared such as the use of toxic organic solvents during the leaching out step, or relatively high cost equipments for
porogen spherolization. In this work an innovative low cost method is proposed for round interconnected porous scaffolds.
The processing method remained simple: sieved sugar particles (200-300µm and 300-500µm in dimension) were cast into a horizontal
cylindrical die conducing to a meker burner flame. As they passed through the flame the particles partially melted and by falling onto a
collector they adopted a spherical configuration. Spherolized particles were then cured and compressed in plastic cylindrical molds.
Poly-L-lactic acid solutions in chloroform ranging from 5% wt/v to 10% wt/v were cast into the molds and successively put under vacuum
(250mbar) to make the polymer solution penetrate into the sugar template. Solvent was then allowed to evaporate over night. Scaffolds
were whether immersed in distilled water to leach out the porogen during 3 days or a new casting was performed. They were finally
dried under vacuum for 24h. Scaffold morphology was investigated thanks to scanning electron microscopy. They presented spherical
pores with interconnection holes from 20 to 100µm. Mechanical properties of the scaffold were assessed in compression. The result
showed that the higher the polymer concentration, the higher the elastic modulus (for 5%, 8% and 10% wt/v, elastic modulus was
respectively 136±32kPa, 372±132kPa and 528±152kPa). A sharp increase of the elastic modulus was observed when a second casting
was carried out (second casting with 5% and 8% wt/v, the elastic modulus was respectively 849±290kPa and 2985±733kPa). Due to
their morphology and mechanical properties, they appeared to be promising candidates for cartilage tissue engineering.
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Studies on the Collagen-Hydroxyapatite microsphere /Mesenchymal Stem Cells Constructs for
Craniofacial Bone Repair---Is the Nanoparticle HAP better?
C Chang, J Jeng
China Medical University & Hospital, TAICHUNG, Taiwan
In repair of large bony defect, autografts, allografts and biocompatible artificial bone substitutes all have their limitation and
disadvantages. Tissue engineering may be an alternative methodology for the repairs of bone defects in the clinical setting. We use
animal model to test the hypothesis that the bone formation of bone marrow stromal cells (MSCs) is better on the nanoparticle CollagenHydroxyapatite (HAP) microsphere in tissue engineering.
MSCs of rabbits were aspired from iliac crest and culture on the Collagen-Hydroxyapatite microsphere for one month. And ex vivo advrhBMP2 infect BMSCs and seed on Collagen-HAP microsphere for implantation. The particle of HAP was devided in to 3μm and 20
nm(nano size). Three composition of Hap and colaagen were tested as 50:50, 65:35 and 75:25. We will perform western blots for BMP2 content of the culture medium, H&E stain、SEM, confocal study with FDA and F-actin stains and ALP activity.
The results have shown that Collagen/HAP microsphere is a well biocompatible biomaterial.
The osteoinduction acitivities were exhibited by Adv BMP2 induced MSC and Collagen/HAP microsphere. The nano size HAPdid
decrease immune rejection in animal study. The best composition is nano-collagen/HAP (25/75). The study integrates the concepts of
stem cells, gene medicine and material science. Further in vivo study in minipigs will be performed.
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Introduction
Bone defects caused by tumor resection and age related loss of bone mass induce a high demand of bone filling materials. Calcium
phosphate cement (CPC) is a good candidate for this application as it shapes to the defect site after injection and renders an optimal
contact with the surrounding tissue. Although injectable CPC shows excellent biocompatibility and osteoconductivity, in vivo resorption
and tissue ingrowth is slow. A solution is the introduction of gelatin microspheres that create macroporosity into the system and in the
same time serve as drug release vesicles. The goal of this study was to investigate the handling properties and degradation
characteristics of different gelatin microsphere containing CaP cements. Also a release study was performed in which BSA was used as
a model protein.
Materials
Gelatin of different sources was used for the preparation of the microspheres. Calcibon was applied as CaP cement.
Methods
Gelatin microsphere/CaP composites were synthesized in different weight ratio s.
Setting time and injectability were determined. A 12-weeks degradation study was done in which cylindrical scaffolds were placed in 3ml
PBS containing 373 ng/ml collagenase 1A at 37°C. Samples were assayed on mass, compression strength, E-modulus and
morphology. A release study was performed in which scaffolds were loaded with 1.5 mg BSA and measured using RP-HPLC.
Results & Discussion
The gelatin microsphere composites were easy to inject and intial setting times of 2-3 min were obtained. Degradation of the scaffolds
depended on the type of gelatin and was influenced by different parameters. Most important were enzyme deactivation, CaP growth
inside the gelatin spheres and pH-induced crosslinking of gelatin spheres.
Surface erosion was observed with basic gelatin/CaP composites that showed a concomittant decrease in compression strength. From
the BSA release experiment, different curves were obtained, showing a sustained release within 3-6 weeks with a maximum yield of
40%.
Conclusions
The investigated gelatin microsphere/CaP composites showed manageable handling properties. Degradation was dependent on
different parameters, though a surface type erosion was observed. Next to that, a sustained BSA release was measured.

Figure: Composite scaffold with surface erosion.
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Tissue engineering is an interdisciplinary and multidisciplinary field that applies the principles of engineering and the life science to the
development of biological substitute that restore, maintain or improve tissue function. Biomaterials play a pivotal role in tissue
engineering by serving as matrix for cellular ingrowth, proliferation, cell adhesion, differentiation and new tissue formation in three
dimensions. Collagene is a major natural extracellular matrix component and posses a fibrous structure with fiber bundle varing in
diameter from 50-500nm. To mimic the nanofibrous architecture, a few technologies have been developed to engineer nanofibrous
scaffolds. The electrospinning process is a technique used to produce ultra-fine polymer fibers. In this process fiber diameter and
alignment are controllable . Poly(ε-caprolactone)(PCL) has been used as a bioresorbable polymer in medical applications such as tissue
engineering. Its main advantages are biocompability and biodegradability. In this study electrospinning was used to fabricate PCL
nanofiber scaffolds. Aligned and random nanofiber scaffolds was both produced and effect of the fiber alignment on the Vero fibroblast
cells was investigated. The biological response of aligned and random nanofiber scaffolds for the adhesion and proliferation of Vero
fibroblast cells was investigated by MTT assay and Scanning electron microscopy (SEM). The results showed that fiber alignment has
some effect on the attachment and proliferation of Vero fibroblast cells on PCL nanofiber scaffolds.
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Of highest concern when designing a polymer scaffold is to support the seeded cells and allow cell differentiation and expansion in three
dimensions. There is a need of functional scaffolds for regeneration of damaged or lost tissue that can function not only as a carrier for
cells, but also support cell functions and guide them in the process of tissue development. This puts high demands on the scaffold,
which should ideally act as a temporary support that degrades as new tissue is formed. By combining the possibilities of tailoring
polymers into desired shape, mechanics and chemistry with the ability of the natural extracellular matrix (ECM) to remodel, self organize
and store growth factors, a composite scaffold can be formed, which will guide cells and tissue into regeneration instead of scarring. A
composite material of polymer/ECM would combine the advantageous properties of both materials, leading to a scaffold with
engineered shape and mechanical properties as well as the biological signalling capabilities of the ECM.
By growing fibroblast cells on a compliant, knitted polymer scaffold, we have shown that cells deposit substantial amounts of ECM, and
initial experiments show that dynamic culture conditions is strongly influencing the fibroblast culture. Two weeks of dynamic culture in a
bioreactor resulted in increased cell proliferation and extracellular matrix deposition. Cells assembled bundles of ECM fibers, which
were bridging between polymer filaments and anchoring cells to the scaffold. Histology showed an even distribution of cells in the
scaffold, surrounded by matrix-like structure of which collagen type I was the major constituent.
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Magnetic Labeling of Stem Cells for Detection by Cellular MRI: Potential Applications in
Regenerative Medicine
J A Frank.
National Institutes of Health Bethesda, MARYLAND,, USA
Magnetic labeling of cells provides the ability to monitor the temporal spatial migration of stem cells and other mammalian cells
using in vivo MRI. Various methods have been used to magnetically label cells using FDA approved dextran coated
superparamagnetic iron oxide (SPIO) nanoparticles complexed to FDA approved transfection agents allowing for efficient and
effective uptake of the contrast agent by stem cells. A variety of different approaches have been used to label stem cells with SPIO
nanoparticles with no toxicity, alterations in viability, proliferation, production of reactive oxygen species, increase rates of apoptosis
or ability to differentiate. Labeling of stem cells with ferumoxides complexed to protamine sulfate (FePro) is an effective method of
tagging cells (Arbab et al Blood 2004;104:1217-23, Arbab et al NMR in Biomedicine 2005;18:553-9) for cellular MRI.
Transplantation or infusion of magnetic labeled stem cells has allowed for the monitoring of the temporal spatial migration of the
cells into targeted pathology or be used in tissue repair. Studies tracking magnetically labeled HSC (Sca1+) or human endothelial
+
+
precursor cells (EPCs) (CD 34 AC 133 ) in mice with implanted glioma in the brain or flank have demonstrated migration of these
cells by high–resolution cellular MRI. Magnetically labeled mouse or human EPCs have been shown to incorporated into ongoing
vasculogenesis of growing brain tumor and could be detected as expanding hypointense ring surrounding tumor on in vivo MRI
(Anderson et al Blood 2005;105:420-5,(Arbab et al Stem Cells 2006;24:671-8). Potential applications of using magnetically labeled
stem cells and MRI should allow for the development of novel experimental and clinical treatment trials providing a non-invasive
approach that can be used to optimize cellular based therapies to determine when to give cells, how often to give cells and
potentially the number and combination of cells that will that can be used in repair, replacement or treatment strategies.
From Culture to Patients
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The relevance of tissue culture for the vascularization of biomaterials
C.J. Kirkpatrick
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In the field of regenerative medicine there is now a great awareness that for most applications an adequate blood supply is an
absolute pre-requisite for success. How this can be achieved is being answered with various concepts from ex vivo cultivation of
endothelial cells (EC) to drug delivery of pro-angiogenic factors, such as VEGF. A major application of tissue culture methods is the
direct growth of EC on biomaterials, whether in planar form or as a three-dimensional structure, such as, for example, a hydrogel or
microfibre network. It should be stressed that this in itself is not vascularization, but does give a good indication of whether EC are
functionally compatible with the biomaterial. We have been using a variety of functional parameters at protein level, usually
demonstrated by confocal laser scanning microscopy following immunocytochemistry, and nucleic acid level, usually with the
technique of RT-PCR, to test the suitability of a variety of biomaterials, including metals, ceramics and both natural and synthetic
biopolymers.
One of the current approaches to inducing vascularization is to develop drug- and gene-delivery systems as, for example, coatings
on an implant or as nanoparticles (NPs) for injection. Also in this field tissue culture methods are invaluable in understanding
mechanisms, without which a rational approach to complex biological scenarios would be impossible. We have developed, and are
developing, human co-cultures of various biological barriers in the body which would interact with such NP systems. An established
example is the air-blood barrier in the lung, as aerosol systems could be used to deliver NPs to the systemic circulation.
Finally, examples will be given to illustrate how in vitro models can be adopted to understand the differentiation of human adult stem
cells, in particular, the endothelial progenitor cell (EPC) as an essential precursor cell for vascularization. We have just recently
been able to demonstrate that human peripheral blood EPCs can maintain a stable endothelial phenotype over numerous passages.
In addition, we are using in vitro methods to study how vascular cells interact with other cell types, such as osteoblasts, in the
context of vascularization in bone tissue engineering.
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Embryonic Cell Suspensions in New-Onset Type 2 Diabetes Mellitus
OI Smikodub, AV Novytska
ETC EmCell and National Med. University, KIEV, Ukraine
In the course of 1-5 years, observed were 25 patients (11 women and 14 men) with diabetes mellitus (DM) complicated by
hyperinsulinism and such metabolic disturbance as dyslipidemia, mean age being 42,4±6,5 years, duration of the disease ' 1,1 0,6
years. 45% of these patients managed their condition by diet alone, others were undergoing monotherapy with minimal dosages of
sulphonylureas. All patients presented with lasting morning hyperglycemia, absence of glycosuria, elevated C-Peptide (6,2±0,8 ng/ml),
HbA1C concentration - 7,9±1,3%. All patients showed changed blood lipid profiles with elevated cholesterol level - in the mean by 37%,
increased concentration of low-density lipoproteids and very low-density lipoproteids' by mean 32%. Clinical manifestations of the
disease were minimal and manifested in the form of functional disturbances and psychophysiological reactions.
Patients were treated by transplantations of hematopoietic and non-hematopoietic mesenchymal and endodermal embryonic stem cells
sorted out from growth zones of 4-8 weeks old cadaverous embryos internal organs. Suspensions were administered intravenously, in
the amount of 0,5-3,0 ml, cell count - 0,1-100x105/ml.
In the course of first post-transplant week, 42% of patients reported elevation of glycemia by 14-31%, then decrease, without additional
glycemic therapy. In the course of the first post-transplant month, 78% of patients noted decreased weakness, improved workability,
and decreased depression. Decrease of morning hyperglycemia began after 2-3 months, and was accompanied by lowered C-Peptide.
Normalization of the above indices, as well as lowering of HbA1C concentration, was reported in 5-7 months after the initial treatment; at
the same time period observed was positive tendency in normalization of lipid metabolism. Lasting normalization of carbohydrate and
lipid metabolism in 73% of patients was reported after 10-12 months, and was accompanied by weaning off tabloid hyperglycemic
medications. Further 2-year observation of 62% of the above patients allows for confirmation of the sustainability of the results achieved.
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Human mastoid-derived periosteal cells express distinct chemokine receptors and migrate following
stimulation with SDF-1alpha and IL-8
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Objective
In recent years, other groups and our own group have demonstrated that periosteal progenitor cells show a mesenchymal stem cell
(MSC) like character regarding morphology, expansion capacity and osteogenic, chondrogenic and adipogenic differentiation potential.
The aim of this study was to characterize the migration capacity of these cells according to stimulation with chemotactic cytokines
(chemokines). The migration is a premise for the use of periosteal progenitor cells for in situ tissue engineering applications.
Methods and Results:
The isolation of human periosteal cells from mastoid was performed using enzymatic digestion. During culture expansion of these cells
in medium containing human serum, their cell-morphology and their expansion capacity was analyzed. The cells demonstrated a similar
behavior compared to bone marrow-derived mesenchymal stem cells. To proof the multipotent developmental potential of human
periosteal cells for tissue engineering aspects, osteogenic, chondrogenic and adipogenic differentiation was accomplished using
standard protocols. To achieve a better characterization of the periosteal cells, FACS analysis of MSC-relevant surface antigens was
performed during cell expansion. The results showed an MSC-like expression of e.g. SH-2 and SH-3 antigens. Both types of cells
remained negative for CD14 and CD34. Moreover, for the first time, the entire expression profile of chemokine receptors was
determined on the mRNA level by real-time PCR and on the protein level using receptor specific antibodies. The chemotactic effect of
CXCL12/SDF-1alpha and CXCL8/IL-8 on human periosteal cells was measured in a 96-well Boyden Chamber assay. Like MSC, they
expressed several chemokine receptors and showed a dose-dependent chemotactic effect of SDF-1alpha as a ligand for CXCR4 and
IL-8 as a ligand for CXCR1 and CXCR2.
Discussion
Based on their cell morphology, growth kinetics, presentation of cell surface marker and differentiation potential, mastoid-derived
periosteal progenitor cells show a MSC like character. Here, for the first time, we have shown that likewise MSC, periosteal cells
express distinct chemokine receptors, and that they migrate following a stimulation with chemokines. Therefore periosteal progenitor
cells represent prominent candidates for (in situ) tissue engineering applications of skeletal defects.
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The Effect of Dynamic Culture Conditions on Human Mesenchymal Stem Cells Adherent to
Microcarriers
M Oates, R Chen, JA Hunt
UK Centre for Tissue Engineering, LIVERPOOL, United Kingdom
It has been demonstrated that chondrocytic cells can form large aggregates in dynamic intermittent flow conditions. Large aggregates
can be formed of high cell numbers without necrotic cores due to good mass transport. The objective of this project was to determine if
human mesenchymal stem cells (MSC) would attach and proliferate on microcarriers, then further differentiate along the chondrocytic
lineage.
Methods
Poly-L-lactic acid (PLLA) microcarriers (Ø >100μm) were made by the oil-in-water solvent evaporation technique and compared with
polystyrene (PS) microcarriers (Nunc) (Ø =200μm). 0.5g of microcarriers were cultured in vitro with hMSC (Cambrex) for 7 and 14 days
on either PS or PLLA microcarriers. The flow intermittency cycle was defined as 5 min of flow at 50rpm followed by 15min of stasis.
FACs analysis determined the surface expression of cell markers of MSCs. After 7 days in basal media cells were then cultured with
chondrogenic media to examine the effect on differentiation using real-time PCR.
Results
After 7 and 14 days culture, microcarriers and hMSCs had formed aggregates. FACs analysis demonstrated the expression of markers
of MSCs had reduced for cells adherent to PLLA microcarriers. CD44 expression decreased slightly (not significant) but CD105 and
CD166 expression decreased >40% (compared to cells grown on 2d tissue culture plastic (TCP)). For MSCs cultured with PS
microcarriers CD166 increased slightly (compared to monolayer TCP).
Investigations into the expression of collagen I and II mRNA after 7 days in chondrogenic media demonstrated no differences between
the two microcarriers. However, sox-9 mRNA expression was increased on hMSC attached to PLLA.
Conclusions
PLLA microcarriers changed hMSCs surface expression in basal media compared to PS microcarriers and TCP. PS microcarriers and
TCP demonstrated similar expressions. Differentiation of cells in chondrogenic media demonstrated no differences in the gene
expression of collagen I and II, but sox-9 was increased. There were differences in the chondrogenic differentiation that may be
specifically due to surface chemistry.
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In vitro and in vivo differentiation of stem cells from dental pulp
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Progenitor cells from dental pulp (DPC) are able of self-renewal and differentiation towards an odontoblast/osteoblast-like phenotype.
However, multi-lineage differentiation, and in vivo applicability of DPC are yet largely unknown. The aim of our studies was to assess
the growth characteristics and differentiation ability of DPC in vitro as well as in vivo. First, cells were obtained from maxillary incisors of
rats. Immunochemistral staining with the stem cell marker STRO-1 proved the existence of stem or progenitor cells in the isolated
population. After culture up to 28 days in medium with Na-β-glycerophosphate and dexamethasone, bone sialophosphoprotein,
osteocalcin, and collagen type I were expressed. Microscopy showed formation of a calcified ECM, which had similar components to
dentin. In neurogenic medium, a typical neuronal cell morphology was seen. Also, cells expressed Neuronal nuclei protein (NeuN), and
Neuron specific enolase (NSE). After adipogenic induction, cells increased in size, whilst adipocyte-specific proteins peroxisomeproliferating activated receptor γ 2 (PPARγ2), and glucose transporter-4 (GLUT4) were found. Under the influence of myogenic media,
presence of myoblast determination protein 1 (MyoD1) and myosin heavy chain (MHC) was confirmed by immunohistochemistry and
RT-PCR. Finally, pellet cultures in chondrogenic medium exhibited a cartilage-like appearance. In conjunction, subcutaneous
implantation studies showed that adipogenic induction resulted in the formation of a fatty tissue. Immunostaining could also detect
differentiation towards most other lineages in vivo, although specific tissue morphologies were difficult to detect on histological criteria
alone. In conclusion, the pulp of the third molar is a source of multipotent stem cells for future tissue engineering strategies, and cellbased therapies. Still, further efforts on cell purification and stimulation have to be performed to enhance the in vivo succes rate.
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Molecular characterization of tissue engineered cartilage transplants by microarray gene expression
profiling
J Ringe, Z Liang, S Stich, T Dehne, A Loch, T Häupl, M. Sittinger
Charité-University Medicine Berlin, BERLIN, Germany
Objective
Our group and other groups have shown a mesenchymal stem cell (MSC) like character of periosteal cells. In addition, we have
developed 3D cell culture techniques comprising the use of periosteal cells and bioresorbable biomaterials in combination with
temporary matrices to allow the formation of bone. These techniques were translated into the clinic for sinus lift augmentation. The aim
of our study was to characterize periosteal cell based cartilage tissue engineering on the molecular level using oligonucleotide
microarrays.
Methods
Human periosteal cells were isolated from mastoid bone covering periosteum (n=3), expanded in DME-medium/Ham’s F12 containing
human serum, and analyzed for their presentation of MSC-relevant cell surface markers. Passage 3 cells were embedded in fibrinogen
and in PGLA fleeces and were chondrogenic induced with TGFß3. Cell viability was measured using PI/FDA staining and the formation
of a cartilaginous matrix was analyzed by e.g. alcian blue and collagen type II staining. RNA from native cartilage, culture expanded
cells and from 3D grafts after 2, 4 and 6 weeks of tissue culture were used for gene expression profiling applying Affymetrix HG-U133
plus 2.0 oligonucleotide microarrays, and were subsequently analyzed by pattern discovery for significantly differentially expressed
genes.
Results
PI/FDA staining demonstrated a homogeneous cell distribution and viability of periosteal cells in the 3D grafts. Alcian blue and type II
collagen staining clearly indicated the formation of a cartilaginous matrix. Gene expression profiling of native cartilage showed a high
expression of chondrogenic marker genes, such as collagen type II, COMP, aggrecan and Sox9. Only the latter marker was also
detected in monolayer cultures. During cartilage tissue engineering, the expression of all 4 marker genes was strongly upregulated.
However, also the expression of collagen type X and of osteonectin was upregulated. Hierarchical clustering of differentially expressed
genes documented the molecular relationship between native cartilage and periosteal cell based cartilage grafts after prolonged tissue
culture.
Conclusion
3D tissue culture of expanded human periosteal progenitor cells in bioresorbable PGLA fleeces initiates cartilage formation on the
molecular and cellular level. Therefore, periosteal cells are prominent candidates not only for bone tissue engineering but also for
cartilage tissue engineering.
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Investigation of the angiogenic impact by the cystein-rich protein 61 (CCN1) in human mesenchymal
stem cells
R Wagemanns, S Jatzke, A Steinert, U N th, F Jakob, N Schütze
University of Würzburg, WÜRZBURG, Germany
The cystein-rich protein 61 (CYR61/CCN1) is a matrix associated signal molecule, which is involved in fundamental processes such as
proliferation, tissue-regeneration, differentiation and angiogenesis. Osteogenesis and angiogenesis are closely related processes.
Particularly the controlled stimulation of angiogenesis and vasculogenesis in tissue engineering of bone is an unsolved problem so far.
The angiogenic effect of the CYR61-protein was investigated in the CAM-assay before. Therefore the aim of this study was the
elucidation of the angiogenic potential of CYR61 on mesenchymal stem cells (MSC).
The CYR61-Fc-tagged protein was expressed from baculovirus-transfected insect cells (SF-21) and purified via affinity chromatography.
The WST-test served as a functional control and for detection of the proliferative effect of CYR61 in MSC. Mesenchymal stem cells from
human bone marrow were isolated from the femoral head, expanded, and treated with growth factors. The expression of angiogenic
markers was analysed by RT-PCR and by immunohistochemistry. MSC were transfected with recombinant adenovirus vectors
encoding green fluorescent protein from jellyfish, treated with CYR61-protein as well as with growth factors. Angiogenic properties of the
stimulated cells were tested in the matrigel assay.
After 24 h of treatment with 500 ng/ml CYR61-protein the MSC showed a 30 % increase of the proliferation rate. Angiogenic
differentiation of MSC was done by addition of vascular endothelial growth factor (VEGF) in combination with and without CYR61 and
compared to MSC cultured under standard conditions. mRNA levels of the angiogenic factors Angiopoietin-2 and PECAM (CD31) were
upregulated by 50 % and 200 % after co-treatment with VEGF and CYR61-protein. Angiopoietin-1 level was dependent on CYR61 and
upregulated (75 %), whereas the mRNA level of the fms-related tyrosin kinase-1 („vascular endothelial growth factor receptor-1', Flt-1)
was decreased. Immunohistochemistry showed an increase of PECAM and CD34 on the protein level after treatment with CYR61.
Upon stimulation with CYR61, the MSC displayed vessel-like structures in the matrigel assay.
In this study we were able to demonstrate angiogenic effects of recombinant protein CYR61 on human MSC. Together with the
previously observed stimulative effect of CYR61 on osteoblasts this protein, therefore, is a promising tool for bone reconstruction with
stem cells.
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Identifying the unipotent keratinocyte stem cell compartment in cultured skin substitutes
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The Use of the Stromal Vascular Fraction of Adipose Tissue for Cartilage and Bone Regeneration
RGM Breuls, M.J. Oedayrajsingh Varma, T.E. Schouten, F.J. van Milligen
VU University Medical Center, AMSTERDAM, The Netherlands
Introduction
The stromal vascular fraction (SVF) of adipose tissue provides an abundant source for adipose tissue derived stem cells (ASCs), which
may be used for bone and cartilage regeneration. Currently, ASCs are often being purified and expanded using lengthy and costly in
vitro culturing procedures. From a clinical point of view, however, it would be ideal if the heterogenous mixture of SVF cells could be
directly seeded onto a carrier material, making lengthy purification and expansion procedures superfluous. This requires that, among the
various cell types within the SVF, at least the ASCs adhere to a carrier material, within a short time frame.
Objectives
We investigate the feasibility of using SVF cells for direct application in clinical practice, thereby avoiding expensive and lengthy in vitro
expansion steps. Therefore, we phenotypically characterized the SVF cells, and examined which cells of the SVF adhere to a
commonly used scaffold and in what time frame they do so. In addition, we investigated whether the attached cells can differentiate
towards osteoblasts and chondrocytes.
Methods
The SVF cells of 3 human donors were seeded onto 70:30 Poly(D,L-lactide-co-caprolactone) scaffolds. Adherence, proliferation and cell
phenotype were monitored using DNA assays and confocal microscopy, using fluorescently labeled antibodies against cell-specific
membrane markers. Osteogenic and chondrogenic differentiation was assessed using RT-PCR.
Results
SVF cells attached to the scaffold within 10 min, which is much faster than the adherence to plastic culture wells. While the SFV
contains 34% of ASC-like cells, 89% of the adhered cells had an ASC-like phenotype. Only low frequencies of endothelial cells,
leucocytes and other cell types were found, indicating that the stem cells preferentially bind to the scaffold. The attached cells were
capable of differentiating towards the chondrogenic and osteogenic pathway.
Conclusion
Our study demonstrates the feasibility of using the SVF of adipose tissue without expensive and lengthy in vitro expansion steps. This
opens up the possibilities to perform a cost-effective, patient-friendly surgical procedure in which the SVF is harvested and directly
returned to the defect site within a single surgical procedure.
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Electrospinning of Fibrinogen Nanofibers
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Introduction
Electrospinning has been recognized as an efficient technique for the fabrication of polymer nanofibers. It uses an eletric field to control
the deposition of polymer fibers onto a target substrate. This electrostatic processing strategy can be used to fabricate fibrous polymer
mats composed of fiber diameter mostly between 100 nm and 3 μm. In this study we describe electrospinning of fibrinogen nanofibers in
an attempt to create biomimicking tissue in vitro for use as a tissue scaffold.
Materials and Methods:
We have used lyophilized human fibrinogen of the product Tisseel VH (Baxter AG, Austria) to demonstrate fibrinogen electrospinning.
Fibrinogen dissolved in 1,1,1,3,3,3-hexafluoro-2-propanol and sodium chloride solution was electrospinned under various conditions.
Electrospun fibers of fibrionogen were processed for scanning electron microscopy (SEM) evaluation and analyzed by native
gelelectrophoresis.
Results and Discussion:
The SEM evaluation showed that formed fibers were flat and had large diameter distribution from 120-1000 m resulting in approximate
fiber diameter of 550µm. With some conditions bead formation occurred.
The efficacy of this process, as well as the final fiber product, are affected by many factors, including, but not limited to solution polymer
concentration, viscosity of solution, voltage between solution and ground electrode, the distance between the Taylor cone and the
ground electrode, and environmental conditions such as humidity and temperature. Nano fiber similarity in size to native extracellular
matrix components and the 3-dimensional structure allows cells to attach to several fibers in a more natural geometry. In summary, the
electrospinning process is a simple and efficient technique for the fabrication of 3D structures composed of fibrinogen fibers.
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Cellular responses at the centre of tissue engineered collagen constructs
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Ultra-Rapid Pre-Fabrication of Biomimetic Collagen Tissues: Generating Meso-Scale Structure with
Hyaluronan
NA Anandagoda, UC Cheema, RAB Brown
University College London, STANMORE, United Kingdom
Plastic compaction of hyper-hydrated native collagen gels (Brown et al 2005) represents a radical and new approach to the fabrication
of biomimetic tissues & templates. It allows the rapid engineering of meso-structure by directional water removal. The deformation is
plastic, since the collagen has little inherent swelling potential. However, a further level of biomimesis could be achieved by local
incorporation of osmotically active (swelling) macromolecules ' a common example being hyaluronan. In this study, the GAG,
hyaluronan, was locally incorporated into high density, cell-free, compressed collagen constructs with the aim both of identifying new
techniques for rapid tissue-engineering and as a model to test how connective tissue cells might utilise such mechano-osmotic fluidflow, in vivo.
Freeze-dried hyaluronan was applied to localised areas of Plastic Compacted (PC) collagen sheets (~50um thick), particularly along the
short edges. Constructs were immediately formed into spirals by rolling from the short edge, ie, leaving a strip of hyaluronan at the core
of the spiral. Spiral constructs were then incubated in water for periods from 1 min. to 3hrs at which point they were fixed for scanning
electron microscopy. Swelling of the core region was rapid, within the first 10-30 min and largely complete in 1-2hrs. Over this time the
thickness of outer collagen layers reduced dramatically, forming a clear and continuous channel along the full-length of the construct '
essentially producing a tube structure. The prediction here was that hyaluronan would re-swell those areas of the PC collagen construct
where it was localised, leading to cavity formation. This was indeed the experimental result, representing a rapid and localisable
technique for inducing new structures and interfaces within the constructs, in this case as a tube. However, it was also found that the
collagen layers themselves were further compressed, presumably by additional loss of fluid to the swelling polysaccharide gel. This
presents the intriguing possibility that cells might naturally use a timed secretion of such GAG molecules to manipulate local tissue
structure, and to form interfaces between fibril bundles. Local structural re-swelling represents important new biomimetic approach for
engineering tissues and a model for investigation of natural cell systems.
References:
RA. Brown, M. Wiseman, C-B. Chuo, U. Cheema, SN.Nazhat. (2005), Adv.Funct. Material 15:1762-1770
Acknowledgements:
This study is funded by BBSRC/EPSRC as part of TIBS Programme.

Figure: SEM of the core channel in TS & LS.
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Porous gelatine microspheres as platform for MSCs delivery
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Within the emerging field of regenerative medicine stem cell therapy holds promises to improve the treatment of injured tissue. The
efficiency of cell-based tissue repair strategy strongly relies upon the way cells are delivered. Different approaches to cell delivery have
been proposed among which injectable matrices, soft scaffolds or immunoprotective microencapsulation are the most promising. A cell
delivery system should provide a sufficient number of active cells along with augmenting biomolecules to the site of interest. In this
work, we propose a novel approach to delivery human bone-marrow stem cells (MSCs) based on gelatine microcarriers (GM). This
system has several potential advantages since it complies all the requirements of a cell delivery system and it is also biocompatible,
biodegradable and allows the control of number of cells delivered. To this end we have realized GM by single and double emulsion
technique. Microparticles size and porosity can be engineered by varying process parameters and they can be easily loaded with
proteins to manipulate the differentiation and growth of MSCs. GM have been stabilized with a non-toxic agent, D,Lglyceraldehyde(GAL), which resulted in the formation of a cross-linked gelatine networks able to reduce its dissolution in aqueous
environments. In particular, GM cross-linked with GAL resulted autoclavable. MSCs have been inoculated and cultured on the surface
of GM in a spinner flask system until pre-tissue formation. We have observed that MSCs were able to adhere and proliferate on GM
surface. Moreover, culture process parameters and microparticles size and porosity can modulate MSCs proliferation and tissue
formation. We have also observed that, when in contact, microbeads covered with pre-tissue fuse to each other leading to 3D structure
formation. In the same way, when a suspension of cultured GM is injected in an injured tissue, formation of 3D construct is expected
which can enhance and guide the regeneration process. Preliminary results of this approach in the treatment of myocardial infarction will
be also discussed.
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Fabricating Collagen Tissues: Farming versus Biomimetic Engineering Strategies
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Strategies for tissue engineering have passed through a number of cycles which, for connective tissues have focussed on driving
specified cell types to fabricate a strong, bulk tissue. This, in particular means organised (non-scar) collagen, which constitutes the bulk,
load-bearing element. Current approaches deliver ever more sophisticated cell controls through scaffold structure, growth factors and
mechanical loading, often in long term 3D tissue bioreactor culture. The problem is that bulk tissue matrix can be 20-30% collagen, wet
weight (>80% dry weight). The result has been relatively slow and modest clinical success, due to identifiable problems. (1) Bulk
collagen deposition by cells in vitro is remarkably slow, pushing up the culture periods. (2) 3D spatial control of matrix accumulation is
not well understood, and limited (often scar-like in structure). (3) Diminishing perfusion (no vascular supply) can block cell output. All 3
are unavoidable elements of the central dogma to cultivate (farm) cells for bulk matrix material. To use the farming analogy, we have yet
to achieve fertiliser, irrigation, rotation and climate regimes for economic, effective production.
We have suggested an alternative (cell-independent) strategy for simple native collagen tissues by shifting towards true biomimetic
engineering using the basic building material namely native fibrillar collagen. This predicts that 3 elements of collagen fibrillar structure
will need to be engineered.
(i)
(ii)
(iii)

Collagen fibril density should be high (controlled to approach tissue density),
Fibril alignment should be controlled to give parallel bundles or layered meshes,
Fibril diameter must be regulated to give distinctive tissue mechanical properties.

We have recently described how hyper-hydrated native collagen gels can be plastically compacted in minutes to fabricate strong neotissues, containing living cells1 in dense collagen (~9 to 18% w/w). Application of uniaxial tensile strain to such collagen constructs has
also been used to generate general fibril alignment in any required plane producing useful and distinct anisotropic collagen structures2.
Lastly, we have now identified a simple technique for (cell-independent) controlled-engineering of fibril diameter. Freshly formed
collagen fibrils have a uniform mean diameter of ~30nm (2 to 10x less than in tissues). This was increased over two-fold in a controlled
manner by cyclical loading (24-144 slow cycles) to a mean of 70nm., producing a corresponding 2 fold increase in matrix modulus and
4.5 fold increase in break stress, without cell action. In conclusion, biomimetic engineering of collagen-based bulk matrix is a preferable
alternative for production of simple tissue constructs. Resident cells are spared the crippling ‘metabolic work-load’ involved and only
then activated for more subtle maturation and remodelling functions. The result is rapid (potentially bed-side), biomimetic tissue
engineering.
1. Brown RA., Wiseman M., C-B Chuo., Cheema U., Nazhat SN. (2005). Ultra-rapid engineering of biomimetic tissues: A plastic
compression fabrication process for nano-micro structures. Advanced Funct. Mater. 15:1762-1770.
2. Kostyuk O., Brown RA. (2004). Novel spectroscopic technique for in situ monitoring of collagen fibril alignment in gels. Biophys. J.
87: 648-655.
Work funded by BBSRC, EPSRC and European Commission (Framework 6; 3G Scaff).
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VEGF and FGF2 increase angiogenesis and blood vessel maturation in acellular scaffolds for tissue
engineering
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A major issue in tissue engineering is the vascularisation of the construct. A strategy to increase angiogenesis is the incorporation of
growth factors. In this study, we test the hypothesis that two growth factors (VEGF and FGF2) in type I collagen-heparin scaffolds
increase blood vessel formation and maturation in an acellular construct.
Scaffolds consisting of combinations of type I collagen, heparin, rrFGF2 and rrVEGF were prepared, characterised and subcutaneously
implanted in 3 months old Wistar rats. At day 3, 7 and 21, explants were retrieved and histologically evaluated. The explants were
stained for type IV collagen (total blood vessels), smooth muscle actin (SMA; maturated blood vessels) and hypoxia inducible factor 1-α
(HIF1-α, marker for hypoxia).
After explantation at the different time points, macrophages and fibroblasts were found in all scaffolds. The scaffolds with growth factors
revealed more cells than the scaffolds without growth factors. The staining for COL IV and SMA showed that the scaffolds with growth
factors had a larger number of blood vessels and more mature blood vessels, especially the scaffold containing both growth factors.
Scaffolds containing growth factors had less hypoxic cells than the ones without, as shown by HIF1-α staining; least hypoxic cells were
found in the scaffold with both FGF2 and VEGF.
The addition of two growth factors to a tissue engineered construct does increase angiogenesis and blood vessel maturation. Also, the
presence of FGF2 and VEGF decreases the presence of hypoxia in a scaffold.
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Use of knitted and non-woven hyaluronan based biomaterials for cardiac and vascular tissue
engineering
C Longinotti, M Terrassan, E Tognana, A Pavesio
Fidia Advanced Biopolymers, ABANO TERME, Italy
Myocardial infarction is originated by a prolonged ischemic status, that leads to a permanent damage to the heart. Our goal was a
preliminary investigation of cellular grafts suitability to promote the regeneration of the damaged tissue. In particular, we evaluated the
use of mesenchymal stem cells seeded on a hyaluronic acid derived scaffold, as a suitable way to overcome the compensatory
mechanism that are initiated by myocardial infarction such as extensive scarring formation and hypertrophy of the cardiomyocytes that
survived the damage. The patch we created has the goal to support cell growth and allow mechanical stimulation of the constructs.
As result, we managed to prepare cardiomyocytes cultures on hyaluronic acid (HA) ester knitted material that had mechanical
properties similar to the ones of native tissue. Moreover, under this stimulation, cells were retaining the original phenotype.
Furthermore, vascular tissue engineering is as well an interesting area of application, as synthetic materials, that are commonly used for
the repair of large calibre blood vessel, are not suitable when inner diameter is < 6mm. In this case, autografts are the gold standard,
but for some patients illnesses or the lack of suitable donor sites create the need of alternative techniques. On this topic, our goal has
been to prepare tubular structures, starting from an HA ester, to be used to assess the possibility of realizing an engineered vascular
graft by cultivating smooth muscular cells on it.
The constructs have been cultured in vitro and then analysed for viability and morphology, the results were showing good properties in
terms of cell viability, attachment and growth.
We believe that the development of cardiovascular tissue engineering is going to be driven by the combination of good physical
supports, adequate cells and the proper stimulation of the resulting construct and, in our experience, we demonstrated that the
development of biomaterials based on hyaluronic acid derivatives with proper physical shapes has promising characteristics to become
a system for the realization of suitable scaffolds for cardiovascular tissue engineering.
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Effect of Temperature and pH on Early Stages of Gelation in Gelatin Solution
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Biopolymer gels may be classified as thermo-irreversible or thermo-reversible gels. Gelatin is thermo-reversible biomedical gel, and
dissolves in warm water and exists as flexible random coils in solution. Triple helical structures of gelatin are formed upon cooling below
the melting point. Over the past decades many works were reported on gelation of gelatin. In this research the relaxation behaviors of
aminoacids in gelatin chains and changes in the coil structure of gelatin in the early stage of gelation were studied under variation of the
temperature (273-330 K) , the pH (3, 6.5, 11) and the concentration (1, 3, 5%w/w) were studied. In addition, changes in the rheological
characteristics such as storage modulus and complex viscosity of the gelatin solutions were measured. The thermo-reversible mono
and triple helix formation in aqueous gelatin solutions was observed by rheology and proton NMR relaxation measurements. At high
temperatures (T > 330 K), gelatin molecules form flexible random coils of small hydrodynamic radius, the elastic modulus of the solution
is relatively low. On decreasing the temperature (330 K ' 320 K), mono helix formation begins connected with an increase of the storage
modulus and the hydrodynamic radius. The absence of a significant concentration dependence of this early variation of the modulus is a
strong indication for the intramolecular nature of this structural change. The simultaneous decreases of the spin-spin relaxation times of
the 1H signals of certain amino acids confirm their effect on the molecular mobility. As this affects especially the signals of Arginine and
Lysine, one can conclude that these basic amino acids play a significant role in forming the intramolecular interactions. Finally, triple
helix formation occurs at a point at which the viscosity begins to increase rapidly near the gel point (T < 320 K). This process is clearly
dominated by intermolecular interactions, as the slope as well as the starting point of the rapid increase significantly depends on the
concentration and the pH. To prepare scaffolds comprising gelatin and other biopolymers for tissue engineering application,
intramolecular interaction in gelatin coils and intermolecular interaction between gelatin and functional groups of biopolymers chains
also play a significant role on physical and mechanical properties of the scaffold.
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A New Tissue Engineered 3D-Differentiated Muscle Model to Investigate Skeletal Muscle Plasticity
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Skeletal muscle plasticity is the inherent ability of the tissue to adapt its fibre type profile to physiological and functional demands (i.e.
mechanical loading). The composition and level of expression of myosin heavy chain isoforms reflect changes in skeletal muscle form
and function. Further the distinctive structure of skeletal muscle, consisting of muscle fibres in extracellular matrix suggest that both
fibre composition and the surrounding matrix adapt or change in response to physiological and functional demands.
To model skeletal muscle in vitro, we have tissue engineered a new 3D-differentiated muscle construct. This construct is comprised of
primary human muscle derived cells seeded into a collagen gel. The cells are seeded at a high density and fuse to form multinucleated
cells within the gel. The presence of differentiated myoblasts was verified by the expression of the gene myogenin, a marker of muscle
cell differentiation. TEM was also used to identify multinucleated (fused) cells. Further, the cytomechanical properties (force
generation) of the cells within the constructs during differentiation were monitored using a CFM (Eastwood et al. 1995).
A novel plastic compression fabrication technique (Brown et al., 2005) was then applied to these high density differentiated cell
constructs in a two-fold attempt to optimise myoblast differentiation and investigate the effect of mechanical cues. Changes in the gene
expression of the isoforms (MyHC1 (fast) and MyHC7 (slow)) reflected adaptation of the isoforms composition to mechanical cues.
Changes in MMP2 expression reflected extracellular matrix remodelling.
Preliminary results show that there is an upregulation of MyHC1 in plastic compressed (PC) constructs compared to uncompressed
constructs and a down regulation of MyHC7 and MMP2 in PC constructs. These results are consistent with the in vivo finding that the
composition of myosin heavy chain isoforms changes and the extracellular matrix remodels in response to mechanical loading. Our 3Ddifferentiated muscle model will enable further investigation of mechanical cues, contribute towards understanding skeletal muscle
plasticity and aid in the development of a human tissue engineered muscle construct with potential clinical use.
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The effect of mechanical conditioning on collagen remodeling in tissue engineered heart valves
MP Rubbens, RA Boerboom, CVC Bouten, FPT Baaijens
TUE, EINDHOVEN, The Netherlands
Background
Currently used heart valve replacements are unable to grow, repair, and remodel. Tissue engineering (TE) is a promising technique to
overcome these drawbacks. However, TE heart valves lack sufficient mechanical properties to withstand aortic pressure. Mechanical
and biochemical conditioning strategies are needed to optimize tissue remodeling and hence improve the mechanical properties.
Therefore, quantitative relationships between mechanical properties and collagen architecture are required.
In addition, remodeling enzymes like matrix metalloproteinases (MMPs) play a crucial role in strain-induced collagen remodeling.
Mechanical strain influences the production and regulation of MMPs [1] as well as the cleavage of collagen fibrils by degradation
enzymes [2]. In addition, the enhancement of mechanical properties by mechanical stimulation is dramatically influenced by the
expression of MMPs [3].
To understand and optimize the development of tissue properties, it is essential to quantify the effects of mechanical conditioning on
MMP production, collagen architecture and mechanical properties.
Method
Rectangular scaffolds of PGA were seeded with a myofibroblast-fibrin solution. After 5 days, the constructs were conditioned by static or
dynamic straining using a FlexerCell straining device for 3 weeks. The MMP-1 production (by ELISA), collagen amount and collagen
crosslink (by HPLC [4]) and mechanical properties (by uniaxial tensile tests) were analyzed.
Results
Dynamic straining showed an upregulation of MMP-1 production and an improvement of the Young’s modulus with respect to static
conditioning. The Young’s modulus showed a significant correlation with the amount of collagen crosslinks (p<0.001) but not with the
amount of collagen (p=0.36).
Conclusion
Dynamic stimulation increased the production of collagen remodeling enzyme MMP-1 and enhanced the mechanical properties of TE
constructs. The improvement in Young’s modulus was due to an increase in collagen crosslinks.
Future research
In future experiments, MMPs will be inhibited to elucidate the role of these enzymes in the development of collagen architecture and
mechanical properties. The results of this study will be used to further optimize conditioning strategies to obtain functional TE heart
valves.
References:
[1] Asanumi, Am J Physiol Heart Circ Physiol. 2003 [2] Ruberti, Biochem Biophys Res Commun. 2005
[3] Seliktar, Tissue Eng. 2003 [4] Bank, J Chromatogr B Biomed Sci Appl. 1997
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Viscoelastic properties and force traction of mechanosensitive bone cells under 3-dimensional
morphological configuration
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To understand how the mechanosensing by bone cells relate to cellular metabolism, a physical portrait of cell viscoelasticity is required.
Thus, we developed a novel application of two-particle microrheology to characterize the viscoelasticity, mechanically stimulate, and
probe the mechano-activity of single MLO-Y4 osteocytes in comparison with other bone cell types under round suspended morphology.
The cells were suspended in cell culture medium and assumed a round morphology. These cells were then attached with fibronectincoated spheres at opposite ends using optical tweezers. The viscoelastic properties of the cells were measured by actively moving one
of the attached spheres to deform the cell (active mode). Using the recently developed two-particle microrheology, we monitored the
thermal fluctuations of the beads to determine cellular viscoelastic properties (passive mode of measurement). We found that the elastic
modulus of round suspended MLO-Y4 osteocytes was below 1kPa, as well as for MC3T3-E1 osteoblasts, and primary osteocytes and
osteoblasts. MLO-Y4 cells’ complex compliance showed an elastic plateau below 15 Hz, viscoelastic response between 15-100 Hz, and
a viscoelastic stiffening response above 100 Hz (see figure, inset: MLO-Y4 cell between optically trapped attached beads). The nitric
oxide released by MLO-Y4 osteocytes increased after stimulation with 5pN, using integrin-bound probes. This shows that bone cells
respond to forces at a similar range for deforming integrins. MLO-Y4 cells interacted with the integrin-bound probes by changing their
shape from spherical to being polar at 37 oC. However, the same shape change at 22 oC required stimulation with 5-20pN forces. This
suggests that temperature has a significant effect on cell morphology. To probe the mechano-activity of bone cells, we measured the
fluctuation of force <ff*> induced by the cells on the probes. We found that <ff*> was proportional to -2 (where frequency = /(2π)) for
all cell types. Compared to MLO-Y4 cells, CCL-224 fibroblasts had a higher <ff*> magnitude, as might be expected considering the
motility of fibroblastic cells. The linear relation of <ff*> with -2 is a expected for continuums with slowly evolving internal processes.
These results demonstrate that microrheology is a useful tool for understanding the varied observations on mechanosensing by cells.
By quantifying the mechanical properties of single bone cells, our results provide novel implications on the osteogenic response of bone
to mechanical loading.

Figure: Viscoelastic compliance.
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Cyclic mechanical stimulation favours myosin heavy chain accumulation in engineered skeletal
muscle constructs
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Background
Based on the finding that stretching plays a key role in skeletal muscle tissue development in vivo, several in vitro models have been
developed in the last twenty years to improve structure and function of engineered constructs by means of mechanical stimulation of
cultured skeletal muscle cells. Stretching patterns resembling in vivo developmental phases were mainly shown to induce myosin heavy
chain (MHC) accumulation and to improve construct architectural organization. In this context, we recently developed (i) a
biodegradable microfibrous scaffold for skeletal muscle tissue engineering (made of DegraPol , a block polyesterurethane processed
by electrospinning) and (ii) an innovative bioreactor, able to provide mechanical stimulation to engineered skeletal muscle constructs.
Objectives of the study
By making use of such tools, in this study we aimed at investigating the effect of mechanical conditioning on the development of skeletal
muscle engineered tissue, obtained seeding and culturing C2C12 (mouse myoblasts) on electrospun DegraPol membranes.
Methods
Following 5 days of static culture, skeletal muscle constructs were transferred into the bioreactor and further cultured for 13 days, while
experiencing a stretching pattern adapted from literature to resemble mouse development and growth. Sample withdrawal occurred at
the onset of cyclic stretching and after 7 and 10 days. MHC accumulation in stretched constructs was evaluated via Western blot
analysis and immunofluorescence staining, using statically cultured samples as controls.
Results
Fig. 1 shows a typical result of Western blot analysis of MHC on dynamically (D) and statically (S) cultured samples at different time
points after the onset of cyclic stretching. At DAY 10, the applied stretching pattern was found to favour MHC accumulation in
conditioned samples with respect to the corresponding static controls and immunostaining of total sarcomeric MHC confirmed this
finding.
Conclusions
Since previous attempts to reproduce skeletal myogenesis in vitro mainly suffered from the difficulty of driving myoblast development
into an architecturally organized array of myosin expressing myotubes, the chance of inducing MHC accumulation via mechanical
conditioning could represent a significant step toward the generation of a functional muscle construct for skeletal muscle tissue
engineering applications.

Figure: MHC expression in muscle constructs.
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Influence of intermittent hydrostatic pressure during redifferentiation of chondrocytes and cartilage
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Objectives
Since cartilage is subjected to varying loads due to everyday activities, it is hypothesized that mimicking these in vivo conditions can
enhance synthesis of important matrix components during generation of cartilage-carrier-constructs in vitro. Thus, the influence of
intermittent hydrostatic pressure during redifferentiation of chondrocytes in alginate beads and during cartilage formation was
investigated.
Methods
Cartilage-carrier-constructs were generated according to a 3-phases-system by Nagel-Heyer et al. (1) using adult porcine chondrocytes.
Therefore, cells were expanded in common T-flasks until passage 3, afterwards cultivated in an alginate gel for two weeks, recovered
from the gel and seeded onto a microporous calciumphosphate carrier (Sponceram HA , Zellwerk). The cartilage-carrier-constructs
were cultivated for another 3 weeks.
For 6 hours per day, intermittent hydrostatic pressure was applied during the cultivation in the alginate gel or during the last week of
cartilage cultivation. Hydrostatic pressure (0.3 MPa) was applied by overpressure gassing in a bioreactor (2) with a frequency 1 min
on/off. Evaluation was carried out by determining the glycosaminoglycan (GAG) and DNA content and immunostaining against collagen
type I and type II, which indicate the redifferentiation state of chondrocytes. Biomechanical properties were analysed by measuring the
Young`s modulus.
Results
For intermittent hydrostatic loading an increase of 25 % in the synthesis of GAG to DNA was found after recovering the cells from the
alginate gel compared to the corresponding static control. Also the immunostaining resulted in a 65 % higher ratio of collagen type II to
type I. A combination of intermittent hydrostatic loading during alginate culture and during the cultivation on the calciumphosphate
carrier led to an increase in the ratio of GAG to DNA by 22% and to a significant higher Young`s modulus of the cartilage-constructs.
The ratio of collagen type II to I observed in the histology of the cartilage-constructs was similar.
Conclusion
The results demonstrated that intermittent loading applied during redifferentiation in the alginate culture and later on the cartilagecarrier-constructs had positive effects on the characteristics of the matrix.
References:
(1) S. Nagel-Heyer et al. (2005), Bioprocess and Biosystems Engineering, 27: 273-280
(2) R. P rtner et al. (2005), Journal of Bioscience and Bioengineering, 100(3): 235-245

Figure: Loading reactor.
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The effect of dedifferentiation on the response of chondrocytes to mechanical stretch
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Objectives
To investigate the response of chondrocytes in monolayer, harvested from different cell sources and in different differentiation states, to
mechanical stretch.
Materials and methods
Chondrocytes were harvested from healthy bovine metacarpal joints or osteoarthritic human knees. Cells were seeded on collagen I
coated 6 well flexible plates (Flexercell, McKeesport, PA) with a density of 3*105 cells/well, either directly after harvest (primary) or after
expansion in monolayer for two passages (dedifferentiated).
Primary or dedifferentiated cells were pre-cultured for 5 days. The cells were then stretched for one hour, left to settle for one hour and
then stretched for one hour again. This protocol was repeated during three days. Biaxial stretch at levels of 0.5% and 3.0% were
applied. Immediately after the last loading cycle, the cells were processed for mRNA expression analysis.
Real-time RT-PCR was performed on: Aggrecan, Collagen type I and II, MMP-1, MMP-3, MMP-13, SOX9 and related to GAPDH
(housekeeping gene).
Results
Collagen type I gene expression was down regulated in all cell cultures with 0.5% stretch (up to 11 times in primary OA cells) and 3.0%
(up to 8 times), except in dedifferentiated bovine chondrocytes.
In human osteoarthritic chondrocytes stretch upregulated MMP-1 expression in primary chondrocytes (up to 7 times at 0.5%) and
dedifferentiated cells (3.3 times at 0.5%). In contrast to differentiated human OA chondrocytes, the dedifferentiated cells showed a
severe decrease in gene expression levels of all matrix components (up to 30 times for aggrecan and 4 times for collagen type II). This
result was not seen in the expression levels of dedifferentiated bovine chondrocytes. No clear effect was found on the expression of
SOX9.
Conclusion
Our findings show that the response of chondrocytes to mechanical stress depends on the origin and differentiation state. Specifically
for dedifferentiated (P2) human chondrocytes a clear unfavorable response to stretch was found, since all matrix component genes
were drastically reduced.
Being able to identify phenotypic changes of chondrocytes will help to tailor the stimulation protocol during cartilage tissue engineering.

Figure: Relative gene expression of stretched chondrocytes.
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Background
Mesenchymal stem cells from adipose tissue (ASCs) can be harvested with minimal patient discomfort with high yields (up to 105/gram
tissue), thus eliminating the need for culture expansion prior to implantation. This allows one-step surgical procedures for spinal fusion
where harvesting, differentiation induction, scaffold seeding, and implantation can be performed within several hours and within the
operational theatre.
Aim: Development of a one-step surgical procedure in a goat spinal fusion model.
Methods
Goat and human adipose tissue (AT) were obtained by resection or liposuction. The stromal vascular fraction (SVF) was isolated from
the AT using established procedures. ASC content was determined using limiting dilution, CFU-F assays and FACS analysis.
Differentiation induction of SVF was accomplished by 15-min stimulation with 10 ng/ml of rhBMP-2 (Control: medium only). Efficacy was
verified in vitro by prolonged culturing of stimulated cells for 4 days in 'plain' medium followed by analysis of osteogenic markers (runx-2
and osteopontin gene expression, alkaline phosphatase (ALP) activity).
ASCs were subsequently seeded on calcium phosphate (BCP ) granules. ASC distribution was analyzed by fluorescence and
scanning electron microscopy. Finally, the PLDLA cages containing cell-seeded BCP were used for spinal fusion in the goat. After 28
days, fusion was evaluated using X-rays and histology.
Results
SVF contained 105 (goat) or 106 (human) nucleated cells/gram AT, of which up to 8% were ASCs. Upon osteogenic stimulation (15
min of 10 ng/ml BMP-2), expression levels were significantly upregulated compared to controls (1.8-fold and 2.3-fold for runx-2 and
osteopontin, respectively; 40-fold for ALP activity). Histology/SEM analysis of cell-seeded BCP showed even distribution, and
spreading of cells within 30 min. Finally, analysis of the ASC-filled cages after 28 days in vivo revealed both active bone formation (high
ALP activity, bone deposition) and remodeling (high number of osteoclasts).
Discussion
The one-step surgical procedure appears to be feasible, and can be performed within 2-3 hours. Studies with a longer follow-up (3, 6
months) are currently being performed. Although illustrated for spinal fusion, the concept can easily be adapted for other purposes, such
as stem cell-directed regeneration of degenerated discs, and other applications.
Acknowledgement: Study support: STW #VPG.5935

Figure: One-step surgical procedure for spinal fusion.
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Functional small-diameter neovessels can be directly created in vivo using a hyaluronan based
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Our aim was to answer the lack of a prosthetic graft capable of performing adequately as a small diameter conduit (2 mm diameter)
using an in vivo tissue engineering approach.
We decided to reproduce and positively guide the remodelling process directly in vivo, using a 2 mm diameter and 2 cm in length
hyaluronic acid based tubular scaffold (HYAFF-11™) that functioned only as temporary absorbable guide, like an in vivo 'arterybioregeneration assist tube' (ABAT).
Male Wistar rats weighing 250-350 g were used. The aorta, from the renal arteries to the aortic trifurcation, was exposed and isolated
and in a group of 30 animals a HYAFF 11™ tube was anastomized first proximally then distally in an end-to-end fashion. In a separate
group of 30 control animals acellular artery grafts, obtained with a series of detergent solutions, were implanted in the same anatomical
site. Histological analysis performed on acellular artery before implantation demonstrated the preservation of elastic fibres within the
media and the absence of cellular components. No anticoagulants were used either before or after implantation of the grafts in both
animal groups. Histological (haematoxylin-eosin and Weighert solution), immunohistochemical (antibodies to von Willebrand factor,
CD34, vascular endothelial growth factor receptor-2 and to Myosin Light Chain Kinase) and ultra-structural analysis were used to
evaluate the results at 5, 15, 30, 60, 120, and 180 days after surgery.
Immunohistochemical staining of explanted samples demonstrated important advantages using ABAT compared with acellular arterial
graft. ABAT permitted a prompt endothelialization of the tube luminal surface followed by a sequential regeneration of the other vascular
components that led to a complete vascular walls regeneration after 30 days from surgery, allowing a 95% patency rate. On the contrary
acellular aortic graft led to an high rate of aneurismatic dilatation and occlusion, allowing only a 25% patency rate. Temporariness of the
hyaluronic acid tube was another important novel finding: biomaterial was entirely degraded after 4 months from implantation, and after
that, a new artery remained to connect artery stumps.
In conclusion, proposed hyaluronan based vascular prosthesis was able to sequentially orchestrate vascular regeneration events for
small artery reconstruction.

Figure: HYAFF graft after 30 days from implantation.
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Bioreactor-free rapid fabrication 'off the self' tissue engineered vascular graft
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GD

It is becoming increasingly obvious that in order to develop commercially successful products the cost-effective approach must be an
integral part of intellectual challenge in the area of vascular tissue engineering. Bioreactor-based vascular tissue engineering is very
laborious, it needs expensive good manufacturing practice (GMP) facilities, fabrication process usually takes long time and final product
does not fit to the main clinical criteria and desire of vascular surgeons - 'off the shelf' availability. Recently we developed novel
centrifugal casting technology based on using centrifugal forces and in situ cross-linking hyaluronan hydrogel which allows bioreactorfree rapid fabrication of tubular tissue engineered constructs. For fabrication of tissue engineered vascular graft we used as scaffolds
the library of tannic acid stabilized and not stabilized decellularized natural exracellular matrices. In order to improve hydrogel retention,
provide better condition for optimal cell seeding and sequential postimplantational tissue remodeling without compromising mechanical
properties of scaffold we created transmural minipores with laser. It was experimentally estimated that with increasing density and
diameter of laser made minipores from 50 to 200 micrometers biomechanically properties of small intestine serosa (SIS) were
decreasing in linear fashion. It was shown that minipores with diameter 50-100 micrometers and interpore distance more then 1 mm did
not reduce mechanical properties of tested extracellular matrices (SIS). We have also demonstrated that using centrifugal casting with
in situ cross-linkable hydrogel these minipores could be effectively seeded with genetically labelled fluorescent living QCE-6 cells.
Centrifugal casting procedure per se (rotation with speed 2000 r/min during 10 min at room temperature) did not induce cell death (cell
viability test). Hydrogel casted porous scaffolds does not produce any leakage under pressure far beyond physiological level (ink
permeability test) and in vitro perfusion of centrifugally casted scaffold did not remove hydrogel with living cells from the scaffold
(hydrogel retention test). Finally, centrifugal casting with in situ cross-linkable hydrogel does not compromise original mechanical
properties of decellularized natural scaffold. Taken together these data demonstrate a principal feasibility of rapid fabrication 'off the
shelf' tissue engineered vascular graft in hospital operation room.
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Human embryonic stem cells as a source for bone tissue engineering
SK Both, JM Jukes, CA Blitterswijk, J De Boer
Twente University, BILTHOVEN, The Netherlands
Human embryonic stem cells (hES) are an interesting cells source for skeletel tissue engineering. So far, studies demonstrated
osteogenic differentiation of hES in vitro and bone formation in teratocarcinoma, demonstrating the potential use of hES as a source for
bone tissue engineering. Whereas in vitro differentiated hES form mineralising areas upon implantation in vivo, histologically mature
bone tissue has not been found.
We investigated in vitro and in vivo the osteogenic potential of hES and secondly compared tissue formation by osteogenoc hES with
that of osteogenic human mesenchymal stem cells (hMSCs), a cell source more commonly used for skeletal tissue engineering.
We cultured the hES cell line SA002 and hMSCs in osteogenic medium in vitro and analysed mineralisation and marker gene
expression using qPCR. To analyse tissue formation by osteogenic hES and hMSCs in vivo, cells were cultured on calcium phosphate
scaffolds for 7 days in differentiation medium containing dexamethason with and without BMP-2. Both cell sources were implanted
subcutaneously in nude mice and analysed using histomorphometry after six weeks.
The in vitro results of the hES SAOO2 cell line and hMSCs show mineralised areas when cultured in differentiation medium and
increased expression of osteopontin. Since hES are a more difficult cells source to culture, it was an interesting observation that when
seeded onto calcium phosphate scaffolds they were able to attach and expand. When the in vivo scaffold were histologically processed
it was found that the hES had only given rise to small amounts of mineralized tissue independent of the differentiation medium, whereas
the hMSCs were capable of producing bone areas, comprising of osteocytes embedded within the bone matrix and layers of
osteoblasts . Apparently, mineralisation and osteogenic marker gene expression are not sufficient to achieve bone formation by hES.
Alternatively, we have recently discovered that mouse embryonic stem cells (mES) are able to produce bone tissue on calcium
phosphate scaffolds, after they in vitro had been induced into the chondrogenic lineage. We hypothesize that bone formation via
endochondral ossification is a more successful approach than direct induction of bone formation. We are currently investigating this
approach with the hES.
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Measurement of collagen synthesis by cells grown under different mechanical stimuli
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Among the materials available to fabricate scaffolds for vascular tissue engineering, collagen show promising properties: availability in
large quantities in relatively pure grades, non-antigenicity, adjustable biodegradability/bioresorbability by cross-linking and its intrinsic
biocompatibility. Therefore, the purpose of this study was to investigate the mechanical properties of collagen-based constructs and to
study its interactions with smooth muscle cells, which are the main responsible for the exceptional visco-elastic mechanical properties of
the arteries. A tubular construct made exclusively of collagen and smooth muscle cells was developed and cultured in a custom-made
rotating device to uniformly distribute the culture medium throughout the construct. The compliance of the constructs was measured
starting after 1w of culture. The method consists in recording the external diameter, by the means of a laser scan interferometer, when
increasing the intraluminal pressure, which was measured by a transducer. A parallel study to investigate the microstructure of the
resulting collagen and the cell-matrix interactions was carried out by the means of Atomic Force Microscopy and Confocal Laser
Scanning Microscopy. The rupture of the scaffold was reached when the pressure overcame 18±1mmHg. The external diameter
increased from an initial value of roughly 8mm to a final value of 12mm, corresponding to an increase of pressure from 11 to 18mmHg.
Given that we use onlycollagen known for its intrinsically poor mechanical properties, without the additional support of any synthetic
material, the mechanical properties of the cylindrical structure are therefore particularly encouraging. Analyses with AFM and CLSM
showed the interaction between cells and collagen matrix. In the gel it was possible to detect a binding pattern of 67.4 ± 1.5 nm, which is
in agreement with the theoretical one reported in literature. Furthermore, the scaffold appears to be as a random fibrillar matrix. From a
mechanical point of view, it is obvious that such microstructure cannot sustain the unidirectional transversal stress generated by the
intraluminal pulsatile pressure, so this justifies the limited mechanical properties of the scaffold. In order to improve this properties,
specific crosslinking methods, like glycation and UV radiation, are presently ongoing. The use of silk as reinforcement for the collagen is
also under investigation.

56

Cells and Materials
Abstract nr : 57

Conducting scaffolds for muscle tissue engineering
1

2

2

1

1

A Rowlands , S Moulton , G Wallace , J Campbell , J.J. Cooper-White
1
University of Queensland, BRISBANE, Australia
2
University of Wollongong, WOLLONGONG, Australia

Introduction
Tissue engineering has the potential to replace the functionality of injured or diseased muscle. A common approach in the field involves
the production of highly porous polymeric scaffolds aimed at providing a suitable microenvironment for the attachment and growth of
specific cell types, either via in vitro or in vivo culture techniques. With or without the assistance of an artificial scaffold, regeneration of
many tissues has been shown to be improved through the application of mechanical and electrical stimulus. It would thus be
advantageous to produce scaffolds that are not only elastic and compliant, but also able to deliver these stimuli insitu. In this paper we
detail the generation and in vitro assessment of multicomponent ‘smart’ composite, conducting scaffolds for smooth muscle engineering
from commonly used biomaterials PLGA, PU and polypyrrole.
Method
Multicomponent films and 3D scaffolds composed of degradable PLGA, nondegradable biomedical polyurethanes (PU) and polypyrrole
were manufactured using a variety of methods, including phase separation and electrochemical polymerisation. Characterisation of both
planar and three dimensional polymeric systems included morphology and microstructural characteristics, mechanical properties and
electrical properties. The films and scaffolds were seeded with 3T3 Fibroblast, primary rat aorta vascular smooth muscle cells and A7r5
smooth muscle cells and cultured at 37C for period of up to 48 hours in appropriate media. The extent of proliferation, expression of
differentiation markers and the cell response to stimulation were studied.
Results
Films of PLGA were successfully coated with polypyrrole, using a variety of dopants, including pTS (sulphonic acid) and hyaluronic acid.
These films were shown to have conductivities of 1.4 ' 0.02 S/cm. Smooth muscle cells had to be encouraged to attach to the
polypyrrole through a number of surface treatments, however, once attached, the stark effects of electrical stimulation could be
observed (see Figure 1). The highly porous scaffolds of well defined pore architectures and high degrees of interconnectivity were not
only more elastic and compliant, but also elicited high degrees of control over cellular behaviour.
Conclusion
The results of these investigations suggest that conducting scaffolds can be fabricated from a variety of polymers and will not only
support the growth of various cell types, but encourage the maintenance of a contractile phenotype in smooth muscle cells.

Figure 1: 24 hr A7r5 culture A)Unstimulated, B)5 Hz, 50µA
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Innovative 3D osteoconductive grafts for a more effective in vivo vascularisation
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Goal
In principle, engineered 3D grafts with high porosity and appropriate pore interconnection pathway should allow a good blood vessel
migration within the scaffold and thus favour the in vivo bone tissue regeneration. In previous studies we have demonstrated that pores
interconnections may in fact limit the size of blood vessels running through adjacent pores, and thus the vascularisation of scaffolds,
representing a bottleneck for blood vessel invasion [1]. Therefore, we have developed and tested a new generation 3D highly porous
osteoconductive graft, having an innovative structure able to guarantee a proper vascularisation, which is the basis for bone tissue
growth.
Methods
Micrometric polycaprolactone (PCL) fibers were prepared and assembled to form a mesh. Supersaturated calcium and phosphate ion
solution was prepared. PCL meshes were left in this Ca-P ion solution to induce the nucleation of Ca-P on the surfaces and form a thin
film coat of apatite crystals. Samples were characterized both at electronic microscope (SEM) and at optical microscope. In vitro cells
adhesion onto the scaffold, its in vivo bone ingrowth and vascularisation potential were also analysed.
Results
PCL coated meshes displayed a completely open macrostructure, with a high inner porosity and complete pores interconnection.
Samples displayed a good cell adhesion capability and, when implanted subcutaneously in mice, a promising bone tissue formation and
a complete vascularisation.
Conclusions
We have designed and developed an innovative 3D scaffold, with a completely open macrostructure able to favour the in vivo blood
vessel invasion, which represents a crucial step for the in vivo bone remodelling. Our preliminary results confirmed the hypothesis that
bone substitutes with a macrostructure permissive to blood vessel invasion may represent one of the most promising research lines to
follow in the bone tissue regenerative field.
[1] Mastrogiacomo M*, Scaglione S*, Martinetti R, Dolcini L, Beltrame F, Cancedda R, Quarto R. Role of scaffold internal structure on in
vivo bone formation in macroporous calcium phosphate bioceramics. Biomaterials. 2006 Jun;27(17):3230-7.
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Perspectives on stem cells therapies
C. Mummery
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Stem cells appear in the media to be potential cures for diseases ranging from diabetes to Parkinson and many companies now
offer commercial stem cell storage, from umbilical cord blood to bone marrow and adipose tissue, on the basis of this hope of future
therapy. A question many people ask is whether there is a scientific basis for this hype. Should I go to China to be treated for ALS?
Should I freeze my babies cord blood?
In the presentation, these areas of research, commerce and clinical practice will be reviewed. The merits and disadvantages of adult
stem cells versus embryonic stem cells as the basis for therapies will be discussed.
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Mesenchymal stem cell-based therapies in musculoskeletal diseases: from bench to bedside
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The repair of damaged tissues or organs represents a major challenge for our aging society. Cell-based therapies are emerging as
a potential strategy for tissue repair. However, there are many concerns that must be addressed and the development path from
bench to bedside is complex and has its specific challenges. Research and development of stem cell-based approaches for tissue
regeneration and repair involves the identification of a mechanism of action, and subsequently the characterization of the product
including potency, purity and viability. Proof of concept studies together with safety and tolerability have to be explored in preclinical
models. Species specificity needs to be addressed and appropriate preclinical models predictive of the outcome in patients remains
a challenge. In addition, the development of a manufacturing process must guarantee the consistency of the product with specific
and relevant release criteria. Well designed, controlled prospective multicenter clinical studies to support product claims are
required. Outcome measurements need to be identified in these studies designed to achieve tissue repair or regeneration.
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Toward postimplantational management of biological implants:
bioavailable gallic acid mildly stabilizes collageneous extracellular matrices
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Postimplantational in vivo management of proteolytic degradation and remodeling of implanted biological prostheses and tissue
engineered constructs can enhance clinical outcome. Tannic acid (TA) stabilizes both collagen and elastin. However, tannic acid is not
bioavailable, whereas gallic acid (GA) ' a product of tannic acid biodegradation in intestine is bioavailable and has much lower toxicity.
That means it could be determined in blood and urea after consumption of drinks containing tannin. We hypothesized that natural drinks
containing plant phenols and especially rich with tannins could be used in postimplantational management of biological implants. In
order to test this hypothesis we used porcine decellularized small intestine serosa (SIS) as a model of natural extracellular matrices
(ECM) and biological implants. It was shown that incubation with GA mildly increases SIS stiffness. GA effect is dose dependent, but
significantly lower then in control TA (0,2%) or glutaraldehyde (0,5%) treatments. The resistance of SIS to proteolytic degradation after
treatment with GA was estimated by incubation in collagenase (10ng/g during 2 hours at 37 C). Differential scanning calorimetry
demonstrated small changes in thermal denaturation temperature after treatment with GA which indicates on relatively low increase in
cross-linking. Using zymography we have shown that GA can also directly inhibit collagenase activity. Thus, stabilization effect of gallic
acid on SIS could be based on two possible mechanisms: limited cross-linking and/or substrate masking and on direct inhibition of
proteolytic enzymes. Finally, using 'computational docking' we confirmed a potential role of GA in masking of collagen cleavage sites.
Taken together these data demonstrate that gallic acid mildly stabilizes collageneous ECM. Thus, tannin acid rich natural drinks such as
red wine, pomogranate juice or green tea could be used for postimplantational control of biological implants degradation and
remodeling.
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A new polysaccharide-based hydrogel supports human nasal chondrocytes development aiming at
cartilage tissue engineering applications
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Gellan gum is an extracellular microbial polysaccharide from Pseudomonas elodea, and forms a firm and very transparent gel in the
presence of metallic ions. The chemical structure of gellan has been confirmed as a linear anionic heteropolysaccharide consisting of
glucose-glucuronic acid-glucose-rhamnose as a repeating unit. This type of hydrogel presents some interesting features that may allow
its use an in vitro 3D cell support, or as an in vivo injectable system. It has been shown to be non-cytotoxic, presents some degree of
bioadhesiveness, and its tetrasaccharide repeating unit is composed of a carboxylic group, which can lead to further functionalizion of
the material, enhancing therefore its cell supporting abilities. In this work, we have optimized Gellan gum hydrogels characteristics for
cell encapsulation, carrying this at both physiological temperature and pH, aiming at cartilage tissue engineering applications.
Gellan gum in the powdered form and previously sterilised was dissolved in sterile distilled water and processed in order to form a
stable solution near 37 ºC. Human nasal chondrocytes isolated from patients from the local hospital under informed consent were
encapsulated at a density of 1.325x106 cells/ml. The mixture was quickly cast into sterile Petri dishes and a gel disc was formed after
15-30 seconds, at room temperature. Plugs of 7 mm in diameter x 3 mm in thickness were cut using a borer. The discs were kept in
culture for up to 8 weeks, being kept under chondrogenic proliferation medium for the first week, and chondrogenic differentiation
medium for the following weeks. Low melting temperature agarose type VII controls were used.
Dynamic mechanical analysis and rheological properties evaluation were conducted, in order to get an insight on the material
properties.
After the culturing periods, hematoxylin-eosin, toluidine blue and alcian blue, immunocytochemistry for collagen types I & II, and
transmission electron microscopy analysis were conducted, in order to assess cell development and extracellular matrix formation.
Human nasal chondrocytes were successfully cultured for up to 8 weeks, using a Gellan gum hydrogel, presenting results comparable
to agarose. Cell viability and differentiation were observed for the whole time of the experiments. The Gellan gum hydrogels properties
regarding pH, sol-gel transition temperature, and present functional groups leads us to propose this new biomaterial as a support for
cartilage tissue formation.

Figure: Gellan gum hydrogels+encapsulated human chondrocyt.
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Development and characterisation of fibrous porous silk scaffolds
B J Ainsworth, J B Chaudhuri
Bath University, BATH, United Kingdom

Previous work with porous silk scaffolds has produced scaffolds with either small, poorly connected pores or large well
connected pores (Kim et al. 2005; Biomaterials 26(15):2775-85.). A set of techniques using salt leaching has been
developed to fabricate fibrous porous silk scaffolds with small, highly interconnected pores. This was made possible by
the use of aqueous formic acid as a solvent. The structure of the scaffolds could be varied from film like to sparse fibres
by changing the solvent and silk concentration (Figure 1). Scanning Electron Microscopy (SEM) images showed that
pouring salt onto the silk solution resulted in an irregular structure, whereas pouring silk onto salt resulted in a regular
structure. The SEM images suggested that this regular structure was the result of an interaction between the silk and the
salt due to a more film like structure near the top and a fibrous structure below. Work with aqueous formic acid solutions
saturated with salt suggested that this structure was the result of silk precipitating at the top of the scaffold. Fourier
transform infrared spectroscopy was used to confirm that the silk was in its silk II form in the scaffold. Ligament
fibroblasts were grown on the scaffold for 7 days, and the amount of DNA produced quantified; this suggested that the
fibroblasts had proliferated extensively on the scaffolds. The work has clarified the interaction between silk and salt in
salt leached scaffolds by producing a new group of silk scaffolds with unusual fibrous and highly porous structures that
should be well suited to tissue engineering; a variety of structures can be made from a very similar set of techniques
allowing comparison of the effect of pore structure on cell behaviour. This paper will describe the fabrication and
structural characterisation of these silk scaffolds, and the cellular response to them.

Figure 1: Silk scaffolds made with aqueous formic acid.
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Modulation of the foreign body reaction by the immuo-modulatory cytokine cmvIL-10
M Wübben, J.M. Boomker, MJA. van Luyn, MC Harmsen
University Medical Center Groningen, GRONINGEN, The Netherlands
Introduction
Implantation of biomaterials evokes an inflammatory response, foreign body reaction (FBR), which can become chronic. This may result
in loosening of prostheses or resorption of the material, and thus early implant failure. However, the predominant characteristic of the
FBR is mainly characterized by attraction and activation of inflammatory cells such as macrophages. The cellular processes are
orchestrated by soluble mediators such as chemokines, matrix metalloproteinases and cytokines. Several viruses evade the hosts’
immune response by encoding for immunosuppressive homologs of interleukin-10 (IL-10). Among these viruses is the human
cytomegalovirus that encodes cmvIL-10. We hypothesized that cmvIL-10 could downregulate the FBR.
Methods
His-tagged recombinant cmvIL-10 was produced in E.coli and affinity purified. A sandwich ELISA was performed to determine TNF-α
levels of LPS stimulated RAW cells after preincubation with cmvIL-10. Cross linked dermal sheep collagen discs (HDSC) loaded with
cmvIL-10, hIL-10 or bare were implanted subcutaneously into AO rats. After 5, 10 or 21 (n=3 to 6) days the discs plus surrounding
tissue were explanted. The explants were evaluated on cell influx and degradation of HDSC by histological and immunohistochemial
methods. The modulating effect on the expression level of inflammation related genes was determined by qRT-PCR. In situ
zymography was used to detect MMP activity.
Results
The purified cmvIL-10 exerted immunosuppressive properties in vitro and in vivo. LPS stimulated RAW cells produced less TNF-α in the
presence of cmvIL-10. Our in vivo approach revealed a significant effect on the FBR. CMV IL-10 treated implants showed less
phagocytotic activity of macrophages and reduced formation of foreign body giant cells in time. At day 21 85% of the control discs were
degraded in contrast to 53% of the cmvIL-10 loaded discs. Furthermore, MMP secretion was significantly inhibited by cmvIL-10.
Conclusions
The study identified cmvIL-10 as an applicable molecule to modulate the FBR. Results showed reduced activation of inflammatory cells,
in particular macrophages. Hence, coating of an implant surface with cmvIL-10 might prevent degradation and thereby early implant
failure.
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Cells Involved in the Early Immune Response to Foreign Material Implanted Intraperitoneally
IV Vranken, AL Lebacq, GDV De Visscher, WF Flameng
KULeuven, LEUVEN, Belgium
A natural immune response takes place when the human body is confronted with implanted materials. Unfortunately, most of the current
research is using synthetic materials. Although, a shift towards more biological matrices can be observed at least in heart valve tissue
engineering. Since foreign materials are infamous for causing foreign body reaction within 2 to 3 weeks, it is important for the field of
tissue engineering to understand the cellular processes involved in this typical reaction, either to prevent or to use them. The initiators of
this reaction are proven to be macrophages and it is also proven that the final myofibroblasts forming the capsule are of hematopoietic
origin. However, the early immunobiology and development of this tissue formation is not fully understood.
This study in rats (n=6 at each time point studied) unravels the cellular dynamics and assesses macrophage attraction (CD68, CD163),
immune response (CD45, CD72, CD3, CD103, CD161a, His48, MHCI, MHCII), proliferation (phosphohistone-H3), differentiation
(vimentin, alpha smooth muscle actin, heavy chain myosin) and cell binding capacity (VLA-4, CD44, CD172a) during the immature
stages of the foreign body reaction, 6 hours, 1, 2, 3, 5 and 7 days after intraperitoneal implantation of an acellular photo-oxidised bovine
pericardium patch. After this time period, the implants were removed, paraformaldehyde fixed, cryosectioned and
immunohistochemically stained to the markers described above.
Our results show that macrophages are constantly present in the implanted material. Three days after implantation, markers indicating
different cells of the immune response show a significant decrease, differentiation into myofibroblasts starts and cell proliferation in the
implant material reaches its maximum. Cell binding capacity is high immediately after implantation and afterwards generally declining.
This unraveling of the cellular background of the immature foreign body reaction will be the basis for further research in the field of
tissue engineering. In our research group, more specifically, the data will be used for the refinement of our in vivo approach of heart
valve tissue engineering.
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Mechano-responsive remodelling genes altered in different cell lineages
G Karamichos, A Brown, V Mudera
UCL/Orthopaedics, LONDON, United Kingdom
Cells involved in musculoskeletal tissues experience a variety of mechanical cues through physical distortion (strain) of the ECM.
Collagen is the most common structural protein in the human body and cell seeded collagen constructs have been used as
musculoskeletal tissues models. Pre-strain has been reported in literature to alter construct stiffness as well as organisation. It has also
been reported that different loading regimes can regulate specific genes within cell seeded collagen constructs. The aim of this study
was to investigate cellular responses in terms of contraction and molecular outputs when embedded in increasingly stiffer matrices and
subjected to differential ramp load regimes. Human Dermal Fibroblasts (HDFs) and human Bone Marrow Stem Cells (hBMSCs) were
seeded in collagen constructs and pre-strained, by 0% and 5%. Constructs were setup on a uniaxial tensional force monitor (t-CFM) for
12h before two different ramp loading regimes applied: (a) 10% strain over 1h, and (b) 10% strain over 12h. Contraction forces were
monitored and molecular outputs investigated at the end of 24h using Real time PCR. Both cell types showed no significant measurable
force generation at the end of 24h, however specific matrix remodelling genes were regulated by ramp loading regimes. HDFs showed
increased MMP-2 and TIMP-2 following a slow ramp load while hBMSCs showed downregulation of MMP-2 in response to fast ramp
loads. In conclusion, matrix degradation and production can be controlled with a combination of stiffness and fast/slow ramp loads,
depending on cell lineages. However the balance of the two is necessary to achieve predictable cellular responses.
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The Transition Zone between Host Tissue and Transplant:
Integration of Scaffold Based Chondrocyte Transplants in Horses
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Objectives
Beside re-diffierentiation of chondrocytes in engineered cartilage transplants the integration of the newly formed tissue into the host
tissue is of importance. Therefore, the objective of our study was to evaluate the integration of autologous cartilage tissue engineering
transplants based on resorbable polyglactin/polydioxanone scaffolds into full-thickness cartilage defects of horses.
Methods
Cartilage biopsies were taken from the non load-bearing area of the lateral talus of the left tibiotarsal joint of eight healthy Haflinger
horses. Tissue engineering cartilage transplants were generated by three-dimensional arrangement of autologous chondrocytes in
biocompatible and resorbable polymer-scaffolds. Full-thickness cartilage defects of 8 mm in diameter were created in the condyle of the
fetlock joint and cartilage grafts were fixed using an anchor system, while defects without grafting served as controls. After euthanasia,
the entire joint region was dissected, examined macroscopically, radiographically and by Magnetic Resonance Imaging (MRI).
Histological analysis of the explanted joints was performed thereafter. The content of hydroxyproline as well as the quantification of
glycosaminoglycans was performed.
Results
To evaluate the outcome of the newly formed cartilaginous tissue in comparison to the natural healing of the untreated control defects
after 6 and 12 month, we used the Wakitani-Score with slight modifications. The repair tissue showed formation of a cartilaginous tissue
and good integration into the surrounding host tissue with firm bonding of the graft to the adjacent cartilage and the underlying
subchondral bone. Radiological findings of all horses were normal at all points in time, no signs of osteoarthritis, osteophyte formation,
exostosis, nor joint flattening were observed. There were no dislocations of any of the implanted anchors. After 12 months, MRI-analysis
showed that cartilage lesions were covered with repair tissue without damage of the subchondral bone. Biochemical analysis
demonstrated that the content of glycosaminoglycans and hydroxyproline is comparable in repair tissue derived from treated and control
defects.
Conclusions
The use of three-dimensional autologous cartilage transplants based on resorbable polymer scaffolds ensures secure fixation, good
integration of the graft into cartilage lesions, and therefore supports existing therapeutic options for the treatment of cartilage defects.
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Tissue Engineered Cartilage Grafts For Use In Cartilage Repair Technologies
A Hall, A J Hayes, CE Hughes, B Caterson
CARDIFF UNIVERSITY, CARDIFF, United Kingdom
Articular cartilage is prone to degenerative diseases such as osteoarthritis. The development of autologous chondrocyte graft
technology (ACG; Carticel II; Genzyme Biosurgery) offers considerable promise for the repair and resurfacing of focal lesions of articular
cartilage. Here we study (i) the organisation and composition of cartilage grafts tissue engineered from mature (18month) and immature
(7day) bovine primary chondrogenic sources, and (ii) the effects of culture expanding the chondrogenic sources prior to graft production.
Grafts tissue engineered using a primary chondrogenic source had many morphological and biochemical similarities to native articular
cartilage in vivo. The grafts consisted of hyaline tissue with distinct surface, middle and deep zones based on cell morphology,
arrangement and extracellular matrix composition. Proportions of the graft tissue can be modulated in terms of its thickness, zonal
depth and cellularity, by adjusting culture time and cell seeding density. Whilst the mature chondrogenic source in primary culture could
recapitulate the zonal organisation of native articular cartilage, synthetically they were less active than the immature source. Grafts
produced from an immature chondrogenic source that had undergone expansion and dedifferentiation in monolayer culture prior to
seeding, lacked the distinct stratified appearance and became more disorganised with an increase in passage number. In addition these
grafts showed a progressive decrease in aggrecan staining and an increase in staining for both type I collagen and versican after
monolayer expansion suggesting that the grafts were becoming progressively more fibrocartilagenous .
From a clinical perspective, the likely source of autologous chondrocytes would be from mature cartilagenous source that would require
vast expansion in monolayer culture. This study has shown that whilst mature chondrocytes in primary culture recapitulate the zonal
organisation of native articular cartilage, synthetically they are less active than immature cells. Furthermore, cell dedifferentiation
resulting from successive passage, yields a disorganised graft tissue that is ostensibly more fibrous than fibrocartilaginous. The
undesirable effects of chondrocyte expansion and dedifferentiation are currently under investigation.
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Inhibition of calcineurin induces redifferentiation of chondrocytes in vitro
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Adult cartilage has limited intrinsic repair capacity and larger defects will not heal spontaneously. Healing might be stimulated by
transplantation of autologous chondrocytes. Before transplantation, the cells need to be expanded in culture, which inevitably results in
phenotypic changes (dedifferentiation). Chondrocyte dedifferentiation is characterized by decreased collagen type II (COL2) and
aggrecan (AGC1) expression and increased collagen I (COL1) and versican (CSPG2) expression. Redifferentiation of chondrocytes
remains a serious challenge in cartilage regenerative medicine. In-vitro redifferentiation can now be attained by adding growth factors to
cultures. For clinical applications the use of growth factors has several drawbacks related to costs and risks.
FK506 (Tacrolimus) is a potent immunosuppressive agent and also used as anti-rheumatoid arthritis drug. It suppresses the calcineurinNFAT pathway and was found to induce chondrogenic differentiation in murine ATDC5 cells. Furthermore, a lack of NFATp in articular
chondrocytes is reported to increase the expression of cartilage markers. The aim of our study is to investigate the use of FK506 in
cartilage tissue engineering. More specifically the research questions is: does FK506 induce redifferentiation in culture expanded human
articular chondrocytes?
Human osteoarthritic articular chondrocytes were first expanded in monolayer culture for 2 passages and then cultured (20,000
cells/cm2) with FK506 and 10% FCS for 14 days. COL2 expression increased in the presence of FK506 as compared to the untreated
control: from twice the relative amount of COL2 with the lowest dose (5 ng/ml) to an 8-fold increase with 500 ng/ml FK506. With
increasing doses of FK506 the expression of COL1, AGC1 and CSPG2 increased slightly (max 1.5 times), but not significantly.
Catabolic markers, like MMP13, were only slightly elevated (1.5x) by FK506, as was hypertrophic differentiation marker collagen X.
In conclusion, FK506 seems to induce chondrocyte redifferentiation. Further research is being performed to elucidate how and to what
extent calcineurin signaling influences the chondrocyte phenotype. In future, FK506 or other more specific calcineurin inhibitors may
then be used to replace growth factors in vitro or to stimulate chondrocyte redifferentiation in vivo.

65

Cartilage 1
Abstract nr :71

Role of Soluble Signalling Factors in Chondrogenic Differentiation of Mesenchymal Stem Cells
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Introduction
Chondrocytes are the only cell type of cartilage and pluripotent mesenchymal stem cells (MSCs) are the only known adult
chondroprogenitor cells. Therefore, use of MSCs for identification of the molecular events characterising chondrocyte formation and
maturation is a preferred experimental choice. To determine paracrine effect of cartilage tissue on chondrogenic differentiation of adult
rat MSCs we have set up a coculture system. Here, we have identified signalling factors secreted from cartilage during the culture
period.
Methods
Coculture is performed by placing rat cartilage chips in tissue culture plates and rat MSCs-alginate amalgam in porous inserts. Culture is
carried out in serum free chondrogenic medium with and without TGFß-3 for 3 weeks. Gene expression is determined by quantitative
RT-PCR. Protein expression levels are analyzed by SDS-PAGE, immunoblotting and immunofluorescence. Soluble signaling factors
are detected by antibody array from RayBiotech™ and by zymography.
Results and Discussion
Increased expression and synthesis of extracellular matrix components and concomitantly early up regulation of sox9 is detected in our
model. Elevated sox9 gene expression level on day 1 indicates early onset of chondrogenesis in cocultured MSCs. Amongst 19
signalling factors, only vascular endothelial growth factor (VEGF), tissue inhibitor of metalloproteases (TIMP-1), TGFß-1 and monocyte
attractant protein (MCP-1) were secreted from MSCs and/or cartilage. Progressive elevation of TIMP-1 secretion in coculture is
paralleled by increasing TIMP-2 and less active MMP-13. High concentration of pro-MMP-13 is detected in coculture from day 7
however, relative activation status remains unchanged. In absence of cartilage active MMP-13 is not detectable after day 7.
Suppression of collagen X secretion in the presence of cartilage suggests MSCs as targets of soluble factors derived from cartilage
influencing chondrogenic maturation. Interestingly, presence of externally added TGFß-3 which is known to induce dedifferentiation in
chondrocytes and differentiation in human MSCs is not imperative for initiation of chondrogenesis in rat MSCs. These data suggest a
crosstalk via paracrine signals between differentiated chondrocytes and undifferentiated MSCs.
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Cellular origin of neocartilage formed at wound edges of articular cartilage in a tissue culture
experiment
PK Bos, N Kops, JAN. Verhaar, GJVM Van Osch
Erasmus MC, ROTTERDAM, The Netherlands
Introduction
The regeneration capacity of articular cartilage following injury is limited. Partial-thickness defects are not repaired and full thickness
defects are repaired with fibrocartilage. Morphological differences, differences in proliferation capacity and extracellular matrix synthesis
between chondrocytes have been shown. Recently, it was hypothesized that cartilage contains progenitor cells in the superficial layer.
Others have demonstrated an increased amount of mesenchymal stem cells in OA cartilage. In long-term culture experiments with
bovine articular cartilage eplants we have observed outgrowth of cells and neocartilage formation at wound edges. We investigated the
origin of chondrocyte outgrowth and neocartilage formation in vitro.
Methods
Immature and mature bovine full-thickness explants were cultured for four weeks; superficial and deep zone cartilage explants of
immature animals were separately cultured. Morphological changes were studied on H&E stained sections. Cartilage outgrowth was
evaluated with thionin staining and collagen type II immunostaining. Proliferation was evaluated with Ki67 immunostaining.
Results
Significant more outgrowth was observed from immature explants compared to mature explants. At wound edges of immature explants,
outgrowth consisted of hyaline-like cartilage. Proliferation activity was shown both in the superficial zone and deep zone chondrocytes in
immature explants. No Ki67 expression was observed in the middle zone. In the experiment culturing immature superficial and deep
zone cartilage explants separately, there was abundant new tissue formation originating from deep cartilage and almost no outgrowth
from the superficial cartilage(fig.1). This indicates that neocartilage originates from chondrocytes in the deep zone cartilage and not from
chondrocytes in the superficial zone cartilage. Blood vessels were absent, indicating no vascular contribution to the tissue outgrowth.
Conclusion
In the present study we demonstrate the capacity of chondrocytes in immature explants to grow out after experimental wounding and
form new tissue with hyaline-like properties. Chondrocytes from deep zone cartilage in these explants are able to proliferate and form
abundant amounts of new tissue. In full-thickness articular cartilage defects and in patients treated with subchondral penetration repair
is considered to originate from bone marrow mesenchymal stem cells alone. The present study suggests that a part of the repair may
originate from cells grown out of wound edges.
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Overexpression of human interleukin-10 in human articular chondrocytes: IL-10 modulates
depression of cartilage matrix deposition by TNF-a in vitro
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Synthesis of cartilage-specific extracellular matrix is the prerequisite for chondrocyte survival and cartilage function, but severely
affected by pro-inflammatory cytokines such as tumor necrosis factor α (TNF-α) in osteoarthritis. The role of immunoregulatory
cytokines such as IL-10 in cartilage remains still enigmatic. Therefore, the aim of the present study was to characterize whether
adenoviral overexpression of the immunoregulatory cytokine interleukin-10 (IL-10) in human articular chondrocytes may modulate key
matrix and signalling protein synthesis in response to TNF-α. Human articular chondrocytes were transduced with an adenoviral vector
either overexpressing human interleukin-10 (Adv/IL-10) or nothing (Adv/empty) (5000 particles/cell) and subsequently stimulated with 10
ng/ml TNF-α for 24 hours. Other cultures were treated with 10 ng/mL recombinant IL-10 or co-treated with 10 ng/mL IL-10 and TNF-α.
Secretion of IL-10 was measured by an IL-10 ELISA. Presence of the IL-10 receptor-α (IL-10Rα) on chondrocyte surfaces was studied
by flow cytometry. Ultramorphology was observed electron microscopically. The effects of IL-10 on the cartilage matrix marker collagen
type II, crucial cell matrix signal transduction receptor β1-integrin and the cytoskeletal signal protein talin were evaluated by western blot
analysis and immunofluorescence microscopy. Chondrocytes transduced with the IL-10 overexpressing vector secreted high levels of
human IL-10 and expressed the IL-10Rα on their surface. On the ultramorphological level no changes could be observed. Adenoviral
overexpression of human IL-10 had no significant influence on the synthesis of collagen type II, β1-integrin and talin. In contrast,
suppression of collagen type II synthesis by TNF-α was slightly attenuated by IL-10 overexpression or recombinant IL-10. We
established an effective overexpression model of human IL-10 in chondrocytes in vitro and indicated that the immunoregulatory cytokine
IL-10 has the capacity to modulate effects of TNF-α in human articular chondrocytes.
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Stromal Vascular Cells stabilize vessel-like structures in vitro through cell-cell contacts and
secreted angiogenic factors
BM Melikhova, KA Rubina, ZI Tsokolaeva, BS Melikhova, VA Tkachuk, EL Parfyonova
Institute of Experimental Cardiology, MOSCOW, Russia
The stem cell therapy with autologous cells to improve angiogenesis is emerging as a treatment measure for patients with
cardiovascular diseases, but may be limited by the accessibility of sufficient cell numbers. The effects of delivered cells appear to be
related to their multipotency and ability to secrete angiogenic growth factors [1]. We examined the role of adipose stromal vascular cells
(SVC) from rat subcutaneous fat tissue and cell fraction from postnatal rat hearts (PHF) for their angiogenic potential in vitro.
SVC were co-cultured with cells from PHF in concentration 1:4, respectively. SVC and PHF cells were pre-labeled with lipophilic dyes
PKH26/DiI and PKH2, correspondently. In 7-10 days of co-culture there appeared CD31 positive vessel-like structures of mixed origin.
CD31 positive vessel-like structures could appear in PHF cell culture alone, but these structures were less branched and disappeared
spontaneously in 6 days. The increase in concentration of plated PHF cell didn’t influence vessel stability. SVC alone didn’t form any CD
31 positive vessel-like structures in our culture conditions. In co-culture SVC cells stabilize and support vessel-like structures and their
branching up to 21 days.
Consequent experiments with supernatant media, taken from SVC culture suggest that angiogenic growth factors in the media provide
only half of the vessel-supporting effect. We assume that SVC support and stabilize the CD 31-positive structures from PHF in coculture through cell-cell contacts.
We suppose that the PHF is the main source of progenitor cells forming CD31 positive vessel-like structures, however these vessel-like
structures cultured alone are not stable. Most probably SVC is the source of pericytes, which are known to be involved in endothelial cell
maturation and vessel stabilization during angiogenesis.
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Characterization of Pulmonary Artery Smooth Muscle Cell Response to Vaso-active Stimulation in a
Real-time 3-D Model
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Pulmonary artery smooth muscle cells (PASMCs) have a role in maintaining vascular tone, however there are phenotypic differences
between PASMCs in the inner & outer layers of pulmonary artery walls. We hypothesised that PASMCs differ in their ability to contract
or relax a 3D collagen gel. We have quantified the cellular response of PASMC derived from inner and outer normal and hypoxic
arteries in response to vaso-active stimulants. PASMCs, from normal and hypoxic (50KPa, for 3-14 days) 14 day piglets were harvested
from the Inner and Outer layers of large intrapulmonary arteries and cultured in DMEM/F12 medium with 10% FCS. Real time
contractile force generated and cellular response were recorded over 24 hours using a 3D collagen model on a Culture Force Monitor
(CFM). Once cells reached tensional haemostasis they were subjected to agonist (U46619) or antagonist (Sodium Nitropruside, SNP)
stimulation and the response was measured in real time. Normal Outer (NO-PASMCs) generated an immediate contractile response to
agonists with a mean peak force of 74 ± 24 dynes. Normal Inner (NI-PASMCs) also responded to agonists (132 ± 64 dynes). In
response to the antagonists, NO-PASMCs relaxed to a mean of 236 ± 123 dynes and NI-PASMCs to 153 ± 20 dynes. Hypoxic Outer
(HO-PASMCs) generated an increase in contractile force of 31 ± 10 dynes and Hypoxic Inners (HI-PASMCs) of 37 ± 11 dynes. HOPASMCs and HI-PASMCs failed to response to SNP. We demonstrated that PASMCs derived from the normal pulmonary vessels
respond to contractile and relaxing stimulants. On exposure to chronic hypoxia, the cells retained their ability to contract in response to
agonists in comparison to Normal cells (Outer PASMCs p=0.4396, Inner PASMCs p= 0.2818), however both were significantly
unresponsive to antagonist stimulation (p<0.001). These findings suggest relaxing mechanisms of PASMCs have been permanently
altered in response to chronic hypoxia. These findings suggest that there are key differences in the mechanoresponses of inner and
outer smooth muscle cells and hypoxia induced unresponsiveness to agonist stimulation need to be considered in tissue engineering of
blood vessels.
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Intracoronary injection of cultured cells causes micro infarctions in contrast to freshly isolated cells
in a porcine model of myocardial infarction
AD Moelker, M De Jong, DJ Duncker, WJ Van der Giessen
Thoraxcenter, Erasmus MC, ROTTERDAM, The Netherlands
Background
Regeneration of infarcted myocardium by injection of stem cells into the infarct region has been proposed to prevent heart failure.
Intracoronary injection seems safe and feasible. However, there have been previous studies which suggest that intracoronary injection
of cultured cells is associated with ECG-changes and a higher in-stent restenosis. We investigated the effect of intracoronary injection of
freshly isolated bone marrow derived mononuclear cells (MNC's) and cultured umbilical cord blood derived unrestricted somatic stem
cells (USSC) in a porcine model of a reperfused MI.
Methods:
In 10 domestic swine, the proximal left circumflex coronary artery was balloon-occluded for two hours followed by reperfusion. One
week after induction of MI, five swine received intracoronary autologous MNC's, a total of ~100 million cells labeled with the permanent
fluorescent membrane stain PKH and five swine received DAPI labeled USSC. Half of the cells were administered in post-MI myocardial
tissue and the remaining cells were injected in normal non-ischemic myocardium. Four days later all swine were sacrificed for
histological analysis.
Results
In post-MI tissue a significant amount of PKH labeled MNC’s as well as DAPI labeled USSC could be demonstrated.
In contrast, in non-infarcted remote myocardium, PKH labeled MNC’s could not be detected 4 days after injection. Furthermore, while
DAPI labeled USSC were detected 4 days after injection in non-infarcted myocardium. The myocardium remained healthy in MNC’s
treated swine, in USSC treated swine micro infarctions were observed in the previously non-infarcted remote zone.
Conclusion
Freshly isolated MNC’s do not home in non-ischemic myocardium. Cultured USSC, which are larger in size (~ 20 μm probably due to
cell culture vs 5-7 μm), obstruct blood vessels in healthy myocardium probably due to higher expression of adhesion molecules and
thereby causing micro infarctions.
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Strain-based optimization of human tissue-engineered small diameter blood vessels
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Introduction
Creating a small-diameter blood vessel substitute is one of the goals of tissue engineering. The object of this study was to find the
optimal mechanical conditioning protocol to stimulate the development of tissue engineered blood vessel constructs. To reach this goal,
the effect of axial and circumferential strain, the main physiological mechanical stimuli in a coronary artery, were investigated separately
as well as in combination with each other.
Methods
Two experimental set-ups were developed. In the first set-up, constructs were subjected to static and dynamic (5%) axial strain, in the
second device the constructs were circumferentially strained (1%). The scaffold material was polyglycolic acid (PGA) coated with poly-4hydroxybutyrate (P4HB) in combination with a fibrin gel. Human saphenous vein myofibroblasts were seeded in tubular constructs and
cultured under the mechanical strain conditions for 4 weeks. The mechanical properties were measured in burst pressure experiments
as well as tensile tests in axial and circumferential direction. The properties of the engineered vessels were compared to those of native
vessels, including human left internal mammary arteries and saphenous veins, the standard grafts used in bypass grafting.
Results
The combination of static axial strain and dynamic circumferential strain resulted in the strongest TE blood vessels. Histological
examination of these strained constructs showed, compared to static controls, increased tissue formation throughout the thickness of
the wall. Masson’s trichrome staining confirmed the presence of collagen. The hydroxyproline content of the TE blood vessels equaled
50% of that of native arteries. Tensile tests showed a Young’s modulus in the order of 5MPa in axial direction and 2MPa in
circumferential direction. The ultimate tensile stresses were 1.5MPa and 0.5MPa, respectively. The TE vessel could withstand
pressures up to 900mmHg before bursting. The mechanical properties, at least those assessed by tensile testing, of the TE constructs
and native arteries were remarkably similar in the physiological relevant range.
Conclusion
The applied scaffold materials and mechanical conditioning protocols resulted in strong TE blood vessels after 4 weeks of in-vitro
culture. The burst pressure of 900mmHg exceeds values of comparable human TE vessels cultured in a similar culture period, as
reported in literature. The good tissue development and the mechanical properties justify further research including animal models. Prior
to implantation in these models, matters on elasticity and endothelium have to be addressed.
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Smooth muscle cell sheet transplantation induces revascularization and preserve blood perfusion
in ischemic hind limb
KH Hobo, TS Shimizu, HS Sekine, HK Kurosawa, SS Saito, YK Kosaka, GM Matsumura, SM Miyamoto, YI Ichihara, TO Okano,
TS Shin'oka
Tokyo Women's Medical University, TOKYO, Japan
Peripheral arterial disease (PAD) is global health concern in aging society because it is a stout sign for systemic atherosclerosis and
complications. Currently, established treatments are limited, and there is a need to improve angiogenic inducing therapy by new
approaches for establishing blood vessel growth. In this study, we transplanted cells as layering cell sheets using temperatureresponsive cell culture dishes can induce vascular network improving functional recovery in a rat model of limb ischemia. We asked
whether this new approach, cell sheet engineering technology, with smooth muscle cell (SMC) or fibroblast cell (FbC) could form great
collateral growth and attained stable efficacy. Rats were randomly divided into groups and treated with SMC sheet transplantation, FbC
sheet transplantation or Control immediately after inducing left hind limb ischemia through femoral artery resection and ligation of
proximal branches. The right hind limb served as a control. After 3 weeks, ischemic limbs were analyzed for blood perfusion by laser
doppler perfusion imager and micro CT angiography, vasculogenesis by von Willebrand immunohistochemistry, capillary density by
cross section with indian ink perfusion, and in vitro growth factor secretion with ELISA method. Compared with the control group,
animals in the SMC group showed increased blood perfusion by laser Doppler imager and micro CT angiography. Quantitative analysis
showed that the highest percentage in SMC group, followed by the FbC group and lowest in control group. Immunohistochemical
staining for vWF revealed greater capillaries in SMC sheets transplanted rats. Capillary density in quantitative analyses revealed
significant greater number in the SMC group than in the other groups (1.54±0.09 vs. 1.11±0.91 vs. 0.08±0.04). ELISA measurement
revealed that SMC secreted significantly greater amount of VEGF, b-FGF and HGF. (VEGF:4564.6±1058.8 vs. 122.4±1.8 pg/106 cells,
b-FGF: 109.5±33.5 vs. 29.2±18.6 pg/106 cells, HGF: 1163.1±3.7 vs. 614.9±192.1). SMC sheet transplantation for peripheral arterial
disease results in significantly preserved blood perfusion and is associated with significant angiogenesis. This therapy may be useful as
an adjunct to established revascularization strategies in patients with ischemic hind limb.
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Engineering Vascular Tubes from Lumenized Vascular Tissue Spheroids
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We have applied the principle of VEGF-mediated vascular fusion to engineer blood vessels with a diameter of >300 μm from tissue
spheroids derived from murine allantoides. When cultured in hanging drops (HDs), allantoides formed spheroids characterized by an
inner network of small diameter vessels (10-30 μm). Treatment of spheroids with rhVEGF165 induced the fusion of the small vessels
resulting in the formation of a larger diameter (>300 μm) blood vessel surrounded by an outer layer of alpha-smooth muscle actinpositive cells (SMAC). To demonstrate the utility of vascular tissue spheroids as modules for engineering blood vessels and vascular
networks, spheroids were used to generate larger diameter vessels, large diameter vessels of various lengths and branched vessel
segments. To generate blood vessels with diameters greater than 300 μm, multiple spheroids were cultured together in HDs and then
exposed to VEGF. To increase vessel length, spheroids were arranged in tandem in hydrogels and exposed to VEGF. This resulted in
the formation a single lumenized vascular tube-like structure surrounded by SMAC, the length of which was dependent of the number of
spheroids used. Finally, using linear arrays of spheroids in angular arrangements, we generated branched, dichotomic vessel
segments. Significantly, results obtained using intact allantoides could be recapitulated using spheroids derived from isolated allantoic
cells. The identification of extracellular matrices that are permissive for spheroid maintenance, vascular fusion and the generation of
vessels/vascular networks is essential. Thus, we have tested a type I collagen hydrogel and cross-linkable hyaluronan hydrogels.
Finally, in an effort to translate our technology for human applications, we have used adult human endothelial and smooth muscle cells
to generate vascular tissue spheroids. Taken together, these findings demonstrate the feasibility of using a tissue self-assembly
approach as a means of engineering branching vascular networks.
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Dual Contribution of Bone Marrow-Derived Cells to Post-Ischemic Renal Remodeling
R Popa, M Broekema, JA Van Luyn, TG Van Kooten, H Van Goor, G Navis, MC Harmsen
University Medical Centre Groningen, GRONINGEN, The Netherlands
Remodeling of the post-ischemic kidney entails tubular re-epithelialization by proliferation and migration of surviving cells, as well as
wound-healing, mediated by myofibroblasts generated by epithelial-mesenchymal transition. While the first process can lead to recovery
of renal function, the second, when uncontrolled, may result in chronic fibrosis and loss of renal function. In the current study we
investigated the hypothesis that, in the post-ischemic kidney, bone marrow-derived cells (BMDC) may have a dual contribution to
remodeling by differentiating into either tubular epithelial cells or myofibroblasts.
F344 rats reconstituted with ROSA26-human Placental Alkaline Phosphatase (hPAP) transgenic bone marrow underwent unilateral
renal IRI (45 min) and were terminated at various time points. Tubular engraftment of BMDC and differentiation into epithelial cells was
assessed by dual immunofluorescent detection of hPAP and tubular epithelial markers. Differentiation of BMDC into functional
myofibroblasts was investigated by triple immunofluorescent detection of hPAP, aSMA and procollagen I. Regulation of the fibrotic
process was determined by quantitative RT-PCR analysis of the pro-fibrotic growth factor TGF-ßβ and anti-fibrotic growth factor BMP7.
hPAP+ BMDC were occasionally observed in tubuli and expressed tubular epithelial markers cytokeratin and E-cadherin. The number
of hPAP+ tubuli peaked at day 14 (22.7 ± 3.0 vs. 0.82 ± 0.3 hPAP+ tubuli/section in SHAM; P=0.013), and gradually decreased after
day 56 (7.7 ± 1.7 hPAP+ tubuli/section). On average, 33.5% of all αSMA+ interstitial myofibroblasts co-expressed hPAP. Moreover,
these BMD-myofibroblasts co-expressed procollagen I. TGF-ß transcript levels were 2.5-fold higher than in SHAM controls, while BMP7
transcript levels were decreased to 0.25-fold of SHAM values at all time points of observation.
We confirmed our hypothesis that BMDC may have a dual contribution to remodeling by differentiating into either tubular epithelial cells
or myofibroblasts. Our results indicate that differentiation choices of BMDC in the post-ischemic kidney are biased towards the
myofibroblast phenotype, possibly under the influence of increased expression of the pro-fibrotic growth-factor TGF-ß. Since BMDmyofibroblasts expressed procollagen I, it is conceivable that they may play a role in chronic interstitial fibrosis. Potential therapeutic
interventions based on BMDC should therefore aim at modulation of differentiation of these cells.
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Fetal Hepatocyte Cell Culture and Omental Implantation
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Introduction
The use of hepatocytes that express liver-specific functions to develop an artificial liver is promising. Primary and secondary cultures of
hepatocytes are also useful for studying the mechanisms of liver regeneration and differentiation. In this study we aimed to cultivate fetal
rabbit hepatocytes and implante into the adult omentum.
Materials & Methods
We used adult New Zealand rabbits for implantation and twenty-day-gestation fetuses for hepatocyte donor. Hepatocytes were obtained
by collagenase digestion. Culture dishes were coated with collagen type-I, cell suspension was seeded and cultivated for two weeks in
standard culture condition using hepatocyte medium (H 1777, Sigma). Growing cells were examined morphologically using light and
electron microscopic images. They were also identified by immunocytochemistry for cytokreatin 18 and albumin. After detection of
confluence, cells were trypsinased and seeded onto the collagen coated unwoven PLGA polymers and allowed to grow for ten days.
Cell-polymer complexes were implanted into the omentum of the adult rabbits and fixed with 4-0 polyglactic acid sutures. After three
weeks, omentum was resected, embedded into paraffin and histological examination was performed using paraffin sections.
Results
Fetal hepatocytes were successfully isolated and cultivated. Morphologic analyzes have shown typical spheroid cells with centrally
located nucleus. Hepatocytes easily attached and proliferated on the collagen coated PLGA polymer. Growing cells were seen around
the polymers fibers. Cell-polymer complexes adapted to the host and hepatic mass formed in 3 weeks. Histological examination has
shown well organized and vascularized tissue.
Conclusion
Collagen coated PLGA polymers are favored vehicle for cell transfer. Omentum is preferable tissue for adaptation and vascularization of
hepatic cells. This model can be used for hepatic tissue mass formation and also for orthotopic transplantation.
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The artificial conduit for urinary diversion constructed in vitro from small intestinal submucosa (SIS)
and 3T3 fibroblasts, an animal study
TD Drewa
N Copernicus University, BYDGOSZCZ, Poland
Objectives
The conduit constructed from bowel is used in clinical practice for urinary diversion after cystectomy in men. Small intestinal submucosa
is scaffold used for tubular constructions. 3T3 fibroblasts can serve as a feeder layer in vivo. The aim of this study was to build the
artificial conduit from small intestinal submucosa (SIS) and 3T3 fibroblasts for urinary diversion in rat.
Material & Methods
3T3 mouse fibroblasts were multiplied up to total amount 109 cells. Cells were grown on DMEM supplemented with 10% of Fetal Bovine
Serum and antibiotics in CO2 chamber. Cells (2 x 108) were seeded on previously sewed tubular SIS scaffold. Tubular scaffold was
sewed using 5-0 non-absorbable suture. 4 Wistar male rats aging 6 months weighted 300g each used in the experiment. Two
experimental groups consisted of 2 rats each. The left greeters were cut off near the bladder. The ureters were augmented with cell
seeded grafts in the 1st group and using acellular scaffolds in the 2nd. The cut open ureters were implanted onto the tubular scaffold
using 10-0 non-absorbable suture. No splitting of the ureteral junction or drainage was done. The rats were sacrificed after 14 days and
1 month and then X-ray pyelography was performed.
Results
All animals survived during the observation time. The inflammatory reaction was observed within the peritoneal cavity. The bowels were
stuck to the conduit closely in three cases except the one augmented with cell seeded graft. The ureteral-conduit junctions were tight in
3 cases. In one case after 14 days there was a leakage from ureteral-conduit junction. In the next two cases the conduits were closed
with following hydronephrosis in both cases after 14 & 30 days. In the last case augmented with acellular scaffold there was no
hydronephrosis and the conduit lumen was seen on X-ray scan.
Conclusions
The artificial tubular structure for urinary diversion has to be drained similar to intestinal conduit. It seems that there is no need to split
the ureteral-conduit junction. SIS scaffold can serve for tubular construction for urinary diversion in animal model.
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Towards bioengineering of living and functional human kidney: An integration of 'top down' and
'bottom up' strategy
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The main translational promise of tissue engineering as a biomedical field is a fabrication of living functional organs suitable for clinical
transplantation. In order to address this promise we developed multidisciplinary tissue engineering project Charleston Bioengineered
Kidney ('CharBiK'). The goal of 'CharBiK' project is to design and fabricate tissue engineered functional human kidney. This
multidisciplinary project integrates 'bottom up' and 'top down' approaches. 'Top down' approach started from computer-assisted
reconstruction of normal human kidney or creation of what we call 'blueprint' of normal human kidney. Clinical images of human normal
kidney of 10 patients were 3D reconstructed and systematically morphometrically analyzed in order to 'extract' quantitative parameters
of normal kidney anatomy. Then, using in vivo estimated diameters of renal artery and vein and Murray’s basic principles of optimal
vascular branching the models of arterial and venous kidney vascular tree were computed. The 'blueprints' of branching kidney
macrovascular systems and excretory system were used to create inflatable molds. The biodegradable scaffolds reflecting kidney
anatomy and suitable for cell seeding were fabricated using these rotated inflatable molds by electrospinning of synthetic and natural
polymers. 'Bottom up' strategy was focused on bioengineering natural and hydrid kidney epithelial tubes from epithelial cyst-like
spheroids and intraorgan vascular tree from lumenized vascular tissue spheroids as well as on their seamless integration with
cellularized biodegradable scaffolds. We demonstrated that branching vascular tubes could be fabricated from lumenized vascular
tissue spheroids in permissive hydrogel and that kidney epithelial tubes can seamlessly fuse with epithelialized synthetic biodegradable
tubes through the laser made holes. The whole complex (primitive nephron) embedded in 3D hyaluronan hydrogel was then implanted
into chick chorio-allantoic membrane for vascularization and sequential urea collection and testing. Taken together these data
demonstrate a principal feasibility of integrated 'top down ' and 'bottom up' bioengineering approach. Bioassembly of bioengineered
nephrons including tissue engineered glomeruli into larger sizes 3D vascularized kidney tissue blocks which will be seamlessly
connected with prefabricated kidney excretory and two vascular systems is a next logical step in advancing 'CharBiK' project.
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Tissue engineered venous matrices as a potential source for ureteric reconstruction
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Introduction
Tissue Engineering is lacking inexpensive, easy to apply techniques for tissue replacement. In this study we investigated the potential
use of venous matrices seeded with urothelial cells for ureteral replacement.
Material and Methods
Urothelial cells were isolated, cultured and seeded onto venous matrices. A total of 48 circular venous scaffolds half seeded with
urothelial cells and half unseeded were kept in vitro for up to 7 days. Four seeded and four unseeded scaffolds were analysed after 3
and 7 days. The remaining 32 venous matrices were implanted into 16 athymic mice. Four athymic mice were sacrificed at the given
time points (2, 4, 8, and 12 weeks after implantation). Organ bath studies with electric and chemical stimulation [carbachol (10µM),
phenylephrine (100 µM)|], histochemistry, and immunohistochemistry (anti-pancytokeratin AE1/AE3, anti-desmin ) were performed in all
retrieved specimens. Scanning electron microscopy was performed to confirm the results from immunohistochemistry.
Results
In the H&E staining urothelial cells attached to the seeded venous matrices in vitro. The cells stained positively for anti-pancytokeratin
AE1/AE3. The subcutaneously implanted seeded matrices showed the presence of urothelial cells starting from the 4 week time-point.
After 12 weeks a multilayer of urothelial cells was present in the H&E staining. The cells stained positively for anti-pancytokeratin
AE1/AE3. Scanning electron microscopy revealed a cellular layer on top of the venous matrices starting from the 4 week time point. The
results of the organbath studies revealed no contractile potential of the venous matrices over time.
Discussion
To our knowledge this is the first demonstration of the use of fresh venous matrices for tissue engineering purposes. The presented
results are very promising, even if the clinical relevance of this approach has to be proven in a large animal model.
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Abdominal wall regeneration with a collagen biomatrix in a fetal sheep model for gastroschisis
LAJ Roelofs, A Eggink, C Hulsbergen-vandeKaa, W Feitz, P Van den Berg, A Crevels, H Moerkerk, T Van Kuppevelt, F Lotgering, R
Wijnen
Radboud University Nijmegen Medical Cent, NIJMEGEN, The Netherlands
Introduction
Gastroschisis is a congenital abdominal wall defect in which the intestines protrude through a closure-defect of the abdominal wall and
are exposed to the amniotic fluid. Consequently, the intestines are often covered with a fibrous peel, thickened and dilated. Aim of this
study: to evaluate regeneration of the abdominal wall and the protective effect on the bowel of fetal abdominal wall repair with a duallayer collagen based biomatrix in an experimental model for gastroschisis in fetal sheep.
Material and Methods
At 79 days’ gestation 7 fetal lambs were operated. In group 1 the abdominal wall was opened with a left sided incision and the bowel
was gently extruded from the abdominal cavity. In group 2 a defect in the abdominal wall was created and immediately closed by
suturing a dual layer collagen type I biomatrix into the abdominal wall. The fetuses were replaced in the uterus and a cesarean section
was performed at 140 days' gestation. Macroscopic and histological evaluation was done.
Results
No fetal or maternal mortality occurred. In the 4 lambs with a gastroschisis the eviscerated part of the bowel was very coalescent,
showed extensive adhesions, and was covered by fibrous peel. In group 2 the biomatrix was largely degraded and replaced by
connective tissue, with collagen and fibroblasts, neovascularisation, and a small numbers of muscle cells. Only minor inflammation was
seen. There was a firm connection with the native abdominal wall and no hernias or other complications were seen. The bowel showed
minor or no adhesions, and no peel formation was observed.
Conclusions
Experimental gastroschisis in fetal lambs largely resembles human gastroschisis. Closure of the abdominal wall defect with a collagen
biomatrix was feasible in fetal lambs and resulted in abdominal wall regeneration without complications. This treatment strongly
diminished or prevented bowel adhesions and peel formation.
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Rheological Studies of Thermosensitive Triblock Copolymer Hydrogels
T Vermonden, CF Van Nostrum, WE Hennink
Utrecht University, UTRECHT, The Netherlands
Hydrogel formation by physical interactions between polymer chains is a developing area of research towards materials suitable for
biomedical applications such as tissue engineering. Polymers exhibiting lower critical solution temperature (LCST) behavior in aqueous
solution are used in this study to prepare hydrogels. Four triblock copolymers (ABA) with thermosensitive poly(N-(2-hydroxypropyl)
methacrylamide lactate) A-blocks and a hydrophilic polyethylene glycol B-block have been synthesized. The molecular weight of the
hydrophilic PEG block was fixed at 10 kDa, while the molecular weight of the pHPMAm-lactate block was varied between 10 and 20
kDa. The cloud point of pHPMA-lactate can be controlled by the length of the lactate side group (mono- and dilactate are used in this
study).
The strengths of these polymer hydrogels are studied using rheology measurements as a function of temperature, concentration and
the length of the thermosensitive blocks. The gels become stronger with increasing temperature and concentration. Surprisingly, with
increasing length of the thermosensitive blocks, weaker hydrogels were formed. This trend can be explained by the cross-link density of
the physical network, which increases with decreasing length of the thermosensitive blocks.
The degradation and biocompatibility of these hydrogels are currently under investigation in vitro and in vivo.
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The effect of platelet-rich plasma (PRP) on the bone healing around CA-P coated & non-coated oral
implants placed in cortical bone
D Nikolidakis, J Van den Dolder, JGC. Wolke, PJW. Stoelinga, JA Jansen
Radboud university medical center, NIJMEGEN, The Netherlands
Platelet rich plasma (PRP), a volume of autogenous plasma with high platelet concentration and a proven source of growth factors, has
been suggested for use to increase the rate of bone deposition in conjunction with dental implant placement. The purpose of the present
study was to investigate the effect of local application of PRP on the bone healing during implant placement of Ti implants with two
different surface configurations. Six goats were used in this study. PRP fractions were obtained from venous blood sample of the goats
some hours before implant placement and administrated immediately before implant insertion. PRP was applied via gel preparation and
installation in implant site, or via dipping of the implant in PRP fraction before insertion. A total of 72 implants (36 non-coated and 36 CaP coated both with the same surface roughness) were placed into the tibia. The animals were sacrificed at 6 weeks after implantation
and implants with surrounding tissue are retrieved and proceed to histological preparation. The histological evaluation consisted of a
subjective description of the observed specimens and a histomorphometrical analysis of the tissue response. Variables like the
percentage of implant surface with direct bone-implant contact and the percentage of new and old bone adjacent to the implant were
evaluated. The results of this study elucidated the role of PRP in bone healing after implant insertion and the influence of PRP on the
early direct implant-bone contact in the cortical bone. Also, the combined effect of PRP and Ca-P coated implants on the rate of bone
deposition was compared with bone healing around non-coated oral implants. Additionally the discussion included the different healing
response between PRP gel and PRP liquid.

Figure: Histological image of CaP implant placed in tibia.
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Cellular Orientation Induced by Electrostatically Spun Fibrous Scaffolds
KD Andrews, RA Black, JA Hunt
University of Liverpool, LIVERPOOL, United Kingdom
Introduction
The development of fabrication techniques capable of producing optimum application-specific structures remains a significant objective
within the field of Tissue Engineering. Electrostatic spinning is a technique with potential due to its ability to produce fibrous scaffolds
with a range of structures and properties. It has also demonstrated the capability to induce changes in cellular behaviour. The aim of this
work was to investigate the induced cellular orientation in relation to the underlying structure over increasing time periods.
Materials and Methods
A range of polyurethane scaffolds (Tecoflex SG-80A, Thermedics Inc., USA) was electrostatically spun using different spinning
parameters. Virgin scaffolds were examined under SEM (Leo, UK) and image analysis (Zeiss, UK) to determine fibre orientation with
respect to the axial (long) axis. UV-Ozone sterilised scaffolds were seeded with L929 fibroblasts, human embryonic lung fibroblasts and
human umbilical vein endothelial cells (seeding density 5x104 cells/ml). Cell orientation at increasing culture periods was investigated
using reflective light microscopy and image analysis. Cytoskeletal staining was also performed and analysed using laser scanning
confocal microscopy (Zeiss, UK).
Results
Cellular orientation varied between scaffolds, cell types and culture periods. Fibre orientation varied between scaffolds, dependent on
the original fabrication conditions. 7 day culture produced strong orientation along these fibres (Fig. 1a). The cytoskeletal F-actin
appeared to align in this direction with focal contacts forming along individual scaffold fibres (Fig. 1b). After up to 28 days in culture, the
cells’ morphologies were more spread and their orientation less aligned to the axial direction. Cytoskeleton F-actin involvement was
more diffuse, although focal contacts remained well defined and localized to the fibre structures as seen initially. All of the cellular
orientation was of a bipolar nature. Cells initially oriented to the underlying fibrous structure, forming aligned adhesions, before
spreading in terms of morphology over time.
Conclusion
Structural differences introduced through the electrostatic spinning process are capable of inducing preferential cellular orientation, with
the potential to influence the final function and properties of the structure. This effect needs to be understood and considered when
designing these materials for use as a tissue engineering scaffolds.
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Tailored Polyelectrolyte Fibrous Scaffolds for Tissue Engineering
BCU Tai, ACA Wan, KJ Leck, JY Ying
Institute of Bioengineering and Nanotech, SINGAPORE, Singapore
The ability and ease to tailor scaffold materials by optimizing their composition in tissue engineering applications is highly desirable. In
our work, interfacial polyelectrolyte complexation is employed to synthesize fibrous scaffolds which can be tailored to suit the optimal
culture conditions for various cell types. The advantage of this method is that the composition of the scaffold can be easily controlled to
evaluate a host of materials, both natural and artificial, that would give rise to the desired scaffold. As an example, we have evaluated
the performance of primary rat hepatocytes cultured on these fibrous non-woven scaffolds. The scaffolds have been modified using
three methods: the incorporation of various extracellular matrix (ECM) proteins, the incorporation of ECM from a human
hepatocarcinoma cell line (HepG2) and the presentation of an integrin-binding sequence, RGD. Primary rat hepatocytes, obtained from
collagenase perfusion of adult Wistar rat livers, were seeded onto the scaffolds and cultured for a period of two weeks. Confocal
microscopy revealed that the hepatocytes adhered well to the collagen I-incorporated as well as HepG2 ECM-incorporated scaffolds.
ELISA (Enzyme Linked Immunosorbent Assay) results showed that albumin synthesis, a liver specific function, was superior in collagen
I-incorporated, fibronectin-incorporated, HepG2 ECM-incorporated and RGD modified scaffolds. As these scaffolds present a common
integrin binding sequence, i.e. RGD, we postulate that cell adhesion plays a major role in the maintenance of cell function in this
experiment. In conclusion, we have demonstrated a tissue engineering scaffold platform that can be easily tailored and modified to
optimize the viability and function of different cell types in culture.

Figure: Primary Rat Hepatocytes on Fibrous Scaffold.
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A rapid supercritical route to cell loaded tissue engineering scaffolds
P J Ginty, D Howard, FRAJ Rose, SM Howdle, KM Shakesheff
Nottingham University, NOTTINGHAM, United Kingdom
Supercritical carbon dioxide (scCO2) processing techniques can be used to fabricate porous tissue engineering scaffolds from synthetic
polymers without using elevated temperatures and organic solvents. This has facilitated the incorporation of bioactive molecules into
poly(DL-lactic acid) (PDLLA) scaffolds using a single scCO2 processing step. We hypothesized that a similar one-step scCO2
processing technique could be used to produce biodegradable foams containing live mammalian cells. Potentially, this might negate the
requirement for the time consuming and frequently inefficient scaffold seeding step required in many cell-based tissue engineering
strategies. However, the retention of cell viability and functionality after exposure to high-pressure CO2 and rapid decompression could
be problematic, because other scCO2 processes have been used for bacterial cell inactivation. Therefore, cell survival was investigated
by exposing a range of mammalian cell types to scCO2 (35ºC, 74 bar) for increasing exposure and decompression times. The
myoblastic C2C12 cell line, 3T3 fibroblasts, chondrocytes and hepatocytes all displayed appreciable but varying metabolic activity with
exposure times up to one minute. Furthermore, after exposure to the same conditions, a gene microarray of C2C12 cells revealed only
8 genes that were down-regulated based on a -value of 1.0125 and a false detection rate of 0. Based on this data, a single-step
scCO2 technique was developed for the rapid production of biodegradable PDLLA scaffolds containing live mammalian cells. Using
optimum cell survival conditions, scCO2 was used to process PDLLA containing a cell suspension and upon pressure release, a
polymer sponge containing viable mammalian cells was formed. Cell functionality was demonstrated by retention of an osteogenic
response to BMP-2 in C2C12 cells. In summary, we have demonstrated the use of a rapid, one-step scCO2 process for the production
of scaffolds containing a live and functional cell population.
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Fabrication of 3D bioactive polymeric microstructures by two-photon direct laser writing
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Two photon-induced polymerization (2PP) is a rapidly developing technology and very promising approach for the fabrication of
complicated 3d micro- and nanostructures. As an example, in Fig. 1 a scanning electron microscope (SEM) image of a microspider
fabricated by two-photon polymerization technique is shown. This is a true 3D structure, where the main body of the spider is above the
glass surface and is supported by eight 1,7µm thick legs. The number of applications employing this technology is rapidly increasing.
Related research extends from the fabrication of 3D photonic crystals in inorganic polymers to structuring of bioactive materials. In this
contribution we report on our investigations on the structuring of biocompatible and bioactive materials by 2PP technique. Biomedical
applications, such as tissue engineering and drug delivery, could greatly benefit from this approach. Hybrid materials containing organicinorganic units, ORMOCERs, structured using 2PP technology are tested for biocompatibility using various cell-types and compared
with known standards such as polystyrene and ECM (Extracellular Matrix). Results show good adherence of different cells to these
materials, and a growth rate comparable to bioactive materials. The study is a first step towards developing bioactive and bioresorbable
heterogeneous three-dimensional scaffolds. Furthermore, LEGO-like structures produced from ORMOCERs, were tested for
cytocampatibility and proved to be a promising candidate for the fabrication of 3D scaffolds for tissue engineering.

Figure 1: Microspider fabricated by 2PP.

ICRS Symposium: 'The ideal cell for cartillage tissue engineering'
Abstract nr : 92

The isolation and partial characterisation of progenitor cells from foetal and aged human articular
cartilage
CW Archer
School of Biosciences and Cardiff Institute of Tissue Engineering and Repair, Cardiff University, WALES, UK.
Previous work from our laboratory has demonstrated the existence of progenitor-like cells isolated from the surface of bovine
articular cartilage. These cells can be expanded extensively in monolayer culture whilst maintaining chondrocytic potential unlike
mature chondrocytes that lose this ability after 10 population doublings. Clearly, in terms of cartilage repair, the existence of
equivalent populations within human cartilage would provide opportunities for devising strategies to heal large cartilage lesions
which currently and not amenable to procedures such as autologous chondrocyte implantation (ACI).
I shall present data, describing the isolation and partial characterisation of cells from foetal, aged normal and ostearithritic cartilage
that have progenitor-like properties and will compare and contrast their characteristics.Central to the regulation of clonality is the
Delta/Notch signalling pathway where the expression of Notch-1 is a pre-requisite for stemness although the same receptor is also
expressed by non- progenitor cells.
I shall speculate on the potential clinical use of these cells as an alternative to other procedures of biological repair of joint tissues.
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Mechanisms in cartilage tissue formation of primary chondrocytes cocultured with expanded
chondrocytes
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Previously it was shown that co-culturing primary chondrocytes (PC) with expanded chondrocytes (EC) or mesenchymal stem cells
(MSC) enhanced cartilage tissue formation ( Hendriks J. 2005). The underlying mechanism of this phenomenon was investigated in this
study.
In the first experiment three conditions were examined to determine if cartilage tissue formation by expanded chondrocytes was initiated
by release of chondrogenic factors into the medium by primary chondrocytes. Pellets of expanded chondrocytes were cultured in
primary chondrocyte conditioned medium(I), pellets of expanded chondrocytes and pellets of primary chondrocytes were cultured in
separate wells but shared a common medium(II) and expanded and primary chondrocytes were mixed (50/50) and co-cultured (III).
After 2 weeks of culture, pellets were analyzed for proteoglycans with safraninO staining. In a second experiment we examined how
each cell population contributes to cartilage tissue formation by means of collagen type II specific in situ hybridization. Primary and
expanded chondrocytes (20/80) were co-cultured for 3 weeks. Resulting pellets were analyzed for DNA content, quantitative and
qualitative GAG content and collagen type II mRNA was localized by in situ hybridization.
The first experiment showed abundant GAG synthesis in co-cultured primary and expanded chondrocytes (III) whereas expanded
chondrocytes alone showed no proteoglycan staining upon culture in primary chondrocyte conditioned medium(I). Moreover, when
expanded and primary chondrocytes were cultured in separate wells but shared the same medium(II), again no proteoglycans were
detected. In the second experiment of co-cultured pellets initially containing 20% primary chondrocytes, preliminary in situ hybridization
results showed that 20% of cells produced collagen type II mRNA after 3 weeks of culture. GAG analysis also confirmed enhanced
cartilagenous tissue formation in these co-cultured pellets. While identification of the origin of cells producing the collagen type II
remains to be done, Tsuchiya showed that the ratio EC/MSC after 2 weeks of coculture remained equal. We assume the same is true
for cocultured primary and expanded chondrocytes. In conclusion these data suggest that enhanced cartilagenous tissue formation for
PC/EC co-culture at this follow-up time is mainly the result of enhanced tissue formation by primary chondrocytes rather than expanded
chondrocytes initiating cartilagenous tissue formation.
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Expansion of primary human articular chondrocytes (HAC) on microcarriers leads to an improved
ratio of collagen type II to type I formation
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For cell based therapies of articular cartilage defects, the expansion of small numbers of chondrocytes obtained from biopsies is an
integral part of the manufacturing process. The expansion of chondrocytes on artificial surfaces usually leads to the production of
collagen type I which is known to affect the quality of the tissue produced later on. Therefore, a high potential for collagen type II
synthesis and low levels of collagen I expression are desirable features of chondrocytes used for the repair of human articular cartilage.
The aim of this study was to investigate the redifferentiation capacity of human articular chondrocytes after expansion on microcarriers
in comparison with monolayer expanded chondrocytes.
Freshly isolated HAC were expanded on microcarriers cytodex 3 (Amersham Biosciences) and in T-flasks using DMEM with 10%
human serum and FGF-2. Chondrocytes were harvested from microcarriers (passage1*) or T-Flasks (passage1), encapsulated in
alginate beads and further cultivated at reduced oxygen tension. For the stimulation of matrix production, IGF-I, TGFß, BMP-7 or
combinations of these growth factors were added to the culture medium. After 3 weeks, HAC were eluted from the alginate beads and
analysed for GAG and DNA content. Using immunofluorescence, the percentage of collagen type II and collagen type I forming cells
was determined.
After recovery of microcarrier expanded chondrocytes (P1*) from alginate beads, collagen type I and type II synthesis was detected in
11% and 18% of the chondrocytes (control), respectively. TGFß inhibited the formation of collagen type II whereas BMP-7 alone or in
combination with IGF-I stimulated collagen type II production. In T-flask expanded chondrocytes (P1), 71% collagen type I and less than
1% collagen type II forming cells were found. TGFß and BMP-7 alone or in combination with IGF-I stimulated the re-expression of
collagen type II while collagen type I expression remained still higher than in microcarrier expanded cells.
The expansion of human articular chondrocytes on microcarriers can be carried out starting with low cell numbers, avoiding serial
passaging. In this study, it was shown that the ratio of collagen type II to type I forming chondrocytes was higher compared to T-flask
expanded cells.
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A comparison of bone marrow-derived and adipose tissue-derived multipotent mesenchymal
stromal cells as perspective material for engineering osteo- and chondrogenesis in vitro
AS Teplyashin, NI Chupikova, SZ Sharifullina, SV Korjikova, MS Rostovskaya, NYu Vasyunina, ZA Teplyashin, IP Savchenkova
Institute of stem cell, MOSCOW, Russia
The purpose of our research was to compare osteo- and chondrogenic differentiation potential of cellular populations with phenotype of
mesenchymal stromal cells (MSCs) isolated from human bone marrow (BM) and adipose tissue (AT) culturing them in three
dimensional (3D) scaffolds in vitro. MSCs from BM and AT were positively stained with Abs (BD Bioscience) for the Ags: CD10, CD13,
CD29, CD44, CD49a, CD49b, CD54, CD71, CD73, CD90, CD105, CD166, HLA ABC. Cells were negative for CD34, CD45, CD133,
CD31, Flk-1, CD117, STRO-1, HLA DR, DP, DQ (flow cytometer analysis Epics Elite Coulter). On induction to differentiation in
monolayer in vitro MSCs from BM and AT were able to differentiate to cells of bone and cartilage tissues. For forming of 3D transplants
of bone tissue we used CaP scaffolds and for engineering of 3D transplants of cartilage tissue we used biodegradable OPLA and
Collagen type I scaffolds (BD Biosciences). Results of our research have shown that concentration of cells influences not only on
seeding of scaffolds with cells, but also on a differentiation of MSCs in chondrogenic and osteogenic pathway. Culturing of both BM
MSCs and AT MSCs within 3D scaffolds with chondrogenic medium led to formation of cartilage-like tissue. Immunohistological analysis
of the received samples has established presence of cells that positively stained with Abs for aggrecan and collagen type II, produced
by Chemicon International Inc. in all experimental ones. Culturing of cells in scaffolds with osteogenic medium for 21 days led to
formation of bone-like tissue. The cells supported an uniform area of bone formation in scaffolds. Histochemical analysis showed that
cells had morphology of osteoblasts and osteocytes. Immunohistological analysis detected expression of osteopontin and osteocalcin.
The chondrogenic and osteogenic potential of BM MSCs and AT MSCs at the level of gene expression were studied. Our data suggest
that although the multilineage potential of BM and AT was similar according to cell morphology and histology, some minor differences in
marker gene expression occurred before and after induction of diverse differentiation pathways. Thus, MSCs isolated from AT and BM
are perspective material for engineering osteo- and chondrogenesis in vitro.
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Three-dimensional cartilage tissue engineering using adult stem cells from osteoarthritis patients
S Mistry
University of Bristol, BRISTOL, United Kingdom
Objective
To determine if it is possible to engineer three-dimensional hyaline cartilage using stem cells derived from the bone marrow of
osteoarthritis patients.
Materials and Methods
Expanded bone marrow stem cells derived from patients with hip osteoarthritis were seeded onto PGA scaffolds and differentiated using
transforming growth factor-beta3 in the presence or absence of PTHrP to regulate hypertrophy. Micromass pellet cultures were
established using the same cells for comparison. At the end of culture the constructs or pellets were processed for mRNA analysis by
quantitative real time RT-PCR. Matrix proteins were analyzed using specific assays.
Results
Cartilage constructs engineered from stem cells were at least 5 times the weight of equivalent pellet cultures. Histological, mRNA and
biochemical analysis of the constructs showed extensive synthesis of proteoglycan and type II collagen but only low levels of type I
collagen. The protein content was almost identical to that of cartilage engineered from bovine nasal chondrocytes. Analysis of type X
collagen mRNA revealed high levels in chondrogenic constructs compared to undifferentiated bone marrow stem cells, indicating the
risk of these cells becoming hypertrophic. However, the inclusion of PTHrP at 1µM or 10µM over the culture period resulted in a
significant suppression of type X collagen mRNA expression and a significant decrease in alkaline phosphatase activity without any loss
of the cartilage-specific matrix proteins.
Conclusion
Three-dimensional hyaline cartilage can be engineered using the stem cells in bone marrow of patients with osteoarthritis and could be
used for the repair of cartilage lesions.
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New approach for in vivo local nitric oxide release from nitrosyl hemoglobin and enhancement of
tissue perfusion
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Objectives
Nitric Oxide (NO), a molecule important for tissue regeneration reacts with hemoglobin in the circulation forming nitrosylhemoglobin
(NO-Hb). This complex is relatively stable under physiological conditions, but it is sensitive to low power laser irradiation. The aim of this
study was to evaluate if He-Cd low level laser irradiation (441.6 nm/40 mW) can induce the release of NO in blood from NO-Hb
complexes, and thereby induce local vasodilatation in a tissue flap.
Material and Methods
Decomposition of NO-Hb was monitored by ESR spectroscopy, NO levels were determined by NO-selective electrode. Systemic
circulatory effects of either NO-Hb or released NO were determined as cGMP levels in blood and mean arterial pressure in the femoral
artery of Spraque Dawley rats. Indirect decompostion of NO-Hb by laser irradiation was observed in local epigastric flap perfusion and
was determined by Laser Doppler imaging system. In order to increase NO-Hb levels in blood, 2 ml of autologous blood were withdrawn
from each individual, saturated with NO and infused back to the same rat.
Results
A clear enhancement of local tissue perfusion was observed in the epigastric flap when systemic NO-Hb infusion was combined with
local He-Cd laser irradiation focused on the left epigastric artery. The enhancement of regional tissue perfusion was not accompanied
by any detectable changes in systemic circulation. He-Cd laser irradiation of NO-Hb containing RBC as well as whole blood resulted in
the decomposition of NO-Hb complexes. This was confirmed by the decay of NO-Hb ESR signal. One of the products of the NO-Hb
decomposition was free NO as it was determined by NO-electrode technique. The concentrations of released NO were in the range of
nanomoles both in RBC and in whole blood.
Conclusion
This study provides an innovative and new method to improve local tissue perfusion by local laser irradiation releasing NO from NO-Hb
complexes.
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A study of the effects of superparamagnetic iron oxide labeling on the multilineage differentiation
potential of adult human mesenchymal stem cells
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The use of mesenchymal stem cells (MSCs) in vivo for the repair of musculoskeletal defects is becoming increasingly common both in
animal models and in the clinic. Knowledge about the fate of these cells following implantation is of critical importance if the safety of
stem cell transplantation is to be verified. One method of assesment is cell tracking to observe any undesired cellular migration away
from the implant site. Recently, the ability to label single cells with iron oxide particles and visualise them using magnetic resonance
imaging (MRI) has been demonstrated. What is not clear however is the effect that this labeling has on the differentiation capacity of
MSCs. The aim of this study was to examine the osteogenic, chondrogenic and lipogenic differentiation potential of adult human MSCs
when labelled with superparamagnetic iron oxide (SPIO). Cells were labelled overnight with iron oxide complexed to lipofectamine, a
liposome based transfection agent. Osteogenesis, lipogenesis and chondrogenesis were demonstrated in SPIO labelled cells by
histological staining for mineralization, lipid vacuoles and proteoglycans respectively. MRI images confirmed that iron uptake into the
cells was successful and was retained for 14 days, during which time MSCs differentiated along the different lineages. Prussian blue
staining for iron also demonstrated the association of iron with the cells and not the surface of the tissue culture dish. This study
demonstrates the ability to label cells with a clinically approved compound and that this compound does not inhibit multilineage
differentiation of MSCs. Also the long term retention of iron was demonstrated using a clinical MRI machine and histological staining for
iron.
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Development of a Novel Human Tissue-Engineered Small-Diameter Vascular Graft
RIL Lopez-Soler
Yale School of Medicine, NEW HAVEN, United States of America
Background
Cardiovascular disease, including coronary artery and peripheral vascular disease, is the leading cause of morbidity and mortality
worldwide. Even though medium and large vessels can be effectively replaced by degradable and non-degradable scaffolds, currently
there is no effective vascular graft for treating small-diameter vessel disease (<3mm). Tissue engineering offers the promise of
developing new vascular conduits which may equal or surpass commonly used scaffolds.
Methods
To this aim, we have developed a novel biodegradable tubular scaffold constructed from a woven polyglycolic acid mesh and a poly-ecaprolactone-L-lactide coating that has a porosity >90% and similar dimensions to mouse aorta (ID 0.8mm, wall thickness 0.3mm). We
have developed seeding techniques utilizing bovine aortic endothelial cells as well as human smooth muscle cells in order to create a
chimeric vascular graft. We have also optimized techniques needed to implant these small diameter grafts into (SCID/bg) mice as aortic
interposition grafts.
Results
Seven grafts have been prepared by seeding these scaffolds with human smooth muscle cells at a density of 1X105 cells/mm2 for 1-4
weeks followed by re-seeding with bovine aortic endothelial cells at the same concentration for 3 days twice. Following this initial
seeding, grafts were placed in a bioreactor and exposed to 1.4 dynes/cm2 of shear stress for 1-4 days. Grafts were then implanted as
aortic interposition grafts. All but one of these grafts demonstrated patency post-operatively (as evidenced by the absence of hind limb
paralysis). Histological as well as scanning electron microscope data confirmed cell seeding as well as ECM deposition. Preliminary
studies have demonstrated that this scaffold can promote human aortic smooth muscle and endothelial cell growth and maintain
patency as an infrarenal aortic interposition graft for up to 3 weeks post-operatively.
Conclusion
In this study we have demonstrated the feasibility of utilizing a novel small diameter bio-degradable vascular graft in the SCID mouse as
a way to test the role of human cells in small diameter vascular graft patency. We believe that this is an important step forward towards
the development of a human small diameter vascular graft.
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Short-, mid- and longterm experiences with intraperitoneally seeded heart valves in sheep
GDV De Visscher, AL Lebacq, IV Vranken, CVK Van Kerrebroeck, MCH Herregods, EV Verbeken, WF Flameng
Katholieke Universiteit Leuven, LEUVEN, Belgium
Background
Spontaneous recellularisation of acellular heart valve matrix constructs occurs to a limited extent. Therefore, stimulated endogenous in
vivo cell seeding is proposed an applied as an alternative to in vitro cell seeding in heart valve tissue engineering.
Methods and Results
Spontaneous endogenous seeding of an acellular crosslinked (photooxidised bovine pericardium) pulmonary valve construct (group 1)
was compared to intraperitoneally preseeded constructs (group 2) implanted in sheep. All valves functioned normally before
explantation at 1 week (n=6 in each group), 1 month (n=6 in each group) and 5 months (n=8 in each group), except for one thrombosed
leaflet in a group 1-valve at 1 month. Macroscopical examination revealed extensive remodelling in the preseeded construct but not in
the controls after being in the pulmonary position for 5 months. Significantly increased recellularisation was found after IP preseeding
compared to spontaneous seeding. Cell coverage was 71 to 100% of the leaflet versus 8 to 26% (p<0.05) respectively, with full
coverage in all preseeded valve after 5 months. Tenfold higher neomatrix deposition and doubling of the leaflet thickness was found in
group 2 versus group 1 (p<0.05). A concomitant significant decrease in leaflet length (15%) was found at one month in group 2, most
probably an early sign of remodelling as observed in valves from the same group after 5 months. The total cross-sectional surface and
total amount of collagen (picrosirius red staining) of the original photooxidised pericardium in the leaflet remained unchanged in both
groups. Immunohistochemistry showed low immune response (CD45, MHC-1 & 2), stem/progenitor marker expressing cell infiltration
(CD34 & CD117), appropriated differentiation (alpha smooth muscle actin and heavy chain myosin), some proliferation (phosphohistone
H3) and spontaneous endothelialisation (ecNOS) of the valves.
Conclusions
Although endogenous seeding of an acellularised cross-linked matrix remains incomplete, complete recellularisation can be obtained by
intraperitoneal preseeding of such a matrix. Well functioning valve constructs show the cellularisation and differentiation to the
myofibroblast phenotype and concomitant neomatrix deposition and endothelialisation.
Echocardiography showed clear evidence that all valve were functioning perfectly even after the remodelling that took place in the
intraperitoneally preseeded constructs.
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Collagen cross-links dominate biomechanical behavior of human aortic valve leaflets relevance for
tissue engineering
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Introduction
The challenge in tissue engineering (TE) of functional heart valves is approaching the complex structural composition of native tissues.
The inhomogeneous and anisotropic matrix structure of native valves assures adequate functioning under high pressure conditions.
Collagen, being the main load bearing component in the tissue, contributes significantly to the mechanical strength of the tissue. This
study investigates the relation between collagen content/cross-links, and mechanical behavior of human aortic valve leaflets and tissue
engineered constructs.
Methods
Mechanical properties of the leaflets of nine human aortic valves (age 48.9±11.4y) were determined along two perpendicular directions
(circumferential and radial) by uniaxial tensile tests. Subsequently, collagen content and cross-link concentration in the tissue strips
were measured with reverse phase HPLC.
Results and discussion
Young’s modulus and ultimate tensile stress of leaflets were higher in circumferential direction (p<0.01 and p<0.01, resp.), while
maximum strain is lower (p<0.05). This indicates highly anisotropic mechanical tissue behavior. In the main loading direction
(circumferential) a significant positive linear correlation of Young’s modulus with collagen cross-link concentration was found (Pearson’s
test, p < 0.01). Contrary to reports in literature, a correlation between Young’s modulus and collagen content was not found (p=0.76). In
correspondence to native valve findings, there was no correlation between the Young’s modulus and the amount of collagen in TE
constructs. Furthermore, the results of the TE experiments confirm the correlation between Young’s modulus and the amount of
collagen cross-links.
The data presented in this study suggest that collagen cross-links play a dominant role in the mechanical behavior of tissue matrix. This
emphasizes the necessity to understand the role of collagen organization and tissue maturity in biomechanics of native and TE tissue,
for the development of tissue engineering.
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Bioengineered functional cardiac tube
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Cardiac transplantation is the ultimate treatment for patients with severe heart failure, however donor shortage remains a serious
problem throughout the world. Moreover, ventricular assist systems or intra-aortic balloon pumping that can be used as alternatives, are
also limited by high risks of thrombosis, infection, and peripheral ischemia. Therefore, regenerative medicine has been pursued as a
new approach and presents a possibility for the repair of damaged cardiac tissues. As an alternative approach to traditional tissue
engineering applications, we have exploited a novel technology of cell sheet engineering that layers cell sheets to construct pilsatile
myocardial tissues. In this study, we attempted to replace abdominal aorta with bioengineered myocardial tubes and examine the
survival, function and morphology of the transplanted grafts. Neonatal rat cardiomyocytes were cultured and non-invasively harvested
from temperature-responsive culture dishes by temperature reduction. Cardiomyocyte sheets were then sequentially wrapped around
resected rat aorta for constructing myocardial tubes. These myocardial tube constructs were then transplanted and anastmosed in place
of abdominal aorta of athymic rats by microsurgery technique. Four weeks after transplantation, the myocardial tubes demonstrated
spontaneous and synchronous pulsations independent of the host heart beat. Independent graft pressures with a magnitude of 5.9±1.7
mmHg due to their independent pulsations were also observed. Histological study and transmission electron microscopy indicated that
the beating tubes were composed of cardiac tissues that resemble the native heart. Additionally, Histological examination demonstrated
the presence of endothelial cells and typical blood vessels within the myocardial tubes. Furthermore, it was revealed that the myocardial
tubes were nourished with branch of the aorta. Finally, when myocardial tubes used for aortic replacement were compared to grafts
implanted in the abdominal cavity, significantly increased tissue thickness, as well as expression of brain natiuretic peptide, α-myosin
heavy chain, and β-myosin heavy chain, suggested that pulsation due to host blood flow within the lumen of the myocardial tubes has a
profound effect on stimulating cardiomyocyte hypertrophy and growth. Functional myocardial tubes that have the potential for circulatory
support can be created with cell sheet engineering.

Figure: Fabrication and transplantation of cardiac tube.
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A Silicon-Stabilized Tricalcium Phosphate Bioceramic in bone tissue regeneration: coupling of Bone
Formation and Scaffold Resorption
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Objective
Bone damage, due to either pathologies or trauma, is a common occurrence in orthopedics. While synthetic BGS have proven to be
useful in non load-bearing applications, their success in treating extensive, segmental defects is impaired by their inability to participate
in the cell-mediated remodeling process. Hydroxyapatite-based BGS remain within the body for extended periods and BGS based on
the more soluble Tricalcium Phosphate (TCP) may experience significant dissolution prior to the ingrowth of bony tissue. In a recent
study in sheep we evaluated the performance of implants of SkeliteTM, resorbable BGS based on Silicon-stabilized Tricalcium
Phosphate, in promoting the repair of critical-sized demonstrating that a progressive resorption of the scaffold by osteoclasts was
subsequently replacement with highly mineralized lamellar bone suggesting that these two processes are interrelated.
The objective of this study was to further investigate the simultaneous occurrence of new bone formation and Skelite scaffold resorption.
Methods
We compared the outcome of implants loaded versus implants not loaded with osteogenic cells in a model of ectopic bone formation in
which Bone Marrow Stromal Cells (BMSC) are loaded onto the biomaterial and subcutaneously implanted in immunodeficient mice. The
scaffolds were analyzed by X-ray computed microtomography ( CT) and X-ray micro-diffraction with synchrotron radiation before and
after 2 and 6 months the in vivo implant. Experiments were performed at the European Synchrotron Radiation Facility (ESRF, Grenoble,
France).
Results
A significant decrease in the density of the scaffold, together with major changes in scaffold chemical composition, were observed by
micro-CT in areas immediately adjacent to where new bone had been deposited in agreement with the concept that Skelite scaffold
resorption and bone formation are interrelated processes.
The local structural study by micro-diffraction at the interface Bone-scaffold put in evidence that the mechanism of scaffold resorption is
based on the TCP depletion. This depletion increases with the increase of implant time. The results of the scaffold implanted without
preloading with cells demonstrate that the resorption is a cell-mediated mechanism.
Conclusions
In summary, we have shown that the SkeliteTM implant is progressively resorbed through an active cell mediated process and that its
resorption coincides with the formation of new bone.
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Osteoclast Activity on Biomimetic Calcium Phosphate Coatings Containing Trace Elements
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Introduction
Biomimetic calcium phosphate (CaP) coatings have a strong potential in Bone Tissue Engineering Applications. Currently, we are
working on the incorporation of various trace elements into these CaP layers that could stimulate specific cellular functions. In the
present study we analyzed the effect of such functionalized CaP surfaces on osteoclast activity.
Materials and Methods
Rabbit osteoclasts were seeded on 48-well plates coated with CaP or with CaP containing copper, manganese, zinc, lithium, fluoride,
carbonate, strontium, sulphate or borate at different concentrations (0.1, 1, 10, 100 and 1000 μM). After an incubation period of 40 h, the
conditioned medium was harvested, centrifuged and analyzed for lactate-dehydrogenase (LDH) activity. The cultured cells were stained
for tartrate-resistant acid phosphatase (TRACP). Those osteoclasts located on a resorption pit were identified as resorbing osteoclasts
while osteoclasts located on intact mineral and not associated with a pit were classified as nonresorbing osteoclasts. The number of
resorption pits as well as the number of resorbing and nonresorbing osteoclasts were quantified.
Results
Ostoclasts cultured on CaP coatings containing ions showed a decrease in their activities compared to cells cultured on CaP alone. The
number of total osteoclasts (resorbing and nonresorbing) was not affected by the presence of ions in CaP coatings. The number of
resorbing osteoclasts however, was significantly reduced on cultures on CaP coatings containing ions.
There were no significant changes in LDH concentration in the control medium and culture medium of cells cultured on CaP coatings
containing ions, indicating that the ions present in the CaP did not affect the viability of the cells.
Discussion
The present study suggests that trace elements affect the capability of osteoclasts to degrade CaP coatings. The fact that ions
contained in CaP coatings significantly affect degradation by isolated osteoclasts, without affecting their viability, suggests that this
effect may be, at least partly caused by a direct inhibition of resorbing activity of the osteoclasts by the ions contained in the CaP
coatings. Interestingly, other studies conducted in parallel with osteoblastic cells show different inhibition/stimulation patterns. To date,
the resorption inhibition mechanism remains unclear and, further investigations are on-going.

Figure: Number of resorption pits in cultures of osteoclasts.
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HIF-1a activation during Periosteal Callus Formation; Expression of Growth Factors and
Transcription Factors in a Novel in vivo Rabbit Model
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Introduction
Endochondral bone formation is a multistep pathway. Periosteum contains osteochondrogenic progenitor cells. The role of TGF, BMPs
and specific transcription factors during periosteal callus formation is largely unknown. Aim; evaluate expression of essential factors
during periosteal callus formation.
Materials and Methods
In six-month-old rabbits, periosteal defects of 7x15 mm were created on the proximal medial tibia bilaterally. The reactive tissue,
originating from the periosteal wound edges, was dissected from the underlying bone after 10 (n=5), 20 (n=5) and 40 days (n=5). One
half was embedded in paraffin, from the other half mRNA was isolated. Thionine staining was used to show the presence of cartilagelike tissue. A real time RT-PCR was used to determine mRNA expression of aggrecan (AGC), collagen types II and X (COL2 and 10),
TGF-ß1, BMP-2,-4 and-7, RUNX2, SOX9, HIF-1α, GAPDH, 28S rRNA and Periostin (POSTH). Immunohistochemical staining was
performed to assess the presence of COL2, TGF-ß1, BMP-2,-4 and-7, HIF-1α and Periostin.
Results
Thionine staining confirmed hyaline-like cartilage 10 days post-operative (PO). At 20 days a gradual transformation towards bone was
seen which was completed at 40 days. This was confirmed by RT-PCR for COL2, Sox9 and AGC (fig. 1)and staining of COL2. A
increase in the mRNA expressions of GAPDH and HIF-1α was detected 10 days PO and confirmed by staining of HIF-1α. No significant
up-or-down regulation of TGF-ß1 was seen. BMP-2,-4 and-7 were significantly down regulated during the chondrogenic phase. Staining
of BMP-2,-4 and-7 was detected 10 days PO. The number of periostin positive cells was higher in the chondrocytes in the outer layer of
the newly formed cartilage.
Discussion
In this new model; a switch to an anaerobic dissimilation is indicated by up-regulation of GAPDH and HIF-1α activation. During
chondrogenesis BMPs are regulated post-transcriptionally. Periostin is found in newly formed chondrocytes and may play a role in the
recruitment of osteochondral progenitors.
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Size limits in autologous cell-based ectopic prefabrication of engineered bone flaps in rabbits
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Autologous bone flaps are the gold standard in reconstruction of large bone defects but limited by availability and donor site morbidity.
We generated large ectopic bone flaps in rabbits combining flap prefabrication and bone tissue engineering concepts. We then aimed at
determining size limits regarding the depth of tissue ingrowth and bone tissue formation within the flaps.
Porous hydroxyapatite scaffolds were fabricated in the shape (i) of small disks (4mm height, 8mm diameter), used to validate the
osteogenic capacity of rabbit BMSC in vivo, and (ii) of tapered cylinders (30mm height, 20mm upper base diameter, 10mm lower base
diameter), used to determine tissue ingrowth and bone tissue formation at different construct diameters. Expanded bone marrow
stromal cells (BMSC) from 12 NZW rabbits were uniformly seeded into disks and tapered cylinders at a density of 10 x 106 cells per
cm3 of scaffold using a perfusion bioreactor. In each animal, a disk loaded with autologous BMSC (group 1) and a cell-free disk (group
2) were implanted subcutaneously. Two tapered cylinders loaded with autologous BMSC, wrapped in a panniculus carnosus flap and
covered by a semipermeable membrane (vascularized condition; group 3) or covered by a semipermeable membrane and inserted
under the panniculus carnosus (non-vascularized condition; group 4) were implanted on opposite sides. Constructs were explanted after
12 weeks and assessed by MRI, µCT and histology.
Uniform bone formation was observed in cell-seeded disks (group 1), whereas no bone formed in cell-free disks (group 2). In tapered
cylinders, constructs were filled by connective tissue in the outer 4.2±0.3 mm and contained bone tissue in the outer 2.5±0.3 mm in
vascularized conditions (group 3), whereas no connective or bone tissue formed under non-vascularized conditions (group 4), resulting
in significant differences in all assessed histomorphometric parameters.
A panniculus carnosus flap supported ectopic prefabrication of large engineered bone flaps in rabbits. The finding that bone tissue was
restricted to the outer region of the flaps could be explained by insufficient vascularization of the central core of the constructs upon
implantation and prompts for the development of strategies to improve vessel ingrowth from the flap.
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Gene expression profiling of human periosteal cell based bone transplants generated by tissue
engineering
S Stich, Y Zheng, A Loch, T Haeupl, J Ringe, M Sittinger
Charite - Universitätsmedizin Berlin, BERLIN, Germany
Objective
Our group has developed three-dimensional (3D) cell culture techniques comprising the use of periosteal progenitor cells mixed with
fibrinogen in combination with bioresorbable biomaterials to facilitate the formation of osseous tissue in vitro and in animal models.
Together with clinical and industrial partners, these techniques were translated into the clinic and are now being routinely used for sinus
lift augmentation (BioSeed -Oral Bone). The aim of this study was to characterize human bone tissue engineering on the molecular
level using genome-wide Affymetrix oligonucleotide microarrays.
Methods and Results
After Isolation of human periosteal cells (n=3), derived from mastoid, and cultivation in complete medium containing human serum,
passage 3 cells were mixed with human fibrinogen and encased in PGLA fleeces. The osteogenic induction of the embedded cells was
performed according to osteogenic standard protocols for one, two and four weeks. The proceeding formation of mineralized bone
matrix over the time was shown by von Kossa staining. Cell viability was demonstrated using PI/FDA staining. RNA from culture
expanded periosteal progenitor cells and 3D bone grafts (time point: 7, 14 and 28 days) were used for gene expression profiling using
Affymetrix HG-U133 plus 2.0 oligonucleotide microarrays and were subsequently analyzed by pattern discovery for significantly
differentially expressed genes. Real-time PCR showed the expression of specific osteogenic marker genes. Moreover, the genomewide microarray data displayed the entire expression profile of undifferentiated and in 3D culture differentiated periosteal progenitor
cells. These cells showed a similar marker expression compared to mesenchymal stem cells but also revealed distinct differences in the
genome-wide profile. Furthermore the regulation of distinct genes already described as relevant in osteogenesis and possible new
marker genes were ascertained. The standard marker genes such as osteocalcin and osteonectin showed only slight changes.
Discussion
3D tissue culture of expanded human mastoid-derived periosteal progenitor cells in resorbable PGLA fleeces initiates bone formation on
the cellular and molecular level. However, not all prominent osteogenic marker genes were detectable indicating disadvantages of the
osteogenic standard assay.
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Incorporation of Designed Ceramic Particles and Demineralize Bone Matrix in 3D Fiber Deposited
Polymeric Scaffolds for Bone Tissue Engineering
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Although bone tissue has the capacity for regenerative growth, bone repair is impaired in many pathological situations, resulting in a
critical need to develop implant technologies to promote bone healing. This led to the development of bone graft substitutes mimicking
the composition of bone, i.e. calcium phosphate ceramics simulating the mineral part or demineralised bone matrices (DBMs) matching
the protein composition. Most of these materials showed satisfying bone forming capacities in vitro and in vivo. However, their
mechanical properties need improvements as when placed in a load bearing defect ceramics are too brittle and tend to fracture, while
DBMs are too flexible and may cause a temporal immobilization of the patient.
The aim of this study was to design and fabricate composite 3D scaffolds where rapid prototyped biphasic-calcium phosphate (BCP)
ceramic particles are integrated in polymeric 3D fiber-deposited matrices (3DFM) and infused with DBM. The resulting hybrid
biomaterials display the mechanical strength and ocsteoconductivity of ceramics, the osteoinductivity of DBM, and the flexibility of
polymers and of DBM foams.
Two integration designs were considered. In one approach, the BCP particles were indirectly rapid prototyped by stereolithography into
spherical, truncated cone, or pillar shapes, and framed in the polymeric matrix pores. Irregular shaped particles were also fabricated by
hydrogen peroxide foaming and used to assess the influence of shape design on mechanical properties. In another approach, a
cylindrical BCP scaffold was inserted in between two DBM foamy discs and the construct was placed in a hollow cylindrical polymeric
3DFM. In both cases the different components were finally integrated by immersion in a DBM gel solution and freeze-dried (figure 1).
Results showed that mechanical properties were modulated depending on the ceramic particle design. The dynamic stiffness of the
scaffolds increased from 0.935 ± 0.14 MPa to 32.34 ± 9.17 MPa. The breaking stress changed from 0.52 ± 0.14 MPa to 14.01 ± 1.19
MPa. The breaking deformation varied from 9.92 ± 1.78% to 33.74 ± 0.49%. Hybrid composites can be used for bone tissue
engineering as they couple improved mechanical properties to the bone forming properties of the single integrated materials.

Figure 1: Schematic draw of the fabrication process
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Advanced Micro-Patterned Polymeric Scaffolds
BJ Papenburg, L Vogelaar, LAM Bolhuis-Versteeg, RGH. Lammertink, D Stamatialis, M Wessling
University of Twente, ENSCHEDE, The Netherlands
Introduction
A major theme in scaffold development is nutrient supply towards the cells. Porosity should ensure sufficient nutrient transport through
the scaffold. In addition, cell alignment seems a necessary component in scaffold design as well [1]. Cell guidance appears to improve
the effectiveness of the implant, resulting in promotion of cell attachment and orientation (alignment).
Our aim is developing porous micro-patterned polymer sheets to stack into an optimized 3-D scaffold. Different sheet layers will be
designed; micro-patterned sheets to guide cell growth and intermediate layers featuring micro-channels to facilitate nutrient supply.
Inner-porosity of the sheets will enable nutrient transport from nutrient supplying layers to cell layers.
Experimental
Production of porous micro-patterned polymer sheets is facilitated by a technique based on immersion precipitation on a micropatterned mold; phase separation micromolding (PSµM) [2].
Many parameters influence the immersion precipitation process, e.g., polymer, solvent, non-solvent, polymer concentration and
temperature. To select the most optimal recipe, the impact of these parameters was studied. Characterization of the sheets as scaffold
material was performed by (I) SEM (determining porosity and pore size) (II) Glucose diffusion (III) Cell culturing experiments.
Results and Discussion
Highly porous micro-patterned sheets resulted from the PSµM process (Figure 1 a-c). Stacking two and three sheets were successful
as well by using softening of the polymer sheets by the solvent (Figure 1 d and e respectively).
High glucose diffusion levels were detected during the glucose diffusion experiments, supporting the concept that the micro-patterned
sheets fabricated by PSµM contain highly interconnected porous inner-structures. Cell culturing experiments using human microvascular endothelial cells (HMEC’s) and mouse myoblasts (C2C12) indicate cell growth on the micro-patterned sheets was enabled.
Sheets featuring different micro-pattern designs were compared (see Figure 1 f-g) confirming alignment of the cells.
In conclusion, PSµM seems a very promising method for scaffold design.
Future work
Additional experiments will focus on:
•
micro-pattern design and dimensions optimization, increasing scaffold functionality considering cell alignment and growth
•
efficient nutrient transport
•
3D-scaffold development (stacking more layers)
References
[1]
H. Andersson, et al., Lab Chip 4 (2004) 98
[2]
L. Vogelaar, et al., Small 1 (2005) 645

Figure 1:Typical illustrations of characterization methods.
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Electrospinning of collagen and blended collagen-GAG scaffolds using acetic acid as solvent for
tissue engineering
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1,1,1,3,3,3 hexafluoro-2-propanol (HFP) has been reported to be an unique solvent for electrospinning pure collagen but with wellknown toxicity and high cost. This study reports the use of acetic acid as an alternative solvent for effectively producing uniform collagen
nanofibers by electrospinning. The optimum condition of 13% collagen in 90% acetic acid aqueous solution was arrived at by evaluating
the surface tension, the conductivity and the viscosity of the collagen solutions. Increasing acetic acid concentration enhanced the ability
to electrospin collagen by lowering the solution surface tension. An approximately 10 % aqueous solution was provided adequate
conductivity by allowing the ionization of acetic acid, which promoted the electrospinnability of the resultant solution. The results
demonstrated the effectiveness for using an acetic acid solvent system to electrospin homogenous collagen nanofibers. This low cost
technique should be applicable to large-scale production of collagen nanofibers for tissue engineering or other medical applications due
to its reduced toxicity. Electrospinning blended collagen and glycosaminoglycan (GAG) in aqueous acetic acid solution was also carried
out for the fabrication of blended collagen and GAG nanofibers. Our in vitro study showed that electrospun collagen nanofibers from
acetic acid exhibited excellent biological support for cell growth and can potentially be used as functional biomimetic scaffolds for tissue
engineering applications.
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Ideal scaffolds for tissue engineering applications have to consist of biomaterials which are, next to being biocompatible and
processable, able to fulfill the biomaterials trinity of tunable mechanical properties, biodegradability and bioactivity. The objective of our
research is to produce both passive and active scaffolds by introducing a supramolecular and modular approach using directed noncovalent interactions. Therefore, a self-complementary quadruple hydrogen-bonding ureido-pyrimidinone (UPy) moiety has been
developed to be used as building block for supramolecular aggregates and polymers. This UPy-unit, which strongly dimerizes in organic
solvents and takes care of chain extension of relatively short end-functionalized UPy-prepolymers in the bulk, was used for the
construction of supramolecular biomaterials. This supramolecular concept bridges the gap between simply (non-covalent) mixing and
covalent modification of polymers with bioactive molecules and is therefore very promising.
A modular approach to passive scaffolds was used by intimate mixing of UPy-modified prepolymers to tune the mechanical properties
and biodegradability of the biomaterials. Co-polymeric systems of bifunctional and chain-extended oligocaprolactones were made to
tune the mechanical properties and tissue response in vivo. A 20:80 mixture of both polymers with the chain-extended UPy-polymer in
excess was found to be an ideal scaffold material for soft tissue engineering due to its elasticity, its low crystallinity and its mild tissue
response with diminished fibrous tissue formation in vivo. This material illustrates the strength of the modular approach.
Active scaffolds were made by incorporation of UPy-modified bioactive compounds such as peptides and proteins using the same mixand-match principle. UPy-functionalized oligocaprolactones were simply mixed with UPy-modified cell adhesion promoting GRGDS
(Gly-Arg-Gly-Asp-Ser) and synergistic PHSRN (UPy-Pro-His-Ser-Arg-Asn) peptide sequences. The in-vitro results indicated strong and
specific cell binding of fibroblasts to the UPy-functionalized bioactive materials containing both UPy-peptides. An even more striking
effect was seen in vivo where the formation of single giant cells at the interface between bioactive material and tissue was triggered.
To extend the approach, a dream scaffold might be produced in which different bioactives are immobilized on different places in a
composite 3D-material consisting of a combination of hydrogels and polymeric matrices which show different mechanical properties and
degradation behaviour.
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Tailoring scaffolds for tissue regeneration
TI Croll, Y Cao, JJ Cooper-White
University of Queensland, BRISBANE, Australia
Introduction
Tissue engineering generally involves the production of a highly porous polymeric scaffold aimed at providing a suitable
microenvironment for the regrowth of damaged tissues or organs. However most biomaterial thermoplastics do not interact specifically
with the body, and lead to a significant foreign body response in vivo when implanted in their native form.
Methods
Numerous surfaces, including a number of alkanethiol monolayers, aminolysed poly(lactic-co-glycolic acid) (PLGA) and tissue culture
polystyrene (TCP) were coated layer-by-layer with HA and chitosan in the presence of carbodiimide as a crosslinking agent. Buildup,
stability, and protein resistance/binding were followed using a quartz crystal microbalance (QCM). XPS was used to follow the build-up
on PLGA surfaces. In addition, the in vitro cell response to these surfaces were analysed using fluorescence microscopy techniques.
Results
QCM analysis showed very similar build-up behaviour on different surfaces and at 10-fold different polymer concentrations (50 and 500
micrograms/mL). No change in mass was observed when a multilayer surface was challenged with fibronectin, albumin or collagen IV
under physiological conditions. However, collagen IV bound readily in a reduced salt, low-pH buffer, in the presence of carbodiimide.
This collagen was further used as a template for the self-assembly of proteins from dilute Matrigel. XPS analysis of the carbon 1s
spectrum of treated PLGA surfaces showed a progressive change as the number of layers increased, reaching a steady state with no
evidence of the characteristic peaks of PLGA after 5 layers.
The in vitro response of NIH-3T3 fibroblasts to the treated surfaces strongly reflected the results observed in the QCM. While cells
spread and multiplied quickly on untreated and aminolysed PLGA and TCP, cell adhesion was almost entirely removed upon the
application of 3 ½ HA/chitosan bilayers, with all observed cells remaining rounded. On collagen IV-coated multilayer surfaces,
adhesion, spreading and multiplication were restored to control levels. When applied to three dimensional scaffolds and utilized within a
number of in vivo animal models we were able to successfully perform two distinctly different tasks; negate a foreign body immune
response and direct progenitor cell phenotype.
Conclusions
Layer-by-layer modification provides an extremely facile, versatile method firstly for the production of highly non-interactive surfaces,
and the subsequent functionalisation of these surfaces to provide specific interactions with cells.
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A novel three-dimensional cell sheet manipulation system: Fabrication of multi-layer cell-dense
tissues and initiation of vascular formation via endothelial cell insertion
TS Shimizu, T Sasagawa, S Sekiya, M Yamato, T Okano
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One major barrier in tissue engineering is how to reconstruct cell-dense tissues including heart and liver. In scaffold-based tissue
engineering, seeding of isolated cell suspensions into porous polymer scaffolds often fails to produce high cell density. In contrast to
scaffold-based tissue engineering, we have proposed cell sheet-based tissue engineering, which layers confluently cultured cell sheets
to construct cell-dense tissues. Recently, we have developed sophisticated three-dimensional cell sheet manipulation system using
temperature-responsive culture dishes and stamp-like cell sheet manipulators with hydrogel matrix on their attachment surface. First, a
cell sheet manipulator was put onto confluent cells on a temperature-responsive culture dish. After incubation at 20ºC for cell sheet
harvest via rapid culture surface change from hydrophobic to hydrophilic, the manipulator was lifted up with single cell sheet and was
transferred on confluent cells on another temperature-responsive culture dish. After incubation at 37ºC for sheet-to-sheet connection
and the following 20ºC incubation, the device was lifted up with double-layer cell sheets. The same procedures were repeated for
fabricating multi-layer constructs. By this system, various types of cell sheets were successfully stacked. Multi-layer rat cardiomyocyte
sheets synchronized and macroscopically pulsated. Multi-layer human myoblast sheets transplanted into rat subcutaneous tissue
survived and increased their thickness (from 29±3µm in vitro to 118±14µm in vivo), revealing cell-dense muscle-like tissues. Next, a
critical, additional obstacle opposing cell-dense tissue fabrication is the inability to constantly and rapidly supply sufficient oxygen and
nutrients via reliable vascular networks. Therefore, to initiate vascular structure within the constructs, endothelial cells were inserted
between cell sheets (like a sandwich). When human myoblast sheets and sparsely cultured human umbilical vein endothelial cells were
alternately stamped, the inserted endothelial cells sprouted and formed network structure in vitro. Furthermore, human endothelial cellspecific staining demonstrated that these endothelial cells survived and formed microvessels within the sandwich constructs
transplanted in rat subcutaneous tissues. These data indicate that endothelial cell insertion between stacked cell sheets may accelerate
neovascularization and realize scaling-up of bioengineered tissues. In conclusion, cell sheet-based tissue engineering with the novel cell
sheet manipulators should contribute to various types of tissue engineering.
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Micropatterned polymeric scaffolds as versatile platforms for controlled cell behavior
M Gironès, RGH Lammertink, D Stamatialis, J De Boer, CA Van Blitterswijk, M Wessling
University of Twente, ENSCHEDE, The Netherlands
Phase Separation Micromolding (PSuM) is a very versatile method that allows the production of perfectly replicated microstructures in a
single step. Its principle consists in casting a polymer solution on a structured mold and then immersing it into a non-solvent for the
polymer. Phase separation and polymer coagulation takes place and a polymeric film containing a replica of the mold microstructure is
obtained [1,2]. For tissue engineering this method allows the production of structures that can serve as platforms for cell culture.
Moreover, with the versatility of PSuM, scaffolds with variable properties (porosity, thickness, etc.) made of a large variety of polymers
with tunable characteristics can be obtained. In the past years, the study of parameters influencing cell shape and function has gained a
great interest, since control of cell morphology is a fundamental issue in cell growth and differentiation, and can be crucial for the
development of cellular biosensors and tissue engineering applications, for instance.
In this work we design and fabricate 2-D microstructured polymeric scaffolds by PSuM with different biocompatible polymers. The
surfaces are tailored so that variable porosity and morphologies are obtained. These are used to study the cell responses to shapeinduced stimuli such as patterns with variable geometries and dimensions in the micrometer range (see Figures A and B).
Various materials with different biodegradability, biocompatibility and mechanical properties such as polydimethylsiloxane (PDMS),
poly(L-lactic acid) (PLLA) and copolymers of polyethersulfone and polyethyleneoxide (PES-PEO), among others, are investigated. Cell
adhesion, growth and morphology are evaluated using various cell types, for instance the pluripotent mouse pre-myoblast cell line
C2C12 (see Figures C and D), as a function of the scaffold morphology and material. Cell adhesion promoters are also used to
stimulate cell growth on materials with low biocompatibility.
At a latter stage, after scaffold optimization is achieved, cell response as a function of scaffold topography is analyzed.
References:
[1] L. Vogelaar, J.N. Barsema, C.J.M. van Rijn, M. Wessling, Phase Separation Micromolding, Adv. Mater. 15 (2003) 1385.
[2] L. Vogelaar, R.G.H. Lammertink, J.N. Barsema, W. Nijdam, L.A.M Bolhuis-Versteeg, C.J.M. van Rijn, M. Wessling, Phase
Separation Micro Molding: a new generic approach towards microstructuring a wide range of materials, Small 1(2005) 645.
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Using Silane Modified PLLA to Induce Human Mesenchymal Stem Cell Differentiation in Vitro Both
in the Presence and Absence of Biological Stimuli
JM Curran, R Chen, JA. Hunt
The University of Liverpool, LIVERPOOL, United Kingdom
Introduction
Controlling mesenchymal stem cell (MSC) differentiation via well defined surface chemistries is a fundamental concept that needs to be
addressed. PLLA substrates were modified with 'CH3, -NH2, -OH and 'COOH groups to determine if the controlled surface
chemistry/energy on the PLLA substrates influenced MSC behaviour in vitro.
Materials and Methods
PLLA films were spin-coated onto prepared chromium coated glass coverslips. The surface of PLLA films was activated by oxygen
plasma and subsequent ultraviolet (UV) induced grafting of different chemical groups in the monomer solution was performed to
introduce 'CH3,-COOH, -OH, -NH2 groups on the surface.
Human MSC (Biowhittaker, UK) were cultured in direct contact with the substrates for 1, 7, 14, 21 and 28 days in basal (Biowhittaker
UK), standard chondrogenic or osteogenic medium. Viable cell adhesion was quantified using LDH assays (Promega UK), and protein
production collagen I, II, X, osteocalcin, CBFA1 and C/EBP homologous protein (CHOP) was evaluated using fluorescent
immunohistochemistry techniques. Real time PCR was used to quantify changes in the mRNA expression for -actin, ornithine
decarboxylase (ODC), collagen I, II, X, osteocalcin, osteopontin, osteonectin, CBFA1, sox-9, CHOP and aggrecan. The protein
production of collagen I, II (both in matrix and released into supernatant), osteocalcin, osteopontin and osteonectin was quantified by
ELISA.
Results
All surfaces maintained viable cell adhesion and proliferation under basal conditions throughout the 28 day time period. Changes in cell
adhesion and proliferation were attributable to the change in surface chemistry. Modifying PLLA with 'OH and 'COOH groups induced
chondrogensis by increased production of collagen II and a reduction in collagen I formation. The increase in collagen II and
subsequent reduction of collagen I was not observed on 'SH, -CH3 modified or un-modified PLLA surfaces. Maintenance of collagen I
production on the 'SH surfaces and increases in osteogenic markers confirmed that 'SH groups induced osteogenesis.
Conclusion
The induced differences in surface chemistry/energy on the PLLA substrates controlled MSC differentiation. Quantification of traditional
differentiation markers, both released into the supernatant and in the matrix, proved these chemistries and this technique can be used to
induce material driven differentiation of MSC.
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Co-cultivation of CD34+ progenitors and CD14+ monocytes enhances endothelial cell differentiation
in vitro
G Krenning, BWA van der Strate, MJA. van Luyn, MC Harmsen
University Medical Center Groningen, GRONINGEN, The Netherlands
Neovascularization by endothelial progenitor cells (EPC) has been a topic of intense research the past decade. The rare CD34+
hematopoietic stem cell is often designated as the archetype EPC, because it can contribute to e.g. repair of vascular damage in vivo.
However, incorporation of CD34+ EPC into newly formed vessels is limited. Results from in vivo neovascularization studies suggest a
paracrine function, i.e. recruitment of monocytes and secretion of growth factors, of these EPC rather than incorporation in neovessels.
Monocytes, defined by the CD14 surface marker, have been demonstrated to differentiate towards an endothelial phenotype in vitro and
vivo. Because the CD14+ monocytic cells are by far more frequent in peripheral blood than CD34+ cells (ca. 10% vs. 0.01%) these cells
would therefore seem appropriate candidates for a cellular contribution to tissue generation and repair. Cultivation of peripheral blood
mononuclear cells (pbMNC) revealed co-localization of CD34+ EPC and monocytes, at the sites of endothelial cell differentiation in
vitro. We therefore hypothesized that an interaction between CD34+ EPC and monocytes would lead to increased endothelialization in
vitro.
Human CD34+ EPC and monocytes were cocultivated in different ratios, ranging from their physiological ratio in peripheral blood to a
100x enriched ratio of CD34+ EPC (1:10, 1:100, and 1:1000). We observed that the CD34+ EPC augmented endothelial cell
differentiation from CD14+ monocytic cells in vitro: the CD34+ EPC not only stimulated a higher proportion of endothelial cell-like
clusters, but also increased numbers of cells carrying endothelial surface markers (e.g. VE-Cadherin, vWF). The CD34+ EPC also
appeared to ameliorate the expression of pro-angiogenic genes, i.e. EGF, HGF and IFG.
In conclusion, endothelial cell differentiation from human pbMNC results from the interaction between CD34+ EPC and CD14+
monocytes, and is, at least partly, achieved via growth factor secretion. These results may shed a new light on the mechanisms of
neovascularization in vivo.
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Dexamethasone Treatment During The Expansion Phase Improves Plasticity of Mesenchymal Stem
Cells From Human Bone Marrow
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Rstionale
Multifunctionality of bone marrow stromal cells (mesenchymal stem cells) reveals the capacity of adult stem cells to acquire various
mature phenotypes. For many applications in tissue engineering and cell therapy, the use of adult stem cells is advocated because of
their ability to self-renew and differentiate into different cell types. When grown under appropriate conditions, human bone marrowderived mesenchymal stem cells (hMSCs) can form various tissues such as bone, cartilage, muscle, tendon, ligament and nerve. It is
known that dexamethasone results in a higher or equal duplication rate during hMSC expansion, and stimulates osteogenic potential. In
this study we investigate the effect of dexamethasone treatment during the proliferation phase on the plasticity of hMSCs.
Methods
hMSCs were isolated from bone marrow aspiration by adhesion selection, and expanded in alpha-MEM proliferation medium with or
without 10-8M dexamethasone. Expanded cells from early passage (P2-3) or late passage (P8) were identified by a range of surface
markers, and further cultured in osteo-, adipo- and chondrocyte differentiation medium. Osteogenic, adipogenic and chondrogenic
differentiation were evaluated ALP expression by flow cytometric analysis, Oil Red O releasing and GAG assay respectively.
Furthermore, micro-array was performed to compare the gene expression profiles of hMSCs when expanded with or without
dexamethasone.
Results
hMSCs expanded with or without dexamethasone formed a heterogeneous population. They were positive (>70%) for mesenchymal
and adhesion markers (CD105/CD29/CD44/CD166/CD90), and negative (<5%) for hematopoietic markers (CD34/CD45/CD14). hMSCs
gave rise to specialized cell lineages upon culture in osteogenic, adipogenic and chondrogenic conditions. However, hMSCs treated
with dexamethasone during the expansion phase showed higher plasticity in the potential to become osteo-, adipo- and chondrocyte,
since significantly higher ALP expression (Fig.1a) and dramatically more in Oil Red O releasing (Fig. 1b) while equal or more GAG
production per unit of DNA were observed in dexamethasone expanded cells compared to the controls. Interestingly, when hMSCs had
been expanded in the absence of dexamethasone, the adipogenic differentiation potential dramatically decreased at P8 (Fig. 1b) and
cell senescence was seen in three out four donors by a cease in cell growth at P6-7. Possibly, this can be explained by
dexamethasone-induced up-regulation of anti-apoptotic gene expression, as revealed by microarray.
Conclusions
Dexamethasone delays hMSCs from senescence, prevents hMSCs from losing differentiation potential and makes hMSCs more flexible
in their multifunctional property.
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Potential Cell Source for the Injection Treatment of Osteoarthritis Multipotent Cortico Spongeous
Cylinder Cells
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Introduction
For cartilage regeneration, among autologous transplantation of chondrocyte suspensions, advanced tissue engineering (TE) strategies
based on composites of scaffolds and chondrocytes or stem cells are clinically applied. Murphy et al. demonstrated in a scaffold-free
approach accomplished in a goat model, that the injection of bone marrow mesenchymal stem cells (MSC) as a cell/ hyaluronan
suspension into osteoarthritic (OA) joint reduces the OA progression. The final aim of our ongoing study is the establishment of an
advanced cartilage repair therapy based on progenitor cells derived from cortico-spongeous cylinders of patients undergoing high tibial
osteotomy, and the injection of these cells in combination with chondroinductors like hyaluronic acid.
Methods and Results
The isolation of human mesenchymal cortico-spongeous progenitor cells (CSP) from cortico-spongeous cylinders of the tibial head
required the adaptation of protocols for the isolation of progenitors from trabecular bone. To investigate the stem cell like character of
human CSP, we have studied their extensive in vitro expansion capacity using human serum, their stem cell-related surface marker
expression profile using FACS-analysis, and their osteogenic, adipogenic and chondrogenic developmental potential. CSP showed a
stem cell like fibroblastic morphology, a growth kinetic similar to human MSC, and an MSC-like expression of the surface antigens
CD14-, CD34-, CD44+, CD45-, CD73+ (SH-3), CD105+ (SH-2) and CD166+ (ALCAM). In contrast to human MSC they could be
expanded easily in human allogenic serum. The adipogenic potential of the CSP was verified by oil red staining and by the expression
of the adipogenic marker genes (PPARγ2, aP2) using real time RT-PCR. Osteogenesis was demonstrated by alkaline phosphatase
activity, by von Kossa staining and by real-time RT-PCR (cbfa-1, osteocalcin, collagen type I). Chondrogenesis was performed under
serum free standard conditions using 10 ng/ml TGF-ß3 or 0.1 mg/ml hyaluronic acid (Ostenil) as inducing factors, and was documented
by Alcian blue and type II collagen verification.
Conclusion
Human CSP show stem cell like characteristics. In combination with hyaluronic acid they represent promising candidates for TE
applications based on progenitor cell injection into the osteoarthritic joint.
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Preparation and Use of Basement Membrane Particles for Stem Cell Growth
DM Evans, V Glattauer, H Thissen, P Pasic, JA Werkmeister, B Kelley, AG Brownlee, JAM Ramshaw
CSIRO, SYDNEY, Australia
The application of stem cell biology provides a range of opportunities for development of new tissue engineering materials. In many
cases, however, the number of stem cells available is limiting and requires techniques to expand their numbers. In their natural
environment many stem cells reside on basement membranes. Therefore, in the present study we have examined the use of basement
membrane (BM) fragments as substrates for cell growth. In addition, we have evaluated a range of synthetic surface modified
substrates that may mimic biological ligand binding.
Natural and biosynthetic basement membrane particles were used for stem cell culture. A model system of enriched spermatogonial
stem cells from fresh bovine testis was used. Culture was in DMEM/F12-10% foetal calf serum was added to the particles. Cells were
allowed to attach for 4 h, with intermitted stirring. The seeded particles were then cultured in a continuous spinner culture system
(Techne, USA), with an initial density of 5 x 105 cells/150 mg particles in 50ml medium. Two different approaches were used to develop
natural basement membrane type beads - isolated seminiferous tubules that had been fragmented and sieved to specific sizes, and
standard gelatin beads that had been pre-cultured with niche Sertoli cells that laid down a basement membrane like matrix. Cell growth
and spermatagonial phenotyping was compared with cells grown on Cultisper beads.
In addition, a variety of surface modifications were developed that allowed a controlled surface charge via layer-by-layer coatings based
on poly(ethylene imine) and poly(acrylic acid) polyelectrolytes, or the presentation of covalently immobilised biological ligands such as
single extracellular matrix proteins, DBA lectin and isolated basement membrane proteins from bovine seminiferous tubule.
The covalent immobilisation of these ligands was achieved using thin plasma-polymerised interlayers. All surface modification steps
were verified by X-ray photoelectron spectroscopy (XPS). Cell adhesion was evaluated using microscopy and immunohistochemistry
with SSC markers. Results show significant differences in the SSC response between surface modifications as well as types of beads,
allowing both enhanced enrichment and enhanced proliferation .
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Stem cell attraction in the early phase of the development of foreign body reaction tissue
GDV De Visscher, IV Vranken, AL Lebacq, WF Flameng
Katholieke Universiteit Leuven, LEUVEN, Belgium
Generally heart valve tissue engineering (TE) techniques are based on in vitro seeding of matrix materials. Alternative in vivo seeding of
vascular grafts, by means of intraperitoneal (IP) implantation of a non-degradable matrix and induction of a foreign body reaction (FBR)
during 2 weeks, has been proposed.
In this study in rats, we examined the presence of stem/progenitor cells in neomatrix tissue around intraperitoneally implanted bovine
pericardium matrices.
In a first part of the study, stem/progenitor cell stains were performed on 6h, 1, 2, 3, 5,and 7d implanted matrices (n=6 at each time
point). Primitive CD133+ cells were almost not present. Sca-1+ cell presence was high immediately after implantation and generally
declining afterwards. CD117+ and CD34+ cell presence showed a significant peak after 2-3 days of implantation.
In the second part of this study, cells from the 3-day-neotissue material of 6 rats were collected and a selection of the lineage negative
cells (CD11b, CD68, CD45R & CD6) was performed using a magnetic labeling and separation protocol. These lineage negative cells
were then again stained for CD133, Sca-1, CD34 and CD117, representing 1.5 ± 1.5; 24.3 ± 9.6; 42.3 ± 9.3 and 63.2 ± 12.8 % of the
negative fraction, respectively.
Finally, clonality of the lin- CD34+ cells from neotissue was checked. Therefore cells were collected from 3-day neotissue material and a
two-step magnetic labeling and separation was performed to obtain the lin- CD34+ cell fraction. This fraction was then cultured for at
least 2 weeks in a methylcellulose-based medium suitable for stem cell growth. Several non-erythroid clonal cell aggregates were
detected.
Combined, these approaches provide evidence of hematopoietic stem/progenitor cells in the immature FBR neotissue formed after
intraperitoneal implantation of matrix material and therefore are the basis for further research concerning new stem/progenitor cell
based recellularisation and in vivo stem cell seeding techniques in the field of TE. At present similar studies are being performed to
assess the presence of mesenchymal stem cells and application of this in vivo seeding protocol as a valuable tool in heart valve tissue
engineering has been shown.
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Application of bioluminescence in stem cell-based bone formation
KE De Rooij, G Van der Horst, HCM Sips, I Que, J Hoogendam, CWGM Löwik, M Karperien
LUMC, LEIDEN, The Netherlands
In combination with biomaterials or scaffolds, Mesenchymal Stem Cells (MSCs) have great potential for application in tissue engineering
of bone and cartilage. However, the influence of these materials on MSC function at the molecular level in vivo are poorly understood.
Therefore, we have created a stem cell model which, in combination with bioluminescent imaging, allows us to study these processes in
greater detail in intact mice over time.
In our studies, we have used the murine MSC-like KS483 cell line. This cell line was genetically modified enabling efficient generation of
isogenic stable cell clones by Flp-mediated homologous recombination by integrating 1 copy of a FRT-target site into the cell’s genome.
This site is used for the insertion of DNA to enable gene function studies by either overexpression or knock down of a gene or by
insertion of reporter genes to visualize and quantify specific biological processes.
We first tested the efficacy of the FRT-targeting procedure for gene function studies by either overexpressing or knocking down the
osteoblast specific transcription factor RunX2. Isogenic clones demonstrated an increase in absence of osteoblast differentiation,
respectively.
Subsequently, we transfected the KSfrt clones with a luciferase gene enabling us to follow mesenchymal cell fate in vivo by
bioluminescence after implantation in nude mice. The cells were used in a bone marrow ablation assay. Cell fate was followed by noninvasive bioluminescent imaging and X-rays. In addition, cells were injected intracardially and subcutaneously to study their fate outside
the bone forming environment. We have followed cell fate non-invasively in intact mice for more than 13 weeks demonstrating suitability
of our model for MSC/biomaterial interaction studies in vivo.
Finally, we used the genomic FRT site for the insertion of gene reporter constructs, which respond to Wnt- or BMP-signaling. Isogenic
stable cell lines were obtained that were highly sensitive for Wnt and BMP, respectively, and retained multipotency.
In conclusion, genetically modified KSfrt cells provide a simple and fast model to study MSC function. In combination with
bioluminescent imaging, we will use this model to evaluate the effects of biomaterials on stem cell function in vitro and in vivo.
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Banking of human mesenchymal stem cells
J De Boer, R Licht, A Leusink, CA Van Blitterswijk
Twente University, BILTHOVEN, The Netherlands
Human mesenchymal stem cells (hMSCs) are an attractive cell source for tissue engineering. In theory, it should be possible to repair
many kinds of damaged tissues using autologous hMSCs derived from the patients themselves. Autologous transplantation nullifies all
concerns which troubles regular, heterologous, transplantation where donor and recipient are not the same. These include ethical
problems associated with the use of embryonic stem cells, and practical problems with finding enough donors and circumventing
rejection.
However, at this point it is difficult to isolate, purify and expand hMSC to such a level that they can be used successfully in the clinic.
Large variation is seen on the biological performance of the cells isolated from different donors. In particular, most patients are older and
ill, which makes reliable isolation of sufficient numbers difficult and subsequent quality control essential. More knowledge of the basic
biology of adult stem cells is therefore required.
To gain more insight into the quantitative en qualitative aspects of hMSC culture we isolated and expanded hMSCs from bone-marrow
biopsies of 60 donors. These donors were undergoing various types of operations, which allowed the quick extraction of cells under
general anaesthesia. Cells from each donor were frozen in liquid nitrogen, in multiple vials. A small proportion of cells from each patient
was thawed and extensively characterised. Characterisation included ability to expand, potential to differentiate into bone, cartilage, fat
and endothelial cells, and expression of selected surface markers. Moreover, a genome-wide gene-expression profile from an initial
group of 13 donors was made, with the rest of the donors pending. This allows identification of genes which can be used as markers for
quality control and potentially can give insights into the biology of the stem cell characteristics of hMSCs.
Importantly, depending on the initial results, material from each donor in the bank can be thawed again to refine an analysis, or to
expand the characterisation. Moreover, the database allows the selection of a panel of donors with specific characteristics to further
develop tissue-engineering protocols.
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Transfection with a Tetracyclin Inducible VEGF165 Plasmid Results in Transient Regulable High
Expression of VEGF165 in vitro and in vivo
S Dickens, P Vermeulen, JJ Vranckx
KULeuven, LEUVEN, Belgium
Background
Pathofysiology of non-healing skin wounds is often related to an altered GF profile. Ex vivo Gene Transfer of Growth Factors (GF)
shows great promise for gene delivery into tissue in a pathological state. Vascular Endothelial Growth Factor (VEGF) promotes
neovascularization of granulation tissue in skin wounds and therefore seems a good candidate for gene therapy. However, controlled
release of VEGF is obligatory to prevent hazardous side-effects.
Methods
A hVEGF165 plasmid was ligated into a pcDNA4™/TO vector using EcoR1 and EcoR5 restriction sites. This results in hVEGF165
expression under the control of a CMV-promotor and 2 Tetracycline operator2 sites (TeTO2). Porcine Keratinocytes (KC) were
transfected with pcDNA4/TO.VEGF (1,5 to 3ug) and pcDNA6™/TR (repression molecule; 9-18ug) by means of lipofectin™ in a
DNA:lipofectin ratio of 1:4.
For in vitro studies, KC culture supernatans was collected at timepoints 0, 24, 36 and 48 hours after addition of 0-5 ug/ml Tetracyclin
(TC).
For in vivo studies, VEGF transfected KC are seeded in Full Thickness Wounds (FTW) in a porcine model. Subsequently, wound fluid is
collected at 2, 12, 24, 48 and 72 hours after addition of 2 ug/ml TC. Saline treated wounds are used as negative control. Expression of
VEGF165 is assessed with ELISA.
Biopsies are taken to asses neovascularization with lectin and anti-CD144 antibodies.
Results
A transient VEGF165 expression is observed in vitro after TC addition. Peak level is 25,700 pg/ml at 48 hours. When no TC is added to
the medium, VEGF levels remain below 200 pg/ml.
In vivo, VEGF concentration is doubled at t12, 24 and 48 (3464 pg/ml) in the TC treated wounds. VEGF levels of FTW without TC and
saline treated wounds remain lower (1673 pg/ml). At t72, VEGF levels of all FTW equal around 6000 pg/ml. An increase in endothelial
cells is observed in wounds with high VEGF expression compared to control wounds (P<0.0001).
Conclusions
A regulable expression of hVEGF165 can be obtained in vitro and in vivo. The expression is transient in vitro. In vivo, VEGF levels
equal after 72 hours to physiological levels in a porcine FTW model. High expression of VEGF leads to enhanced vascularization.
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Bone Morphogenetic Protein Delivery by Mesenchymal Stem Cells after Gene Electrotransfer
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Introduction
Although Bone Morphogenetic Proteins (BMPs) are known to induce bone formation, controlled delivery of these molecules is still a
challenge. We hereby explored the possibility of delivering BMPs by gene electrotransfer into Mesenchymal Stem Cells (MSCs) which
will act both as 'mini-factory' for BMP production and as a source of bone cells. The clinical scenario will imply, to isolate MSC from a
patient, to electrotransfer BMP transgene and to implant the transgenic cells back to the patient. The specific objectives of this study
were: (i) to optimise conditions of gene electrotransfer into MSC; and (ii) to assess the influence of different promoters on the
transcriptional activity of a reporter gene after electrotransfer.
Methods
To optimize electrotranfer parameters, rat MSC were transfected with the pCMV-LacZ construct by applying eight high voltage (HV)
electric pulses (100µs; 900 to 1500V/cm). Different cell suspension buffers and cell incubation temperatures, before pulses application,
were tested. MSC were then electrotransfected in the determined optimal conditions with different constructs encoding the LacZ gene
fused to one of the following promoters: Eukaryotic Initiation Factor 4A1 (eIF4A1), Elongation Factor 1alpha (EF1alpha), osteocalcin
(OG2), beta-actin, fibronectin, GlycerAldehyde 3-Phosphate Dehydrogenase (GAPDH). 48h post transfection, the beta-galactosidase
activity in cell lysates was quantified.
Results
MSC transfection with pCMV-LacZ applying eight HV pulses led to a five-fold, 13- fold and 15-fold increase of beta-galactosidase
activity induction rate at 900, 1100 and 1500V/cm, respectively (Figure1). Cells have to be incubated at room temperature, before gene
electrotransfer, to obtain a maximal beta-galactosidase activity induction rate with minimal cell death. Beta-galactosidase activity was
dependant on the promoter-driving LacZ gene expression (Figure 2). The CMV promoter was less efficient than either beta-actin or
GAPDH which led to maximal protein expression in undifferentiated MSC. The osteocalcin promoter had a weak activity since
osteocalin expression occurs at late stages of MSC differentiation.
Discussion
This study both showed that MSC can be efficiently transfected using gene electrotransfer and identified an optimal promoter for
maximal protein expression in undifferentiated MSC. Determination of the optimal promoter for various stages of MSC differentiation is
the subject of ongoing research. Electrotransfecting a combination of promoters that control the BMP gene could achieve sustained
BMP delivery from MSC.
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Ultrasound-based Non Viral Gene Delivery System Induces Bone Formation In Vivo
D Sheyn, G Pelled, Y Zilberman, Z Gazit, D. Gazit
Hebrew University in Jerusalem, JERUSALEM ISRAEL, Israel
Introduction
One of the major obstacles to be addressed by gene therapy approaches in regenerative medicine remains the attainment of an
efficient and safe method of gene delivery. The objective of this study was to develop ultrasound-based gene delivery system, called
sonoporation, in order to achieve gene transfer in vivo and, consequently, bone formation. We hypothesized that direct in vivo
sonoporation of naked DNA encoding an osteogenic gene (BMP-9) would induce bone formation.
Methods
C3H/HeN female mice were injected into the thigh muscle with luciferase (pLuc), bone morphogenetic protein (pBMP)-9, empty
pcDNA3 vector mixed with echo contrast microbubbles. After injection, non-invasive sonoporation was applied using 6mm probe of
Sonitron2000TM device. In order to monitor transgene expression non-invasively and quantitatively, luciferase activity was detected in
vivo using bioluminescence analysis with CCCD. To examine the osteogenesis in vivo, pBMP-9 was sonoporated into the thigh muscle
of transgenic mice, stably expressing luciferase gene under osteocalcin promoter (Oc-luc). Qualitative and quantitative analysis of bone
formation was performed using three-dimensional micro-CT imaging.
Results
In vivo, bioluminescence analysis of luciferase gene expression in sonoporated thigh muscle indicated that the luciferase gene was
expressed up to 30 days after sonoporation, with peak expression on day 14. The degree and the duration of luciferase expression
were highly correlated to exposure duration of sonoporation. The luciferase expression in sonoporated muscle of Oc-luc transgenic
mice indicates the expression of osteocalcin gene, which reflects bone formation process. In animals sonoporated with rhBMP9 the
expression of osteocalcin has been increasing during the first weeks and peaked on day 14, which is the expected profile in bone
formation process. Micro-CT imaging with 3D reconstruction revealed ectopic bone formation in the treated thigh muscle.
Conclusions
Sonoporation was found to be an effective non-viral delivery system in vivo. Gene expression lasted up to 4 weeks, and ectopic bone
formation was achieved in mice. Thus, applying ultrasound-based gene delivery of osteogenic genes in non-union bone defects site
might have great potential to repair critical size defects and contribute to the development of a clinically applicable solution for currently
untreatable bone defects.
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VEGF165 Transfection of Ex Vivo expanded Keratinocytes Promotes Healing and
Neovascularization in Porcine Full Thickness Skin Wounds
P Vermeulen, S. Dickens, JJ Vranckx
KULeuven, LEUVEN, Belgium
Background
A trigger to enhance Full Thickness Wound (FTW) repair is delivery of oxygen and nutritients to the wound site. After the initial
inflammatory phase, platelets and keratinocytes (KC) start to secrete Vascular Endothelial Growth Factor (VEGF) to attract Endothelial
Cells into the wound granulation tissue.
We present a method of ex vivo expansion of autologous KC and lipid mediated gene transfer of a regulable VEGF165 plasmid for the
treatment of FTW.
Methods
Autologous KC were cultured to P3 and transfected with an inducible hVEGF165 plasmid and pcDNA6/TR repression molecule. This
system allows for inducible expression by addition of Tetracyclin (TC).
In a porcine model 12 ' 16 Full Thicknes Skin Skin Wounds (FTW) were created on the back. We designed 3 groups: The first received
1.2 million transfected KC with addition of 4ug TC (KC/VEGF-group) . The second group received 1,2 million transfected KC without
addition of 4 ug TC (KC-group). The third group received no KC and was treated with 2ml saline (S-group). Wounds were covered with
polyvinyl wound chambers and wound fluid (WF) was collected daily. Biopsies were taken at day 8 and 10 for H&E staining and
immunohistochemistry.
Results
At day 10, reepithelialization was significantly enhanced in the KC/VEGF- and the KC-group compared the S- group (p < 0.01).
Moreover, the KC/VEGF- group showed enhanced revascularization (p < 0.0001), compared to the KC- group, as measured with lectin
antibodies. However, no difference in reepithelialization was seen between KC/VEGF- and KC- group.
Conclusion
Ex vivo cultured autologous KC enhance reepithelialization in a FTW in a pig model. Overexpression of hVEGF165 by these KC in the
early wound phase enhances neovascularization in the wound granulation tissue.
Ex vivo culturing of autologous KC and transfection with VEGF can be useful in reconstructing large skin wounds.
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Quantitative Evaluation of the Angioinductive Effect of Fibrin Gel-immobilized Growth Factors in the
AV Loop Model
AA Arkudas, J Tjiawi, E Polykandriotis, J Beier, L Grabinger, S Euler, K Heidner, R.E Horch, U. Kneser
University Hospital Erlangen-Nürnberg, ERLANGEN, Germany
Introduction
The modulation of angiogenetic processes in three dimensional matrices is of great interest in the field of tissue engineering and
regenerative medicine. In this study the angiogenetic effects of VEGF and bFGF immobilized in a fibrin-based drug delivery system
were quantitatively assessed in the arteriovenous loop model.
Methods
An arteriovenous loop was created by interposition of a venous graft from the contralateral side between the femoral artery and vein in
the medial thigh of 26 rats. The loop was placed in a custom-made Teflon isolation chamber and was embedded in 500 µl fibrin gel (10
mg/ml fibrinogen, 2 I.U./ml thrombin) (group A). In group B the fibrin component was loaded with 0,1 ng/µl VEGF and 0,1 ng/µl bFGF.
The explantation intervals were 2 and 4 weeks after the initial operation for all groups (including 6 patent loops per group and time
point). Specimens were investigated by means of histological (India Ink injection, CD31 immunohistology), morphometrical and
ultramorphological (SEM of vascular corrosion replicas) techniques.
Results
All animals tolerated the operations well. Due to thrombosis of the pedicle vessels, two animals were excluded from the study. In both
groups, the arteriovenous loop induced the formation of dense vascularized connective tissue with differentiated and functional vessels
inside of the fibrin matrix. The use of growth factors induced a significantly higher absolute and relative vascular density and led to a
faster resorption of the fibrin matrix. Scanning electron microscopy analysis disclosed significant morphological differences with a higher
degree of vessel maturation in the group using growth factors.
Conclusion
Fibrin gel-immobilized angioinductive growth factors efficiently stimulate sprouting of blood vessels in the AV-loop model. The
application of angioinductive factors in combination with the implantation of vascular carriers into given matrix volumes may eventually
allow to generate axially vascularised tissue engineered composites for application in reconstructive surgery.
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Regenerative Medicine aims at the functional restoration of damaged of lost tissue. Restoration can be accomplished by combining
scaffolds with modulatory factors or cells and delivering these to the lesion. Scaffolds may be derived on natural extracellular matrix
components or entirely derived by polymeric chemistry. Upon their implantation, scaffolds always elicit an inflammatory reaction known
as the foreign body reaction (FBR). The inflammatory phenotype of the FBR depends on the type of biomaterial. Generally, the FBR
results in degradation of the scaffold and replacement by novel ECM or in encapsulation and a state of quiescent but continuous
inflammation. Previously, we showed that degradable biomaterials are more rapidly degraded in rats than in mice. We hypothesized that
the inflammatory niche dictates the course of the FBR at a molecular-cell biological level and in a species-specific manner. Our
hypothesis also predicts that the FBR depends on the site of implantation. We set out to dissect the niche using cross-linked collagen,
which does not cause a material-related chronic inflammation.
We found that the FBR against subcutaneously implanted collagen disks, related to strong cellular influxes comprising of PMN and
macrophages both in rats and mice. However, in mice the expression of the phagocyte-chemotactic genes CXCL1/2 remained high
throughout, despite the presence of (apparently incapable) phagocytes. For as yet unknown reasons the implanted collagen was not
cleared, although mice deposited larger amounts of novel ECM/stromal constituents in the collagen than rats. This deposition correlated
to a higher expression of TGFbeta in mice compared to rats. Also the higher expression of TNFalpha in mice did not sufficiently activate
the infiltrated macrophages to a phagocytotic phenotype. Remarkably, in mice the collagen disks were rapidly degraded when implanted
epicardially. Compared to subcutaneous implantion, ingrown epicardial disks showed less expression of the anti-inflammatory cytokine
IL-10, while a high expression of CXCL1/2 correlated to a high second wave of invading PMN at 7-14d post-implant. These PMN
secreted active MMP that caused the rapid degradation of the collagen on the heart. Subcutaneously, a much lower to absent MMP
activity was observed.
Our results show that the FBR correlates with the local inflammatory niche. Thus the future development of tissue engineered
constructs necessitates the dissection of the FBR against the scaffolding material in situ.
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Sustained (rh)VEGF165 release from a fibrin biomatrix induces angiogenesis, up-regulation of
endogenous VEGF-R2, and is effective in prevention of ischemic flap necrosis
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Background
Therapeutic support of angiogenesis in ischemic tissues is a potent strategy for preventing ischemia-induced necrosis. Vascular
endothelial growth factor (VEGF) is known to be a key factor in vascular endothelial cell biology and blood vessel formation, and thus, a
potential therapeutic agent for the stimulation of angiogenesis. The present study investigates the effects of recombinant VEGF165
incorporated in a fibrin biomatrix (FS) on wound healing and angiogenesis in a rodent model of skin flap survival. Regulation of the
VEGF-R2 expression by FS derived (rh)VEGF165 was assessed in real-time in a transgenic mouse model using bioluminescence.
Methods
After elevation of a caudally based random flap (10x3 cm) on the dorsum of rats (n=30), either fibrin sealant (FS) with (rh)VEGF165
(FS/VEGF group) or FS alone (FS group) was sprayed onto the recipient bed. Suturing of the skin flap served as the control group. Flap
survival was assessed by planimetry on the 14th postoperative day. Blood vessel density was determined by immunohistochemistry
(vWF-antigen labeling). On the dorsum of transgenic VEGF-R2/luc mice (n=20), FS clots ± (rh)VEGF165 were implanted
subcutaneously and bioluminescence was measured over a 3 weeks period. In vitro VEGF release from FS was determined by ELISA.
Results
The planimetric analyzes revealed a significantly extended viable flap area in the FS/VEGF group compared to the control group. FSdelivered VEGF165 appeared to induce distinctive neoangiogenesis as seen by a significantly increased vessel density compared to the
control group. An increased and prolonged up-regulation of the endogenous VEGF-R2 was demonstrated in the transgenic model. FS
acted as an effective adhesive biopolymer to fix the entire flap to the recipient site with good immediate flap adherence. In contrast, the
majority of the control group flaps had no contact to the recipient site in the distal part of the flap. In addition, the sustained release of
(rh)VEGF165 from FS biomatrix was demonstrated in an in vitro set-up.
Conclusion
Local delivery of (rh)VEGF165 decreases necroses in hypoxic/ischemic tissues by induction of angiogenesis through prolonged release
from the FS biomatrix. An increased local up-regulation of the VEGF-R2 induced by exogenous fibrin matrix liberated (rh)VEGF165 was
observed. Furthermore, fibrin sealant applied by spray delivery is a good functional tool for skin flap fixation.
This work was partially supported by the European Projects HIPPOCRATES (NMP3-CT-2003-505758) ans EXPERTISSUES (NMP3CT-2004-500283)
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Primary frozen shoulder derived fibroblast contraction profiles and effects of TGF beta 1 stimulation
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Introduction
Primary Frozen Shoulder (PFS) is a debilitating disease of unknown aetiology. There is fibrosis and contracture of the coracohumeral
ligament, tissues of the rotator interval and the glenohumeral ligaments, leading to restrictive shoulder movements requiring surgical
intervention. Frozen shoulder has been postulated to be dupuytren’s disease of the shoulder with an association inferred since 1936.
The purpose of the study was to test the hypothesis that cellular mechanisms of fibroblasts derived from primary frozen shoulder
exhibited similar activity in terms of contraction and response to cytokine (transforming growth factor beta1) to fibroblasts derived from
dupuytren’s disease. Understanding of cellular responses is critical to developing non surgical treatment strategies.
Methods
Primary explant cultures of fibroblasts from six patients with PFS and four control patients were obtained using standard tissue culture
techniques. Fibroblasts were seeded in 3-D collagen constructs and contraction force generated over 24hours measured using a culture
force monitor (CFM) in real time. Increasing concentrations of TGF-beta1 were added to cell seeded gels and force generated
measured using the CFM over 24hours. These mechanical output data were statistically compared to data available from Dupuytren’s
disease.
Results
Compared to Dupuytren’s fibroblasts, PFS fibroblasts showed a statistically reduced ability to contract a 3-D collagen gel over 24hours
(p<0.01). In Dupuytren’s disease, fibroblasts derived from nodules and cords generate peak forces of 140dynes and 110dynes
respectively, while PFS fibroblasts generated peak force of 8dynes. The response to TGF-beta1 stimulation, which has been shown to
enhance peak force contraction in Dupuytren’s fibroblasts had no effect on PFS fibroblasts and this was statistically significant (p<0.01).
Discussion & Conclusions
These data suggest intrinsic differences in cellular activity and mechanisms between Dupuytren’s and Primary Frozen Shoulder even
though clinically they both manifest with a contracted extracellular matrix affecting function and requiring surgical intervention. This may
explain increasing post surgically recurrence in Dupuytren’s as compared to Primary Frozen Shoulder release.

Figure: Contraction Profiles with increasing TGF Beta 1.
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Culture of keratinocytes for transplantation in serum-free conditions
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Introduction
Epithelial coverage of burn wounds can be restored by the transplantation of autologous keratinocytes. Nowadays, keratinocytes are
cultured in the presence of mouse feeder layer cells with medium containing fetal calf serum (FCS) to obtain sufficient numbers of
keratinocytes for coverage of large burn wounds. However, these xenobiotic materials can be a potential risk for the patient. The aim of
the present study was to show that sufficient numbers of keratinocytes could be cultured without the need of a feeder layer or FCS.
Methods
The keratinocytes were cultured on tissue culture plastic with or without collagen type IV coating in keratinocyte culture medium (KCM)
containing ultroser G and keratinocyte growth factor (KGF). To examine if these cells are still able to reconstruct an epidermis, skin
equivalents were made, using these cells directly after isolation, in passage 2 (P2), P4, and P6.
Results
After 2 weeks, the amplification of the keratinocytes cultured on collagen type IV was 22 fold, whereas the amplification of the
keratinocytes cultured without collagen type IV coating was 8 fold. The keratinocytes were used to reconstruct an epidermis in vitro. We
found that keratinocytes grown on collagen type IV were able to construct an epidermis at a higher passage number than cells grown on
plastic (P4 and P2, resp). Furthermore, we found that only 50,000/cm2 of keratinocytes in P4 were needed to culture an epidermis,
whereas 150,000/cm2 of freshly isolated keratinocytes (P0) were necessary. If keratinocytes were cultured on collagen type IV, we were
able to culture sufficient numbers of keratinocytes from 4 cm2 skin to potentially cover 1800 cm2 of wound surface after 2 weeks.
Conclusion
The results show that keratinocytes can be cultured without the need of FCS or a fibroblast feeder layer and that these cells are still able
to create a fully differentiated epidermis. This culture technique can be a valuable tool for the treatment of burn wounds. The long-term
outcome has to be determined in clinical studies.

104

Oral and Skin
Abstract nr : 133
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Introduction
The development of superficial pressure ulcers is hypothesized to be preceded by an inflammatory response. A recent study of our
group showed that sustained mechanical loading of the epidermis, the superficial layer of the skin, increased the release of IL-1alpha
before the onset of tissue breakdown in vitro*. IL-1alpha is a cytokine that activates various chemokines and plays a key role in the
initiation of inflammatory responses**. This study determines the effect of increased mechanical loading of the epidermis on the release
of inflammatory mediators (IL-1alpha, IL-1RA, IL-8, MIP-3alpha, and GRO-alpha), and on the occurrence of tissue breakdown.
Methods
Engineered epidermal equivalents (EpiDerm) were subjected to 0, 50, 75, 100, 150, and 200 mmHg for 24 h using a custom-built
loading device. The levels of the inflammatory mediators were determined in the culture supernatants. Tissue damage was assessed by
evaluation of tissue viability and histological examination.
Results
An increase in inflammatory mediator release was detected as a result of sustained epidermal loading (p<0.05). In particular, the
release of IL-1alpha varied in a pressure-dependent manner (fig.1). Maximum IL-1alpha release occurred after applying pressure at 100
mmHg. Pressures higher than 100 mmHg resulted in severe tissue breakdown: the tissue viability decreased to +/- 65% and structural
tissue damage was detected (i.e. cell swelling, loss of distinguishable epidermal layers).
Conclusion
Sustained epidermal loading triggers the release of the proinflammatory cytokine IL-1alpha in a pressure- dependent manner. Before
the onset of severe tissue breakdown, an increase in the release of IL-1alpha is observed. Furthermore, chemokines, which are known
to further mediate cutaneous inflammatory responses, are also detected upon sustained epidermal loading. These results imply that an
inflammatory response precedes tissue breakdown upon sustained epidermal loading. Future studies will focus on the role of these
inflammatory mediators as early markers for the detection of pressure ulcers.
* Bronneberg et al. Ann Biomed Eng. (2006) 34(3):506-14.
** Uchi et al. J Dermatol Sci. (2000) 24 Suppl 1:S29-38.

Figure 1: IL-1alpha release upon epidermal loading for 24h.
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Keratinocyte and fibroblast interactions with porous films: the effect of pore size on cell
characteristics
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Autologous keratinocyte grafts provide significant clinical benefit including rapid wound coverage but remain fragile. Therefore, we have
developed biocompatible hexagonal-packed porous films with uniform, circular pores of different sizes to support human keratinocytes
and fibroblasts. Cells were cultured on porous poly (ε-calprolactone) films with pore sizes ranging from 3-20 micron, to examine the
effectiveness of monocultured cells on these films. Cultures were compared with cells grown on flat (pore-less) films. Cell adhesion,
migration growth rates and morphology were examined. Cell ultrastructure was subsequently examined using electron microscopy.
Human keratinocyte and fibroblasts adhered to all films used. Furthermore, small-pore (3 micron) membranes showed with the highest
levels of cell attachment and growth. Cells were prevented from migrating into the pores on the smallest, 3 micron porous membrane.
Keratinocytes and fibroblasts migrated into larger pore films (10-20 micron). Our data show that both keratinocyte and fibroblasts attach
and grow on porous films with formation of focal contact-like structures. However, keratinocytes, the most discerning of these two cell
types grew best on 3 micron small pore films due to a combination of greater pore numbers, length of pore edge per unit surface area
and amount of available surface area, allowing better cell attachment and growth. The small pore size inhibits cell migration into pores
while, at the same time allowing them maximal cell adhesion together with diffusion of soluble nutrients/factors from the underlying
wound substrate. These characteristics are important in improving graft technology, for use in the treatment of human skin wounds.
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Hyperbaric Oxygen and the Regeneration of Skin
J Malda, E. Kairuz, RA Dawson, Z Upton
Queensland University of Technology, BRISBANE, Australia
Wound healing is a complex and highly orchestrated process involving phases of inflammation, proliferation, and remodelling. The
requirement for oxygen during the process of wound healing provides the underlying rationale for hyperbaric oxygen (HBO) therapy.
Though often used, the clinical application of HBO therapy remains a subject of great debate. Moreover, current in vivo and in vitro data
on the effect of HBO is limited and inconclusive. Therefore, we sought to determine if repetitive HBO treatments would influence the
reconstruction of an epidermis using an ex vivo human skin equivalent (HSE) model.
HSEs were constructed from de-epidermised skin as previously described[1,2] and cultured at the air-liquid interface for up to 5 days.
HBO treatments (90 min, 100% oxygen at 2.4ATA) were given daily using our custom-designed laboratory-scale hyperbaric chamber
and 3 independent replicates of the experiment were performed.
Image analysis of hematoxylin and eosin stained cross-sections of the HSE models revealed that the reconstructed epidermal layer in
HBO-treated samples was significantly thicker at both day 3 and day 5 compared to the non-treated controls (Figure 1).
In addition, immunohistological characterization of the HSEs using various epidermal markers, confirmed the enhanced epidermal
differentiation within the HBO-treated constructs. Moreover, after 3 days of culture, the populated surface area (lateral migration) was
significantly greater for the HBO-treated samples compared to the controls.
Taken together these results demonstrate, for the first time, that HBO stimulates early onset of the re-epithelialisation, epidermal
maturation and stratification using a relevant ex-vivo human model. These findings will further facilitate the elucidation of mechanisms
underlying HBO therapy and demonstrate the potential of HBO to improve the in vitro development of tissue-engineered skin grafts.
Clearly, any wound care intervention that can prevent even a small fraction of wounds from progressing to the stage where on-going
care is required will have a significant, favourable impact on quality of life as well as a significant economic impact.
References:
1 Topping, G., Malda, J., Dawson, R. and Upton, Z. (2006). Primary Intention, 14:14-21;
2 Dawson, R., Upton, Z., Malda, J. and Harkin, D. (2006). Transplantation, in press.

Figure 1: H&E staining of reconstructed epidermis.
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A Cytotoxic analysis of antibacterial medication on skin substitutes vs. autograft
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There is an increasing demand for the clinical application of skin equivalents (SS) in ulcer treatment and possibly in the future for
treatment of burns and surgical wounds. Due to this increased demand and due to the simultaneous administration of several antibacterial ointments during the application of these SS in clinic, there is great need for an evaluation of the effect of these medications on
SS.
The SS are made up of a reconstructed epidermis on a fibroblast-populated allodermis (TiscoverⓇ) or a reconstructed epidermis on a
fibroblast-populated collagen gel. Besides these SS, ex-vivo skin is also exposed, in vitro, to the antibacterial medications, in order to
make a comparative analysis to autograft treatment. After 24 hours of topical exposure to different antibacterial medications, the degree
of cytotoxicity is analyzed by means of metabolic activity measurements (MTT) and hematoxyline-eosin staining of the tissue sections.
Among the antibacterial medications tested, a distinct division can be made. Ex-vivo skin and the SS treated with Acticoat, Aquacel Ag
and Calendula had no to moderate effect and can therefore be used as required. However, the ex-vivo skin and especially the SS
treated with Betadine, Flammazine Cerium and Furacine display a substantial decrease in cell viability and a detrimental effect on tissue
structure.
Due to the potential cytotoxic effect of some medications on the SS, we advice clinicians to use medications in a well contemplated
balance between the cytotoxicity of the medication and its antibacterial properties taking into account the se verity of wound bed
infection.
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Endothelial Progenitor Cells a new Promise for Angiogenesis in Tissue Engineering
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Introduction
Vascularization of biomaterials still represents a major problem in the field of tissue engineering. Endothelial progenitor cells (EPC) are
redefining traditionally held concepts of new blood vessel growth and may offer a powerful new tool. We investigate EPC for future
applications in the growing field of tissue engineering. First endothelial differentiation and expansion of EPC have been tested under
novel culture conditions. Then proliferation, differentiation and capillary- like structures of EPC in contact to modified collagen matrices
have been investigated in vitro and in vivo.
Materials and Methods
Buffy coats from healthy adults were used. Peripheral blood mononuclear cells (PBMC) were harvested by means of density gradient
separation. Cells were characterized by immunohistochemical stainings using antibodies against vWF, PECAM, KDR (Flk-1), FACS
(Fluorescence activated cell sorting) cytometer and reverse Transcriptase- PCR. Cell activity was assessed by a cell migration assay
and BrdU assay. Later on, EPC were seeded onto modified collagen sponges and cultured in vitro. For in vivo experiments EPC seeded
collagen sponge were implanted on the back of athymic mice. Modification of collagen sponge included: crosslinking of collagen,
heparinization and binding of vascular endothelial growth factor (VEGF).
Results
EPC showed significant higher differentiation and proliferation under modified culture conditions and developed into endothelial-like
phenotype. In addition, EPC demonstrated potential for creating new blood vessels in modified collagen sponges in-vitro and in vivo.
Conclusions
EPC can be used for the creation of autologous vascularized tissue engineering constructs as well as for the promotion of a guided
neovascularization. Administration of autologous expanded EPC may lead to new option for pre-vascularization of tissue engineering
scaffolds.
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Introduction
Tissue engineering of the cornea represents a paradigm shift in medical treatment to overcome the present disadvantages or corneal
transplantation. Biological corneal equivalents developed by tissue engineering have been proposed as substitutes for corneal
transplantation to restore impaired vision.
Materials and Methods
To develop an artificial substitute of the human cornea, we generated primary cell cultures of corneal epithelial cells and stromal
keratocytes by using tissue explant techniques from small pieces of sclero-corneal limbal rings. Cells were cultured using DMEM
medium supplemented with different growth factors. To develop a corneal equivalent, we used a stroma substitute made of cultured
keratocytes entrapped in a gel of human fibrin and 0.1% agarose. Then, cultured corneal epithelial cells were grown on the surface of
the scaffold. Stratification of the epithelial cell layer was promoted by using an air-liquid culture technique.
Corneal substitutes were analyzed by light and electron microscopy. To identify genes differentially expressed between primary cell
cultures and corneal equivalents, total RNA was extracted and a comprehensive gene profile of the cells was carried out by using
Affymetrix U133 plus 2.0 system. Desmosome genes with at least a 20% expression increase between primary cultures and
bioengineered corneas were selected.
Results
Electron microscopy evaluation of the corneal substitutes showed a tight epithelial barrier on surface, with numerous desmosomes
being present from the beginning. The gene expression analysis demonstrated that desmoglein 1 and 3, desmoplakin and plakophilin 1
and 4 were overexpressed in the epithelial cell layer of the corneal construct in comparison with primary cultures. No differences were
found for desmocollins.
Conclusions
Our results demonstrate that cultured corneal epithelial cells tended to adhere and form a tight barrier on the stromal substitutes.
Expression of different genes with an important function in cell adhesion is induced by epithelial stratification in corneal equivalents,
suggesting that an efficient epithelial layer is developed on top of these equivalents.
This work was supported by FIS 03/0141 and FIS 04/1983
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Quantitative Analysis of Radiation-Induced DNA Break Repair in a Cultured Oral Mucosal Model
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Oral mucositis is a major side effect of radiation therapy. Development of strategies for reduction of this problem calls for quantitative
models. The goal of the present study was to test the feasibility to detect double strand break (DSB) and DSB repair proteins upon
radiation of mucosa in a three-dimensional culture system using morphology and immunohistochemistry.
Human oral keratinocytes and fibroblasts were seeded onto and into an a-cellular dermal carrier to produce a cultured Mucosal
Substitute (CMS). CMS were gamma-irradiated with 0, 2, 12 Gy. One group received 4 Gy through 2 Gy fractions with a 24-hour
interval.
Radiation-induced damage was quantified using hematoxylin and eosin (H&E). DSB detection and repair proteins were visualized and
quantified using antibodies against 53BP1, and RAD51 respectively. As in cell culture, CMS showed intranuclear loci of damage and
repair, mostly in the proliferative basal cell layers. Maximum percentages of damaged basal layer keratinocytes was 54.8% using H&E
(12Gy), up to 78.9% (12Gy) for 53BP1.
This study shows the feasibility of DNA repair markers to quantify radiation damage. This is an important step forward in the study of
mucositis and the development of treatment and prevention strategies, proving once more the power and clinical importance of tissue
engineering.
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Viral vectors for cardiovascular gene therapy
S. White
University of Glasgow, Glasgow, United Kingdom
Cardiovascular complications of atherosclerosis account for the largest cause of mortality in the developed world. Medical
intervention to resolve the impaired blood flow to distal ischemic tissue involves widening the stenotic artery (e.g. angioplasty or
stent placement) or bypass of the narrowed region using a vascular conduit. Millions of these procedures are performed each year
but long-term maintenance of blood flow is hampered by remodelling of the artery subjected to angioplasty or venous conduit, as a
response to the damage caused, or to accommodate the increased arterial pressure.
Whilst these procedures are different, there are several shared processes that are involved in the pathologies of post-angioplasty
restenosis and vein graft failure, including thrombosis, and migration and proliferation of medial smooth muscle cells which results in
neointimal formation and renarrowing of the vessel lumen with superimposed atherosclerosis. To counter this, there have been
numerous preclinical studies that have used overexpression of different genes to affect the remodelling process, limit proliferation
(or induce apoptosis) and thereby prevent lumen occlusion. Significant reduction in neointimal formation in animal models has been
achieved by overexpression of 30 different genes for post-angioplasty restenosis and 10 for vein graft failure.
The vector of choice for cardiovascular gene transfer is the adenoviral vector (Ad), due to its relative efficiency of gene transfer.
Overexpression of genes using Ads can give robust transgene expression; however this is only transient, with the majority of
expression having declined by 21 days. Improvement in Ad vector design with the modification of vector genome, tropism and
expression cassette should increase the efficiency, specificity and longevity of transgene expression. Recent advances in
adenoassociated viral vectors and lentiviral vectors suggest that these may have utility, but these improved vectors have yet to be
tested for vascular gene transfer in in vivo models.
Gene transfer has furthered our understanding of cardiovascular pathologies and hinted at its therapeutic potential. Numerous
genes have been validated in animal models for their ability to positively affect the processes of restenosis and vein graft failure.
However optimised vector systems are awaited to carry this approach into the clinic.
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Modification of the foreign body response by localized DNA delivery from biomaterials
T. R. Kyriakides
Yale University, New Haven, (USA
The interaction of biomaterial-based constructs and devices with host tissues elicits a series of inflammatory-like reactions that
collectively form the foreign body response (FBR). Implantation of biomaterials in genetically modified mice has led to the
identification of host-derived molecular modifiers of the FBR. For example, studies in mice that lack thrombospondin (TSP)-2 and
monocyte chemoattractant protein (MCP)-1 have highlighted the importance of these molecules in angiogenesis and foreign body
giant cell formation, respectively. We hypothesized that the localized and prolonged delivery of DNA, specifically designed to target
the expression of function of molecules such as TSP-2 and MCP-1, from biomaterials would attenuate aspects of the FBR. To test
this hypothesis we have used a gene-activated matrix approach to coat biomaterials with plasmid DNA. In addition, we have
successfully incorporated plasmid DNA in the scaffold component of tissue-engineered constructs. Both techniques allowed
prolonged expression in vivo, up to at least 4 weeks, of plasmid-encoded cDNA and altered the progression of the FBR in a manner
consistent with the function of the targeted molecules. More importantly, we observe a very localized response and no adverse
responses towards our modified implants.
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Controlling The Availability and Cellular Uptake and Expression of Plasmid DNA
D Mooney
Division of Engineering and Applied Sciences, Harvard University, USA
Non-viral gene vectors are attractive for the promotion of localized growth factor expression and tissue regeneration, but suffer from
low levels of transfection and cellular expression. Attention to date on this issue has focused on optimizing the physical and
chemical properties of the vectors to enhance their efficiency, but we have hypothesized that one may also significantly increase the
efficacy of these vectors by providing for their sustained and localized release, and manipulating the microenvironment of the target
cells to increase their uptake of the vectors. To accomplish a sustained and localized release of non-viral vectors, we have
developed material systems that allow for the incorporation and subsequent release of either naked or polycation-condensed
plasmid DNA. This approach allows for the kinetics of gene expression to be regulated, and either transient or long-term (e.g., 1015 week) expression of plasmids can be achieved in vivo. Alternatively, the tendency of cells to take up and express plasmid DNA
encoding desired gene products may be manipulated by controlling their adhesion to materials provided in the local environment
(e.g., regulate adhesion ligand density, organization, and the stiffness of the presenting material) and their exposure to proliferation
factors. Altogether, these approaches provide a means to precisely regulate the spatial and temporal expression of growth factors
that drive the regeneration of various tissues (e.g., bone), and may hasten the clinical utility of non-viral gene therapy approaches in
tissue engineering.
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Autologous chondrocytes transplantation in treatment of degenerative disk disease
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Objective
Transplantation of autologous chondrocytes may represent a treatment option for degenerative disk disease, possibly allowing to
restore normal disk anatomy and function.
Methods
Surgical fixation of rat tail in bend position resulted in angular compression of caudal intervertebral disks inducing their degeneration.
After surgery, resulting angles between the end plates and asymmetric load of intervertebral disks featured human lordosis. 3 month
after surgery, puncture and removal of one nucleus pulposus was performed in each of 60 rats. Residual space was filled with tissue
construction containing gelatinous vehicle with suspended BrdU-labelled autologous chondroblasts (coll II+, aggrecan+). High-resolution
computed tomography (CT) and magnetic-resonance imaging (MRI), morphological and immunohistochemical assessments of the
affected disks and implanted constructions were performed throughout the study.
Results
Morphologically, degeneration of nucleus pulposus and annulus fibrosus was present at 1 month and further increased at 3 month.
Immunohistochemistry showed decrease of aggrecan, increase of aggrecanase, presence of denaturated collagen II and imbalance in
different types of collagen. Following transplantation of the tissue construction, BrdU+ labeled cells were present at each time point of
the follow up, and the disks lacking nucleus pulposus were filled with hyaline cartilage in 90 days; their height was restored.
Conclusions
This model proved to be reliable and reproducible. Transplantation of tissue construction containing autologous chondrocytes resulted
in renewal of intervertebral disk through hyaline cartilage formation.
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An osteochondral full thickness lesion was produced in the medial femoral condyles of twelve sheeps. The ICMs arising from day 6-7
blastocysts were isolated by immunosurgery, disaggregated, seeded and cultured onto mitomicin-C inactivated mouse STO fibroblast
(feeder layer)s for at least 2 passages (15 days of culture). The pluripotent cells were then isolated from feeder layer and seeded on
fibrin glue before the transfer. We proceded with aspiration of ES cells in fibrinogen and successively addition of trombin at time to
transplantation. In 12 sheeps, in correspondence of medial femoral condyle on both knees, we performed a hole 5 mm diameter and 3
mm in depth with anatomic drill be careful to avoid bleeding, obtaining an chondral full thickness lesion. The creation of full-thickness
defects was performed in such a manner as to render it impermeable to blood-borne cells and signaling substances emanating from the
subchondral bone-tissue spaces. After this, into the left knee 170 μl of Tissucol were inserted whether on right knee170 μl of Tissucol
with 120.000 ES cells into the hole. The number of stems cells obtained initially correspond to the maximum quantity avalaible before
the last differentiation of them.
The new tissue obtained was tested using the ICRS classification, and analysed biomechanically by the Artscan 200 series. We
performed besides immunohistochemical evaluation of cartilage to check collagen type I.
Results
The compressive stiffness of the reparative tissue was higher in the treated group than in the control group .
Four weeks after transplantation immunohistological analysis show in the treatment group cartilaginous tissue; The cells in the repair
cartilage were round and arranged in numerous small clumps; the matrix showed strong metacromasia, indicating that this was hyaline
cartilage. eight weeks after transplantation, the cells were largely distributed on the area and the repair tissue still resembled hyaline
cartilage. In the extracellular matrix it was possible to distinguish specific tissue types like Type I, Type II and proteoglycan. In the
control group four weeks after implantation fibrous tissue filling the defect with spindle-shape mesenchymal cells were observed. After
eight weeks the repair tissue implanted was fibrous with prevalence in extracellular matrix of Type II collagen.
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Modulation of Collagen Network Formation to Improve Cartilage Tissue Engineering
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Cartilage tissue engineering is hampered by low production of collagen. The present study was designed to test whether initial blockage
of collagen crosslinking would stimulate collagen synthesis and whether subsequent formation of the crosslinks would result in a
functional collagen network. Bovine articular chondrocytes were cultured in alginate beads for 5 weeks in presence (+) or absence (-) of
the lysyl oxidase inhibitor BAPN (0.25 mM) followed by 5 weeks without BAPN (+/- or -/-). Collagen deposition and amout of crosslinks
(HPLC) and gene expression of collagen type 1 and 2 and SOX9 (RT-QPCR) were measured. Alginate constructs of 3 mm thick and 6
mm in diameter were used to determine the equilibrium modulus and de secant modulus by unconfined compression. Here, an extra
control was added to examine the effect of no crosslinks after 10 weeks of culture with BAPN (+/+). Inhibition of crosslinking doubled the
amount of collagen deposited. After 5 weeks, more collagen in the BAPN condition seems to be able to compensate for the lack of
crosslinks, indicated by a higher equilibrium modulus (410 Pa vs. 797 Pa). When after 10 weeks the amount of collagen is further
increased, crosslinks also seem to be important in improving the stiffness of the matrix. From week 8 onwards, i.e. 3 weeks after
removal of the crosslink inhibitor, crosslinks returned approaching the level of the control at week 10 (i.e. 0.70 HP crosslinks/ collagen
molecule). With equal amount of crosslinks (-/- and +/-) the equilibrium modulus is higher when more collagen was present. However,
the absence of collagen crosslinks together with more collagen resulted in a higher permeability of the matrix indicated by the lower
secant modulus. During the culture, SOX9 expression was not influenced by addition of BAPN whereas the COL2/COL1 ratio was
higher, indicating inhibition of crosslinks results in more collagen without affecting chondrocyte phenotype significantly. In conclusion,
modulation of the amount of collagen and the amount of crosslinking, during cartilage tissue regeneration has an effect on the functional
properties of the construct. More collagen together with the appropriate number of crosslinks results in a stiffer matrix.
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Collagen Type V Enhances Matrix Contraction By Human Periodontal Ligament Fibroblasts Seeded
In 3d Collagen Gels
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Introduction
Extracellular matrix (ECM) components play important roles in modulating cellular phenotype and activity. To study the effects of these
components on cellular activity, cells are cultured in a 3D gel. As a result of the interactions between cells and ECM, the gel contracts
and reorganizes into a dense, tissue-like structure [1]. A connective tissue contains several types of collagen. Yet, the effects of different
collagen types on cell activity are rarely tested. We investigated the effects of collagens I, III and V on contraction by fibroblasts.
Methods:
Human periodontal ligament fibroblasts were cultured in collagen gels composed of collagen I alone or in combination with 10%
collagen III and/or 5% collagen V. Contraction of the gels was assessed.
Results
Gels containing collagen V contracted much faster than those without this type of collagen. Blocking of the integrin beta1-subunit with
an activity-blocking antibody delayed (gels with collagen V) or almost completely blocked (gels without collagen V) contraction. Use of
an antibody directed against integrin alpha2beta1 resulted in delay of gel contraction for gels both with and without collagen V.
Incubation of fibroblasts with RGD peptides or an antibody directed against integrin alphavbeta3 partially blocked contraction of gels
containing collagen V, but had no effect on gels containing collagen I only.
Discussion:
We showed that collagen V strongly enhances fibroblast-dependent contraction of gels. This contraction is mediated by the integrin
beta1-subunit and integrin alpha2beta1. Since RGD peptides and an antibody directed against integrin alphavbeta3 affected contraction
of gels containing collagen V but not gels without this type of collagen, we assume that a direct interaction between the fibroblasts and
collagen V is likely to occur. The enhanced gel contraction in the presence of collagen V could be due to contribution of additional
collagen-binding integrins, e.g. alpha11beta1, and/or integrin alphavbeta3. We conclude that collagen V may play an important
modulating role in enhancing connective tissue contraction; a process that may occur during the initial stages of wound healing or tissue
regeneration.
[1] Bell E, Ivarsson B, and Merrill C (1979) PNAS 76. 1274-1278
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Objective:
To optimize a three-dimensional (3D) alginate based tissue model of in vitro engineered cartilage for the analysis of molecular
processes involved in cartilage destruction and inhibition of cartilage regeneration by factors released from synovial fibroblasts in
rheumatoid arthritis (RA).
Methods
Alginate beads with encapsulated passage 2 (P2) human chondrocytes were cultured for 2 weeks to restore their differentiated
properties and to develop a cartilage-like tissue. Differentiation of neo-cartilage beads was verified by real-time RT PCR and
immunhistology for cartilage markers. After 2 weeks of differentiation the beads were stimulated for 48h with supernatant of SV40T
antigen immortalized human synovial fibroblasts (SF) derived from a healthy donor (NDSF) and from a RA patient (RASF). The gene
expression pattern of NDSF and RASF stimulated chondrocytes was analyzed by Affymetrix HG-U133A oligonucleotide microarrays.
Differentially expressed genes were identified using Affymetrix GeneChip Operating Software (GCOS) and Robust Multi-Array Analysis
(RMA).
Results
The neo-cartilage alginate beads were round in shape, identical in size, with a mean diameter of 2,14mm and a final concentration of
20Mio cells/ml. High quality total-RNA suitable for real-time RT PCR and microarray application could be obtained from alginate beads.
Affymetrix HG-133A analysis showed differential expression of neo-cartilage beads stimulated with RASF conditioned medium
compared to NDSF stimulated beads. GCOS and RMA statistical analysis revealed an overlap of 68 genes showing differential
expression: 44 genes were upregulated (≥2 fold increase) and 24 genes were downregulated (≤2 fold decrease). Upregulated genes
were related to inflammation, apoptosis and matrix degradation (CXCL1-3, CXCR4, IL8, IL1RN, IFIs, COX2). Downregulated genes
were associated with matrix formation (COMP, Versican, Spondin 1, CTGF). The genome-wide microarray data displayed the regulation
of distinct genes already described as relevant in RA. Moreover, new marker genes were detected and will be further analyzed.
Conclusion
3D tissue cultures of expanded human chondrocytes stimulated with RASF supernatant show a distinct RA relevant expression profile
with markers of inflammation and destruction stimulated in chondrocytes. Therefore, the in vitro cartilage tissue model may be a useful
tool to screen for anti-rheumatic drugs and to characterize the molecular effects of pharmaceuticals on cartilage in arthritis.
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Synovial fibrosis caused by TGF-beta is blocked by Smad7 during TGF-beta induced cartilage repair
EN Blaney Davidson
UMC St Radboud, Nijmegen, NIJMEGEN, The Netherlands
Introduction
One of the main problems in joint diseases is cartilage damage. TGF-beta is known to induce proteoglycan (PG) production by
chondrocytes thereby stimulating repair of damaged cartilage. However, TGF-beta overexpression in knee joints results in synovial
fibrosis. Our objective was to investigate whether adenoviral overexpression of TGF-beta in knee joints damaged by IL-1 can stimulate
cartilage repair and whether unwanted TGF-beta-induced fibrosis could be blocked by simultaneous overexpression of TGF-beta with
its intracellular inhibitor smad7.
Methods
Cartilage damage was induced by intra-articular IL-1 injection in murine knee joints. After two days ad-TGF-beta (adenovirus encoding
active TGF-beta) was injected. On day 4 knee joints were isolated. The proteoglycan content of cartilage was measured in safranin O
stained parafin sections with a computerized imaging system. Proteoglycan synthesis was assessed by measurement of 35S-sulfate
incorporation in patellar cartilage.
Fibrosis was quantified by measuring synovial thickness in safranin O and fast green stained sections and analyzing the number of
procollagen type I positive cells in the synovium in knee joints injected with Ad-TGF-beta + control virus, Ad-smad7 + control virus or
Ad-TGF-beta + Ad-smad7.
Results
IL-1 injection initially results in reduced proteoglycan synthesis with a minimum around day 2. Thereafter it rises to levels above normal.
Proteoglycan synthesis was significantly elevated 4 days after intra-articular IL-1 injection. This increase was insufficient to overcome
the IL-1-induced damage as the proteoglycan content of cartilage was significantly reduced. TGF-beta overexpression after IL-1
exposure boosted the elevated in proteoglycan synthesis resulting in almost complete restoration of the proteoglycan content.
TGF-beta overexpression also resulted in increased synovial thickness and number of procollagen type I positive cells. By simultaneous
overexpression with smad7 both synovial thickness and the number of procollagen type I positive cells were strongly reduced while the
cartilage protective effects of TGF-beta remained.
Conclusions
Adenoviral overexpression of TGF-beta strongly stimulated articular cartilage repair as measured by proteoglycan synthesis and
content. Fibrotic side-effects of TGF-beta overexpression in synovial tissue can be inhibited by co-transfection with smad7. Our results
indicate that overexpressing TGF-beta can be a good candidate to stimulate cartilage repair and that side effects can be blocked.

Figure: TGF-beta induced synovial fibrosis can be blocked.
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Dynamic living air leak sealants using tissue engineered cell sheets
MK Kanzaki, MY Yamato, HS Sekine, JY Yang, CK Kohno, TO Okano, TO Onuki
Tokyo Women's Medical University, TOKYO, Japan
Even though fibrin sealants have been used as pulmonary sealants for 20 years, results have been inconsistent. This failure has been
attributed to the relatively low tissue adherence of fibrin sealants.
Objective
To develop a novel method to seal intractable air leakage intraoperatively utilizing autologous dermal fibroblast sheets (DFS) fabricated
with cell sheet engineering.
Methods
A 2-by-2-cm specimen of skin was surgically excised from specific pathogen free male pigs (n=5, weighing 40 to 45 kg), and primary
dermal fibroblasts were cultured on tissue culture polystyrene culture dishes for up to 2 weeks. Then, expanded fibroblasts were
replated on 50-mm square-designed temperature-responsive culture surfaces, and reached confluency within one week. Transplantable
DFSs were harvested after another one week of culture. Under general anesthesia, five pigs were intubated with a double-lumen
endotracheal tube, and were placed in the lateral decubitus position. A right-lateral thoracotomy was performed, and incision 15-mm
long and 10-mm deep was made using scissors. Air-leakage from lung was confirmed by continuous air bubble. Autologous DFSs were
transplanted onto the pleural injury.
Results
Harvested autologous DFSs consisted of one to three cell layers. Two DFSs tightly adhered to pulmonary parenchyma with pleural
defect and transplanted to close air leaks. Grafted DFSs were flexible to follow mechanical ventilation, so that they never slipped on the
lung surfaces. Under typical conditions of continuing mechanical ventilation and airway pressure less than 25 cm H2O, no air leaks
were observed in water seal test. No air-leak, such as pneumothorax or subcutaneous emphysema, was observed in all the animals
transplanted with DFSs within the follow-up period up to 4 weeks. The DFSs maintained the closure of the pleural defects and were
flexible to allow for lung expansion and contraction during respiration, even under mechanical ventilation. Histological examination
revealed that transplanted DFSs produced abundant extracellular matrix and reinforced visceral pleura. Immunohistochemistry for
fibroblast marker, vimentin revealed that the transplanted DFSs were mainly composed with fibroblasts.
Conclusion
Tissue engineered DFSs has biocompatibility, the combination of flexibility and strength, air tightness, and adhesiveness. Autologous
DFSs should be proved for sealing pulmonary air leaks and reinforce visceral pleura.
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Optimising Bioglass-based glass-ceramic foam scaffolds for hard tissue engineering
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The first and foremost function of a tissue engineered scaffold is its role as substrate for cell attachment and subsequent growth and
proliferation. However, cells do not attach directly to the culture substrate; rather they bind to the attachment proteins that are adsorbed
to the substrate. Like standard tissue culture plates, tissue engineering scaffolds can be chemically treated to enhance adsorption of
proteins, a process called surface functionalisation. In this work, novel highly porous 45S5 Bioglass -based scaffolds were
functionalised, for the first time, using 3-AminoPropyl-TriethoxySilane (APTS).
The fabrication of scaffolds involved the development of a new replication technique using 45S5 Bioglass powder. A slurry of 40 wt.%
Bioglass particles (mean size ~5 m) in water was prepared with poly(vinyl alcohol) addition. Polyurethane foams were immersed in
the slurry for 15 minutes and dried at room temperature for at least 12 hrs. An optimum sintering condition was found to be 1000°C/1hr,
with heating and cooling rates being 2°C/min and 5°C/min, respectively. Under this condition, nearly full densification of the foam struts
occurred and fine crystals of Na2Ca2Si3O9 formed, which conferred the scaffolds the highest possible compressive and flexural
strength for this foam structure. The bioactivity of functionalised scaffolds was investigated using simulated body fluid. It was found that
functionalisation accelerated the structural transition from crystalline Na2Ca2Si3O9 to an amorphous phase, which was an initial step of
the formation of hydroxyapatite. However, the chemical change from 45S5 Bioglass to hydroxyapatite was delayed in the
functionalised scaffolds. The possible mechanisms will be discussed together with the implications for the use of the novel
functionalised Bioglass -based scaffolds in bone tissue engineering
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Reversibility of Biomolecule Adsorption onto Starch Based Biomaterials
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Protein-surface affinity is an important parameter in protein/biomaterial interfacial reactions. In this study the reversibility of protein
interaction with Starch-based Biomaterials (SBB) was evaluated. Real time protein adsorption/desorption was studied by means of
Dynamic Contact Angle (DCA) for measurement of kinetic hysteresis (H). H Profiles were correlated to Laser Scanning Confocal
Microscopy (LSCM).
Biodegradable polymeric blends of corn starch with cellulose acetate (SCA), ethylene vinyl alcohol (SEVA-C) and polycaprolactone
(SPCL) were studied. Tissue Culture Polystyrene (TCPS) was the control surface. Human serum albumin (HSA), fibronectin (HFN),
vitronectin (HVN) and fibrinogen (HFBG) were investigated. The surface response to protein solutions was investigated using the
Wilhelmy method. Advancing and receding DCAs were obtained and H compared for all the materials on 60-loop experiments. Samples
were immunofluorescently labeled and observed by LSCM, to evaluate the retention/desorption of proteins on the surfaces. DCA was
also performed using protein-free buffer from cycles 30 to 60. The different H profiles and LSCM were compared between the two
experimental sets. Statistical analysis was performed by one-way ANOVA.
DCA analysis proved to be a sensitive method to assess the surface effect of proteins. All materials presented, at the first loop of the
desorption phase, a rapid change in H threshold due to the shift of the receding DCA to the hydrophobic region. SCA surfaces showed
higher reversibility of HFBG. Both H profiles and LSCM imaging demonstrated the HSA high affinity to SEVA-C surfaces (Fig.1) in
contrast to HVN that was removed from the surface following the desorption phase. Regarding SPCL, heterogeneous HSA desorption
was observed as patches of fluorescence and was observed after immersion in the protein free buffer and F/L hysteresis suggested
higher adsorption irreversibility for HVN and HFBG.
On the basis of the Wilhelmy method it was possible to determine the complex changes of advancing and receding parts of H curves
during the formation of protein films, providing new insights into strategies for the biomaterial’s surface manipulation. The DCA method
enabled the measurement of time dependent changes of the wetting tension at the solid/liquid interface caused by adsorption and
desorption of proteins.
Acknowledgements. FCT, Portugal (SFRH/BD/11188/2002), FEDER, POCTI and EU Project HIPPOCRATES (NMP3-CT-2003505758). This work was carried out under the scope of EU NoE EXPERTISSUES (NMP3-CT-2004-500283).
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Glucose Monitoring in Plastic Compressed and Double Compressed Collagen Constructs:
Implications for Tissue Engineering
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Development of a novel cell encapsulation system based on natural origin polymers for tissue
engineering applications
SM m Luna, JV Araujo, ME Gomes, JF Mano, RLReis
3B's Research Group, BRAGA, Portugal
Microencapsulation has proven to be an effective method of immunoprotecting cells or proteins for implantation into unmatched
recipients allowing simultaneously for their delivery via non-invasive procedures, as microcapsules can be injected into a target tissue
defect.
This work focuses on the development of novel cell encapsulation systems based on polyelectrolyte complexes between mixtures
containing carrageenan and alginate, which behave as polyanions, and chitosan, a well known pH-dependent polycation, for tissue
engineering applications.
Microcapsules were produced by ionic interaction, where a 1,5% aqueous solution of alginate + iota carrageenan, was extruded
dropwise through a 0,3 mm needle, using a syringe pump, into a 0,05M CaCl2 - 0,2M NaCl solution. Following this, the microcapsules
were coated with 0,15% (w/v) chitosan 0,0085M HCl + B-Glycerophosphate (B-GP) solution. Finally, microcapsules were added to a
0,05% (w/v) i-carrageenan solution and immersed in PBS for microscopy observations.
Different ratios of the polymers and different pH of the chitosan/B-GP solution were studied in order to determine the best
formulation/conditions to obtain the microcapsules.
The stability of the developed microcapsules was analyzed by immersion in culture medium and PBS.
Preliminary tests were performed in order to encapsulate cells onto of developed microcapsules; the viability of the encapsulated cells
was also evaluated.
The results showed that it was possible to develop a new system for cell encapsulation based on carrageenan-alginate polymers. The
properties of the carrageenan-alginate-chitosan microcapsules can be controlled by polyanion concentration and molar mass of the
polycation. The microscopic observations showed modifications of membrane roughness due to pH of chitosan/B-GP solution.
Microcapsules produced with 30%-70% of each polymer and chitosan/B-GP solution at pH 5.0 showed better results in comparison with
the others conditions. The microcapsules exhibit round shape, thin and smooth surface and exhibit good stability in PBS and in culture
medium. Preliminary cell encapsulation assays showed that it was possible to keep cell viability in all microcapsules developed,
demonstrating the high potential of the developed system for tissue engineering applications.

Figure: Capsules carrageenan+alginate.
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PEG-Alginate Hydrogels: Can we make strong hydrogels with large pores?
H Hadisaputra, JJ Cooper-White
University of Queensland, BRISBANE, Australia
Introduction
Alginate-based hydrogels have enjoyed reasonable popularity over the last decade as viable scaffolding candidates for tissue
engineering applications, with the majority of cases relying on calcium mediated ionic crosslinks to form physical crosslinks between
adjacent alginate chains. Although calcium is a reasonable crosslinker, it has been shown to limit the ultimate strength of these
hydrogels. Further calcium-based alginate hydrogels change properties with time invivo without any structural degradation of the
alginate itself, that is, the calcium concentration within the hydrogel may change and produce a weaker, less resilient gel. For this
reason, researchers have begun investigating PEG-crosslinked alginate gels. However, even though stronger gels were formed, very
little is still known as to the true structure-function-property relationships which exist for PEG-initiated chemically crosslinked alginate
gels.
Method
In this study, an alginate is chemically cross-linked with polyethylene glycol (PEG) of varying architectures. The gelation kinetics of this
hydrogel system as a function of temperature, cross-linker concentration and cross-linker architecture were investigated using small
amplitude oscillatory shear. The effects of these variables on the gel point and shear modulus of the produced gels have been
determined. The architecture of the hydrogels was studied using Cryo-SEM.
Results
The gelation kinetics were substantially increased by an increase in the number of branches on the PEG crosslinker and an increase in
the stoichiometric ratio of alginate:PEG arms. A maximum was however reached, which was a distinct function of the number of PEG
arms. Hydrogels with variations in Young’s modulus of over an order of magnitude higher than in the case of a linear PEG crosslinker
were produced through the introduction of branched PEG. The average pore sizes of the hydrogels were shown to display a highly
nonlinear relationship with cross-linker concentration. Counter intuitively, the largest pore sizes were observed in the alginate-PEG
hydrogels which had the highest recorded shear and elastic modulus.
Conclusion
This study shows that it is not the pore size of hydrogels which determines the resultant mechanical properties, but the inherent strength
of the walls which make the pores. Ultimately, it may be possible to produce hydrogels which present not only large pores (of the size of
cells or greater) but also the required mechanical properties for tissue engineering applications.
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Long Bone Critical-Size Defects Treated with Tissue Engineered Grafts: A Study on Sheep
1

2

1

1

1

1

1

1

1

HP Petite , vv Viateau , GG Guillemin , VB Bousson , OK Oudina , HD Hannouche , SL Sedel , LD Logeart-Avramoglou , HP Petite
1
University Paris 7 Denis Diderot, PARIS, France
2
Service de chirurgie, ecole vétérinaire, MAISONS-ALFORT, France

Standardized particulate (rather than individual massive) bone constructs, obtained by expanding autologous mesenchymal stem cells
onto coral granules in vitro, were transplanted into long-bone, critical-size defects in sheep. Control experiments were also performed in
which autologous bone grafts were implanted. Defect cavities were lined with a preformed vascularized membrane (induced by
temporarily inserting a cement spacer for 6 weeks prior to bone construct implantation), which served as a mold keeping the
engineered bone granules in place and may provide a source of blood vessels. Radiographic, histological and computed tomographic
tests performed 6 months later showed that the osteogenic abilities of engineered bone construct and bone autografts were similar and
significantly greater than those of coral scaffold alone. The present study on a clinically relevant animal model provides the first
evidence that (i) standardized particulate bone constructs can be used to efficiently repair large bone defects and (ii) that the
osteogenic ability of bone constructs is similar to that of bone autografts, the bone repair benchmark. The present approach involving
the use of bone constructs engineered from granules is much simpler than preparing customized massive constructs using computerassisted techniques, and this innovative surgical strategy is therefore likely to be widely adopted in the future.
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Posterior Spinal Fusion Utilizing Nonvirally Engineered Fat-Derived Mesenchymal Stem Cells
D Sheyn, Y Zilberman, Z Gazit, D Gazit
Hebrew University in Jerusalem, JERUSALEM Israel
Introduction
Spinal fusion has become a popular surgical technique in different pathological conditions of the spine. However, to date most of these
procedures rely on synthetic fixation devices rather than on a reliable biological treatment. We have recently published a novel system
of bone formation in vivo using non-virally nucleofected human mesenchymal stem cells (MSCs) overexpressing a BMP gene.
Therefore we hypothesized that primary MSCs nucleofected with human BMP-6 (hBMP-6) gene, could induce bone formation leading to
spinal fusion in vivo.
Methods
Porcine MSCs were isolated from freshly harvested adipose tissue. The overexpression of hBMP-6 was achieved by ex vivo non-viral
transfection using electroporation-based nucleofection technique. The transfection efficiency was monitored by parallel transfection with
pGFP reporter gene and flow cytometric analysis of the transfected cells. The amount of hBMP-6 protein secreted by the cells was
measured by an ELISA assay. 24 hours post transfection 5x106 nucleofected cells were injected into the para-vertebral muscle of the
lumbar spine of NOD/SCID mice. In vivo bone formation was monitored in real time, using non-invasive fluroscan device and
quantitative micro computerized tomography (µCT) system.
Results
Flow cytometric analysis showed that 70% of nucleofected MSCs expressed pGFP 24 hours post transfection. MSCs nucleofected with
hBMP6 secreted 41.36ng protein/106 cells, detected by ELISA assay. First evidence of bone formation was observed on week threepost injection. The animals were sacrificed five weeks post injection and spinal fusion was evaluated by in vitro µCT and histological
analysis. Our results indicated the formation of large bone mass adjacent to the lumbar area of the mice, leading to posterior spinal
fusion of 2- 4 vertebrae.
Conclusions
Our data demonstrate for the first time that an efficient spinal fusion can be achieved by ex vivo, non-virally transfected primary
MSCs.These results could pave the way to a novel biological solution for spine treatment.
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Application of hyaluronan-based scaffolds in musculoskeletal tissue engineering
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Tissue engineering strategies utilize specific combinations of cells, scaffolds and bioactive factors with the aim to functionally substitute
damaged tissue. It has been hypothesized that hyaluronan-based matrices mimic the embryonic hyaluronic acid-rich environment
supportive for progenitor development. Our approach to these issues is based on hyaluronan derivative polymers. This review will
present experimental evidences that allow to consider hyaluronan as a smart biomaterial for clinical application of tissue engineering
strategies, especially for musculoskeletal tissue restoration. HYAFF is a class of hyaluronan derivative polymers obtained by coupling
reaction. The strategy behind the creation of these polymers was to improve the stability of the polymer by esterifying the free carboxyl
group of glucuronic acid, frequently repeated along the hyaluronic acid chain, with different types of alcohols. This chemical modification
acts both by reducing the hydrophilic, negatively charged, carboxyl groups of the polyanionic polysaccharide and increasing its
hydrophobic components. By modifying the percentage of esterification is then possible to tailor the biomaterial residence time in vivo
spanning from days to months. Once esterification of the polymer has been obtained, the material can be processed to produce
membranes, fibres, sponges, micro spheres and other devices, by extrusion, lyophilization or spray drying giving the possibility to
develop a variety of hyaluronan-based scaffolds. The benzyl esters of hyaluronan, termed HYAFF -11, are one the most
characterized, from both the physicochemical and biological viewpoints, produced starting from hyaluronan of about 200 KDa. HYAFF
derivatives are used as adjunct in orthopaedic and dental surgery where bone grafting is required. When used as a cell carrier in adult
organisms, these matrices tend to promote the recapitulation of the events that facilitate tissue repair. These findings supported the use
of HYAFF -11 scaffolds for autologous chondrocyte implantations. Hyaluronan presents a variety of multi-functional activity being both
a structural and informational molecule. The possibility to elaborate this natural polymer in different physical forms gives the opportunity
to translate tissue engineering strategies in clinical practice providing a biomaterial that induces and modulates the sequence of events
that lead to regeneration of damaged tissues.
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The role of human CD34+-subsets in neovascularization and recruitment of inflammatory cells after
subcutaneous implantation in the nude mouse
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Endothelial Progenitor Cells (EPC) are promising for therapeutic neovascularization after ischemic injury. We hypothesize that the
inflammatory micro-environment into which EPC migrate plays a determinative role in their participation of neovascularization. A general
concept is that EPC are bone marrow-derived and carry hematopoietic surface markers such as CD34, CD133, and KDR. However,
distinct subsets of EPC may react differently to local (inflammatory) stimuli. In this study, we isolated different EPC subsets, based on
their membrane marker expression and investigated their ability for neovascularization in a nude mouse model.
EPC were isolated from peripheral blood mononuclear cells, and based on the expression of CD34, CD133 or KDR (VEGFR2) single
positive and distinct CD34+-subsets were sorted using FACS methods, incorporated in Matrigel and implanted subcutaneously in nude
mice (10,000 cells) for 2 weeks. Explants were evaluated with (immuno)histochemistry and qRT-PCR.
Based on the expression of a single EPC marker, only CD34+-cells, i.e. not CD133+- or KDR+-cells, induced a cellular reaction after
subcutaneous implantation. This cellular reaction only involved murine cells and comprised of a significant neovascularization which
was accompanied by the recruitment of inflammatory cells, monocytes and macrophages in particular. Human CD31+/vWF+ endothelial cells were still observed, but only in the CD34+-population. In the CD34+-subsets, an induction of host-angiogenesis was
observed in both the CD34+/CD133-/KDR-- and the CD34+/CD133+/KDR--subset, as reflected by the presence of murine
CD31+/vWF+/VEGF+-cells. Nevertheless, occasionally clusters of human CD31+/vWF+/VEGF+-endothelial cells were observed, but
only in the CD34+/CD133-/KDR-- and CD34+/CD133+/KDR--subset. Additionally, a subset-specific recruitment of the murine monocyte/
macrophage population was observed, which correlated with the extent of neovascularization.
In our murine hypoxic model for analysis of human EPC characteristics, the CD34+/CD133-/KDR--implant is indispensable for
neovascularization and recruitment of inflammatory cells. Initiation of vascularization and recruitment of inflammatory cells is probably
mediated by chemotactic factors secreted by these human EPC. The exact mechanism for neovascularization is currently under
investigation.
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Anterior Spinal Fusion using Injectable Genetically Engineered Adult Stem Cells
YT Tal, G Pelled, Y Zilberman, Z Gazit, D Gazit
Hebrew University, JERUSALEM, Israel
Spinal fusion has become a popular surgical technique used to provide segmental fixation and to maintain stability and correct deformity
of the spine. Stem cell'based therapy involving genetically engineered mesenchymal stem cells (MSCs) and bone morphogenetic
protein (BMP) genes can promote bone formation and lead to spinal fusion. Exogenous control and monitoring of transgene expression
in vivo is of great importance for gene therapy. In such a system, transgene expression can be regulated over time at a defined level of
expression, thus controlling the regeneration process. We hypothesized that direct injection of MSCs that overexpress the human BMP2 (hBMP-2) gene under a tetracycline-controlled expression system (Tet-Off system) could induce regulated bone formation and lead to
interbody anterior spinal fusion. We used a Tet-Off system in which genetically engineered MSCs harbor the inducible human BMP-2
expression vector. The system was regulated by the administration of Doxycycline (Dox), a tetracycline analog. Nude rats received an
injection of 10^6 genetically engineered MSCs into caudal intervertebral disc under fluoroscopic guidance. In the negative control group,
rats were supplied with Dox in their drinking water. Analysis of vertebra anterior fusion was performed using micro-computerized
tomography (uCT) scanning. In addition, engineered MSCs were also infected with retroviruses encoding for the luciferase and green
fluorescent protein (GFP) marker genes. Non-invasive monitoring of cell survival was performed by using a bioluminescence imaging
system and a novel in vivo fibered confocal microscopy system (Cell Vizio). Three-D reconstruction of uCT images demonstrate
extensive bone formation in the disc region, leading to interbody fusion (Figure 1A). We did not find any new bone formation in control
animals (Figure 1B). Longitudinal monitoring of MSCs revealed a high bioluminescence signal (Figure 2A, arrow) in injection site. More
over, GFP expressing cells were detected in the intervertebral disc up to 4 weeks post-injection (Figure 2B). Our data demonstrate for
the first time the use of an injectable, regulated, and monitored system for the induction of anterior spinal fusion. These results may
pave the way toward the advancement of a biological solution for spinal fusion that will replace currently nonoptimal prosthetic implants.
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MSCs Overexpressing Bcl-2 Showed Antiapoptosis and Improved Heart Function
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Objective
Transplantation of mesenchymal stem cells (MSCs) derived from bone marrow has been proposed as a therapeutic approach for
resuscitating cardiac functions following myocardial infarction damage. However, extremely low survial rate of 1% MSCs transplanted
into the myocardium yielded only marginal improvement of heart function. In this study, we transplanted antiapoptosis gene Bcl-2
modified MSCs in rat left anterior descending (LAD) ligation model and evaluated cell survival, engraftement, angiogenesis and
functional restoring after intracardiac injections.
Methods
Rat MSCs were genetically manipulated to overexpress Bcl-2 gene with non-viral vector. In vitro, cell proliferation, TUNEL assay and
Hoescht staining were used to evaluate the anti-apoptosis effects. In vivo, Bcl-2 engineered MSCs were injected into myocardium via
intracardiac injections in rat LAD ligation model (N=24). The survival cells were tracked by CFSE. Cell engraftment and angiogenesis
were analyzed by immunostaining. PV loop was employed to study functional improvement of infarcted heart.
Results
Bcl-2 modified MSCs showed antiapoptosis properties while keeping their functional capability of differentiation. In vivo, Bcl-2
overexpressed MSCs showed more survival rate of 70% compared with the control group. Cardiomyocyte differentiation and
angiogenesis were observed in experimental group. Further, animals with Bcl-2 modified MSCs transplantation exhibited improved
functional recovery compared to control animals.
Conclusion
This study supports the premise that anti-apoptosis gene modified MSCs may enhance the tolerance of engrafted MSCs to the arduous
environment incurred from ischemia, inflammatory response and proapoptotic factors, and have values for restoring cardiac function
after acute myocardial infarction.
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Platelet Rich Plasma and Keratinocytes Enhance Healing and Deposition of Fibronectin in a Porcine
Full Thickness Wound Model
P Vermeulen, S. Dickens, JJ Vranckx
KULeuven, LEUVEN, Belgium
Background
During the coagulation and inflammation phase of wound healing, a fibrin network assembles and thrombocytes (TC) and
Monocytes/Macrophages integrate in the clot secreting multiple growth factors (PDGF, VEGF, EGF, IL-1 and IGF). This tightly
orchestrated cellular and hormonal balance is essential to construct the baseline granulation tissue in which subsequent proliferation
and remodellation can proceed. Treatments accelerating or sustaining this initial response, could promote Full Thickness Skin Wound
(FTW) healing.
Platelet Rich Plasma (PRP) is composed of TC, Leukocytes and plasma. We present the use of PRP and autologous Keratinocytes
(KC) for the treatment of FTW in a Porcine Model.
Methods
20 FTW of 2 by 2 cm were created in a pig model. 180 cc of venous blood was harvested via the Internal Jugular Vein. The blood was
processed through a centrifuge (SorinGroup) according to protocol and 18 cc of PRP was harvested. At time of application, PRP was
mixed with glass and Calcium-activated thrombin (10:1 ratio). We designed 4 groups. PRP/KC-group received 1.125 ml PRP-gel and
500.000 KC. PRP-group received 1.125 ml PRP-gel. KC-group received 500.000 KC and S-group received 2 ml saline. Wounds were
covered with a polyvinyl wound chamber. Wound fluid was replaced daily with 2 ml saline. Biopsies were taken at day 8 to assess
reepithelialization, revascularization and matrix formation.
Results
Reepithelialization is significantly enhanced in the PRP/KC-group compared to PRP-group (p=0,0039) and S-group (p=0,001).
Reepihelializaton of PRP-KC-group versus KC-group was not significantly enhanced. CD144 stainings show enhanced
revascularization of PRP/KC-group compared to S-group (p=0,0001) and PRP-group (p=0,0002). The PRP-group showed no
significantly enhanced reepithelialization or revascularization compared to the S-group. However, qualitative study with fluorescent
antibodies for matrix molecules showed a higher deposition of Fibronectin in the granulation tissue in the PRP-group despite equally
detectable presence of Vimentin. The PRP/KC-group furthermore reveils a more mature dermo-epidermal junction (Collagen VII) and
KC differentiation (Involucrin).
Conclusions
PRP possibly can enhance deposition of matrix molecules in the inflammatory and proliferative phase of FTW healing. Moreover, the
combination of PRP and KC in FTW healing leads to enhanced reepithelialization and revascularization.
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An autologous tissue engineered skin substitute for surgical excision wounds.
KL Kroeze, G Kirtschig, E.M de Boer, HM van den Hoogenband, M Breetveld, SW Spiekstra, RJ Scheper, S Gibbs
VUMC, AMSTERDAM, The Netherlands
Background
Transplantation with a full thickness autograft is the gold standard for closure of surgical excision wounds and small deep burns. In our
laboratory an autologous full thickness substitute has been developed for healing chronic wounds. Our aim was to determine whether
this skin substitute is also suitable for closing surgical excision wounds.
Material and Methods
The autologous skin substitute is constructed from 3 mm punch biopsies obtained from the patient to be treated. One 3 mm biopsy is
required for each 1.5 cm2 skin substitute. A fully differentiated epidermis is reconstructed on fibroblast populated human donor dermis.
In three patients this skin substitute was applied to surgical excision wounds.
Results
In contrast to excellent healing observed after application to ulcers, application of the skin substitute to surgical excision wounds
resulted in hypergranulation. Contraction and scar quality was equivalent to that observed by secondary intention healing.
In order to determine the wound healing potential of the skin substitute, the skin substitute was compared to an autograft in vitro. The
skin substitute secreted greater amounts of growth stimulatory/angiogenic factors and lesser amounts of pro-inflammatory cytokines
than the autograft. Tissue remodelling factors were secreted to a similar extent by the skin substitute and the autograft.
Conclusion
This study emphasizes that we need to develop tissue-engineered skin substitutes specifically designed for the type of wound to be
treated. For example in acute wounds the skin substitute should secrete less growth- and angiogenic factors, in order to prevent
hypergranulation, compared to a skin substitute suitable for chronic wounds. The inflammatory status of the wound, the tendency to
heal and the final quality of the scar are major points for consideration.
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Scaffold Properties of the Collagen-Chitosan Matrix Crosslinked with Glutaraldehyde or betaGlycerol phosphate
MISS Faikrua
Naresuan University, PHITSANULOK, Thailand
Introduction
Collagen is the main structural element of skin and has been widely used in biomedical field because of its low antigenicity,
biocompatibility, and biodegradability [1]. However, the crucial problems of using collagen as biomaterial are the fast degradation and
low mechanical strength. Blending collagen with others polymer, together with crosslinking is one of alternatives for improving the
defects [2]. Chitosan is a cationic natural polysaccharide derived by deacetylation of chitin, which is abundant in Thailand. Chitosan
properties including biocompatibility, biodegradability, non-toxic, and low cost attracted our attention for being used to improve the
scaffold properties of collagen. Additionally, the different kinds of cross-linking agent were added in the blended collagen-chitosan
matrix to enhance its mechanical strength and reduce its degradation rate [3]. The aim of this study is, therefore, to evaluate the
physical and mechanical properties of the blended collagen-chitosan being crosslinked with glutaraldehyde or beta-glycerol phosphate.
Cytocompatibility and cell adhesion with keratinocyte cell of the developmental matrix were also investigated.
Materials and Methods
All matrices were prepared by casting technique. Collagen type I extracted from bovine tendon and chitosan from shell shrimp (MW
100,000, 95% degree of deacetylation, purchased from Seafresh Chitoan (Lab) Co., Bangkok, Thailand) were individual dissolved in
0.5M acetic acid. Collagen solution was blended with chitosan solution in various amounts of total polymer (0.5%, 1%, 2%, 3%, and 4%
w/v) and various proportions of collagen: chitosan (8:2 7:3, 6:4, and 5:5 by weight). The formulas of the matrix with high porosity were
selected to being crosslinked with various amounts of glutaraldehyde (Fluka, Buchs, SG, Switzerland) or beta-glycerol phosphate
(Fluka, Buchs, SG, Switzerland). Surface morphology and porosity of the prepared matrix were evaluated by scanning electron
microscopy (Leo Electron Microscopy. Inc, UK). Mechanical properties were evaluated by Tensometer (Instron5542, Instron
Corporation, Canton, MA, USA). Percent of swelling was determined using equation as following: percent swelling = (area of wet weight
' area of dry weight) x 100% / (area of dry weight). The enzymatic degradation was evaluated by using UV spectrophotometer
(PerkinElmer, Boston, MA, USA). Cytocompatibility of the developmental matrix toward human keratinocytes (ATCC No. CRL-2310)
was evaluated by placing the matrix on confluent keratinocytes. After that, the cell viability was observed by light microscopic.
Keratinocyte cells were also seed on the selected matrix and cultured for 3-5 days for investigation of cell adhesion and cell proliferation.
Results and Discussion
The matrices obtained from the blended collagen-chitosan with ratios between collagen to chitosan 8 to 2 (0.5 % of total polymer) and 7
to 3 (0.5% of total polymer) showed high porosity. The size of pore was in range of 100-200 um. Crosslinking with of glutaraldehyde or
beta-glycerol phosphate in concentrations of 0.15% w/w or 1.0% w/w, provided the matrix with lower percent of swelling, degradation
rate and higher mechanical strength., compared to the collagen matrix and the blended collagen-chitosan without the corsslinking
agent. Additionally, the developed matrix exhibited cytocompatibility and cell adhesion property.
Conclusions
Blending collagen with chitosan, together with crosslinking with glutaraldehyde or beta-glycerol phosphate could improve the physical
and mechanical properties of collagen matrix. In addition, the crosslinked collagen-chitosan matrices were compatible with human
keratinocyte cell and promoted cell adhesion. The obtained results indicate the potential of the developed matrix for application in skin
tissue engineering or wound healing in the future.
References:
1.Gomathi K., et al., Quercetin incorporated collagen matrices for dermal wound healing process in rat. Biomaterials 24, 1653-1661,
2003
2.Srivastava S., et al., In vivo evaluation and comparison of collagen, acetylated collagen and collagen/glycosaminoglycan composite
films and sponges as candidate biomaterial. Biomaterials 11, 155-161, 1990.
3.Shanmugasundaram N., et al., Collagen-chitosan polymeric scaffolds for the in vitro culture of human epidermoid carci- noma cells.
Biomaterials 22, 1943-1951, 2001.
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Reconstructed mucosa with cells from cleft palate patients
JW Von den Hoff, J Liu
Radboud University Nijmegen Medical Cent, NIJMEGEN, The Netherlands
Aim
Cleft palate repair is often hampered by a shortage of soft tissue, which leaves open wounds on the palate. The healing of these
wounds is accompanied by wound contraction and scar formation, which may impair dento-maxillary development. A suitable mucosal
substitute might prevent these complications. However, it is not clear whether palatal cells from patients have the same regenerative
capacity as cells from control subjects. The aim of this study was to compare the morphology, proliferation, and differentiation of
mucosa equivalents with cells from cleft palate patients and age-matched controls.
Material and methods
Biopsies from the hard palatal mucosa of eight non-syndromic cleft palate patients (1-2 y old) were obtained during primary closure of
the cleft. Biopsies from eight age-matched controls were obtained from patients undergoing tonsillectomy. Three biopsies from both
groups were processed directly for H&E staining and immunohistochemistry. Five biopsies from both groups were used to culture
fibroblasts and keratinocytes. Mucosa equivalents were prepared by seeding fibroblasts in de-epidermized human dermis (DED). After
one week, the keratinocytes were seeded on top of the DED and cultured for another 14 days. The equivalents were also processed for
histology.
Results
General histology (H&E) showed that the equivalents prepared from patient and control cells were very similar. Both possessed several
differentiated epithelial layers and a cornified layer. The number of cell layers was always less than in native mucosa. All equivalents
expressed the cytokeratins 5, 10, and 16, and the basal membrane marker heparan sulphate (HS), similar to native mucosa. The
distribution of the proliferation marker Ki67 was also similar in the equivalents and the native tissue. We conclude that the morphological
and immunohistochemical characteristics of equivalents prepared from patient and control cells are similar. Therefore, cells from cleft
palate patients are suitable for tissue engineering purposes.
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Biointegration of Permacol Paste as a Novel Dermal Substitute in Full-Thickness Wounds
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Introduction
Insufficient skin for autologous grafts makes treatment of full-thickness extensive burns difficult. Although cultured keratinocyte sheets or
suspensions have been applied to such wounds, poor long-term results have been achieved in most cases. This is thought to be due to
the absence of a dermis. In this study a new formulation of the porcine collagen-based biomaterial, Permacol™, was investigated for its
potential role as a dermal substitute in full-thickness wounds. Permacol™ Sheet has been useful as a stable implant in reconstructive
surgery, but its use as a dermal substitute has been hindered by slow cell penetration and vascularisation. A paste formulation was
tested in our experiments in order to encourage cellular infiltration.
Methods
Biopsy and full-thickness wound-chamber models were carried out in the Large White pig. Biopsy model allowed 24 samples of 8mm
diameter and the chamber model allowed 6 samples of 4cm diameter to be tested per pig. Permacol™ was applied as a paste to the
wound bed and covered by a split-thickness skin graft or a silicone dressing, suitable control wounds were set up in parallel. Biopsies
were taken at specific time points. To assess biointegration and neovascularisation, histological and immunofluorescent analysis was
undertaken.
Results
Permacol™ paste accepted host dermal mesenchymal and epidermal cells. It was well penetrated by cells on day 2, and was accepted
by the host tissue without causing inflammation, indicating successful biointegration. Host cellular infiltration of Permacol™ paste was
much superior to Permacol™ sheet and very similar to IntegraⓇ. The structure of Permacol collagen appeared to be similar to native
dermis. Paste was visible within the tissue samples and intact up to day 28, indicating presence of a stable biomaterial. Early
neovascularisation was noted at day 4, and functional newly-formed microvessels with circulating blood cells were discovered at day 7.
Immunostaining for vascular endothelium confirmed early neovascularisation of Permacol™ paste. This was similar when compared to
Integra, which is currently a gold standard in dermal substitutes.
Conclusions
This pilot study indicates that a paste formulation of Permacol™ successfully biointegrated into full-thickness wounds and may act as an
alternative to current dermal substitutes.
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Custom designed autologous skin and mucosa substitutes for wound healing
S Gibbs, HM Van den Hoogenband, EM De Boer, AP Vriens, M Breetveld, SW Spiekstra, T Waaijman, G Kirtschig, RJ Scheper
VU university medical center, AMSTERDAM, The Netherlands
Advanced wound healing therapies are entering into the area of tissue engineering. Ideally, a full thickness autologous skin substitute is
required that can replace the use of the full thickness or meshed autograft in the treatment of therapy resistant ulcers, surgical excision
wounds, deep burns, wounds on exposed bone and receding gum correction. Currently, there is no insight as to whether a single
skin/mucosa substitute is suitable or whether custom built constructs should be developed which take into account body location, size of
wound, condition of the wound bed (inert / granulating / highly inflamed) and the quality of the scar required.
Over the last three years we have developed full thickness autologous skin and mucosa substitutes suitable for transplantation. These
skin / mucosal substitutes consist of reconstructed epithelia on fibroblast populated human donor dermis. The full thickness constructs
maintain many of the phenotypic and histological characteristics of the tissue from which they were derived.
Application of the skin substitute to therapy resistant ulcers resulted in complete healing after only a single application (16 / 19 ulcers).
Also, application of the mucosal substitute to tooth extraction wounds (n=4) resulted in an improved and increased rate of healing.
However, application of the skin substitute to surgical excision wounds resulted in hypergranulation and retarded healing (n=3).
Comparison of the skin substitute with a full thickness autograft using a protein array showed that the skin substitute secreted more
angiogenic and granulation stimulating factors than the autograft and in general showed characteristic markers which closely resemble
those found in wounded epidermis.
These results indicate that custom designed skin/mucosa substitutes should be developed specifically for the type of wound to be
treated. In order to do this, the different wound beds, cell-cell interactions within the constructs and culture medium effects should be
investigated.
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Polymer Degradation in the Context of Tissue Engineering Scaffolding
M Vert
Research Centre for Artificial Biopolymers,, University Montpellier 1, MONTPELLIER, France
Polymeric compounds are of increasing interest in the field of biomedical and pharmaceutical therapeutic applications. In the early
days, the strategy to find convenient and performing compounds and devices was based on testing available materials developed
for other purposes. During the last four decades, more attention was paid to biomaterials engineered specifically to fulfil the list of
specifications of a given application, i.e. to be biofunctional. This strategy became critical when considering biomaterials aimed at
helping tissues or organs of the human body to self-repair. Because of their outstanding versatility related to the molecular
architecture, polymeric systems appeared very attractive. Nowadays, any therapeutic device or system aimed at being use
temporarily in a human body must respect the fact that degradation by-products have to be biocompatible too. Augmentation,
regeneration and reconstruction of bony tissues using bioresorbable devices have been relatively successful in soft, dental and
skeleton surgeries, especially in the case of glycolic and lactic acid-based polymeric compounds and devices, many being on the
market (sutures, meshes, bone fracture fixation device, guided tissue regeneration membranes, etc. Since then, the concept of
tissue engineering was developed that has gained universal interest. In order to eliminate the foreign scaffold during or after the
growth of the desired tissue, most strategies are based on the use of degradable and, better, bioresorbable polymers. However, the
number of polymers which have been proved bioresorbable is still limited. Modern polymer science offers the possibility to design
polymeric backbone including labile bonds to allow chemistry-based degradation, i.e. degradation without any contribution from
enzymes to limit, at least in principle, the risk of specific recognition and of dramatic immune response. The targeted living tissue to
be regenerated has also to be taken into account with the aim of matching the rate of degradation to the cell proliferation,
differentiation and structuration machineries. This is the reason why we have been interested for many years in the possibility of
making therapeutic polymers from metabolite compounds found in the biochemical pathways on which life is based. Among them,
lactic and glycolic acid-based polymers (PLAGA) are most used or tested. However, the possibility to modify their intrinsic properties
is limited. Therefore, there is a need for novel bioresorbable polymers. However, it is not because a polymer can be degraded in one
way or another that it is going to be suitable to make tissue engineering scaffolds. Indeed, polymer degradation depends on many
factors and its control is rather difficult, especially with respect to the formation of inflammatory residues. The strategy and the
problems will be discussed on the basis of a few examples.
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Polyurethane/Poly(lactic-co-glycolic) Acid Composite Scaffolds for Tissue Engineering
A Rowlands, S.A. Lim, Y Cao, D Martin, J.J. Cooper-White
University of Queensland, BRISBANE, Australia
Introduction
Poly(lactic-co-glycolic acid) (PLGA) is a commonly used biostable, biocompatible and FDA approved polymer. Mechanically, it is very
rigid and therefore not ideally suited for end-use applications requiring great flexibility or shaping in situ. However, if successfully
blended with a polymer such as polyurethane (PU), which have soft, elastic mechanical properties, a hybrid could be formed that
exhibits much greater flexibility than a PLGA (or similar)-only system.
Method
Scaffolds were made using Thermally Induced Phase Separation (TIPS) and their morphologies were studied by scanning electron
microscopy (SEM), energy dispersive spectroscopy (EDS) and x-ray mapping. The thermal properties of the polymer solutions were
determined by a cloud point (CP) analysis and differential scanning calorimetry (DSC). The scaffolds were mechanically tested under
compression to determine their Young’s modulus. Cell morphology, adhesion and growth on scaffolds were investigated by seeding
3T3 fibroblasts onto circular slices of the scaffolds and incubating for 48 hours.
Results
Pure PLGA scaffolds possessed a smooth, directional fibrous sheet-like structure with pore sizes of between 0.1 to 200 μm, had a
porous Young’s modulus of 84.8 kPa and were relatively brittle. Pure PU scaffolds had an isotropic emulsion-like structure, had a
porous modulus of 32.5 kPa and were more elastic than the PLGA scaffolds. The mixed scaffolds exhibited morphological and
mechanical properties in-between the scaffolds fabricated from the two individual polymers. Cells were observed to be well spread
throughout all scaffolds, indicating that cells were able to penetrate the entirety of the porous polymer network from top to bottom. PU
scaffolds showed a higher cell density than the PLGA scaffolds, with the blend somewhere in between the two. This was due to the
denser structure of the PU constructs rather than the PU possessing a more favourable surface. Closer inspection showed that the
presence of PLGA throughout a PU scaffold gave rise to improved cell attachment and viability when compared to a scaffold fabricated
from PU only.
Conclusion
Composite scaffolds of PLGA and PU exhibit morphological, mechanical and cell adhesion and growth supporting properties which are
more desirable overall than scaffolds fabricated from either of the single polymers.
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Evaluation of Bladder Smooth Muscle Cells and Bone Marrow-Derived Mesenchymal Stem Cells in
Response to Novel PLLA-Collagen Meshes
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Introduction
The expression of smooth muscle cell (SMC) phenotypic markers is a key indicator of potential tissue engineering construct strength
and elastic modulus. This study investigated the expression of SMC markers in bladder SMCs and bone marrow-derived mesenchymal
stem cells (MSCs) in response to culture on a novel collagen-PLLA composite, with textile coatings using novel collagen formulations.
Evaluation was at both the transcriptional level using real-time RT-PCR and the protein level by immunohistochemistry.
Materials and Method
3-D composite sponges with interconnected pores comprised PLLA textiles combined with formulations of cross-linked porcine collagen
type I, ranging from low to high biodegradation rate, according to the collagen density and extent of collagen reticulation, produced from
either highly reticulated collagen (High GTA) or low reticulated collagen (Low GTA). One surface consisted of collagen sponge and the
other side was a woven textile of 18µm diameter PLLA fibres coated with collagen. Control sponges were non-coated PLLA-collagen or
coated-PLLA without collagen sponge. SMCs were isolated from fresh porcine bladder muscle with collagenase type IV and cultured in
DMEM with 10% heat-inactivated fetal bovine serum. Mononuclear cells were isolated from fresh porcine bone marrow by density
gradient centrifugation and reached confluence in 7-10 days. SMCs and MSCs were cultured on scaffolds in vitro for 1, 7 and 28 days.
The gene expression of -SMA, calponin and GAPDH was studied by real-time RT-PCR. The production of -SMA proteins was also
determined by fluorescent immunohistochemistry with Hoechst nuclear staining, visualised using Confocal Laser Scanning Microscopy.
Results and Discussion
Greater numbers of cells grew on all test scaffolds (Low GTA small pore highest) compared to controls for both SMCs (Fig 1a, b) and
MSCs (Fig 1c, d). Increased gene expression of -SMA was observed on scaffold Low GTA for both SMCs and MSCs. It was
demonstrated that SMCs and MSCs adhered and proliferated whilst maintaining the smooth muscle cell phenotype and that MSCs were
capable of expressing SMC markers. It is concluded that the small pore, Low GTA scaffolds are excellent candidates for the culture of
engineered urological tissue.

Figure 1: SMCs (A,B) and MSCs (C,D) incubated for 7 days.
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Polylactone-based microspheres as preadipocytes carrier
1

1

1

1

2

2

DR. Wenjin , DR. Hong , Prof. Jianzhong , Prof. Shenguo , Dr Gongtao , Prof. Qun
1
BNLMS, Institute of Chemistry, BEIJING, China
2
Peking Union Medical College Hospital, BEIJING, China

Introduction
Surgery, trauma and congenital abnormalities often result in contour defects due to loss of soft tissue, largely composed of
subcutaneous adipose tissue [1]. However, adipose tissue equivalents remain a challenge as yet despite the great clinical need in
congenital deformities, mastectomy, lumpectomy, and other soft tissue defects. Based on preadipocytes are a kind of feasible cell
source and good biocompatibility and injectablity of biodegradable polylactone-based microspheres, in the present study, polylactonebased microspheres with different physical properties were fabricated. The culture and differentiation of rat preadipocytes on the
microspheres were studied. The interaction of various microspheres with preadipocytes was further evaluated.
Experimentals Polylactone-based microspheres with different morphology and various physical properties in a size range of 100-200
micrometer were fabricated by a modified emulsion-solvent evaporation technique. Rat preadipocytes were harvested, isolated,
expanded within a continuously stirred bioreactor. Then the preadipocytes at density of 2.5×105 cells/mL were seeded on the surface of
the microspheres. The attachment and growth of cell on the surface of various microspheres were observed, and during the culture time
the cells changes in the suspension was also compared.
Results
The microsphere-cell constructs in vitro demonstrated fully that the preadipocytes could attach and differentiate well on surface of the
polylactone-based microspheres. Cell counting results revealed that the cell density in the suspension within the bioreactor decreased
with time at lower rotation rate, which demonstrated the preadipocytes could attach to a spherical surface and withstand the low shear
environment of the bioreactor. With increasing the rotation rate, in the bioreactor the cell density of the suspension increased at first and
then decreased continuously, which revealed some cells were peeled and then attached onto the microspheres again. It also confirmed
that the roughness and hydrophilicity of the micropheres played important roles in the cells attachment and differentiation. The results
proposed the potential application of the polylactone-based microspheres as preadipocytes carriers in adipose tissue engineering.
References
[1] Markus N, Michael H. Adipose tissue engineering based on mesenchymal stem cells and basic fibroblast growth factor in vitro.
Tissue Eng 2005;11: 1840-1851.
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Biocompatible and osteoinductive properties of an injectable calcium phosphate cement
incorporated with PLGA microparticles
DP Link, J Van den Dolder, JA Jansen
Radboud University Nijmegen Medical Ctr., NIJMEGEN, The Netherlands
In this study, the biocompatibility of CaP cement incorporated with poly (D,L-lactic-co-glycolic) acid (PLGA) microparticles was
investigated. Also, the possible osteoinductive properties of this CaP cement with varying amounts and varying sizes of PLGA
microparticles was examined.
CaP cement (Calcibon , Merck biomaterial GmbH, Darmstadt, Germany) was used for the preparation of the implants. PLGA
microparticles were prepared using a (w/o/w) double emulsion solvent evaporation technique. CaP/PLGA composites were prepared by
adding PLGA microparticles to the CaP cement in weight ratios of 95/5, 90/10 or 80/20 respectively. Fifty-two male Wistar rats (250g)
were used and 4 subcutaneous implants were placed in each rat.
The results concerning biocompatibility showed only a mild tissue response within the different formulations of implants (CaP, 8 weeks
preincubated CaP, CaP/20%PLGA and 8 weeks preincubated CaP/20%PLGA) during the early implantation periods of 2, 4, 8 and 12
days.
The results concerning osteoinductivity showed thatafter 12 and 24 weeks no bone formation was observed within various CaP/PLGA
formulations (CaP with 5%, 10% or 20% PLGA and 0-50 µm, 51-100 µm or 101-200 µm microparticle sizes). However, the implants
were surrounded with a thick connective tissue capsule containing fibroblasts and collagen bundles. Hardly any inflammatory cells were
visible in the capsules, although some inflammatory cells were present in the macropores which were created after the hydrolysis of the
PLGA microparticles. Fibrous tissue was only observed throughout the implants containing 20% PLGA with microparticle sizes of 51100 µm and 101-200 µm, which indicated interconnectivity in these implants.
On basis of our results, we conclude that the soft tissue response of the CaP/PLGA implants resulted in a minimal inflammatory
response and that no bone formation was observed within the various CaP/PLGA formulations in subcutaneously implants.
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Objective
Osteoarthritis (OA) is characterised by progressive destruction of cartilage. Local delivery of mesenchymal stem cells (MSCs) to injured
joints in a goat model of OA retarded the destruction of cartilage but MSCs were not detected at the cartilage surface(1). The objective
of this study was to develop an in vitro model for evaluation of strategies to promote homing of MSCs to fibrillated cartilage for tissue
repair.
Methods
Cartilage explants were taken from the goat medial tibial plateau (MTP) and the MTP or femoral head of human tissue obtained after
knee and hip arthroplasty. MSCs were transduced with GFP or labelled with Cell Tracker™ Red and DAPI and added to the explants at
0.5-2 x 10e6/ml for 1-4 h at 37ºC in serum-free media. Unattached cells were removed and explants processed immediately or treated
with chondrogenic media containing TGF-ßβ3 (CCM) or without (ICM). Proteoglycan (GAG) levels were measured by DMMB assay and
GAG synthesis determined using Sulphate incorporation.
Results
Mean accumulated GAG/DNA in normal and fibrillated goat cartilage explants was not different in explants cultured in serum-containing
media, ICM or CCM over 14 days. However, sulphate incorporation was significantly lower in explants cultured in ICM. Proteoglycan
release by human cartilage explants was constant over a 14 day culture period. Maximum binding of MSCs to the OA cartilage was
observed in a free floating system with cartilage from the medial aspect of the tibial plateau (Figure 1). Binding increased with time and
cell concentration. Exposure to collagenase and trypsin also further increased binding. Bound cells survived and differentiated to
promote repair of the cartilage surface when exposed to CCM for 14 days.
Conclusions
Strategies for stem cell mediated repair of OA cartilage will require targeting of stem cells. We have established a functional system to
evaluate in vitro MSC binding to OA cartilage to allow development of specific targeting strategies. The explants are maintained in
culture for up to 14 days in serum-free media and will test the ability of targeted stem cells to repair damaged cartilage.
References
(1)Murphy JM et al (2003) Arthritis Rheum 48:3464-74.

Figure 1: hMSC binding to OA cartilage. Magnification 100x.
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Highly efficient mRNA-based gene transfer in human CD34-positive hematopoietic progenitor and
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Introduction
Transfection is an essential tool for numerous in vitro applications. Furthermore, genetic labeling of human hematopoietic progenitor
cells (HPC) or mesenchymal stem cells (MSC) and their consecutive fate-mapping in vivo is an approach to answer intriguing questions
in stem cell biology and to firm the basis for stem cell therapy in the field of regenerative medicine. We recently reported an efficient
transient genetic labeling of human CD34-positive HPC by nucleofection with the truncated low affinity nerve growth factor receptor
(deltaLNGFR) that is nowadays accepted for human in vivo-application. In this study we optimized this method regarding transfection
efficiency and viability loss by transfering in vitro transcribed mRNA encoding the marker gene deltaLNGFR in human CD34-positive
HPC and MSC and compared the data with samples transfected with plasmid DNA.
Material and Methods:
CD34-positive HPC from peripheral blood were selected by the CliniMACSTM system (Miltenyi, Biotech GmbH, Bergisch Gladbach,
Germany). MSC were isolated from spongiosa of human tibia. The marker gene deltaLNGFR was cloned in the pVAX1 plasmid
(Invitrogen) and in vitro transcribed to mRNA (CureVac, Tübingen, Germany). Cells were transfected with LNGFR-encoded mRNA or
plasmid DNA using nucleofector technology (Amaxa, Cologne, Germany). Marker gene expression was assessed using antiLNGFR
antibody (santa cruz, Germany) by flow cytometry over a time periode of 10 days.
Results
Nucleofection of CD34-posistive HPC or MSC with mRNA of the marker gene deltaLNGFR resulted in transfection efficiencies up to
85% or 91% one day after nucleofection, respectively, without a significant viability loss (72% or 68% viable cells, respectively). In
contrast, introduction of plasmid DNA caused a decrease in viability (38% or 65%, respectively) with a gene expression of only 50%.
Transgene expression declined background levels 6 days after transfection, showing no differences between mRNA and plasmid
transfection.
Discussion
In summary, using this method, high transgene expression was observed in CD34-positive HPC and MSC. The gene expression was
durable up to 8 days post transfection and viabilty was hardly affected. This method is therefore suitable to be adopted to GMPguidelines with the ambition to track the fate of labeled stem cells in the human organism and to lay a firmed basis of stem cell therapy
in regenerative medicine.
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Bone Tissue Engineering using Engineered Human Mesenchymal Stem Cells Derived from
Maxillofacial Bone Marrow
Y Steinhardt, E Regev, Y Zilberman, D Gazit, Z Gazit, H Aslan
Hebrew University in Jerusalem, JERUSALEM, Israel
Bone tissue has a limited regenerative ability that enables self-repair of tissue loss only to a certain extent. Mesenchymal stem cells
(MSCs) isolated from human marrow extracted from long bones or iliac crest were shown to be excellent candidates for bone repair in
nonhealing fractures. To date no knowledge exists whether MSCs derived from the marrow of the craniofacial complex can be used for
bone regeneration as well. We hypothesized that human MSCs can be isolated from the craniofacial complex, genetically engineered
ex vivo with an osteogenic gene, and used for bone regeneration in vivo.
MSCs were isolated from human bone marrow, which was recovered from trabecular bone chips obtained during surgery in the
mandible and maxilla. Mononuclear cells were separated from red blood cells and were plated at a density of 5000 cells/cm2. For flow
cytometric analysis, culture-expanded maxillofacial human MSCs (hMSCs) were stained with fluorochrome-conjugated anti'human
antibodies. The potential of the isolated cells for differentiation into osteogenic, adipogenic, and chondrogenic cells was analyzed in
vitro. Craniofacial hMSCs were infected with an adenoviral vector that expresses human bone morphogenetic protein '6 (adenohBMP6). The expression and secretion of hBMP6 were measured using quantitative RT-PCR and ELISA, respectively. Infected
craniofacial hMSCs were implanted in an ectopic site and in a mandibular defect in mice and bone formation in the sites of implantation
was analyzed using micro-CT and histological analysis.
Craniofacial MSCs formed 5 colony-forming units of fibroblasts per 10,000 cells. Craniofacial hMSCs expressed MSC-related markers
(CD105, CD44, CD29, CD90) but not hematopoiesis-related markers (CD34, CD14, CD45, CD31). Craniofacial hMSCs differentiated
into osteogenic, adipogenic, or chondrogenic cells in- vitro. Quantitative PCR and ELISA assays demonstrated high levels of expression
of the hBMP6 gene following adeno-hBMP6 infection. Furthermore, bone formation was achieved in both the ectopic and mandibular
defect sites 28 days after implantation of BMP6-expressing MSCs.
This is the first account of bone regeneration achieved in a defect site by using genetically engineered hMSCs derived from craniofacial
bone marrow. These findings provide hope for biological treatment of craniofacial defects without the risk of comorbidity associated with
the harvest of marrow from the iliac crest.
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Cell therapy using allogeneic bone marrow mesenchymal stem cells prevents tissue damage in
collagen-induced arthritis
G.P. Pennesi, R. Tasso, A. Augello, S.M. Negrini, R. Cancedda
University of Genova, GENOVA, Italy
The author did not approve publication on the internet.
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Dystrophin restoration in mdx mice transplanted with wt satellite cells seeded on to a 3d collagen
scaffold
CS Carnio, ES Serena, BL Boldrin, PM Pozzobon, DCP De Coppi, EN Elvassore, VL Vitiello
Univesity of Padova, PADOVA, Italy
The production of skeletal-muscle engineered grafts holds promise for treatment of a variety of muscle diseases using methods of
regenerative medicine, reconstructive surgery and cell therapy. Mdx mice are a genetic and biochemical model of human Duchenne’s
muscular dystrophy (DMD), which affects dystrophin expression, causing continuous muscle regeneration and consequent depletion of
satellite cell pool. We studied a novel strategy to restore dystrophin expression in mdx mice delivering wild type (wt) satellite cells
through 3D collagen scaffold.
In the present study satellite cells were isolated from murine single muscle fibers of flexor digitorum brevis and extensor digitorum
longus of wt mice, seeded on three-dimensional high-porous collagen sponges. Cell seeding was performed by both static and dynamic
culture systems. The seeding procedure was performed in perfusion bioreactor for 24 hours in order to enhance satellite cell migration
through the 3Dscaffold. For evaluating the effectiveness of myogenic-cell delivery for the treatment of muscle dystrophies, equal
amounts of satellite cells, were either delivered through the cellularized scaffold in the tibialis and quadryceps anterioris muscles of aged
mdx recipient mice or directly injected in the counter lateral limbs. Dystrophin and desmin expression was evaluated at different time
points (10, 20, 30 and 50 days) by immunofluorescence analysis.
Hystological analysis of the scaffold before implantation showed preferential cell growth on the seeding side of the scaffold in static
culture. On the other hand, the dynamic seeding of the scaffold in bioreactor yielded to an uniform cellular distribution within the entire
construct. In vivo analysis on mdx muscles implanted with 3D collagen scaffold showed clusters of dystrophin-positive myofibers related
to the transplanted satellite cells, since mdx myofibers lack in dystrophin expression. On the contrary, the counter lateral limbs treated
with wt satellite cells injection did not express it at significant level.
In our study we proved that the delivery of dystrophin-positive satellite cells through 3D collagen scaffolds could be a new therapeutic
tool for the treatment of DMD. In addition we improve the cell seeding efficacy inside the scaffold using perfusion bioreactors.
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Chondrogenic Gene Expression In Micromass Adipose Stem Cells Is Induced By Indirect
Coculturing With Micromass Nucleus Pulposus Cells
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Introduction
Low back pain is an increasing large medical problem in our population all over the world, but currently, both conservative and
invasive treatments are mainly aimed at alleviating symptoms instead of restoring function. Here, we demonstrate that human
adipose tissue-derived stem cells (AT-MSCs) can be induced to express the chondrogenic genes by nucleus pulposus cells (NPs),
suggesting that AT-MSCs may be used as cell resource for NP tissue engineering, especially in early stages of disc degeneration.
Methods
Passaged cells (NPs at P1, AT-MSCs at P2-P3) were used in these experiments. Indirect co-cultures were performed in transwells
(pore size: 0.4 μm). Groups consisted of: 1: NP monolayer + AT-MSC monolayer; 2: NP monolayer NP + AT-MSC micromass; 3:
NP micromass + AT-MSC monolayer; 4: NP micromass + AT-MSC micromass; 5: AT-MSC monolayer; 6: AT-MSC micromass; 7:
NP monolayer; 8: NP micromass. Before and after 4 and 14 days, cells were harvested, and real time RT-PCR was performed to
determine type II collagen, aggrecan, type I collagen and osteopontin gene expression. Data were normalized to18S.
Results
After we cultured NP cells with either monolayer or micromass for 4 days, there was no significant difference of gene expression of
aggrecan, type II collagen and type I collagen between monolayer and micromass NP cells. But after 14 days, gene expression of
type II collagen and aggrecan in micromass NP cells were significantly higher (6 and 2-fold) than that in monolayer NP cells, but
type I collagen gene expression in micromass NP cells was about 3-fold lower than that in monolayer NP cells (Figure 1).
In co-cultures, we observed that the largest changes were seen in the group 4 in which both of AT-MSCs and NP cells were cultured
with micromass: gene expression of type II collagen was only induced in this group after 4 and 14 days (Figure 2A), gene
expression of aggrecan was significantly up-regulated only in this group after 14 days (Figure2B). Moreover, the gene expression of
type I collagen and osteopontin in both monolayer and micromass AT-MSCs could be significantly down-regulated by micromass
NP cells after 14 days (Figure 2C & 2D).
Discussion and conclusions
In this study, we demonstrated that (1) micromass culture configuration is crucial for maintaining the chondrogenic phenotype of
NPs; (2) chondrogenic gene expression was induced only in micromass AT-MSCs by micromass NP cells; and (3) Osteogenic gene
expression was down-regulated under chondrogenic conditions.
Together, these data suggest that in an appropriate microenvironment, such as present in the intervertebral disc nucleus, AT-MSCs
are capable of differentiating towards chondrocyte-like phenotype and hence may enhance regeneration of degenerated
intervertebral discs.
Acknowledgements: This study was supported by DPTE (project # BGT.6734) and Cytori Therapeutics, Inc, San Diego, USA.
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A microcarrier-based cultivation system for expansion of primary mesenchymal stem cells
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Objective
Although some clinical studies demonstrated successful tissue engineering with mesenchymal stem cells (MSC), there remain problems
within technology aspects, such as the time and money consuming expansion phase. Therefore, our aim was to develop a microcarrierbased cultivation system for expansion of MSC.
Methods
Porcine MSC were isolated from bone marrow and expanded up to passage two in monolayer culture. These cells were seeded on
Cytodex type 1, 2 and 3 microcarriers, and cultured in spinner flasks with two glass impellers for up to 28 days. Samples were taken and
analyzed for cell viability (MTT-assay), morphology (light and scanning electron microscopy) and cell distribution. To evaluate the
seeding procedure, the average numbers of cells adhered to the carriers were determined. Cell adherence was analyzed by Poisson
distribution and the average cell count per carrier was determined by regression analysis. Furthermore, cell densities were varied from
1-3x106 cells per 100cm2 carrier surface area. To study, whether MSC being able to recolonize freshly added carriers, on day 14 the
microcarrier amount was doubled with unseeded carriers and in the following analyzed for colonization. Finally, cells were harvested
from microcarriers, and were evaluated for their osteogenic and chondrogenic differentiation potential.
Results
In comparison with Cytodex type 2 and 3, the type 1 microcarriers showed the best results for adherence with over 80% adherent cells
after 3 hours of incubation (Figure 1). Different start cell densities ranging from 1-3x106 cells per 100cm2 carrier surface had less
influence on adhesion. Therefore, MSC proliferation was examined on Cytodex 1 microcarriers over a cultivation time of 28 days, which
could reveal cell growth and proof of cells recolonizing freshly added microcarriers. Furthermore, SEM displayed MSC-like cell
morphology and confirmed cell proliferation. After cell harvesting, based on histological staining, MSC were still able to differentiate into
the osteogenic and chondrogenic cell lineage.
Conclusion
We have established the proof of principle for the applicability of microcarrier cultures on behalf of MSC expansion and have shown that
the expansion of MSC on microcarriers could be a beneficial alternative to monolayer cultivation.

Figure 1: Cell adhesion on microcarriers.
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Non-invasive assessment of leaflet deformation in heart valve tissue engineering
J Kortsmit, NJB Driessen, MCM. Rutten, FPT Baaijens
Technical University Eindhoven, EINDHOVEN, The Netherlands
Contemporary tissue engineered heart valves lack mechanical strength for implantation in the high-pressure aortic position [1]. Recent
studies indicate enhancement of mechanical properties by applying cyclic diastolic pressure loads to the developing tissue in a
bioreactor system [2]. Current bioreactors operate with a preset transvalvular pressure applied to the tissue. The induced deformations
are unknown and can vary during culturing as a consequence of changing mechanical properties of the engineered construct. Real-time
measurement and control of local tissue strains are desired to systematically study the effects of mechanical loading on tissue
development and, consequently, to design an optimal conditioning protocol.
In this study, a method is presented to assess local tissue strains in the heart valve leaflets during culturing. Deformation measurement
is performed using a flow sensor as non-invasive measurement method. The amount of fluid displaced by the deformed heart valve
represents the volumetric deformation of the leaflets in a stented configuration. A finite element model is employed to relate the
measured volumetric deformation to local tissue strains in the belly and commissures of the leaflets.
Validation is performed by loading a polyurethane membrane and measuring deformation by using an optical technique. Numerical
simulations indicate that the relation between volumetric deformation and local tissue strains is relatively insensitive to changes in
mechanical properties, thickness and degree of non-linear material behavior of the heart valve leaflets. Therefore local tissue strains in
the belly and commissures can directly be obtained from measured volumetric deformation values. Feedback regulation will be
incorporated into the bioreactor system by which the pressure load acting on the valve can be adjusted to control local tissue strains in
the valve leaflets. This system has a great potential for developing the optimal conditioning protocol for tissue engineering of heart
valves.
References: 1. Hoerstrup SP et al., Circulation. 2000 102(19):III44-9; 2. Mol A et al., Annals of Biomed.Eng. 2005 33(12):1778-1788; 3.
Driessen NJB et al., J. Biomech.Eng. 2005 127(2):329-336
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Devices for the Investigation of the Effects of Oxygen on Cell Behavior
R Doran, P.J. Sicre, J Cooper-White
University of Queensland, BRISBANE, Australia
Introduction
One of the fundamental challenges in tissue engineering is overcoming cell death due to hypoxia resulting from the avascular nature of
implanted tissues. Elucidating the relationship between cell behavior and oxygen tension is required to mitigate such failures and to
select parameters such as tissue depth, cell seeding density and pre-culture duration. Equally fundamental to cellular therapies is the
identification of oxygen tensions which minimize oxidative stress on cultures yet meet metabolic needs. The ability to rapidly acquire
data regarding cell behavior in response to specific oxygen tensions requires the design of devices which are able to simultaneously
screen a range of oxygen tensions in an otherwise equivalent culture environment. In this paper we introduce a microdevice designed to
investigate the effects of specific oxygen concentration on cell behavior.
Design
The device for investigating the effect of oxygen tension on cell survival functions by maintaining a constant gradient of oxygen in the
gas phase over discrete cell culture wells. The wells are arranged in a 3 by 6 array separating an oxygen source and sink. A fiber optic
oxygen probe is used to sample the oxygen concentration at any time over any well in the device. This design allows both the
maintenance and validation of the gradient in the gas phase. Cells cultured in the tissue culture wells can be visually analyzed in real
time as the device is optically clear and has an integrated temperature control mechanism.
Experimental Work
The experimental work outlined in this abstract demonstrates the flexibility of the device to maintain two independent gradients, allowing
for the assessment of oxygen concentrations ranging from 0 % to 2 % on the expansion of NIH 3T3 Fibroblasts over a 24 hour period.
In these experiments cells were seeded at low density (20,000 cells/ml) and cultured for the first 24hours in a 20 % oxygen 5 % carbon
dioxide atmosphere to allow the establishment of stable growth in all wells. For the following 24 hours cultures were subjected to either
a gas phase gradient of 0 to 0.8 % or 0.8 to 2 %. The resulting cell expansion at discreet oxygen concentrations are shown in Figure 1.
From these results we identify that maximal expansion is achieved at oxygen concentrations greater than 1 %. This work demonstrates
the suitability of this device for the investigation of the effects of oxygen on cell behavior, and more specifically, quantification of the
minimal level of oxygen required for normal cell behavior. Such values are critical inputs to numerous mathematical models aimed at
predicting cell growth and colonization of artificial scaffolds for tissue engineering.

Figure 1: Fibroblast
expansion as a function of
oxygen concentration.
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Expansion of Multipotent Mesenchymal Stem Cells Using Microcarriers
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Adult mesenchymal stem cells have gained increasing interest for clinical applications in various areas (e.g. bone regeneration and
cardiovascular repair) as several studies proved their multipotency. Besides, the bone marrow is a readily available source of these
stem cells. For effective therapeutic use, however, the patient-own stem cells need to be isolated and expanded up to a million-fold. To
expand the stem cells on a controlled, reproducible and cost-effective basis, we are developing a bioreactor system.
Initially, a stirred vessel system is selected as it is widely used for large scale production of various cell types. Being anchorage
dependent, mesenchymal stem cells require microcarriers for their expansion in a stirred vessel. Various commercially available
microcarriers are currently evaluated for their cell attachment, proliferation and harvesting using both human and goat mesenchymal
stem cells. By varying the stirring regime, the microcarrier/medium ratio and the seeding time, a seeding efficiency of 40% has been
reached so far. During proliferation, the increasing cell number has been monitored by cell counting and stereo light microscopy (see
Figure 1: methylene blue stained mesenchymal stem cells on Cytodex 1 microcarriers after proliferation for 1 (A), 2 (B) and 3 (C) days).
Alamar blue assay showed proliferation of the attached cells. In addition, the glucose concentration in the medium decreased in time,
whereas metabolites (lactate and ammonia) increased during proliferation. For the harvesting of the expanded cells, several cell
dissociation solutions and methods have been tested. Trypsin treatment, which appeared to be the most effective method, resulted in a
95% retrieval of the cultured cells from the microcarriers. The viability of the harvested cells has been proven by subsequent flask
culture.
In conclusion, the stirred vessel system in combination with microcarriers is a promising approach for the expansion of multipotent
mesenchymal stem cells. Future studies will focus on the improvement of seeding efficiency and the proliferation rate. For the latter, the
cell number will be correlated to the nutrition consumption (e.g. glucose, glutamine, oxygen) and the metabolite production (e.g. lactate,
ammonia and alanine) to create optimal proliferation circumstances. Moreover, the multipotency of the cells after expansion on the
microcarriers will be confirmed by adipogenesis, osteogenesis and chondrogenesis assays.

Figure 1.
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Clinically Relevant Volumes of Human Tissue Engineered Bone Produced in a Perfusion Bioreactor
System Show in Vivo Bone Formation
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Until now, tissue engineering of bone by combining expanded Bone Marrow Stromal Cells (BMSCs) with a suitable ceramic carrier
(hybrid constructs) has serious drawbacks for large scale-production. The commonly used tissue culture flasks are limited in their
productivity, and repeated handling for culture maintenance makes the process labour-intensive and susceptible to contamination.
Furthermore, the environment of the cells is not monitored and/or controlled, which results in sub-optimal culture conditions. We have
recently shown that these drawbacks can be circumvented by using a direct perfusion bioreactor system [1].
Low passage (passage 1-2) Human BMSCs isolated from bone marrow aspirates (n=3 patients) were seeded in the direct perfusion
bioreactor system on approximately 10 cc of 2-6 mm granules (230 scaffolds ± 10 %) of biphasic calcium phosphate (OsSatura,BCP).
After seeding 1*10exp6 cells, they were allowed to proliferate in the bioreactor system. Methylene Blue and MTT staining showed an
increase in cell load during cultivation, and after 20 days the constructs were completely covered with a viable cell layer (fig 1.1).
Measurement of metabolites in the cultivation medium showed glucose consumption and lactate production in time, indicating metabolic
activity of the cultured cells. On line dissolved oxygen measurements over the bioreactor supported the observed increase in cell load
as the ∆ DO (ingoing-outgoing dissolved oxygen concentration) increased during cultivation. To evaluate the in vivo bone forming
capacity, the hybrid constructs were subcutaneously implanted in nude mice. Histology showed abundant de novo formed bone in all
dynamically cultured hybrid constructs (n = 24, fig 1.2). From these results we conclude that low passage Human BMSCs can be
successfully seeded and proliferated on clinically relevant volumes of ceramic scaffolds using a perfusion bioreactor system, and that
the resulting hybrid constructs are fully capable of in vivo bone formation.
References: 1. Janssen FW et al. Biomaterials (27); 2006, 315-323.

Fig 1.1 Methylene Blue stained HBMSCs on OsSatura BCP scaffolds after dynamic seeding (fig A) and proliferation after 3 (B), 10 (C)
and 17 (D) days. Fig 1.2 Bone formation by HBMSCs after subcutaneous implantation of dynamically seeded and cultured (17 days)
hybrid constructs. Abundant de novo bone (b, red and pink) is formed on the surface of the OsSatura BCP scaffolds (BCP)
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Physiological oxygen levels can enhance the chondrogenic re-differentiation of human
chondrocytes in 3D constructs cultured under perfusion
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Introduction
In smaller-scale model systems (i.e., pellet and alginate beads), chondrocyte re-differentiation may be enhanced when cultured under
physiological oxygen (≈5%) vs normoxic (≈20%) levels. Culturing expanded adult human articular chondrocytes (AHAC) in 3D scaffolds
under direct perfusion can enhance cell viability and matrix deposition as compared to static culture conditions. In this study, we tested
the hypothesis that applying 4%O2 to AHAC cultured in 3D scaffolds under perfusion would enhance chondrogenic re-differentiation
and glycosaminoglycan (GAG) deposition as compared to perfusion culture at 19%O2.
Methods
AHAC-seeded PolyActive foam disks (8mm-diameter x 4mm-thick) were cultured for 2 weeks within 4%O2 or 19%O2 incubators at
perfusion rates of 100um/s and 10um/s. AHAC cultured in 3D pellets served as controls. Differences were considered statistically
significant with p<0.05 by T-tests.
Results
Compared to pellets cultured at 19%O2, pellets cultured at 4%O2 stained more intensely for GAG, contained significantly more
GAG/DNA (15.9mg/mg±2.9 vs 7.1mg/mg±0.4), and had 325-fold higher mRNA ratios of collagen-II/collagen-I. At 100um/s, compared to
19%O2 constructs, 4%O2 cultured constructs stained slightly more for GAG, contained more GAG/DNA (5.8mg/mg±1.4 vs.
4.3mg/mg±1.2), and had 4.7-fold higher mRNA ratios of collagenII/collagenI. At 10um/s, the same trends became more marked:
compared to 19%O2 constructs, 4%O2 cultured constructs stained more intensely for GAG, contained significantly more GAG/DNA
(6.2mg/mg±0.9 vs. 3.5mg/mg±0.6), and had significantly higher mRNA ratios of collagenII/collagenI (12.7-fold higher). The fractions of
accumulated GAG (relative to total synthesized GAG) were similar at 100um/s or 10um/s, thus excluding the possibility that the effect of
reduced O2 at higher flow rates was masked by enhanced GAG release.
Conclusions
Consistent with results obtained using the pellet model system, we demonstrated that AHAC cultured in 3D scaffolds under perfusion
had a higher re-differentiation capacity and deposited more GAG when physiological versus normoxic oxygen tensions were applied.
However, effects of the lower oxygen on constructs were more pronounced and statistically significant only at the low flow rate,
suggesting that shear stresses may adversely affect AHAC response to reduced oxygen. To better understand the influence of shear,
studies are ongoing to integrate experimental data with computational fluid dynamics modeling.
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Bone Cell Mechanosensitivity and Elasticity in Round and Flat Morphologies
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There is increasing evidence that cell function and mechanical properties are closely related to morphology. Thus, cell morphology plays
an important role for the design of engineered artificial tissue constructs. However, most in vitro studies investigate flat adherent cells,
which might not reflect physiological geometries in vivo. Osteocytes, the mechanosensors in bone, reside within ellipsoid containment,
while osteoblasts adhere to flatter bone surfaces. It is unknown whether morphology difference, dictated by the geometry of attachment
is important for cell rheology and mechanosensing. Thus, we studied the rheology and mechanosensitivity of bone cells under different
morphologies using atomic force microscopy and our two-particle assay for optical tweezers. Primary osteoblasts were isolated from
avian bone using a sequential collagenase treatment. These cells were cultured in 2% chicken serum overnight prior to experiments.
MLO-Y4 cells were used to model osteocytes and MC3T3-E1 cells for osteoblasts. These cell lines were cultured in 10% fetal bovine
serum until near confluency prior to experiments. All cells were incubated at room temperature in CO2-independent medium without
serum immediately before measurements. Elasticity was determined using a Hertzian contact model for both flat and round
morphologies. We found that the elastic modulus of MLO-Y4 osteocytes when flat and adherent (> 1kPa) largely differed when round
but partially adherent (< 1kPa). The elasticities of round suspended MLO-Y4 osteocytes, MC3T3-E1 osteoblasts, and primary
osteoblasts were similarly < 1kPa (see figure). The mechanosensitivity of round suspended MLO-Y4 osteocytes was investigated by
monitoring nitric oxide (NO) release, an essential signaling molecule in bone. These cells were stimulated by oscillatory undulations of
the integrin-bound spheres upto 30pN force. Interestingly, the NO released increased in response to 5pN force stimulation, in contrast
with flat cells, which required 20nNforce stimulation while releasing lesser NO. Our results suggest that a round cellular morphology
supports a less stiff cytoskeleton configuration compared with flat cellular morphology. This implies that osteocytes take advantage of
their ellipsoid morphology in vivo to sense small strains benefiting bone health. Our assay provides novel opportunities for in vitro
studies under a controlled suspended morphology versus commonly studied adherent morphologies.

Figure: Bone cell elasticity.
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Mode of Action of Ectopic Bone Formation induced by Periosteum-Derived Progenitor Cells
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Introduction
Bone morphogenetic proteins (BMPs) have been discovered by their ability to induce ectopic bone formation. Human periosteumderived cells (HPDCs) can induce ectopic bone formation in a HA/tri-calcium phosphate/Collagen type I (Collagraft™) carrier. Therefore
we hypothesize that BMP signaling in PDCs may be essential to induce progenitor cell driven ectopic bone formation.
Materials and Methods
Human periosteum derived cells (P3-P5) were transduced with adenovirus-GFP or adenovirus-noggin, labeled with the cell tracking dye
CM-DiI, subsequently seeded into cylindrical 27mm³ Collagraft™ carrier structures and implanted subcutaneously in the back of female
NMRI nu/nu mice. After 2 days, 1, 4 and 8 weeks the implants were collected and processed for RNA extraction or histology. In vitro
and in vivo BMP expression levels for human BMP2, 4, 6 and 7 were measured by Taqman PCR. Immunohistochemistry was
performed for human and mouse specific osteocalcin and for phosphorylated Smad-1,5,8 proteins. Human cells were visualized with
CM-DiI tracking dye or with in situ hybridization for human specific genomic alu. The amount of bone in the implants was quantified by
histomorphometry.
Results
In our experimental conditions, an optimal amount of bone was reached with one million HPDCs seeded on Collagraft™. The de novo
formed bone was a chimeric tissue consisting of about 70% human osteoblasts/cytes and 30% mouse bone cells. Taqman PCR
demonstrated that BMP2, 4 and 6 but not BMP7 are expressed in cell culture and remained constant upon passaging. In vivo
expression levels of BMPs increased over time. Transduction of HPDCs with ad-noggin decreased ectopic bone formation by 90%.
Conversely, coating of the Collagraft™ with recombinant BMP2 prior to seeding resulted in an increased bone formation. In addition,
more host cells and more phospho-smad 1,5,8 positive cells were present in BMP2 coated implants as compared to HPDC seeded
implants. In contrast, implants seeded with ad-noggin transduced HPDCs contained only a few phospho-smad 1,5,8 positive cells.
Conclusion
Our data indicate that ectopic bone formation by PDCs is partially dependent on secreted BMPs. Therefore, optimizing cell culture
methods to select for BMP producing cells may be a promising approach for bone engineering applications.
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Oscillatory Perfusion Seeding and Culturing of Osteoblast-like Cells on Porous Beta-Tricalcium
Phosphate Scaffolds
DDJ Du, KF Furukawa, KT Tschiya, TU Ushida
University of Tokyo, BUNKYO-KU, TOKYO, Japan
By nutrient transport and mechanical stimulation, perfusion culture systems with unidirectional flow have been proven effective
bioreactors for construction of tissue engineering bone in vitro by not only chemical transportation but also by fluid flow induced
osteogenesis. But bone interstitial flow in vivo is oscillatory in nature. Thus, in the present study, a compact perfusion system with
oscillatory flow was developed, and its seeding and culture effects were evaluated.
Mouse osteoblast-like cells, MC 3T3-E1, were seeded and cultured for 6 days in large porous ceramic beta-tricalcium phosphate (ßTCP) scaffolds by either the static or oscillatory perfusion method. The seeding efficiency, cell proliferation, early osteogenesis,
distribution and viability were evaluated. Compared with the static culture, the oscillatory perfusional method showed significantly higher
seeding efficiency and higher scaffold cellularity in DNA content analysis（p<0.05）, as well as higher ALP activity after 6 days of
culture（p<0.05）. Stereomicroscope observation of MTT staining and Hoechst/PI double staining also demonstrated homogeneous
seeding, proliferation and viability of cells throughout in the oscillatory system; by contrast, the static culture showed polarized seeding
and proliferation favoring only the outer and upper surfaces, with only dead cells in central part of the scaffolds. It was supposed that in
static culture, the cells on the surface within the diffusional limitation would proliferation and accumulate in situ, somewhat like a nutrient
dam for the inner cells; the inner cells would undergo apoptosis in the microenvironments lack of nutrient and rich of metabolites. On the
other hand, the oscillatory flow may maintain the survival of the cells or wipe off dead cells for new comer by not only mechanical
stimulation but also chemical transport.
The results demonstrated that the oscillatory flow condition not only allows a better seeding efficiency and homogeneity, but also
facilitates uniform culture and osteogenic differentiation. These results suggested that the oscillatory perfusion system could be a simple
and effective bioreactor for bone tissue engineering, as well as a 3D model for biological study of oscillatory flow in bone.
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Generation of osteoinductive and vasculogenic implants by perfusion culture of adipose tissuederived cells
A Scherberich, R Galli, J Farhadi, I Martin
University Hospital Basel-ZLF, BASEL, Switzerland
Early vascularization in the center of tissue-engineered osteogenic cell-scaffold constructs of clinically relevant sizes is central for cell
survival and successful engraftment. The issue could be addressed by implanting osteogenic cells together with endothelial cells,
capable to organize a vascular network. Here, we aimed at generating a vasculogenic and osteoinductive construct starting from a
single cell source, namely lipoaspirate cells.
Lipoaspirates from healthy patients were digested and the stromal-vascular fraction (SVF) was isolated by differential centrifugation. We
obtained 5.9±3.5x105 cells/ml of lipoaspirate (n=7), of which 5.2±0.9% showed clonogenic capacities. Osteoblastic differentiation by
these cells was demonstrated at different passages by Von Kossa and alizarin red staining. SVF contained cells of both mesenchymal
(positive for CD90, CD44 and CD105) and endothelial (positive for CD34, VEGFR2 and CD31) lineages. Freshly isolated SVF cells
were seeded and cultured for 5 days or 3 weeks in hydroxyapatite porous disks (Engipore, Fin-Ceramica Faenza, IT; 8mm-diameter x
4-mm thick) by using a perfusion bioreactor. The same cells were statically loaded after expansion in culture flasks for 5 days or 3
weeks. All constructs were thereafter subcutaneously implanted in nude mice for 8 weeks. Homogenous, abundant bone formation
inside the implant was observed for scaffolds cultured 5 days under perfusion (27% of pore space filled with bone tissue). A part of the
total blood vessels inside these implants was positive for human CD31 and human CD34. Vessels were functional and connected to the
vasculature of the host, as proven by the presence of erythrocytes in their lumen. Constructs cultured for 3 weeks under perfusion or
loaded with monolayer-expanded cells generated less bone (respectively 16% and 9% of pore space), with no evidence of blood
vessels of human origin.
In conclusion, direct perfusion of freshly harvested adipose-derived cells through porous ceramic for a short time generated
osteoinductive constructs with intrinsic vasculogenic capacities. It remains to be tested whether extension of the approach to larger
constructs could accelerate graft vascularization and enhance survival of the implanted cells in the construct core.
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In Vivo Fluorescence Molecular Tomography of Bone Formation Induced by Genetically Engineered
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Fluorescence Molecular Tomography (FMT) is a new powerful near-infrared imaging modality that enables 3D quantitative
determination of fluorochrome distribution in tissues of live small animals. Non-invasive, quantitative imaging plays a major role in
developing tissue-engineering platforms for clinical applications. However, so far only 2D optical systems were available. We have
previously shown that by implanting genetically engineered mesenchymal stem cells, conditionally expressing the osteogenic gene,
BMP-2 (C9 cells) we could regenerate bone defects in various sites, in vivo. We hypothesized that engineered bone remodeling could
be non-invasively and quantitatively monitored in 3D with FMT. C9 cells were implanted in the thigh muscle and radius non-union bone
defect sites in C3H/HeN mice. Real time imaging of bone remodeling was performed after systemic administration of the fluorescent
diphosphonate imaging agent, OsteoSenseTM on Day 7, 14 and 21 post-implantation. In addition, we monitored and quantified bone
formation in the implantation sites using micro-CT. Our results demonstrated an increase in OsteoSense signal on day 14 followed by a
decrease on day 21-post implantation in the thigh, while the signal was still increasing in the radii on day 21. Micro-CT analysis revealed
a large mass of matured bone formed in the thigh muscle and in the radius segmental defect on day 21. Correlation of micro-CT and
FMT data revealed that the process of bone remodeling was almost completed during a 21-day period. This is the first report that
demonstrates the feasibility of non-invasive, 3D, real-time, molecular imaging of the in vivo bone formation process. These findings
demonstrate the effectiveness of FMT as a functional platform for molecular imaging in the field of bone regeneration and tissue
engineering.
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Angiogenesis in Bone Tissue Engineering:
In Vitro Integration of a Primitive Vascular Plexus Into Bovine Cancellous Bone Matrix
L Steffens, A Wenger, G Finkenzeller, GB Stark
University of Freiburg Medical Center, FREIBURG, Germany
Introduction
Angiogenesis remains one of the key challenges in tissue engineering as insufficient vascularization of transplanted voluminous
constructs results in the lack of oxygen and nutrients following cell death in engineered tissues. Therefore, initial vascular supply
especially during the early post-transplantational stage of tissue engineered constructs should result in positive effects on cell survival.
Based on this consideration, we developed a three-dimensional fibrin-based spheroidal co-culture system consisting of human
osteoblasts and human endothelial cells integrated into bovine cancellous bone. This system was investigated in vitro in regard to the
capability to form a primitive vascular plexus. Functionality of this plexus was studied in ovo using the chicken chorio-allantoic
membrane (CAM).
Methods
Human umbilical vein endothelial cells (HUVECs) and human osteoblasts (hOBs) were grown as three-dimensional fibrin-based monoas well as co-spheroids, seeded into bovine cancellous bone and cultured in vitro for 14 days. Spheroid morphology was assessed by
light microscopy and immunohistochemical cell labeling techniques. Apoptotic cells were visualized qualitatively using histochemical
techniques. Furthermore, detection of alkaline phosphatase (ALP) activity was performed. In order to investigate the spheroidal
sprouting ability in ovo, seeded constructs were implanted onto the CAM.
Results
In vitro cultivation showed a constant increase of ALP activity up to day 14. A small amount of apoptotic cells were detectable but no
significant increase could be observed over the time period of cultivation. HUVEC spheroids developed tube like structures in vitro
resembling a primitive capillary network. Formation of a primitive vascular plexus could also be demonstrated in ovo and additionally a
connection to the host vessel system could be confirmed.
Discussion
This study displays a promising approach in developing capillary networks inside of bone constructs in vitro. As a connection to the host
vessel system was detectable, this model system might serve in vivo as a useful tool for providing initial vascular supply for transplanted
tissue engineered constructs.
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Tailoring the Surface of a 3D Starch-based Scaffold for Improved Endothelialization for Bone Tissue
Engineering
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3B's Research Group, BRAGA, Portugal
2
Institute of Pathology,, MAINZ, Germany

Endothelialization of constructs for bone tissue engineering using autologous endothelial cells (ECs) has been suggested as an
approach to accelerate the establishment of a functional vasculature on implanted cell-engineered constructs. However, currently
available polymeric materials do not generally support EC growth without a pre-coating step with adhesive proteins, such as fibronectin.
Modifying the surface of the material with plasma treatment is a way to tailor the surface properties of the polymer, which in turn will
improve the adhesion of ECs, eliminating the need for protein pre-adsorption. In addition, the bulk properties of the scaffold, highly
important for bone regeneration, will be retained.
Fiber-mesh scaffolds were obtained from a blend of starch and polycaprolactone (SPCL) that have been previously shown to be an
excellent material for both bone marrow and endothelial cells. Despite the normal phenotypic and genotypic expression of ECs growing
on SPCL fiber-meshes, improved adhesion required a pre-coating with fibronectin. Thus, the aim of this study is to determine whether
the uncoated surface of SPCL fiber-mesh scaffolds modified with argon plasma favors EC adhesion, and if so, whether the cells
maintain their normal gene/protein expression.
Human umbilical vein cells (HUVEC) were seeded on plasma-modified SPCL fiber-mesh scaffolds, unmodified scaffolds pre-coated
with fibronectin (positive control) and unmodified scaffold without coating (negative control) and cultured for 3 and 7 days. SEM data,
together with calcein-AM fluorochrome staining show that HUVECs seeded on plasma-modified scaffolds adhered, remained viable,
maintained the typical cobblestone morphology and after 7 days populated the entire scaffold. The same growth pattern was observed
for the positive control. In contrast, few cells were detected on the negative control. The proliferation data, calculated from DNA
measurements revealed that cells on plasma-modified scaffolds proliferate at levels similar to the positive control. HUVECs on plasmamodified scaffolds, as well as on the positive control, expressed the intercellular adhesion molecule PECAM-1 (CD31), but in the former
ECs spanned between adjacent fibers in the scaffold, a quite unusual behavior for ECs on scaffolds (Fig. 1). Plasma treatment
eliminated the need for protein pre-adsorption and this might be due to the increased oxygen on the surface and consequently to a
more hydrophilic surface (XPS and contact angle data). Future protein adsorption studies will be performed to support the hypothesis of
improved protein adsorption by the treatment.
In summary, these data support the hypothesis that the surface modification of SPLC fiber-mesh scaffold is effective in obviating the
use of fibronectin to support the endothelialization of the scaffold as a potential method to accelerate the vascularization process in
bone tissue engineering.
Acknowledgements: Portuguese Foundation for Science and Technology for a scholarship to M.I. Santos (SFRH/BD/13428/2003); The
European Union funded STREP Project Hippocrates (NNM-3-CT-2003-505758) and the European NoE EXPERTISSUES (NMP3-CT2004-500283).

Figure 1:PECAM-1 (CD31) and phalloidin immunostaining.
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Amplified response of bone cells to fluid shear stress superposed with noise
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Stochastic resonance is exhibited by non-linear systems, where the response to a small signal is enhanced by noise at an optimum
level. It is possible that bone cell mechanosensitivity is enhanced by noise as a mechanism for an amplified response to small stresses.
Daily normal loading on bone is expected to occur at strains as low as 10
. Furthermore, microdamage might impair normal fluid
shear stress levels for stimulating bone cells. Since bone formation correlates with mechanical loading, understanding how bone cells
might perceive low stresses under normal or special conditions of loading is imperative. Previously, we found that bone cells required an
initial stress-kick to respond to fluid shear stress in a rate-dependent manner. This provides a basis for stochastic resonance to occur in
bone as a non-linear biological system. Thus, we studied whether noise of varying intensities (0.03-1.4Pa) enhanced the
mechanosensitivity of MLO-Y4 osteocytes in comparison with MC3T3-E1 osteoblasts. Nitric oxide (NO) and prostaglandin E2 (PGE2)
production were measured as parameters for bone cell activation. We found that the NO response of MLO-Y4 osteocytes to a small
periodic fluid shear stress was acutely enhanced by noise at intensity 0.25Pa (see figure). The NO response of MC3T3-E1 osteoblasts
to noisy stress was optimum at noise intensity 0.7Pa (see figure). MLO-Y4 osteocytes showed an increase in PGE2 release at noise
intensity 0.7Pa, and MC3T3-E1 osteoblasts showed a peak response at noise intensity 0.42Pa. Our in vitro results also implied
differences in stress-thresholds for NO and PGE2 production for MLO-Y4 and MC3T3-E1 bone cells. Since NO and PGE2 regulate
bone formation as well as resorption, our results explain how bone cells might cooperate in vivo in driving the mechanical adaptation of
bone. The noise-amplified response by bone cells provides a novel paradigm for understanding the osteogenic benefits of low amplitude
dynamic loading, and an innovative therapeutic option for preventing bone loss.

Figure: Amplified nitric oxide response to noise.
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3D Scaffolds and Scaffold Porosity for Tissue Engineering
D Hutmacher, SINGAPORE
Scaffold based tissue engineering strategies use cells, biomolecules, and a scaffold to promote the repair and regeneration of
tissues. Although scaffold-based tissue engineering approaches are being actively developed, most are still experimental and it is
not clear what defines an ideal scaffold/cell construct. Scaffolds have to provide sufficient mechanical strength and stiffness for initial
substitution of the wound contraction forces and later remodeling of the tissue. Furthermore, they should be designed to give the
necessary support for cells to attach, proliferate, migrate, and maintain their differentiated function. Finally, the degradation profile of
scaffolds should be synchronized with the tissue growth. Solid free form fabrication (SFF) techniques can precisely control matrix
architecture (size, shape, interconnectivity, branching, geometry and orientation). The SFF methods enable the fabrication of
scaffolds with various designs and material compositions, thus providing a control of mechanical properties, biological effects, and
degradation kinetics. The recent advances and the unsolved issues still present in designing and processing 3D scaffolds for
regenerative medicine will be discussed and few examples will be shown to elucidate advantages and shortcomings in the field.
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Conduits of Fibrin coated Biodegradable Polyurethanes in Nerve Regeneration
TH Hausner, R Schmidhammer, S Zandieh, R Hopf, H Redl
AUVA Research Center, VIENNA, Austria
Introduction
The golden standard in bridging nerve defects and in brachial plexus reconstruction is autologous nerve grafting. Although, nerve
grafting technique is the best available approach a major disadvantage exists: There is a limited source of autologous nerve grafts. We
tried to use conduits of biodegradable polyurethanes with uniaxial pore orientation coated with fibrin sealant to regenerate a 8mm
resected segment of rat sciatic nerve.
Methods
Conduits: prepared by extrusion of the polymer solution in DMF into water coagulation bath using a phase-inverse process. The
polymer used for the preparation of the conduits was a biodegradable polyurethane based on hexamethylene diisocyanate, poly(ecaprolactone) and dianhydro-D-sorbitol.
Animal model: Eighteen Sprague Dawley rats underwent midthigh sciatic nerve transection and were randomly assigned to two
experimental groups with immediate repair: (1) conduit, (2) 180° rotated sciatic nerve segment (control). Serial functional measurements
(toe spread test, placing tests) were performed weekly from 3rd to 12th week after nerve repair. On week 12, electrophysiological
assessment was performed. Sciatic nerve and scaffold/nerve grafts were harvested for histomorphometric analysis. Collagenic
connective tissue, Schwann cells and axons were evaluated in the proximal nerve stump, the scaffold/nerve graft and the distal nerve
stump.
Results
The implants have uniaxially-oriented pore structure with a pore size in the range of 75x700 mm (elongated pores in the implant
lumen)and 2 mm (the pore wall). The skin of the tubular implants was nonporous.
Animals which underwent repair with conduits of biodegradable polyurethanes coated with diluted fibrin (1:8) sealant had no significant
functional differences compared with the nerve graft group. Control group resulted in a trend-wise better electrophysiological recovery
but did not show statistically significant differences.
There was a higher level of collagenic connective tissue within the conduit and within the distal nerve stump. Schwann cells migrated
into the polyurethane scaffold. No statistical difference could be seen to the nerve graft group although Schwann cell counts were lower
especially within the middle of the polyurethane scaffold (zone3). Axon counts showed a trend-wise decrease within the scaffold.
Conclusion
Biodegradable polyurethane conduits coated with diluted fibrin sealant are suggested to support peripheral nerve regeneration in a
standard gap model in the rat up to 3 months. The time of conduit degradation should be decreased.
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Biodegradable thermoplastic elastomers as bioactive materials - A supramolecular and modular
approach
E Wisse, EW Meijer
Eindhoven University of Technology, EINDHOVEN, The Netherlands
In designing new synthetic scaffolds for soft tissue engineering applications, the biomaterials trinity of mechanical compatibility,
biodegradability and bioactivity is of high importance. Because of their good mechanical properties, we focus on thermoplastic
elastomers containing either (4-ureido-butyl)-urea, ureidopyrimidinone-hexyl-urea or a ureidopyrimidinone-hexyl-urethane unit as the
hard segment. The degradation speed of the applied polyester soft segments can be altered by randomly introducing 2-oxo-12-crown-4
(OC) into the polyester prepolymer backbone. Finally, bioactive molecules, e.g. peptides, can be introduced into the hard segment
stacks via a supramolecular and modular approach (Figure 1). For this purpose we functionalized bioactive molecules with a hard
segment unit and via a simple mixing procedure, the bioactive molecules are incorporated in the hard segment stacks due to the
directed non-covalent interactions.
To study our proposed approach, not only peptides, but also model compounds, such as UV active dyes, were equipped with hard
segment units and mixed into their corresponding polymers. The model compounds showed highly specific supramolecular interactions
as could be concluded from various dye release experiments. Upon incorporating various hard segment functionalized peptides in the
different polymers, significantly more peptide was retained when there was a match between the hard segment moiety of the peptide
and the polymer. Preliminary bioactivity tests show cell adhesion and spreading on polymer films with 4 mol% of functionalized RGD
peptide mixed in, while no cell adhesion was observed for the bare polymers. This indicates that our proposed modular approach is
indeed feasible.
Our set of polymers are promising as bioactive scaffold materials in soft tissue engineering. Not only have we synthesized well-defined
polymers with relevant mechanical properties, we also developed a highly specific supramolecular and modular approach to introduce
bioactivity. Finally, our system is generally applicable, since we can vary both the soft block materials as well as the bioactive
functionalities.

Figure 1: Supramolecular and modular approach.
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Anatomical 3D Fiber-Deposited Scaffolds for Tissue Engineering: Designing a Neo-Trachea
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Employing rapid prototyping techniques for scaffolds fabrication has led to the production of improved and more functional 3D matrices.
Several studies focused on scaffolds optimization. However, little is known on the effect of scaffold shape design on tissue regeneration.
In a clinical setting, an appealing solution to engineer a tissue consists in seeding cells on an anatomical scaffold prototyped from a
patient dataset (CT/MRI), but no study has demonstrated its benefit towards other designs.
The aim of this study was to assess whether scaffolds shape design influences tissue formation. The regeneration of a tracheal
cartilaginous segment was considered. Three designs were considered: cylindrical (C) and toroidal (T) tubes drawn with modeling
software, or anatomical (A) tracheal segments obtained from a computerized tomography human dataset. Scaffolds were fabricated
with a Bioplotter (Envisiontec) by extruding 300PEOT55PBT45 (Isotis) layer-by-layer, in a CAD/CAM fashion. The matrices were gasplasma treated, seeded with rat chondrocytes under a rotating flow, and cultured for 21 days.
3D scaffolds had a fiber diameter of 170 ± 15 µm, a space between the fibers of 605 ± 12 µm, and a layer thickness of 148 ± 10 µm.
This corresponded to a porosity of 74.7 ± 1.8%. After 21 days, the MTT signal significantly decreased from the cylindrical to the
anatomical designs, suggesting a different cell attachment and entrapment efficiency of the scaffolds. GAG formation in the anatomical
scaffolds was significantly higher than the other constructs (figure 1) and associated to a higher GAG/MTT ratio, suggesting in a better
cell differentiation. This might be due to the increase in complexity and irregularities of the scaffolds’ structure, resulting in a more
heterogeneous cell distribution because of the presence of shadow areas not reached by the cells.
SEM revealed a higher cell differentiation in anatomical scaffolds, where more rounded-shape cells were noticed. Collagen fibrils
bundles with an average diameter of 130 ± 46 nm were detected. The study demonstrated the benefit of using anatomical scaffolds
fabricated from real dataset of patients for tracheal cartilage reconstruction and might be a starting point to further investigate
anatomical scaffolds for tissue engineering.

Figure: MTT and GAG assays. SEM analysis-21 days.
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3B bone printing by tissue engineering: in vitro evaluation of suitable hydrogel matrices
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Defining scaffold macrostructure and cell localization together with vasculogenesis are regarded as key considerations towards the
success of bone TE. In the current project we focus on this by combining cell-based bone tissue engineering with design and
engineering of three-dimensional (3D) layered macroporous scaffolds by Rapid Prototyping (RP). Layer-by-layer inclusion of cells or cell
aggregates into the printed matrix by RP technology is termed organ or tissue printing. Our objective is to apply the concept of tissue
printing to bone tissue: i.e. to develop complex three-dimensional, vascularized bone grafts, and evaluate their effectiveness by studying
mineralization in vitro and bone formation in vivo. In our approach constructs will be manufactured containing osteogenic and
endothelial progenitor cells at defined locations inside a polymer hydrogel, with incorporation of growth factors at a later stage.
Stimuli-sensitive hydrogels, which undergo transition from soluble-to-gel under physiological conditions in response to changes in their
environment, will be printed together with cells. A 3D Bioplotter that deposits hydrogel microstrands with cells in accordance with a
computer-generated model is used to print small 3D constructs. Therefore, hydrogels suitable for both 3D printing and cell
encapsulation are selected in the first part of the project. Investigated materials include photopolymerizable hyaluronate gels,
thermosensitive Pluronic and self-assembling gels of oppositely charged microspheres. Encapsulated cells are bone marrow derived
stromal cells (BMSC) and endothelial progenitors, both of goat origin.
Current investigations concern the choice of polymer hydrogels that support cell survival and differentiation, can be processed with
Bioplotter and undergo handling procedures associated with implantation and in vivo existence. Their effect on survival and
differentiation is evaluated with a LIVE/DEAD viability/cytotoxicity assay and immunohistochemical techniques, respectively. Small
printed structures are also evaluated in vitro with regard to cell survival and differentiation, in relation to plotting speed, nozzle size etc.
Opaque hydrogels that do not allow evaluation with regular microscopic techniques are assessed by confocal microscopy. Preliminary
findings indicate homogeneous spreading of viable cells inside 3D hydrogel scaffolds. Several cell types can be incorporated in the
same scaffold. Cytotoxicity studies indicate variable survival of goat BMSC related to polymer concentration. Further investigations deal
with enhancing hydrogel mechanical properties, to allow easier handling and processing of the samples.
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Engineering implants, scaffolds and tissues
JR de Wijn
Dept. of Polymer Chemistry and Biomaterials, University of Twente, TWENTE, The Netherlands
Engineering is an activity where ingenuity is involved to bring about something useful. In the field of biomaterials ingenuity has been
directed to bring human tissues to adapt or to adhere to an implant material or to grow into pores of it with the aim of providing
support to these tissues or their complete substitution.
In tissue engineering ingenuity is directed to cause (stem) cells to differentiate and transform into a specific tissue in vitro, where
after it can be implanted back into the demanding part of the anatomy of the owner of the cells. Also here an artificial structure is
often needed for the initial support of cells and developing tissue. These structures bear much similarity to porous implants from the
past but are now called “scaffolds”. An important difference may be that, analogously to building practice, a scaffold is supposed to
disappear after the desired tissue has developed fully in vivo but the essences of porous implant technology remain applicable to
scaffold engineering.
In tissue engineering a tremendous progress in cell- and tissue biology is seen together with an emphasis in material engineering on
processing techniques and nano technology and an important development of understanding of the biomechanics of tissue
(re)generation. Unfortunately, there is a tendency for studies in these three areas to segregate while integration is necessary. In one
of the many proposed definitions of tissue engineering – “the creation of new tissue for the therapeutic reconstruction of the human
body through ..… stimulation of target cells through a … combination of molecular and mechanical signals” [1] - a way to advance
tissue engineering is inherently given. An ideal research effort could encompass: a thorough validation of the biomechanical celland tissue differentiation model as formulated in 1997 [2] in in vivo models is combined with the optimization of porous material
structures which conduct the stresses to the cultured cells and tissues. With the biomolecular techniques that are available today the
translation of mechanical signals to biological events can be studied as well.
1. Ratner,Williams, Sorrento,2005; 2. Prendergast, Huiskes,Soballe J.Biomech,30.539.1997

Figure: Porous structure is tailored to desired properties, incubated with cells and implanted, the model evaluated numerical, and
the implant studied for histochemical and histological reactions.
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Cultivation of Human Meniscal Cells on bovine Collagen Type I Scaffolds for the Regeneration of
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Introduction
In vitro cultivation of human meniscal cells on biocompatible scaffolds might be a potential procedure for tissue engineering of menisci.
To date cultivation under GMP conditions including the use of serum free media has not been reported in the literature.
Methods
From 8 patients (age 52.7 ± 11.6 yrs), treated for partial meniscectomy, biopsies (1.16 ± 0.37 g) were harvested and enzymatic
digested with 0.1% collagenase (16 ± 4h at 37°C). Thereby 2.0x105 ± 1.5x105 cells with 91.7 ± 4.2% vitality could be isolated. To
achieve a sufficient cell number of 2.500 ± 500/cm2 the cells were cultivated under standard conditions (37°C, 5% CO2,) with the use of
serum free media (CellGro). After 3rd passage density increased between 1.2x107 to 4.4x108 cells. Next 2x104 or 1x106 meniscal
cells/cm2 were seeded onto the surface of a pores bovine collagen scaffolds (4mm thickness) with different pore sizes (100, 250 μm)
and cultured for 6, 10 and 14 days. All procedures were done under GMP conditions.
To define a distinct meniscal phenotype cells were directly stained with fluorescein (FITC)- or phycoerythrin (PE)-conjugated
monoclonal antibodies specific for CD44, CD105, CD31, CD34, CD95, CD29, CDE25 and AS02 or indirectly stained with unconjugated
monoclonal antibodies specific for aggrecan and collagen type II and further processed with the secondary labeling reagent PEconjugated F(ab’)2 goat anti-mouse IgG1. Propidium iodide was used to discriminate dead and viable cells either for
immunofluorescence staining or immunofluorescence microscopy. The antigenic phenotype of meniscal cells was evaluated by using
flow cytometry.
Results
The antigen-expression of meniscus cells in monolayer-culture was negative for CD25, CD29, CD31, CD34 and positive for CD44,
CD95 und AS02. Expression of aggrecan und collagen-type II was positive in 3-dim alginate-bead-culture, not for monolayer-culture.
Only cultivation with a density of 1x106/cm2 meniscus cells lead to a homogenous complete cell distribution within all scaffolds.
Discussion
Homogenous serum free media cultivation of pores collagen scaffolds with human meniscal cells under GMP conditions is feasible. A
sufficient cell density seems to be critical.
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Intervertebral Disc Regeneration using Genetically Engineered Adult Stem Cells
N Kimelman, Y Zilberman, G Pelled, Z Gazit, D Gazit
Hebrew University of Jerusalem, JERUSALEM, Israel
Current therapeutic solutions for intervertebral disc (IVD) degeneration include prosthetic implants, which fail in the long term. Adult
mesenchymal stem cells (MSCs) give rise to chondroblasts, tenocytes, and osteoblasts, are excellent candidates for skeletal tissues
tissue engineering. We have shown that MSCs overexpressing the Brachyury or the Smad8/BMP-2 genes induced cartilage and tendon
formation respectively. We hypothesized that genetically engineered MSCs combined with a hybrid of polymeric scaffolds could be used
to replace a degenerative IVD. Hybrid of fibrin gel and filamentous Poly Lactide-Glycolide acid (PLGA) scaffold were molded into the
shape of a rat IVD. One million MSCs overexpressing Brachyury were suspended in fibrin gel, forming the construct's center. Three
million MSCs expressing Smad8/BMP-2 were seeded on the PLGA scaffold, forming the outer ring of the construct (1a). Grafts were
implanted subcutaneously in C3H/HeN mice or used to replace caudal discs of Nude rats. Cells were labeled with Luciferase or GFP
genes, which enabled non- invasive monitoring of cell survival using a Bioluminescence Imaging System, or minimally invasively using
the Fibered confocal microscopy system. MRI was utilized to compare the engineered disc water content to a native one. Grafts were
harvested after three weeks and analyzed using immunohistochemistry. Our results indicated that an IVD-like tissue was formed
subcutaneously and in the intervertebral space. Smad8/BMP-2 expressing MSCs formed an annulus fibrosus (AF) - like tissue in the
outer portion of the graft (1b) positively stained for Collagen I (1c) and III. MSCs expressing the Brachyury gene formed nucleus
pulposus (NP)-like tissue in the center of the construct (1b), positively stained for Collagen II and VI (1c). The cells survived at least two
weeks post implantation as was demonstrated by the bioluminescence (1d) and the fluorescence imaging systems (1e). MRI analysis
indicated that similar water content was present in the engineered IVD compared to adjacent intact controls. This is the first report
demonstrating the use of genetically engineered MSCs for IVD tissue engineering. We conclude, that engineered biological disc
composed of genetically engineered MSCs seeded on an IVD-shaped hybrid biodegradable scaffolds can serve as a platform for IVD
regeneration.
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Experiments and Finite Element Modelling of Solute Transport in Human Intervertebral Discs
DB Das, A Welling
Oxford University, OXFORD, United Kingdom
The human intervertebral disc (IVD) is the largest avascular tissue in the body. Discs are made up of a gelatinous substance called the
nucleus pulposus (NP), which acts as a shock absorber and provides flexibility during the diurnal cycle. The NP is surrounded by a
fibrocartilaginous ring, the outer annulus (OA), which keeps the NP intact when forces are applied. Essential nutrients such as oxygen
and glucose are supplied to the IVD by capillaries at the disc margins which may be up to 7-8 mm away. Nutrient gradients from the
blood supply to the disc centre thus develop and the nutritional environment of the cells varies throughout the disc. Loss of nutrient
supply to the disc cells is thought to be a major cause of disc degeneration. Modelling studies have the potential to elucidate how
disturbances to nutrient supply or disc properties could influence the extracellular environment and hence affect cellular metabolism and
viability. Evaluation of disc nutrition is however hampered by a lack of relevant material constants, such as reliable diffusion coefficient
data. There are also contradictory hypotheses as to the effects of solute size on the transport of solutes.
In this paper, we analyse the molecular size effects on the solute transport in IVD by a combination of experimental and modelling
studies. The diffusion coefficient of fluorescently tagged Dextran molecules of different MW have been measured in vitro in thin
specimens of disc OA and NP. Filter paper saturated with Dextran has been applied to one end of the specimen and diffusion allowed
to take place in a chamber at 100% humidity for several hours. The thinness of the specimen and width of the filter paper matching the
width of the disc effectively imply that the diffusive process is primarily 1D. Samples are then rapidly frozen in dry ice to stop the
diffusion and sliced at 1mm intervals. These slices are digested in Papain overnight and the fluorescence (Absorbance: 494nm,
Emission: 540nm) of each digest measured in a spectrophotometer. In this work, diffusion coefficients (D) are then estimated as D = 1 /
(4*time*S) where S is the gradient of the linear region of a normalized concentration gradient graph. Our results show that D of Dextran
in the MW range 3-70kDa is 2.47-1.61 E-07 cm2/sec in the annulus and 2.46-1.13 E-07 cm2/sec in the Nucleus. The results clearly
show that with increasing MW (larger molecular size) reduces the diffusion coefficient. These results are then used in a finite element
model of convection-diffusion and diffusion to determine the transport behaviour of these solutes in IVD. The solute transport behaviour
is compared for diffusion and convection-diffusion studies for a number of different solutes with the molecular weights (MW) in the range
3-70 kDa. An attempt to use an inverse modelling technique is also made to determine effective properties of the IVD.
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A novel imaging-based system for biomechanical analysis of tendon tissue in vivo
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This study explores and describes a novel method to quantify in vivo tendon biomechanics from endoscopic confocal fluorescence
microscope images of externally loaded tendon. The proposed method was developed to enable periodic, on-line assessment of
healing in genetically engineered mesenchymal stem cell tendon injury therapies.
In an initial step, C3H/HeN female mice, aged 10 weeks, were anesthetized and the cells of the right Achilles tendon were stained in the
elastic region using a fluorescent nucleic acid stain. The femur and tibia of the mouse were physically constrained in a loading jig that
provided a quantified rotational moment at the ankle joint. During loading, the relative motions tenocytes were recorded using a CellVizio (Mauna Kea Technologies, USA) endoscopic micro-imaging system. The cellular displacements were then analyzed using a
custom developed, cross-correlation based, tracking algorithm to extract and map the tissue strain field. The veracity and repeatability
of both the tendon loading protocol and automatic tracking algorithm were established by manually measuring and analyzing tenocyte
displacement within a prominent superficial tendon structure.
Over repeated trials, the primary engineering strain in the reference tendon structure was 12.4 ± 1.3 %. Thus, reproducibility of the
tendon loading device was established. The full field cellular displacements and corresponding local tissue strains revealed primary
engineering strains in the tissue to range from -3 to 18%, indicating a highly inhomogenous strain state. Close inspection of the full field
cellular displacements showed that the tendon structure is complex, with stratified tissue structures that alternately load and unload
according to the degree of ankle rotation.
In conclusion, a novel method for in vivo assessment of tendon stiffness has been proposed and partially validated. While some
aspects require refinement, the method shows exciting promise for application in longitudinal study of healing in regenerative connective
tissue therapies.
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Meniscus Cross-Sections Exhibit Characteristic Inhomogeneous Strain Distributions Under Axial
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Introduction
The meniscal ultra-structure is complex, being comprised of a highly oriented and non-homogeneous collagen fiber matrix which
dominate its anisotropic behavior. Results of this study describe strain distributions on meniscus cross-sections under axial
compression, as well as age-dependent changes thereof.
Methods
Eight human medial menisci were harvested from donors with an average age of 52 years (27 - 80 year). One cross-sectional specimen
of 5 mm thickness was excised from the posterior-medial aspect of each meniscus. A meniscus loading stage was custom designed to
subject meniscal cross-sections to incremental unconfined axial compression. Full-field strain distributions over the meniscus crosssection were acquired with an Electronic Speckle Pattern Interferometer (ESPI) system. ESPI in-plane strain reports were analyzed in
terms of minimal principal (compressive) strain εc. To asses the effect of age on strain distribution, specimens were stratified into a
‘younger meniscus’ group (n=4, 34±9 years), and an ‘older meniscus’ group (n=4, 71±6). Differences in εC between the two groups
were statistically analyzed with paired, two-tailed Student t-tests at alpha=0.05.
Results
Meniscus compression by 10 micron generated highly non-uniform strain distributions. After averaging εC profiles along a line for all
eight specimens, the highest strain of 0.29%±0.08% was found in the mid-region of. The lowest strain of 0.04%±0.11% was found at the
meniscus surface that articulates with the femoral condyle. Stratifying specimens in two age groups yielded up to 30% higher strain in
the older meniscus group.
Discussion
ESPI strain measurements quantified for the first time continuous, inhomogeneous strain distributions on meniscus cross-section. Our
finding of higher compressive strain in the meniscus mid-region suggests that this section has a lower compressive modulus as
compared to the surface region. We furthermore found that for older specimens, the strain elevation in the mid-region was more
pronounced.
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CD34+ Cells in The Normal and Pathological Human Meniscus
CM Verdonk, R Forsyth, H Van Der Bracht, R Verdonk, KF Almqvist, G Verbruggen
Ghent University, GENT, Belgium
Introduction
We recently characterized different cell types in the normal human meniscus based on the synthesis of extracellular matrix compounds
and the expression of specific cell membrane markers (Osteoarthritis Cartilage. 2005 Jul;13(7):548-60). To further explore the biology of
the meniscus, an immunohistochemical analysis was performed on both normal and pathological specimen.
Material and Methods
Human knee menisci were harvested from pathological joints at the time of total joint arthroplasty or partial meniscectomy. Specimen
were obtained from joints diagnosed with rheumatoid arthritis (N=3), osteoarthritis (N=8), traumatic tear of the meniscus (N=12). The
normal meniscus (N=3) specimen were obtained from the University Tissue Bank through the general organ donor program. A semiquantitative immunohistochemical scoring (0=absent, 1= weak staining, 2= intermediate staining, 3= strong staining) was performed on
paraffin embedded section: H&E, PAS, Saffranine-O, CD34, CD31 and smooth muscle actin (SMA).
Results
The normal meniscus was characterized by a CD34+ superficial cell layer. This cell type was not observed in pathological menisci. In
the case of a chronic meniscus tear, the superficial cell layer was characterized by cell proliferation, expression of SMA and
myofibroblast-like morphology, while the osteoarthritic meniscus is characterized by a general decrease of cell number and more
chondrocyte-like morphology. In both cases, CD34+ cells could not be observed. Acute meniscus tears showed the presence of CD34+
cells, no proliferation of the superficial layer and the absence of SMA expression. The RA specimen were covered by synovial pannus
tissue characterized by the presence of vascular elements and CD34+ fibroblasts.
Conclusion
To our knowledge, this is the first study to illustrated the in vivo biological response of the human meniscus in different pathological
conditions. Trauma induced a proliferative repair response of the superficial cell layer with upregulation of SMA in contrast to
degenerative disease which was characterized by a general hypocellularity. CD34+ superficial cells were not observed in these
conditions. We hypothesize that the recently described CD34+ superficial meniscus cell plays a role in the homeostasis of the human
meniscus.
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Effect of load on cartilage formation in defects reconstructed with polyesterurethanes
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A severely damaged meniscus was replaced in dogs by an implant based on polycaprolactonepolyurethane (PCLPU). Fibrous tissue
infiltrated the scaffold which converted between 3 and 6 months post implantation into cartilage-like tissue. To test our hypothesis that
load is the most important factor in this transition, and in the light of the suitability of the material for cartilage tissue engineering, we
implanted PCLPU plugs in the trochlea of rabbits with two heights.
Punches of the porous PCLPU with a diameter of 4 mm and a height of 3 mm or 4 mm were implanted flush (Normal Load, NL), or
elevated 1 mm above the surface (High Load, HL), in the trochlea of 14 rabbits, which were operated on both knees, with two implants
in each knee (NL and HL) with two follow up times (8 and 14 weeks, N = 7). Cartilage-like tissue in the foam was quantitated in all
implants and expressed as a percentage of the total area of the defect.
The surfaces of both NL and HL implants were smooth and flush and integration with the host took place. All implants were completely
filled with fibrous or cartilage-like tissue. Ingrowth started form the subchondral bone and cartilage-like tissue was mainly located in the
deeper regions of the scaffold. At the interface between scaffold and bone hypertrophying cartilage was replaced by new bone.
Quantification showed no difference in the surface area of cartilage in NL (14.09% ± 12.2) compared to the HL implants (10.08% ±
9.17) and no increase in cartilage between 8 (10.01%) and 14 weeks (5.77%).
Since the HL implants are compressed into the defect, we speculate that the difference in load between NL and HL was only temporary
directly after surgery and lost by non-elastic compression of the HL PCLPU scaffolds by the load. After the relatively short follow-up
period, cartilage formation is considerable and the PCLPU foam has an excellent biocompatibility. Also, based on the good tear strength
and compression modulus that can be further adapted to cartilage, we think this material has a potential for cartilage repair in larger
defects.
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Introduction
Injuries or complete loss of the meniscus cause cartilage degeneration and osteoarthritis. The healing capacity of the meniscus is
limited. Artificial meniscus replacement is a possible alternative to allograft transplantation, which is associated with limited availability,
logistical difficulties and the risk of disease transmission. Within the framework of the EC-Project a pivotal study in sheep was conducted
to evaluate surgical technique, critical defect size, implant ingrowth and integration and postoperative mobilization using a meniscus
replacement device.
A new biomaterial consisting of hyaluronic acid and polycaprolactone was used as a meniscus substitute in sheep.
Methods
36 skeletally mature sheep (50-64 kg) underwent total medial meniscectomy in the right stifle joint, 6 sheep were leaved untreated for
control group. 24 sheep were subjected to meniscal implant and were divided in two groups: the SCS group (scaffold cell seeded,
n=12) received total medial meniscal replacement by the implant of a scaffold seeded with aoutologous chondrocytes, and the SCF
group (scaffold cell free, n=12) where the meniscus was replaced by a cell free implant. In the SCF group the left stifle joints served as
non-operated joints for comparison. In the SCS group the cartilage biopsy was performed from the left stifle joint to obtain the
chondrocyte culture. This joints were used as a sham controls in order to see the impact of the artrotomy in a healthy joint. Twelve
sheep, six for each group, were euthanized 4 months after surgery in general anesthesia, while the other twelve were euthanized at 12
months of follow up. 6 sheep of control group were euthanized at 12 months.
A follow-up blood analysis to detect infection or allergic reactions, and a radiographic examination to exclude fracture were performed
before euthanazia. The joints were evaluated clinically for swelling, stability and limb. Under sterile conditions the right and the left joints
were opened through the previous approach, a swab for microbiological analysis and a synovial aspirate were taken, and the presence
of effusion or popliteal cysts was documented. The joints were resected in toto, compared with the non-operated ones and evaluated
with ‘joint changes score’ (min 48, max 0). A macroscopic examination of the implant was performed, too. The specimens were
assessed by macroscopic evaluation focusing on implant aspect and tissue quality, its integration to the capsule, fixation and location
using a ‘meniscus implant score’ (min 9, max 27). A routine histologic processing with paraffin embedding and 3µm cuts was performed.
The specimen were subjected to staining of Hematoxilin/Eosin for general morphology, Safranin O/Fast Green for glycoseaminoglycans
(GAG) and Azan for collagen. A mapping system for the implant was created, dividing the implant into a peripheral (zone1),
intermediate (zone 2) and central (zone 3) zone, moreover a superficial (zone s) and a core (zone c) zone were determined. The
cartilage underneath the implant was assessed in the periphery (cart ' p) and the center (cart ' c).
Sections were viewed by an experienced osteoarticular pathologist (DMS) without information on whether the samples were from sheep
which had been treated with seeded or unseeded scaffolds.
Results
At 4 months of follow up we noticed a mild swelling, due to the thickening of joint capsule, in all animals, there was no joint instability
and no infection .The implants remained in position and showed excellent tissue ingrowth and integration to the capsule. However, we
observed in some sheep some cleft of the implant and a full substance tear in three of them due to the insufficient mechanical
proprieties of the graft. The average meniscus implants score was 22,33 (min 18, max 26) for the scaffold cell seeded ant 20,66 (min
17, max 25) for the cell free. The histological investigation revealed tissue formation, cellular infiltration and vascularization.
At 12 months of follow up we observe significantly better macroscopic and histological results in SCS group. The average meniscus
implants score was 23 (min 17, max 27) for the scaffold cell seeded ant 18,5 (min 12, max 27) for the implant cell free.
Progressive joints degeneration was observed in all operated joints. Anyway the degree of the joint damage was significantly lower in
the joints where meniscus implantation was performed respect to the control group.
The average joint score at 12 months was 20 for the control cases, 10,5 for the implant cell seeded and 9,4 for the implant cell free.
At the histological analysis the residual scaffold with an associated foreign body response consisting of a mixed giant cell and
mononuclear histiocyte infiltrate was present in all the implants. In addition to the foreign body reaction, all implants showed extensive
vascularisation with an admixture of blood vessels including small muscular arteries. Cellular fibrous tissue was present in all of the
implants to a degree which varied from area to area in the implant. Cartilaginous differentiation was significantly more commonly seen in
the cell seeded constructs.
Conclusions
The present study shows promising results concerning the biological qualities of this biomaterial. The mechanical properties of the
implant should be improved. The promising results concerning more meniscuslike tissue formation in the cell seeded implants confirms
the important contribute of the tissue engineering of the implants.
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Influence of nano-vibration stimuli on cell differentiation for tissue engineering
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The handling of cells is one of important factors for tissue engineering. Recently, physical stress and stimuli, such as 2-D stretch,
hydrostatic pressure and shear stress, have been extensively studied for controlling cell function. In this study, we report the influence
of nano-vibration stimuli as physical stress on cell differentiation. Here, we adopted nano-vibration stimulation system as a novel
physical stimulation method. The piezo-electric actuator is employed to apply micrometer- to nanometer amplitude. To investigate the
influence of nano-vibration on cell differentiation, PC12 cells were used as model cell and stimulated using nano-vibrator. The cells were
seeded on multi culture plate and then nerve growth factor (NGF) was added at final concentration of 50 ng/ml. The cell culture plate
was set on nano-vibrator and shaken at various frequencies for 1 hour from day to day. The morphology of live cells was observed by
light microscope for 4 days. The cells having at least one neurite with a length equal to the cell body diameter were defined as
differentiated cells. The degree of cell differentiation was expressed as a percentage of the total cells. In the case of no addition of NGF,
the cells were hardly differentiated with and without nano-vibration stimuli. On the other hand, with NGF, the cell differentiation was
observed and promoted with nano-vibration in the initial stages. The length and number of neurite per a cell were investigated using NIH
image. The no different in number and length of neurite was observed with or without nano-vibration stimuli. These findings may lead to
novel cell culture systems controlling cell differentiation of some of stem and progenitor cells.
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Three-dimensional cell seeding and growth in radial-flow perfusion bioreactor
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Tissue engineering has been developed as a new approach in regenerating tissues and organs using cells and scaffolds. One of the
most important factors in the successful tissue engineering in vitro is a suitable bioreactor system. In general, two types of bioreactors
have been used for cell seeding and culturing on polymer scaffolds, namely spinner flasks and rotating vessels. The flow in a spinner
flask is turbulent and generates an uneven distribution of shear stress over the surface of the constructs, which may cause cell damage
and induce the formation of fibrous capsules at the construct surfaces. In the rotating vessel system, the constructs are freely
suspended in a medium as a result of the balance between centrifugal, gravitational, and viscous drag forces. Gas exchange is
performed through an inner cylinder.
In the present study, radial-flow perfusion bioreactor systems have been designed and evaluated to enable direct cell seeding into a
three-dimensional porous scaffold and subsequent cell culture for in vitro tissue reconstruction. Tubular poly-L-lactic acid (PLLA) porous
scaffolds with an optimized pore size and porosity were prepared by lyophilization method.
The medium flowed radially from the lumen toward the periphery of the tubular scaffolds. It was found that the optimized medium flow
rates for cell seeding and the subsequent cell growth were greatly different. At this optimal rate, the increase in seeded cells in the
perfusion culture over a period of 5 days was 7.3-fold greater than that by static culture over the same period. The perfusion cell
seeding resulted in a uniform distribution of cells throughout the scaffold. Subsequently, the perfusion of medium and hence the
provision of nutrients and oxygen permitted growth and maintenance of the tissue throughout the scaffold. The perfusion
seeding/culture system was a much more effective strategy than the conventional system in which cells are seeded under a static
condition and cultured in a bioreactor such as a spinner flask.
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Recently researchers have challenged to bioengineer three-dimensional (3-D) myocardial tissues using cultured cardiomyocytes in
order to repair damaged hearts. In contrast to the conventional approach of seeding cells into 3-D biodegradable scaffolds, we have
developed cell sheet-based tissue engineering, which layers cell sheets to construct cell-dense functional myocardial tissues. We have
successfully fabricated macroscopically beating heart-like tissues both in vitro and in vivo. However, in the reconstruction of cell-dense
myocardial tissue, hypoxia and nutrient insufficiency and waste accumulation limit the final size of viable constructs. Therefore, in this
study, we have developed novel perfusion bioreactor system to overcome this limitation and to scale-up engineered-tissue thickness.
Neonatal rat cardiomyocytes were cultured on temperature-responsive culture dishes, from which confluent cells detach as an intact cell
sheet only by lowering temperature due to rapid surface change from hydrophobic to hydrophilic. Cardiomyocyte sheets (3 or 6 sheets),
which were harvested from temperature-responsive culture dishes, were stacked and set in a double-chamber bioreactor system. Each
chamber was separately perfused with culture medium and pressure gradient was applied between the chambers. We first optimized
culture medium flow rate for stable culture by monitoring the pH and the oxygen pressure in the both chamber. When 2.4ml/h culture
media was perfused, the chamber-inner conditions were preserved at the target levels of 7.2-7.4 and 100mmHg, respectively. After 5days cultivation, the bioengineered myocardial tissues were fixed and histologically analyzed. Cell sheet-stacked constructs were also
cultured in static condition as control. H.E. and Azan staining demonstrated that the bioengineered myocardial tissues cultured in the
perfusin biorector were thicker than those cultured in static cultivation (3-layers: 16±1 µm and 6±0µm, 6-layers: 21±3 µm and 12±2µm,
respectively). In addition, each cardiomyocyte was more hypertrophic in the bioreactor system than in the static condition. These data
indicate that continuous culture media perfusion with pressure gradient may improve oxygen and nutrient supply to the inner tissues
resulting in the fabrication of thicker myocardial tissues. Cell sheet-based tissue engineering and this novel perfusion bioreactor system
should contribute to the production of various types of cell-dense tissues as well as myocardial tissue.
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The influence of compressive loading on calcium distribution in skeletal muscle cells
MLP Langelaan
Eindhoven University of Technology, EINDHOVEN, The Netherlands
Pressure ulcers are a common problem for bedridden or disabled patients and are associated with an increased risk of morbidity and
mortality. A better understanding of the aetiology of pressure ulcers can decrease prevalence figures and provide better ways to identify
patients at risk.
Skeletal muscle plays a key role in the aetiology of deep pressure ulcers. Skeletal muscle tissue is highly sensitive to compressive
strain, which may eventually lead to tissue breakdown in the form of pressure ulcers. It is hypothesized that deformation of skeletal
muscle cells plays a significant role in this process. However, the mechanisms associated with the damaging effect of the deformation of
cells remain unclear.
A literature study has shown that an elevation of the intracellular calcium concentration, [Ca2+]i, may play a role in cell death caused by
compression. It was hypothesized that compressive loading of skeletal muscle cells will induce an increase in [Ca2+]i. A high [Ca2+]i,
activates calpains and hypercontraction, eventually leading to cell death. Experiments to investigate the calcium distribution within
skeletal muscle cells under compression were performed using the C2C12 mouse skeletal myoblast line. The cells were cultured on
cover glasses and differentiated into elongated myotubes. Visualization of Ca2+ inside myotubes was realized by the fluorescent Ca2+
marker fluo-4 AM. A range of unconfined compression levels was imposed on the myotubes using a custom built cell compression
device designed at our laboratory by Peeters et al. (2004), while monitoring fluo-4 AM fluorescence in time.
In contrast with the hypothesis, it was found that compressive loading reduced the cellular [Ca2+]i. For compression levels >40%, more
calcium left the cell than for compression levels <40%. For the lower compressions, [Ca2+] inside the myotube decreased immediately
after placement of the indenter, but was followed by a recovery in time.
Future experiments will be performed in the lower compression level range, especially below 20% deformation. The outcome of the
experiments is used to develop a computational model that will help to understand and predict the response of skeletal muscle tissue to
deformation.
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Automation of the liquid handling cell culture processes of a 3D in vitro engineered tissue model for
rheumatoid arthritis using the CyBi-Disk Workstation
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Objective
A rheumatoid arthritis (RA) in vitro model was developed to study the effect of antirheumatics and other biological active substances.
This model is based on the interactive co-culture of cartilage and synovial fibroblasts. Besides the investigation of the pathogenesis of
RA, it can be used to analyze the active profile of pharmaceuticals under in vitro conditions. In future it will help to reduce animal
experiments for testing of drugs and biological substances. The aim of our study was the automation of all liquid handling cell culture
processes using the CyBi -Disk Workstation.
Method
Porcine chondrocytes were isolated from articular cartilage. To form a 3D neo cartilage structure, freshly isolated chondrocytes were
seeded directly in 96-well plates with a high density of 0.6 x 106 chondrocytes per well. Automated media exchange was done through
the liquid handling system CyBi -Disk from CyBio AG. Therefore, a sequential program has been developed using the CyBio Control
software with the aim to minimize shear forces during cell culture. After 2 weeks the high density cartilage pellets were covered with
immortalized human synovial fibroblasts to complete the pannus-model. Liquid handling processes were compared to manual handling.
Effects due to automation were analysed by macroscopic comparison, histochemistry and real-time PCR.
Results
Imaging of pellet cultures operated by CyBi -Disk revealed a higher homogeneity within the whole 96-well plate compared with
manually operated cultures. Scans demonstrated a destruction of the manually operated pellet cultures due to unsteady pipetting.
Histochemical comparison showed formation of hyaline-like cartilage matrix in both cultures. PCR results supported these findings.
Components of the extracellular matrix like type II collagen were determined by immunohistochemistry, which indicated a uniform
distribution. Additionally, a great advantage of the automation was the reduction in operation time per plate, 7min 45sec including tip
washing compared to 19min by manual processing.
Conclusion
Successful automation of the liquid handling processes improved the quality of the 3D in vitro cultures. Moreover, automated cell
seeding and automated daily media exchange increased efficiency due to time saving.
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A study on nutrient mass transport through porous channeled flat sheet membrane and prediction
of maximum scaffold thickness for viable cell culture (In-vitro) by modeling
NMS Bettahalli, BJ Papenburg, M dr. Girones, DS Stamatialis, M Wessling
University of Twente, ENSCHEDE, The Netherlands
One of the main issues in tissue engineering (TE) is the fabrication of scaffolds that closely mimic the tissue to be regenerated.
Conventional fabrication techniques are not often suitable to control scaffold structure to modulate cell alignment and nutrient transport.
Within novel scaffold fabrication processes Phase Separation Micro Molding (PSµM) is one of the promising techniques wherein flat
sheets with micro patterning (for cell alignment) and porous structure (for nutrient transport) by phase separation can be fabricated in
one step [1]. 3D scaffold is obtained by stacking these flat sheets with required orientation of channels.
Three-dimensional porous scaffolds so prepared promote new tissue formation by providing interconnected surface and void volume
that promotes the attachment, migration, proliferation, and differentiation of cells throughout the region where new tissue is needed.
Critical variables in scaffold design and function include the bulk material/s from which it is made, the 3D architecture, the surface
chemistry and the mechanical properties.
Apart from above general scaffold characteristics all cells require access to substrate molecules (glucose, oxygen and growth factor). A
balance between consumption and local delivery of these substrates is needed in-order to obtain cells survival. In-vitro cultured cells on
a TE scaffold are particularly vulnerable for low feed rate due to lack of vascularization.
Simulation and modeling can be used to explore the relationships among cell density, diffusion rate, and cell viability requirements
within a 3D scaffold and to design improved strategies for in-vivo transplantation. In this study COMSOL Multiphysics 3.2 [2] simulation
software is used to correlate different in-vitro culturing situation of the PSµM scaffold. The model has been developed to describe the
mass transport and its distribution through the scaffold with respect to different thicknesses and cell density. The model also predicts the
time dependent changes in mass transfer considering the growth rate and reducing nutrient concentration in the bulk of the static
bioreactor.
These predictions will allow the optimization of bioreactor system for these constructs well within the interior of the TE scaffold.
[1] Vogelaar, L., et al. Advanced Materials 15-16 (2003), pp. 1385-1389
[2] COMSOL User guide (www.comsol.com )

Figure 1: Simulated result of nutrient mass transport.
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The aim of tissue engineering / regenerative medicine is to repair or replace tissues by manipulating cells, scaffolds, growth factors and
physical factors. Culture of cells in monolayer, in petri dishes, multi-well plates or t-flasks, is becoming more straightforward. The
engineering of mechanically functional three dimensional (3D) tissues however is much more complex. It requires the creation of an in
vivo tissue microenvironment to enable cells in scaffolds to grow, migrate, differentiate and organise. Such a microenvironment can be
created in vitro, within a bioreactor where the temperature, pressure, pH, flow of nutrient, and physical factors are tightly controlled and
regulated. ECM is a complex structural entity surrounding and supporting cells. Cells reside in ECM, which provides the substrate for
cell adhesion, growth, migration and differentiation. ECM is composed of a group of molecules that include the collagens, elastic fibres,
glycosaminoglycans, proteoglycans and adhesive proteins. The ECM regulates the cell activities, by responding to external stimuli that
trigger the intracellular signalling pathways that direct cells to carry out specific functions.
At this embryonic stage of the industry, the transition from laboratory to commercial scale production of 3D constructs requires
specialised manufacturing systems. Bioreactor design in tissue engineering is complex. Each tissue engineered product may require a
specifically designed bioreactor and manufacturing system. For example, cells in cartilage, a load bearing tissue, modify their activity in
accordance with the mechanical environment and require mechanical forces to secrete the ECM components. It is therefore important
to assess the effects of mechanical loading on ECM production, gene expression and the development of tissue functionality. The
engineering of 3D tissue constructs requires development of bioreactor system capable of providing a sterile microenvironment, and
applying mechanical loading and hydrostatic pressure simultaneously in order to achieve appropriate growth, proliferation and
differentiation of cells. Such a bioreactor system will allow the study of unit process variation which is particularly important to
understand when scaling up from units of one. This paper reviews the importance of studying engineering and characterisation of ECM
under mechanically stimulated conditions and defines the requirements for the design of specialised automated bioreactor system.
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Background
By enabling the maintenance of controlled chemical and physical environmental conditions, bioreactors revealed to be useful tools to
prove that electromechanical stimulation improves tissue development in vitro, especially in the case of tissues which are subjected to
such stimuli during embryogenesis and growth (i.e. skeletal and cardiac muscle tissue). However, most of the bioreactors developed in
the last twenty years, being designed to suit specific applications, lack in versatility.
Objectives of the study
With the aim to provide researchers with a yielding tool for cell proliferation and differentiation studies with the perspective of in vitro
tissue engineering, we developed an innovative device to dynamically culture cells. The device was conceived in order to be as versatile
as possible, so that it could be employed for electromechanical stimulation of different biological constructs. Moreover, the bioreactor
was designed in order to be easily used and to satisfy all the safety requests of a biological laboratory, including sterility maintenance
during set up and along stimuli delivery. Special attention was spent in stimuli synchronization control.
Results
The result of our efforts is a culture chamber provided with electromechanical stimulation systems capable of dynamically culturing four
biological constructs, delivering assignable stretching and electrical stimulation patterns (Figure 1). Performance tests have been
conducted to trial reliability of the system and its accordance with biological laboratory use. The experiments confirmed the sterility
maintenance, the adaptability of the system to different biological constructs, and its versatility in stimulation pattern design. The
gripping equipment, modular and adaptable to specimens of different consistence, is provided with dedicated tools to support the
sample insertion into the culture chamber, performed under laminar flow hood respecting Good Laboratory Practice (GLP) rules.
Conclusions
The system described in this study is the first one that enables orderly extensive investigation of crucial impact factors such as
topographical, biochemical and electromechanical cues, permitting also to adjust the dynamic culture parameters both to the specific
cell species and to developmental phase of cultured cells. These studies, allowing deeper understanding of the mechanisms underlying
in vitro and in vivo development, could dramatically improve tissue engineering perspectives.

Figure 1: The bioreactor culture chamber.
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Multiscale modelling of nutrient transport in bioreactor for growing 3D bone tissues: sub-cellular to
laboratory scale
DB Das, DR Jones
Oxford University, OXFORD, United Kingdom
New experimental studies suggest that hollow fibre membrane bioreactors (HFMBs) may be used to grow bone tissues in the
laboratory, which may then be implanted into patients to repair skeletal defects. The HFMBs mimic the capillary network that exists in
bones and are very effective in supplying nutrients to cells (to maintain cell metabolism) and removing waste products (e.g., excreta
from micro-organisms, dead cells, etc). In order to guide the design of effective bone tissue engineering protocols, we need to elucidate
the quantitative relationships between the cell environment and tissue behaviour in HFMBs and their relationship with nutrient supply.
This necessitates that the appropriate bioreactor conditions for generating neotissues, and the mass transfer and chemical reaction
during cell growth and extracellular matrix formation, are studied thoroughly. However, online measurements of the important flow and
transport properties in HFMBs are not straightforward because of the very small size of the laboratory scale devices. Theoretical studies
supplemented with suitable experimental results have the potential to be very effective in this regard. One should also be aware that the
mass transfer processes in bioreactor for growing tissues take place at several scales ' from the scale of the individual cell to the scale
of the bioreactor. However, the significance of the mass transfer processes may be very different from scale to scale. For example at
the sub-cellular scale, the transport processes are dominated by diffusive-reaction mechanisms. At the extracellular matrix, these
processes are primarily diffusion dominated. At the scale of the bioreactor, the transport processes are governed by convection-diffusion
and reaction. Therefore, to characterise the overall’ mass transfer processes, one also needs an understanding of the processes at
smaller scale and their manifestation at larger scale, such as the laboratory device.
This paper will present our attempt at modelling and simulation of nutrients transport in HFMB for growing 3D bone tissues. In specific, a
computational framework will be presented which has been used to upscale the mass transfer processes at sub-cellular scale to larger
scale. The framework is then to carry out a systematic analysis of the influence of various process parameters of HFMB used in bone
tissue engineering, e.g., cell density, cellular size, hydrodynamics behaviour, etc.
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BioDynamic Test Instrument for the Characterization of Tissues and Biomaterials
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The objective of this work was to employ the novel design of the BioDynamic testing platform to evaluate the mechanical properties of
hydrogels and other composite biomaterials. The testing platform allows for continuous test and stimulation in a fully integrated and
instrumented configuration by providing material characterization (viscoelastic properties, strength, creep and stress relaxation) within a
physiological environment (nutrient flow, pressure loading, pH, dissolved oxygen, and temperature).
An advanced BioDynamic testing platform has been designed that can be used to evaluate the mechanical properties of tissueengineered constructs for both cardiovascular and musculoskeletal applications.
The BioDynamic instrument was used to test a variety of specimens to demonstrate its versatility and advanced features with two
examples described here. The dynamic mechanical properties of polyvinyl alcohol hydrogels (Cambridge Polymer Group, Boston, MA)
were evaluated with our unique computer-controlled moving magnet linear motor that provides load, displacement, strain or pressure
profiles. Vascular graft distension with increasing pressure was also evaluated in a BioDynamic instrument using a laser micrometer.
The graft material used (Gel-Del Technologies, Inc., St. Paul, MN) is composed of proteins and polymers fabricated to mimic the
viscoelastic properties of native blood vessels. The inner diameter of the grafts used was 3 mm and total length was approximately 30
mm. A laser micrometer was placed over the chamber with the laser beam penetrating the transparent chamber doors and measuring
outer diameter (OD) changes with pressure and time.
The development goal was to create a fully integrated computer-controlled data acquisition and analysis testing system to characterize
biomaterials, scaffolds and tissues in a biological environment. The data obtained with the hydrogels show that the BioDynamic
instrument is suitable for evaluating the dynamic properties of soft biomaterials while the results obtained with the vascular graft
biomaterial confirmed the biphasic composition of the specimen that is composed of a protein-rich material and synthetic polymers.
Preliminary results with hydrogel disks for orthopaedic applications and vascular grafts show that the BioDynamic test instrument is a
powerful tool for the integration of biochemical and mechanical stimulation and properties characterization in one system.
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Coupling Mechanic, Transport and Biosynthetic Activity in Cartilage Constructs
FU Urciuolo
C.N.R, NAPOLI, Italy
Design, optimization and control of dynamics culture conditions able to guide tissue growth under defined process conditions, is a
challenging aspect in tissue engineering (I. Martin, 2004). To achieve this aim, models able to couple mechanic transport and
biosynthetic activity within 3D construct are needed. Ateshian G.A. (2001) and recently Sengers B.G. (2005) have proposed a
mathematical framework to describe the effect of coupling mechanical load on transport of large macromolecules in soft gel and
biosynthetic activity. In this work, we extended their approach by to a finite deformation range using a non linear hydraulic permeability
in tissue engineered constructs.
Crucial aspect in predicting extracellular production under static or dynamic conditions, is the knowledge of dependence of physical
parameters both by GAG or Collagen production and space.
Strain dependent hydraulic permeability was experimentally evaluated for agarose-chondrocytes constructs as function of GAG content
using incremental stress-relaxation tests. This relationship was employed to predict fluidynamics within the cellular construct under
typical culture process conditions.
Results show very high variations in Darcy’s permeability and fluid velocity field (fig.1) within the construct under dynamic loading. By
using Brinkmann equation for diffusivity of macromolecules in gel-like systems and models for biosynthetic activity, this approach
provides new insight in the predicting the effective macromolecular trafficking and extracellular matrix synthesis under dynamic culture
conditions.

Figure 1: Fluid velocity field (a) and Darcy’s permeability.
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Scaffolds are widely used in the field of Tissue Engineering as an artificial structure able of giving support to cells to proliferate and
differentiate. In this sense, both processes seem to be strongly correlated with mechanical environment (such as fluid flow, strain energy
and mechanical stresses) and a correct vascularisation, which are dependent on the porous structure of scaffold. Therefore, with these
arguments, the design of the scaffold in terms of porosity, bulk and apparent mechanical properties as well as permeability is critical to
get the optimal bone regeneration.
In this work, a multi-scale computational approach of scaffold vascularisation and bone growth is presented. Macroscopically, bone
(cancellous and cortical) and scaffold mechanical behaviour are modelled considering poroelasticity in order to evaluate remodelling in
the bone tissue and different possible mechanical stimuli (such as, stress, strain and pore pressure) in the scaffold. Vascularisation in
the scaffold is simulated as a diffusion process following Fick’s law. Therefore, both analyses allow to estimate mechanical stimuli and
vascularisation level in the scaffold, which are assumed to regulate its bone growth. It is worthy to remark that bone formation process in
the scaffold is also controlled by its porous structure, i.e., by the available surface that facilitates the cell attachment. After this,
macroscopic information is passed to the microstructure of the scaffold, consisting on fluid and solid domains, using homogenization
techniques [1] to get the stress and strain field in the solid domain and fluid velocity in the fluid domain.
As application, the condyle part of a rabbit implanted with a 7 mm diameter non-reabsorbable scaffold in a lateral incision is numerically
analysed. In fact, mechanical interactions between bone and scaffold are studied, showing the evolution with time of macroscopic
remodelling which in the case of bone yields to updated mechanical environment, while the scaffold microstructure is analysed through
homogenization.
References: [1] Terada K, Ito T, Kikuchi N. Characterization of the mechanical behaviours of solid-fluid mixture by the homogenization
method. Comp. Meth. in Appl. Mech. and Eng, 1998, vol. 153, pp. 223-257.
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Objective
Mechano-stimulation by dynamic compression plays a crucial role to improve material properties of scaffolds in functional tissue
engineering. However, the projected development of material properties is rarely assessed. Consequently, we developed a MechanoActive Culture and Evaluation (MACE) bioreactor that combines for the first time defined mechano-stimulation with continuous
evaluation of viscoelastic material properties development in vitro. This research characterized the system’s ability to delineate
differences in viscoelastic properties between native cartilage and hydrogel scaffolds in vitro.
Methods
The MACE bioreactor individually subjects six cylindrical scaffolds to dynamic unconfined compression under load control. It employs
six linear electromagnetic actuator for dynamic compression. Six optical encoders capture scaffold thickness and compression at 1 m
resolution. A software interface generates loading regimes for mechano-stimulation and automated material evaluation. Viscoelastic
properties were derived from the load-displacement recordings in terms of equilibrium modulus ME and dynamic modulus MD,
individually for each specimen. This research first characterized MACE system performance in terms of long-term accuracy and
dynamic load range. Subsequently the MACE system was employed to comparatively assess viscoelastic properties of bovine articular
cartilage and hydrogel scaffolds under quasi-static and 1 Hz sinusoidal loading.
Results
The MACE bioreactor was capable of delivering sinusoidal compression at up to 20 Hz frequency and compression amplitudes of up to
15 N with 0.1 N accuracy. It captured highly reproducible load-displacement curves under quasi-static and sinusoidal loading for
cartilage and hydrogel specimens. Articular cartilage specimens yielded pronounced viscoelastic behavior, with ME = 0.65±0.11 MPa,
and MD = 15.7±0.9 MPa. Hydrogel scaffolds yielded significantly lower values for all outcome parameters (ME = 0.15±0.01 MPa, and
MD = 0.26±0.01 MPa.
Conclusion
The MACE system was capable of simultaneously delivering controlled mechanostimulation and characterization of viscoelastic material
properties in vitro. Material properties derived for articular cartilage closely correlate to published values. The finding that hydrogel
scaffolds exhibited an over 60 times lower dynamic modulus than native cartilage emphasizes the need for improvement of dynamic
material properties in vitro. Subsequent research will employed the MACE system to improve viscoelastic properties of stem cell-seeded
hydrogel scaffolds under dynamic compression.

Figure 1: a) MACE bioreactor b) material evaluation.

168

P14

Effect of mechanical stimulation on the redifferentiation of dedifferentiated chondrocytes in alginate
bead culture
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Chondrocyte encapsulated in alginate gel is a useful culture model which was found to preserve chondrocyte phenotype. The
mechanical stimulation is believed to be an important determinant for chondrocytes differentiation. These findings lead us to investigate
whether the application of mechanical stimulation on dedifferentiated chondrocyte in alginate culture will contribute to the
redifferentiation of dedifferentiated chondrocytes in alginate culture. Rat chondrocytes, which was isolated enzymatically from femoral
head slices, underwent dedifferentiation upon serial monolayer culture up to passage 6, then 3×106/ml fibroblastic cells were
encapsulated in 2% alginate bead and were incubated with DMEM/F12 containing 10% fetal bovine serum. After 14 days of static
culture, the beads were exposed to another 14 days of mechanical stimulation with continuous agitation on a gyroscopic rocker at 30
rpm for 4 hours per day. The beads maintained in static culture for 28 days were used as a control. Mechanical stimulation did not affect
the cell viability, over 95% cells maintained survival at the end of the treatment. Alamar blue assay revealed that chondrocytes under
agitation have a higher proliferation rate than that of the control group (p≤0.01).
Compared with static culture, mechanical stimulation induced statistically significant increases in the S and G2/M phases (p≤0.01).
Dimethylmethylene blue staining showed that the agitation treatment enhanced the synthesis of sGAG (p≤0.05). Mechanical stimulation
significantly upregulated the expression of collagen II protein. In fact, at the end of the treatment, about 65% chondrocytes displayed a
strong positive expression of collagen type II protein indicating the redifferentiation. On the contrary, the expression collagen type I
protein dramatically decreased and no positive expression was observed after 14 days’ agitation. Our results demonstrated that the
mechanical stimulation helps to restore chondrocyte phenotype and promotes the synthesis of cartilaginous matrix, suggesting that this
agitation-alginate culture system could be used for the redifferentiation of passaged chondrocytes for their implication in cartilage tissue
engineering.

P15

Electrospun Starch-polycaprolactone Nano Fibrous Scaffold
1

1

2

2

1

HLP Ylikauppila , L Nikkola , ME Gomes , RL Reis , N Ashammakhi
1
Tampere University of Technology, TAMPERE, Finland
2
3B´s Research Group, University of Minho, GUIMARAES, Portugal
The author did not approve publication on the internet.

169

P16

Mechanical straining of adipose tissue derived mesenchymal stem cells for application in bone
tissue engineering
1

2

3

1

1

4

SD Diederichs , SK Kall , HH Hoffmeister , CK Kasper , TS Scheper , MVG van Griensven
1
University of Hannover, HANNOVER, Germany
2
Medical School Hannover, HANNOVER, Germany
3
Zellwerk GmbH, EICHSTÄDT, Germany
4
Ludwig Boltzmann Institute, VIENNA, Austria

The engineering of functional bone constructs ex vivo is a rapidly growing branch in the field of tissue engineering. Bone constructs
generally comprise cells and a scaffold providing a supportive framework for the cells to grow as well as mechanical stability.
For bone tissue engineering different cell sources are available. Since osteoblasts exhibit only a low proliferation potential,
mesenchymal stem cells (MSCs), which can be differentiated into bone cells, are an attractive alternative. MSCs can be isolated from
various tissues like bone marrow, umbilical cord blood, peripheral blood, dermis and fat. In cell culture, they can easily be expanded
without losing their pluripotency over several passages.
Recently, mechanical stimulation has entered the field of tissue engineering as a tool for promoting the development of a number of
tissue types including bone, cartilage, ligament, skeletal muscle, and cardiac muscle in vitro. Mechanical strain has been shown to
promote osteogenesis of bone marrow derived MSCs in vitro, verified by the upregulation of osteogenic marker proteins like alkaline
phosphatase, osteocalcin, osteopontin, and type I collagen.
For bone tissue engineering applicable scaffold materials need to fulfil several requirements including biocompatibility and mechanical
stability. The ideal scaffold has to mimic the characteristics of the bone extracellular matrix. Moreover, a sufficient nutrient supply and
metabolic waste removal is necessary. Therefore, a three dimensional, interconnected porous structure is most suitable for bone
regeneration. Currently, the most frequently used materials for bone tissue engineering are calciumphosphates and hydroxyapatites.
The objectives of this study were to investigate the effects of mechanical strain on adipose tissue derived MSCs. A mouse preosteoblast
cell line (MC3T3-E1) was used as model cell line. A unidirectional cyclic mechanical strain was applied prior to seeding the
predifferentiated cells onto a macroporous, highly interconnected hydroxyapatite scaffold (Sponceram /HA). Cell viability, alkaline
phosphates activity, expression of bone marker proteins and extracellular matrix calcification were analysed in comparison to nonstrained cells.
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Porous Hydroxyapatite Ceramics with High Mechanical Strength Made from Bovine-Bioglass
Composite
assoc.prof Punyanitya, dr. Thiansem, yes Ruksudjarit
Chiangmai University, CHIANGMAI, Thailand
The purposes of this study was to make porous HA block with high mechanical strength from bovine bone-bioglass composite for
human bone substitute in the load bearing area. Fresh bovine bone was cleaned using hot water and calcined at the temperature of
800 C, and then grinded into fine powder. Bioglass (30 wt%CaO, 30 wt%P2O5 and 68 wt%Na2CO3) and naphthalene were added
and pressed in stainless steel mold in uniaxial compression. The product was then sintered at 1300 C for 3 h, and characterized by
atomic absorption spectrometer (AAS), X-ray diffraction (XRD), scanning electron microscope (SEM), and energy dispersion X-ray
spectrophotometry (EDS). Density, porosity, diffusion, bending and compression properties were determines. The sizes of final products
an approximate in 1.5 1.5 0.3 cm3 and average porosity of the sample are 52%, respectively. The main morphology of the sample
are existence of open and interconnected pores with average pore size between 100 to 500 m. The quantitative X-ray diffraction
analysis indicated HA content more than 95%. The concentration of trace elements, especially arsenic, cadmium, mercury and lead are
in the ASTM limitation. Average bending strength and average compressive strength of the sample were 20 4 MPa and 133.6 3.4
MPa, respectively. The sample Young modulus value is lined in the normal rang of human bone (it is 3.16 GPa), this will not cause
interfacial stress between implant and bone. This product can withstand vertical load of 465 kg (normal human cervical spine will be
damaged at 160 kg of vertical load), so it can be implanted in the load bearing area. These materials are testing in animal trial.
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Comparison of a Tissue-engineered bone and a Bovine-derived xenograft on Maxillary sinus
augmentation in Rabbits
G Song Song, KW Baeck, JM Hwang, YI Park, JY Choi
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Objectives
Xenograft using an anorganic bovine bone is an easily accessible procedure for maxillary sinus lifting in edentulous patients; however
the successful substitution of synthetic analogs for ground bone is a major challenge. The aim of this study was to compare the effects
of tissue-engineered bone with Bio-Oss on de novo bone formation for dental implant installation.
Methods
Maxillary sinus floor augmentation was performed on 8 rabbits by grafting with 2 to 3 mL of a paste consisting of bone marrow-derived
mesenchymal stem cells mixed with PRP (1.8 x 106 platelets/mm3 plasma), and anorganic bovine bone mineral xenograft. Four and 8
weeks after grafting, we had the radiographic, histologic, and histomorphometric evaluations.
Results
Histology demonstrated a high degree of inorganic xenograft integration and natural bone regeneration and neovascularization at 4, 8
weeks. Both the xenograft and newly synthesized bone were colonized with osteocytes and surrounded by osteoblasts. However, the
tissue engineered bone showed intense formation of natural bone 8 weeks after grafting(P<0.05).
Conclusions
We observed a positive effect of bone marrow mesenchymal stem cells on bone mineral density and contents in de novo bone
formation. In this investigation, it was shown that inorganic xenograft in the maxillary sinus lifting had high bone regeneration capacity
over time but the MSCs/PRP complex might well be recommended for true bone regeneration in sinus floor elevation with the easily
accessible technique.
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Growth of the skeletal bones after implantation of biogenic hydroxyapatite (HA) into metadiahpysis
of the tibia
VI Luzin, VK Ivchenko, DV Ivchenko, AN Skorobogatov, AA Lubenets, RV Glushchenko
State medical university, LUHANSK, Ukraine
The experiment was aimed at investigation of bone growth after implantation of the blocks of biogenic HA to the proximal metadiaphysis
of the tibia.
For the purposes of the experiment we selected 126 male rats with the initial mass of 135-145 grams and distributed them into 3 groups
as follows: intact animals; the animals with the defects at the proximal metadiaphysis of both tibia, 2.2 mm of diameter; animals with
implanted blocks of biogenic vitreous HA into the similar defects.
Results and discussion
The group with the plain defects exhibited retardation of growth processes. Maximum length of shoulder-bone in the period from the
30th to the 90th day of the experiment were lower than in intact rats by 3,21%, 2,44% and 5,44% respectively. Body height of the
vertebra was lower only at the 30th day.
Appositional growth rate in this group also retarded ' the cross-sizes of the vertebrae and shoulder-bone from the 7th to the 90th day
were lower than controls by 3,93-8,13% and 2,44-8,24% and in hipbone only maximum height was lower by 5,42-8,93%.
Implantation of HA also led to growth inhibition but to lower degree ' maximum length only of the shoulder bone was lower than control
values by 3,06-4,20%. Cross-sizes only of shoulder-bone were lower than control values by 3,17-6,45%.
Summary
Defect formed in the proximal meadiaphysis leads to retardation of growth rate in skeletal bones. Appositional growth retards in all bone
types while longitudinal ' only in long bones. This is probably due to epiphyseal cartilages in long bones affected in the experiment more
than any other part of the bones. As far as the maximum deviations come at the terms of active regenerate rebuild we may assume that
growth retardation is a systemic compensatory reaction of the skeleton to optimize regeneration processes. At the 180th day of
observation no growth rate deviations reveal.
Implantation of HA into the defect also leads to growth retardation but less expressed. This may be explained by presence of additional
calcium in the defect zone, which in turn decreases release of the necessary amount of calcium from the skeleton and thus optimizes
regeneration processes.
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The possibility to enhance bone regeneration by implanting autologous osteoblasts in combination with an appropriate scaffold is of
clinical interest, particular in reconstructive maxillofacial surgery and parodontology. Since intraoral bone harvesting causes morbidity
and pain at the donor site, the use of bone tissue derived from dental implant preparation sites could provide an ideal source of cells for
tissue engineering.
The aim of our study was to characterize alveolar bone cells under different conditions of cultivation in vitro. Biopsies of alveolar bone
tissue were obtained from four human donors and explant cultures of the cells were established. Expanded cells were seeded on
macroporous hydroxyapatite ceramic granulae, and cultured in medium supplemented with osteogenic differentiation factors for up to
three weeks. Control monolayer cultures were established in parallel, and cultured in media with/without osteogenic supplements. Cell
proliferation, alkaline phosptahase activity and gene expression of alkaline phosphatase, osteopontin and osteocalcin were determined
in 1 week intervals, and compared between different culture conditions.
Cell-seeded constructs examined by light and scanning electron microscopy showed adhesion of cells on hydroxyapatite material as
well as their growth into the interior region of granules. Cells cultured in constructs and control monolayer cultures exhibited similar
growth patterns: in early stages (up to 14 days of culture) enhanced proliferation was noted, followed by decrease in cell numbers and
expression of differentiated phenotype.
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One main objective in bone tissue engineering is the construction of precise scaffolds in order to support and guide cell growth. These
matrices are supposed to displace the extracellular matrix (ECM), which naturally provides cells with a supportive framework of
structural proteins, carbohydrates and signaling molecules. The ideal scaffold has to mimic these ECM characteristics and should form
the desired structure with similar physical properties as bone tissue.
For bone regeneration, osteoblasts or mesenchymal stem cells from the patient tissue are expanded in culture and seeded onto a
scaffold, which should provide the necessary support for cells to proliferate and maintain their differentiated function. A new biomaterial
was used and applied in a newly developed bioreactor system. The bioreactor consists of Sponceram
disks in a rotating bed system.
The cells are seeded onto the matrix inside the bioreactor under sterile conditions and cultivated at a rotating speed of 2 rpm. Finally,
the cells can build an optimal construct with the above mentioned scaffold for implantation purposes.
MC3T3-E1 cells and primary osteoblasts (human) were seeded onto different ceramic scaffolds and cultured with and without
differentiation conditions. Cell viability was monitored via MTT test. Cell growth was analysed by determination of the protein or DNA
concentration. The differentiation status was investigated by using e.g. alkaline phosphatase assay and specific staining assays.

Figure: Biostat Bplus RBS 500 and Sponceram.
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Characterization and Sintering of Bovine Hydroxyapatite Nanoparticles
YES Ruksudjarit, YES assoc.prof Rujijanagul, yes dr. Thiansem, yes assoc.prof Punyanitya
Chiangmai University, CHIANGMAI, Thailand
Nano-sized bovine hydroxyapatite (BHA) particles were prepared by vibromilling method, and characterized by transmission electron
microscope (TEM), X-ray diffraction (XRD), scanning electron microscope (SEM). Chemical analysis was done using an energy
dispersion X-ray spectrophotometry (EDS). The feasibility of using vibromilling for 4 h to prepare bovine hydroxyapatite nanoneedleslike particles with diameter 20-80 nm and length 100-500 nm. The XRD patterns of BHA nanoparticles correspond to that pure
hydroxyapatite phase (JCPDS file No.9432). The agglomerates BHA nanopowder has been sintered into microporous ceramics in air
for 3 h at the temperature of 1200 C and 1300 C. The microstructure and phase composition of the resulting BHA ceramics were
characterized by scanning electron microscope (SEM) and X-ray diffraction (XRD), respectively. The physical characterization of open
porosity, Vicker microhardness, and flexural strength have also been carried out.
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Characterization of an endothelial progenitor like cell in cardiomyocyte culture
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University Medical Centre Groningen, GRONINGEN, The Netherlands
Cardiac failure is one of the most important reasons for mortality and morbidity in the Western civilization. The shortage of donor hearts
impedes definitive treatment of cardiac failure. A good alternative might be the development of functional cardiac constructs in vitro by
tissue engineering. This requires the concerted action of appropriate scaffolding biomaterials and functional cardiomyocytes together
with a well-developed vascular network to ensure adequate oxygenation.
In this study we describe the origin and characterization of a progenitor like cell that is present in cardiomyocyte cultures after isolation
of the cardiomyocyte population of neonatal murine hearts.
Cardiomyocytes (CM) were cultured from enzymatically digested neonatal murine hearts after depletion of the majority of noncardiomyocytic cells such as fibroblasts by adherence to plastic (1 h at 37 °C). The non-attached cells show 90% cells positive for the
cardiac markers troponin and α-actinin, while, according to FACS analysis, 10% of the cells is positive for the endothelial cell marker
CD31. During culture of the CM-enriched cell fraction, small clusters of CD31 positive cells are observed. The low number of CD31
positive clusters compared to the 10% CD31 positive cells after isolation, indicates that these clusters originate from a small population
of CD31 positive cells, or may even be formed from a scarce CD31 negative cell population in which CD31 expression is upregulated
during culture. Due to their high proliferative capacity, as is measured by BrdU incorporation, the CD31 positive clusters are increasing
rapidly in size during culture. Further immunohistochemical characterization of the CD31 positive cells showed that these cells are
positive for the endothelial cell marker VE-cadherin, but negative for the Von Willebrand factor that is present on mature endothelial
cells. Furthermore, they were positive for uptake of ULEX lectin after culturing.
Concluding, cardiomyocytes isolated according to the depletion method contain a small non-cardiomyocyte population with high
proliferative capacity and endothelial like phenotype. This cell type may influence cardiomyocyte behaviour and, in addition, might be
involved in vascularization processes when used for in vitro preparation of artificial cardiac tissue. At the moment, we investigate the
functional role of this cell type in cardiomyocyte cultures.
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Protective efficiency of Gr-CSF dependently on the terms of introduction (on the example of
adriblastin-induced cardiomyopathy)
M Zaporozhan, L Kholodkova, N Perepelyuk, M Pykhtyeyev
Odessa state medical university, ODESSA, Ukraine
In case of cardiac muscle affection followed by death of cardiomyocytes it is possible to expect the only intracellular regeneration of
viable cells. To stimulate regeneration of the organ is desirable but difficult task in such situation.
Objective
Time-dependant effect of granulocyte-colony-stimulating factor, used with the purpose of activation of regeneration of myocardium was
studied. Cardiomyopathy was induced by double intraperitoneal introduction of adriblastin (doxorubicin), total dose ' 2 mg/kg, with an
interval of 7 days. To the mice of the I group in the day of injection of the second dose of adriblastin Gr-CSF in a dose of 100 mcg/kg
was injected subcutaneously; to the mice of the II group in 7 days after the second injection of adriblastin Gr-CSF was injected; the III
group of animals got adriblastin only. Animals of the control group got isotonic solution of sodium chloride in accordance with the
scheme of injections of the II group. Mice were euthanized in 30 days after the first injection of adriblastin. The morphological changes
were estimated by immune-histochemical and morphometric researches.
Results
In mice of the III group affection of cardiomyocytes, especially in the middle part of the wall of left ventricle is exposed. Pathological
changes are characterized by dystrophy of cardiomyocytes and their substitution by connective tissue, also the signs of inflammatory
process in the separate areas of myocardium are observed. In mice of I and II group pathological changes of myocardium were less
prominent than in the III group. In animals of the I group the inflammatory-sclerotic processes were less active and amount of dystrophic
cadiomyocytes was considerably lower in comparison to ones of the II group. Minimal vein plethora of liver was exposed in mice of the I
group, that testifies to the safety of pump function of heart.
Conclusions
Protective influence of Gr-CSF on regenerative-plastic processes of myocardium is higher in early stages of disease. Probably, the
activity of Gr-CSF will be realized by modification of «cytokine cocktail» with the inhibition of anti-inflammatory substances. The earlier
after the damage of myocardium Gr-CSF will be used, the less of its tissue will change irreversibly.
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Objectives
To study the effects of different cryopreservation methods on the vasomotoric function, the antithrombotic properties, and the
endothelial cell (EC) seeding of human umbilical vein (HUV), a potential vascular scaffold material.
Methods
HUV were dissected free of connective tissue. Properties were assessed in fresh and in cryopreserved/thawed vessels. Samples were
frozen in EuroCollins/1M DMSO at 1°C/min, or vitrified in EuroCollins/3,1M DMSO/3,1M formamide/2,2M propanediol at 30°C/min. KCland serotonin-induced contractions were measured in an organ bath. The other parameters were measured directly on the vessel
surface: prostacyclin release was quantified by ELISA, and platelet adhesion to intact vessels as well as endothelial cell seeding onto
denuded vessels was quantified using Calcein-labelled platelets and EC, respectively.
Results
Freezing/thawing resulted in a decrease of the maximum contraction compared to the fresh samples (KCl: 22.9±7.6%; serotonin:
27.7±10.2%). Vitrification/thawing caused a more pronounced loss of contractility (2.6±5.8%/4.3±7.1%). The release of the
antithrombotic compound prostacyclin increased approx. 4-fold after cryopreservation. Platelet adhesion to intact vessels was not
affected by either of the cryopreservation methods. Seeding of human umbilical vein EC onto the denuded vessel surface yielded a
confluent monolayer of EC. The number of EC per unit area adhering to the vessels was not affected by cryopreservation.
Conclusions
Freezing preserves a part of the contractile response of HUV and is therefore superior to vitrification. HUV posess an antithrombotic
surface which is not affected by cryopreservation. Fresh and frozen/thawed HUV can be readily seeded with EC. HUV therefore appear
to be a storable living scaffold for tissue engineering.
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Vascularization of tissue engineered constructs
RAA Pullens, CVC Bouten, FPT Baaijens, MJ Post
Eindhoven University of Technology, EINDHOVEN, The Netherlands
Introduction
Tissue engineering of cardiovascular constructs has advanced over the last years. However, the thickness of the constructs is still
limited by the diffusion of nutrients and oxygen. Therefore it could be necessary to add a vascular capillary network to the construct.
Under specific in vitro culture conditions endothelial cells (ECs) have the ability to make new vessel-like structures. The goal of this
study was to study endothelial tube formation in the complex 3D environment of tissue engineered constructs.
Materials and methods
Rectangular PGA/P4HB scaffolds were seeded with human vena saphena myofibroblasts (MF) using fibrin as a cell carrier. After 3 days
of culture, the constructs were seeded with human vena saphena ECs. The constructs were visualized with a CLSM using a FITC-UEA1 lectin staining and cell tracker orange up to day 21. The images were analyzed for the presence of EC tube like structures.
Results
At day 21 the ECs had formed monolayers with a confluency of +/-80%. At day 11 the tube like structures started to form. Between day
15 and 21 these endothelial tubes were observed up to 80 µm below the surface of the construct and with a length up to 500 µm. They
extended in between the MFs and appeared to be connected to the surface EC monolayer, although endothelial tubes could be found in
absence of an EC monolayer as well.
Discussion
In conclusion, the ECs started to form tube like structures after 7 days. We are currently investigating if hypoxia of myofibroblasts
triggers or facilitates the formation of primitive vessels in these constructs. In vitro generating of a vascular network in tissue constructs
is possible by co-culturing endothelial cells.
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The development of regenerative vascular grafts is strongly desired especially for the pediatric patients. There are many research works
related to artificial grafts made of biodegradable synthetic materials. However, it is still difficult to control the biodegradability due to their
hydrolysis, adapt the mechanical properties required in the artery, and reproduce complex shape such as aortic arch. In this study, a
regenerative collagenic vascular graft was developed from porcine aorta by removing cells and structural proteins other than collagen
from the tissue.
Porcine aorta was isolated from the Clawn miniature pig (Japan Farm, Co. Ltd.). The tissue was placed in a vacuum oven at 120°C to
cross-link collagen fibers. Elastin fibers were then taken away form the tissue by enzymatic digestion using elastase of 0.56 u/ml in tris
buffer solution including CaCl2 of 10 mM and NaN3 of 0.02% at 37°C with gentle stir. The obtained tissue was subjected to histological
and biomechanical studies.
The mechanism of cross-linking by the dehydrate heat treatment in vacuum atmosphere may be attributed to condensation reaction
between a carboxyl or hydroxyl group and an amino group of the protein. However, the elastic fibers were digested enzymatically even
after the treatment and it was confirmed histologically that the obtained tissue has no elastic fiber and cellular components inside. The
collagen fibers remaining in the tissue were also degraded completely by collagenase. The tensile strength certainly decreased after the
enzymatic treatment, however an appropriate cross-linking could reduce the decline in tensile strength. The tensile strengths of the
obtained vascular graft, a porcine native aorta, and pulmonary artery were 1.09, 2.45, and 0.87 MPa, respectively. The graft may
applicable not only to the pulmonary artery but to the other arteries. Also, the graft may have better ability to promote cell infiltration and
tissue remodeling compared with the acellular tissue without elastin digestion since the tissue may have more porous structure. The
original structure was well preserved all through the process.
The collagenous grafts were prepared by the cross-linking followed by elastin digestion of the porcine vascular tissue. This may be
adapted to the vascular tissue regeneration.
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Myogenic Pre-Differentiation of Bone-Marrow Human Mesenchymal Stem Cells By in Vitro
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Objective
Cell therapy using bone marrow stem cells (BMSCs) is emerging as a potential new therapy for myocardial regeneration. These cells
could be capable of proliferation and differentiation into cardyomyocytes; however the differentiation of BMSCs into fibroblasts after
implantation into an infarct area may increase the risk of ventricular tachyarrhythmia. The cytological differences between bone-marrow
stem cells and muscle cells could be a limitation for graft success and a reason for the initial reduction of implanted cells. We
investigated the effects of cell preconditioning with bipolar 'ex vivo' electrostimulation of human bone-marrow mesenchymal stem cells
(HMSC).
Methods
HMSC cells were collected from patients undergoing CABG procedures or purchased (Poietics™ hMSC, Cambrex BSR, Inc.). In the
first case, four ml of sternal bone marrow were collected after sternotomy and HMSC selected and purified. Cell cultures were divided in
two groups, one without stimulation and one electro stimulated during 3 weeks using two electrodes submerged into the cell culture
medium and connected to a pulse generator delivering 9Volts, 0.54 ms pulses at a rate of 120 ppm, similar to fetal cardiac frequency.
After each week, cell differentiation was evaluated by changes in cell morphology and with desmin, connexin43 and troponin I-C
antibodies.
Results
The electrostimulation of HMSC resulted in myogenic morphologic and immunologic modifications with positive anti-desmin, antitroponin stain, and changes in the expression and distribution of connexin 43. Cell multiplication was increased in the long-term
electrostimulated cultures.
Conclusions
Electrostimulation was investigated for driving the conditioning process of HMSC towards myogenic cells. We observed an increase in
cell multiplication, improved cell organization, and primary myogenic pre-differentiation. This method might be used to precondition stem
cells or a matrix (grafted with cells) before implant in the ischemic heart with potential benefits in graft survival and therapeutic effects.
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Mode of administration and homing of mononuclear cells in a porcine model of myocardial
infarction
AD Moelker, M de Jong, DJ Duncker, WJ van der Giessen
Thoraxcenter, Erasmus MC, ROTTERDAM, The Netherlands
Background
Regeneration of infarcted myocardium by injection of bone marrow derived cells into the infarct region has been proposed in both preclinical and clinical studies to prevent heart failure. Preclinical studies were predominantly performed in permanent occluded infarct
models. In most clinical trials, where patients have reperfused myocardial infarction (MI), cells were injected during balloon occlusion. To
investigate if there is an effect of injection during balloon occlusion, we injected bone marrow derived mononuclear cells (MNC's)
intracoronary with balloon and without balloon occlusion (using a probing catheter) in a porcine model of a reperfused MI.
Methods
In 10 domestic swine, the proximal left circumflex coronary artery was balloon-occluded for two hours followed by reperfusion. One
week after induction of MI, all swine received intracoronary autologous MNC's, a total of ~100 million cells labeled with the permanent
fluorescent membrane stain PKH. Five swine were injected using a probing catheter, the other swine were injected during balloon
occlusion. Cells were administered in post-MI myocardial tissue as well as normal non-ischemic myocardium (n=3 for both delivery
methods). Four days later all swine were sacrificed for histological analysis.
Results
In non-ischemic myocardium, we could not detect PKH labeled cells 4 days after injection. But, in post-MI tissue a significant amount of
PKH-labeled cells could be demonstrated. In all swine despite the method of cell injection, a similar number of PKH-positive cells were
found in the infarct area.
Conclusion
Bone marrow cells do not home in non-ischemic myocardium. The effectiveness of intracoronary injection of MNC's seems not
dependent on method of delivery in swine one week after MI.
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Visualization and Quantification of Soft Tissue Vascularity by Micro Computer Tomography (CT)
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Introduction
Micro-Computer Tomography (µCT) has become an integral part in experimental studies to analyse 3D structures of bone and scaffolds
both qualitatively and quantitatively. Contrast agents enable the demonstration of non X-ray dense tissue engineering materials such as
biodegradable polymers 1. Visualization and quantification of the vascular system is of particular interest in angiogenesis studies,
however cannot be seen by means of µCT. Therefore we compared three different contrast agents (and methods) to visualize and 3D
reconstruct the vascular system of several mouse/rat tissues.
Material and Methods
Heart, bone/muscle from the hind limbs and skin flaps were observed with the µCT 20 (Scanco, Switzerland). As contrast agents the
polymerizing Microfil (Flowtech Inc, USA), the non polymerizing clinical X-ray contrast media Scanlux 370 (Sanochemia, Vienna) and
Hexabrix (Mallinckrodt, USA) were used. Several resolutions of the µCT 20 (range 9 - 17µm) at a fixed energy level of 50kV were
tested. 3D reconstruction was performed and vessel diameters (large, medium, small) were highlighted by the use of a colormap.
Quantification was done by the evaluation of vessel volume and diameter distribution at different threshold levels. In addition, the
contrast of the tested agents was assessed in conventional X-ray.
Results and Discussion
Optimization of composition and application of the contrast agents as well as µCT parameters for visualization and quantification were
achieved.
Microfil constitutes a good medium for demonstration of vascularity post mortem. However, it lacks applicability for in vivo use and for
adequate contrast in conventional X-ray. The non-polymerizing agents, no matter if ionic (Hexabrix) or non-ionic (Scanlux), showed
superior applicability in this experimental set-up in comparison to the polymerizing agent (Microfil). In vivo visualization of flap vascularity
by conventional X-ray showed, as expected, very good results for both tested agents. In addition, we were able to confirm this in vivo
results by using µCT. Independent of the contrast medium, we were not only able to show soft tissue vascularity in 3D but also vessel
diameter in colour-coded reconstructions with accompanying quantification. µCT results were also compared to subsequent performed
immunhistochemistry and showed good association.
We conclude that µCT is a promising tool to visualize and quantify soft tissue vascularity using polymerizing or non polymerizing
contrast agents and special software tools.
References:
1) G. Zanoni, P. Malafaya, A. C. McIntosh, R.L. Reis, P.V. Hatton, H. Redl. 3D Visualization of non X-ray Absorbing Tissue Engineering
Scaffolds in Micro-Computer Tomography(µCT), ETES 2005, Munich (Poster)
This work was partially supported by the European Projects HIPPOCRATES (NMP3-CT-2003-505758) and EXPERTISSUES (NMP3CT-2004-500283)
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Decrement of CFU-E in multiple trauma correlates with the IL-6 serum concentration
DH Henrich
University Hospital Frankfurt/Main, FRANKFURT AM MAIN, Germany
Circulating endothelial progenitor cells (EPC) are a putative cellular source for revascularization of injured tissues and organs after
multiple trauma. During multiple trauma a plethora of factors are released including those that mediates a strong proinflammatory
response like IL-6. In the present study the number of CFU-E was correlated with the serum concentration of the mediators GCSF,
VEGF, IL-6 in order to reveal factors with a putative influence on the number of CFU-E in multiple trauma.
Patients and Methods
Mononucleated cells (PBMC) from peripheral EDTA blood obtained from multiple trauma patients (first day after admission, n=18) and
healthy volunteers (n=11) were used. EPC colony assay: 5x10E6 PBMC/cm² were seeded on fibronectin (FN) in EndoCult medium,
after 48h the non and weak adherent cells were subcultivated further 72 h with EndoCult medium on FN. Then the CFU-E number/field
of view (FOV) (40x) was determined. The concentration of IL-6, GCSF, VEGF in the serum was determined by ELISA. Median values
were presented. A p-value < 0.05 was significant (Wilcoxon-test). Spearman Rang correlation analysis was used. The study was
approved by the local ethics commitee.
Results
Multiple trauma resulted in a significant increase in serum concentrations of GCSF (171 pg/ml vs 0 pg/ml, p<0.05), VEGF (256 pg/ml vs
137 pg/ml, p<0.05) and IL-6 (210 pg/ml vs 1,8 pg/ml, p<0.05) whereas the number of CFU-E/FOV was decreased in multiple trauma
(1.5 vs 2.7, p<0.05). Analysis of correlation revealed no coherence between CFU-E and concentration of GCSF and VEGF but a
negative correlation between CFU-E and IL-6 (rho= -0.4, p<0.05).
Discussion
This study demonstrates that the number of CFU-E was markedly decreased in multiple trauma albeit the serum concentrations of
factors that are closely associated to the mobilisation of EPC like GCSF, VEGF were strikingly increased. The correlation analysis
revealed a putative interconnection between the serum IL-6 and the decrease of CFU-E. This suggests that the proinflammatory
conditions (high IL-6) in multiple trauma may override the EPC promoting effects of GCSF and VEGF. In conclusion, the resolution of
inflammation might be a prerequisite for a mobilisation of EPC in multiple trauma.
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The main drawback associated with autologous chondrocyte implantation (ACI) is that during in vitro proliferation in monolayer culture
chondrocytes rapidly dedifferentiate. The aim of this study was to determine whether the anabolic insulin-like growth factor -I is capable
of stabilizing the chondrogenic potential of dedifferentiated human chondrocytes in vitro.
Primary chondrocytes were grown in monolayer culture for up to 10 passages (P1-P10). At each passage chondrocytes were stimulated
with IGF-I (10 ng/ml), before being introduced into high-density cultures. Expression of collagen type II, cartilage-specific proteoglycans,
the adhesion and signal transduction receptor β1-integrin, the apoptosis marker activated caspase-3 and the chondrogenic transcription
factor Sox9 were examined by immunohistochemistry, electron-, immunoelectron microscopy and Western blotting.
Only chondrocytes from P1-P4 were able to redifferentiate in high-density cultures in the absence of IGF-I. In contrast, in the presence
of IGF-I, cells from P1- P7 redifferentiated forming cartilage tissue in high-density culture. Cells from P8-P10 produced less matrix and
exhibited cellular and nuclear pleomorphisms characteristic of apoptotic cell death. Furthermore, we demonstrate by immunoblotting
and immunostaining that integrin ß1 and Sox9 expression clearly increased by IGF-I treatment in chondrocytes in monolayer culture.
This study provides evidence that IGF-I stabilizes chondrogenic potential by Sox9 stimulation in dedifferentiated cells and strongly
suggest that this effect is regulated by the integrin signalling pathway. Treatment of chondrocyte cultures with purified or recombinant
IGF-I may increase the yield of fully differentiated chondrocytes for basic research, ACI and related clinical applications.
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To study the expression of the progenitor marker c-kit within human articular cartilage and cultured human chondrocytes.
Introduction
Adult articular cartilage has a poor capacity for self-repair. This may be due to the lack of chondroprogenitor cells. However recently,
monolayer cultured articular chondrocytes isolated from human adult cartilage have demonstrated phenotypic plasticity with
chondrogenic, adipogenic and osteogenic potential (Barbero et.al 2003, Dell’Accio et.al 2003, Tallheden et.al 2003). Although this
suggests that there is a progenitor population within the adult articular cartilage, still there is no definite marker to define the progenitor
population within the adult cartilage. Among suggested markers are Notch1, FGFR3 (Fibroblast Growth Factor receptor 3) and CD105
(Endoglin) (Dowthwaite et.al 2003, Robinson et.al 1999, Saifeddin A et.al 2004). C-kit (cd117) is a transmembrane tyrosine kinase
receptor expressed in hematopoetic progenitor cells and demonstrated in synovial cells (Gimeno et.al 2005). C-kit has previously not
been studied in adult human cartilage.
Methods
Human articular cartilage as well as chondrocytes was obtained from one patient undergoing treatment for cartilage injuries with
autologous chondrocyte transplantation (ACT) and surplus pieces from one patient undergoing patellar groove reconstruction surgery.
Immunohistochemistry was done on cartilage biopsies and chondrocytes cultured in chamberslides. The primary antibody mab 1164
IgG1, (Chemicon Int.) and the secondary antibody Alexa fluor 594, (Molecular probes LTD) were used. The results were visualized with
a Fluorescence Microscopy system from NICON using ACI software.
Results
Biopsies from hyaline cartilage demonstrated only a few c-kit positive chondrocytes while in the rand-zone of injury a higher expression
was shown. The c-kit positive cells were located in same area as cd105 positive cells. In cultures of chondrocytes about 5% of the cells
demonstrated a c-kit expression.
Conclusion
Adult human articular cartilage contains c-kit positive cells. If they represent a true progenitor population has to bee shown by further
selection and characterization using cell sorting and pluripotency assay.
References:
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Introduction
Intervertebral disc (IVD) degeneration is initiated by deterioration of the extracellularmatrix (ECM) of the inner nucleus pulposus (NP)
tissue. In particular, the loss of water retaining proteoglycans (PG) reduces the ability of the IVD to absorb loads that are exerted on the
spine (1). The overall goal of our research is to develop a cell-seeded bioactive, composite scaffold, which can be injected into
degenerated IVDs. The specific objective of this study was to investigate the effect of scaffold composition on the viability of IVD cells.
Materials & Methods
Cells: NP and annulus fibrosus (AF) cells were isolated from bovine coccygeal discs by a series of enzymatic digestions; pronase
(Roche; 1 459643), collagenase II (BioConcept; 4177), hyaluronidase (SIGMA; H-6254), deoxyribonuclease II (SIGMA; D-8764).
Scaffold: Type II atelocollagen was extracted and purified from cartilage in bovine fetlock joints by a series of pepsin and salt
precipitation washes. Hyaluronan and aggrecan from (SIGMA H7630, A1960) were also used in preparation of the scaffolds. Four
variants of scaffold compositions were fabricated: Collagen (3mg/ml) (C), collagen/hyaluronan (10μg/ml) (C/H), collagen/aggrecan
(1mg/ml) (C/A), collagen/aggrecan/hyaluronan (C/A/H). Cell seeded constructs (1x106cells/scaffold) were cultured in vitro for six days in
medium (DMEM, 10% FCS).
Analysis: Live/Dead Viability (Invitrogen, L-3224) staining was carried out to assess cell viability. DNA content of proteinase K-digested
scaffolds was analysed using HOECHST 33258 dye.
Results & Discussion
Cell viability staining showed a high percentage of viable cells within all scaffolds. No significant difference in amount of DNA present in
the scaffolds was observed between the different scaffold compositions.
Conclusion
Cells remained viable within all scaffold compositions. The composition of the scaffolds had no effect on the amount of DNA in the
scaffolds at the end of six days in culture.
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(UTHSC), Memphis, Tennessee, USA.
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Introduction
Cartilage is an avascular tissue that derives its unique mechanical and biological properties from the interaction of few cells with a huge
amount of a complex extracellular matrix. Cartilage tissue is comprised of only one cell type, making it a promising target for sucessful
tissue engineering. Therefore, in this study hyaline cartilage was used as a cell source to set up a 3-dimensional in vitro engineered
tissue to regenerate cartilage defects.
Methods
Cartilage-like tissue was generated in a scaffold-free culture system supplemented with human serum. Isolated cells from a human
biopsy were used to set up a proliferating two-dimensional cell culture followed by a three-dimensional one (agar-overlay technique).
Formed aggregates were transferred (1) into a dynamic culture system and (2) kept in the static agar-overlay system. After 1 month in
culture the cartilage-like in vitro tissues were assessed applying histology as well as fluorescence-based immunohistochemistry on
cryosections. Monolayer cells grown on glass slides were analysed according to the 3D-cultures.
Results
Round-shaped aggregates (spheroids, 800-1000µm in diameter) from static and dynamic culture systems (stirring flasks) differ widely
with respect to cell-matrix-ratio as well as matrix composition. Spheroids cultivated in the static system revealed a high cell density with
only a small amount of matrix composed mainly of collagen type I and only traces of collagen type II could be detected. In contrast, the
cultivation in a dynamic system ends up with a more typical cartilage-like morphology of the in vitro tissues: Chondrocytes are widely
separated by self-produced extracellular matrix. This results in a lower cell-to-matrix ratio which comes up to the natural occurring
constitution of cartilage tissue. In parallel the expression of collagen type I was dramatically reduced and a higher expression of
collagen type II was obtained.
Conclusions
Engineering cartilage-like tissue a dynamic culture system is strongly recommended. The spheroids show important properties of the
appropriate in vivo tissue e.g. matrix quantity and quality. Confirming these results using cartilage biopsies of different patients the
suitability of the spheroids as transplants will be tested. Special focus will be on the integration of the in vitro tissues to cartilage defects.
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Background
Human adipose derived stem cells (ASC) have the potential to differentiate into fat, bone and cartilage. In response to specific media
formulations, they demonstrate ability to express cartilage specific genes and proteins.
Aims: We investigated the influence of a combination of different growth factors on the chondrogenic differentiation potential of ASC.
Methods
ASC were obtained from liposuction material and isolated using standard procedures. 3D micromass cultures were cultivated for 4
weeks in chondrogenic differentiation medium (Cambrex), supplemented with fibroblast growth factor-2 (FGF-2), BMP-6 or a
combination of these two. Gene expression was examined by quantitative RT-PCR. Sulfated glycosaminoglycans (S-GAG) were
quantified using the 1,9-dimethyl-methylene blue (DMMB) assay and the pellet size was evaluated.
Results
Cartilage specific matrix formation could be shown by an increased S-GAG content for cultures treated with FGF-2 and a combination of
FGF-2 and BMP-6. These data could be confirmed by the results of quantitative RT-PCR. Largest pellet diameter could be obtained by
a combination of both growth factors.
Summary/Conclusion
Cells isolated from human adipose tissue revealed chondrogenic differentiation potential. BMP-6 and FGF-2 upregulate cartilage
specific genes and promote matrix formation. A combination of different growth factors enhance chondrogenic potential of ASC and
make fat tissue a promising source for stem cells used in cartilage regeneration.
This work was partially supported by the European STREP Project HIPPOCRATES (NMP3-CT-2003-505758) and the Lorenz Boehler
Fonds and was carried out under the scope of the European NoE EXPERTISSUES (NMP3-CT-2004-500283).
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Objective
Transplantation of autologous chondrocytes may represent a treatment option for degenerative disk disease, possibly allowing to
restore normal disk anatomy and function.
Methods
Surgical fixation of rat tail in bend position resulted in angular compression of caudal intervertebral disks inducing their degeneration.
After surgery, resulting angles between the end plates and asymmetric load of intervertebral disks featured human lordosis. 3 month
after surgery, puncture and removal of one nucleus pulposus was performed in each of 60 rats. Residual space was filled with tissue
construction containing gelatinous vehicle with suspended BrdU-labelled autologous chondroblasts (coll II+, aggrecan+). High-resolution
computed tomography (CT) and magnetic-resonance imaging (MRI), morphological and immunohistochemical assessments of the
affected disks and implanted constructions were performed throughout the study.
Results
Morphologically, degeneration of nucleus pulposus and annulus fibrosus was present at 1 month and further increased at 3 month.
Immunohistochemistry showed decrease of aggrecan, increase of aggrecanase, presence of denaturated collagen II and imbalance in
different types of collagen. Following transplantation of the tissue construction, BrdU+ labeled cells were present at each time point of
the follow up, and the disks lacking nucleus pulposus were filled with hyaline cartilage in 90 days; their height was restored.
Conclusions
This model proved to be reliable and reproducible. Transplantation of tissue construction containing autologous chondrocytes resulted
in renewal of intervertebral disk through hyaline cartilage formation.

Figure: Chondroblast on gelatin sponge.
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Comparative analysis of bovine chondrocyte behaviour in different collagen-based scaffolds:
sponge and gel composed of type I or II collagens
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Articular cartilage has a limited capacity for self-repair after trauma. Besides the conventional surgical techniques for repairing such
defects, treatments involve implantation of autologous cells (ACI) in the defect as a suspension or within scaffolds as cell carriers
(hyaluronic acid, alginate, agarose/alginate, fibrin and collagen).
n our laboratory, for the last 10 years we have developed in vitro production and analyses of neocartilage using bovine articular
chondrocytes grown under different culture conditions. The purpose of this study was to compare in systematic studies the behaviour of
bovine chondrocytes, cultured in different bovine collagen-based scaffolds: native and pepsinized type I (nCI, pCI) and papain extracted
type II (pCII) sponges or gels.
Chemically cross-linked sponges made of nCI were seeded with calf articular chondrocytes at 2- or 20 x106cells/ml and maintained 12
days in culture under stirred conditions (30rpm). Chondrocytes were also seeded (2x106cells/ml) in gels made of nCI and pCI (1,25 and
3mg/ml, respectively) and pCII (3 mg/ml). The gels were maintained 12 days in culture in both attached and floating states under static
conditions. The behaviour of the cells were followed regarding their proliferation, deposition of glycosaminoglycans in the scaffolds,
gene expression (types I, II, IX collagens, aggrecan, COMP and MMPs) using real-time PCR and interactions with the supports (scaffold
contraction and integrin and DDR expression).
Minimal contractions were observed for the sponges (15%) and for the attached nCI gels, if compared to the contractions of the floating
nCI, pCI and pCII gels (50-60%). After 12 days chondrocyte phenotype was still maintained in all scaffolds with a low cell proliferation as
demonstrated by ratio of type II and type I collagen expression (defined as an index of cell differentiation) higher than 10. However this
phenotype was better maintained in floating gels of enzyme-treated collagens than in attached gel and sponges made of nCI seeded
with 20 x106cells/ml. This study demonstrates that the chondrocyte behaviour in collagen scaffolds depends more on the physical
characteristics (sponge or gel, contraction or not) than on the collagen type (I or II).
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Introduction
To repair cartilage lesions, modern cell-based treatments focus on the employment of various cell types like Bone Marrow Stromal Cells
(BMSCs) and chondrocytes. For long- term success, phenotype stability of generated cartilage is required. Recent studies show that
besides BMSCs, chondrocytes are also able to differentiate towards other tissue lineages like bone and fat1. Our goal is to investigate
the stability of the chondrogenic phenotype of BMSCs and (de)differentiated chondrocytes.
Materials & Methods
Human BMSCs were expanded for 3 passages. Differentiated chondrocytes from human knee joints were used in experiments,
immediately after release from cartilage or after dedifferention by expansion for 2 passages in monolayer. In our experiments, the three
cell types were first cultured for 10 days with chondrogenic medium, in 2-d monolayer and 3-d alginate beads. Subsequently, cells were
cultured for additional 10 days with chondrogenic medium or switched to osteogenic or adipogenic medium. As control, the cells were
cultured with osteogenic or adipogenic medium for 10 days without a chondrogenic pre-culture. We evaluated cell characteristics by
histology and real-time RT-PCR.
Results & Discussion
Chondrogenesis was induced in all cell types after 10 days and 20 days with chondrogenic medium, as indicated by collagen type II
gene expression and immunohistological stainings. When we switched from chondrogenic to osteogenic or adipogenic medium, we
observed a tempering of collagen type II gene expression in all three cell types. When we switched from chondrogenic to adipogenic
medium, aP2 expression levels increased in all cell types. Especially the BMSCs showed a large increase in aP2 expression. BMSCs
contain lipid vacuoles when cultured with adipogenic medium, either with or without chondrogenic preculture. Chondrocytes only formed
lipid vacuoles when cultured with adipogenic medium directly; chondrogenic preculture inhibited adipogenic differentiation.
We conclude that BMSCs are less stable than chondrocytes, after 10 days of chondrogenic preculture. Possibly, a longer pre-culture
time on chondrogenic medium could provide a stable cartilage phenotype, resistant to changing external factors.
References:
1. R. de la Fuente et al., Dedifferentiated adult articular chondrocytes: a population of human multipotent primitive cells, Exp. Cell Res.
297 (2004), pp. 313'328.
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Objectives
Articular cartilage is an avascular tissue without self-repair capacity. Therefore, it is a need for in vitro engineering of cartilage-like tissue
to repair or regenerate cartilage defects after traumatic injuries or also in degenerative diseases like osteoarthritis. To circumvent any
clinical problems our aim is to generate in vitro human cartilage entirely autologous, which means no addition of exogenous growth
factors or scaffolds. To generate these 3D-in vitro cartilage tissues three different cultivation systems were used. The engineered
constructs (spheroids) were analysed regarding tissue specific differentiation markers. A special focus was directed on the assessment
of cell viability because this feature plays an important role for quality control of engineered tissues prior to clinical usage.
Design
Three-dimensional cartilage-like spheroids were cultured in medium supplemented only with human serum either as static culture or
dynamically in spinner flasks or in a Rotating Wall Vessel (RWV) for seven weeks. To evaluate the impact of different culture conditions,
tissue morphology and protein expression was analysed using histology and immunohistochemistry on cryosections. Regarding these
analyses, synthesis of the hyaline-specific proteins collagen type II and S-100 was of special interest. To estimate cell viability in
spheroids a fluorescence-based viability assay (PI/FDA) and a LDH-activity assay were used in parallel.
Results
We were able to engineer cartilage-like tissue constructs using different 3D-cultivation systems. Interestingly, we could show that
dynamic cultivation of in vitro articular cartilage is clearly superior to static cultivation. Concerning cartilage differentiation, spheroids
cultured in spinner flasks or a rotating wall vessel revealed an increased expression of collagen type II and S-100. Especially, viability
analysis of cells in dynamically cultured spheroids demonstrate an obvious advantage in comparison to static culture conditions.
Conclusions
Using different 3D-bioreactor systems, engineering of human articular cartilage-like tissues was successful without adding growth
factors or scaffolds. The results confirm that biomechanical stimulation augments in vitro cartilage differentiation. Improving the nutrient
supply, the 'mechanically active' environment also enhanced the cell viability in spheroids.
The used dynamically 3D-cultivation systems seem to be adequate to engineer autologous in vitro articular cartilage for clinical
application in cartilage therapies.
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Bioreactor improves the growth and attachment of chondrocytes into the knitted poly-L,D-lactide
scaffold
VT Tiitu
University of Kuopio, KUOPIO, Finland
*Tiitu, V; *Pulkkinen HJ; *Valonen, P; **Kellomäki, M; *Pulliainen, O; *Lammi, MJ, ***Kiviranta, I
* Institute of Biomedicine, Department of Anatomy, University of Kuopio, Kuopio; ** Tampere University of Technology, Tampere; ***
Jyväskylä Central Hospital, Jyväskylä
Introduction
A bioreactor is defined as a tissue culture vessel in which its contents are well-mixed and the culture conditions can be controlled over
the entire cultivation period. Bioreactors appear to offer several potential advantages as compared with the static monolayer cultures.
For example, mass transfer rates and oxygen levels can be maintained at higher levels and cell growth is not restricted by the rate of
nutrient supply. In this study we evaluated the advantages of using a bioreactor compared with static flasks for culturing the
chondrocytes in a knitted poly-L,D-lactide (PLDLA) scaffold.
Materials & Methods
In the present study bovine chondrocytes were cultured 1, 3 and 4 weeks in two different environments (static flasks and bioreactor) in a
knitted poly-L,D-lactide (PLDLA) scaffolds. The viability of the cells was assessed by employing cell viability fluorescence markers; PI for
dead cells and FDA for live cells. The cells were visualized using laser scanning confocal microscopy and scanning electron
microscopy.
Results
The bioreactor improved the attachment and proliferation of the chonrdocytes. Cells were observed not only on the fibrils of scaffold, but
also between the fibrils. Furthermore, cells cultured in the bioreactor, regained their original round phenotypes, whereas in the static
flask culture, the chondrocytes were flattened in shape. Confocal microscopy showed that bioreactor chondrocytes attached on both
sides of the scaffold and were better at retaining their viability during the culture period.
Discussion
The knitted PLDLA scaffold cultured in static flasks showed a limited capacity to sustain bovine chondrocytes. The data indicated
uneven attachment and proliferation of chondrocytes. In contrast, in the PLDLA scaffold cultured in the bioreactor, chondrocytes were
distributed evenly throughout the scaffold. The viability of these chondrocytes, was high and the scaffold enhanced phenotype
preservation in long-term culture. At present our data is primarily qualitative and further studies are needed to provide more quantitative
analysis. In summary, our data thus far suggests that the bioreactor is a promising tool for tissue engineering.
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Quantitative analysis of gene expression in human articular chondrocytes used for autologous
chondrocyte transplantation
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Educell d.o.o., LJUBLJANA, Slovenia
2
Department of Orthopaedic Surgery,UMC, LJUBLJANA, Slovenia
Autologous chondrocyte transplantation (ACT) is among most successful techniques for the treatment of chondral defects in the knee
and relies on the use of cultured cartilage cells. When chondrocytes are isolated from cartilage tissue and cultured as monolayers, they
lose their cartilage phenotype and transform into flattened fibroblast-like cells upon repeated passages. Gene expression studies have
shown a change in expression of typical chondrocyte markers of hyaline cartilage (collagen type II, aggrecan) to collagen type I and
versican, which are predominant in dedifferentiated chondrocytes and fibrocartilage. In principle, chondrocyte dedifferentiation can be
reversed by transferring cells into an environment supporting a spherical morphology.
Chondrocytes from articular knee cartilage from different human individuals (either as cartilage biopsies from patients or as samples
procured from donors post-mortem) were isolated and expanded in monolayer cultures. Afterwards, cells were embedded into alginate
or alginate/agarose gels. mRNA encoding collagen types I and II, aggrecan and versican were quantified by real-time reverse
transcription-PCR assays and correspondent differentiation indexes (Col II/Col I and Agr/Ver) were calculated. The expression of genes
was highly time-dependent and changed over the culture time. A drastic change from chondrocytic to fibroblast-like phenotype was
observed already after 10 days in monolayer culture. The decreasing of differentiation indexes was pronounced even more with
repeated passages in monolayer culture. When these dedifferentiated cells were seeded into alginate or alginate/agarose gels, a
significant increase of differentiation indexes was observed.
The monolayer cultures are necessary to achieve a desired proliferation rate of exapanded chondrocytes taken from small biopsies for
autologous cartilage repair. However, their dedifferentiated phenotype could be reversed by seeding the cells into appropriate 3D
culture system (alginate, alginate/agarose) to initiate redifferentiation process. Gene expression analysis and consequently calculation
of differentiation indexes could be used as a quality control tool before delivering the cells to the patient.

P45

Bioreactor Studies in Tissue Engineering Cartilage
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To investigate the formation of tissue engineered cartilage using PGA as three- dimensional scaffold seeded with chondrocytes.
Therefore, the objectives of this study were to develop a good ex vivo cartilage tissue engineering system. We expect the results
showed that chondrocytes are well distributed on the PGA scaffolds in the period of culture ex vivo and a piece of cartilage formation is
obtained under the optimal conditions.
The results showed that the chondrocytes adhered and began to proliferate after the forth day of seeding on to PGA scaffold. On day
11, the ECM excreted by cells covered PGA. There is cartilage-like tissue formation at 6 week culture.
The future research direction will be to increase cell source, to guild stem cell differentiation and to employ bioactors to delay cellular
aptotis. The PGA meshes are optimal for cellular growth, least will cause severe inflammatory change in vivo. We would like to use the
benefit of PGA mash, to avoid its short coming in vivo, and to facilitate cartilage regeneration.
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Development and evaluation of scaffolds for regeneration of articular cartilage
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Articular cartilage has limited capability for self-repair, related to the poor blood supply and the isolated chondrocyte microenvironment.
Current surgical treatments are restricted to certain defects and are generally not optimal for regenerating hyaline cartilage. Autologous
chondrocyte implantation (ACI), a tissue-engineering-based approach, is attractive but also has limitations with respect to the hyalinelike or fibrocartilage tissue that is formed. In addition to the poor long-term performance, the current procedures require a periosteal flap
or a means to fix the cells into the defect.
An improved ACI approach to control long term performance of cultured cells and new tissue formation has been developed. This is
based on the expansion and re-transplantation of human chondrocytes on biodegradable microparticles comprising gelatin beads that
can be cross-linked to resorb at defined time points. In vitro and animal studies have shown that chondrocytes cultured on these beads
under dynamic spinner culture conditions or in femoral chondral defects in mini pigs, delivered within a collagen gel matrix, perform
better than conventional ACI procedures. Concurrently, a series of novel polyurethane polymers has been developed to facilitate
delivery of the cultured cells on beads designed to form a cell-seeded scaffold in situ without the need for a periosteal flap. The polymer
is being optimised to control cell viability, migration and new tissue formation as well as being tailored for appropriate mechanical and
adhesive properties.
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Why tissue engineering of cartilage does not work for the human ear and nose: the role of
proinflammatory cytokines
AG Groger
University Hospital Aachen, AACHEN, Germany
Introduction
The first clinical trials of tissue engineered cartilage constructs in the shape of a human ear result in resorption of neocartilage and
chronic inflammatory processes with complete loss of anatomical shape. The mechanism behind this immunologic reaction remains
unclear. The goal of this study was to determine the role of pro-inflammatory cytokines and the effect of immunoprotective device.
Material and Methods
In this study autologous porcine chondrocytes were seeded with fibrin glue onto polyglycolic acid-polylactid acid copolymer scaffolds.
After three days in vitro, half of the implants have been encapsulated with polyelectrolyte complex (PEC) membrane. PEC-membrane
was formed by using sodium cellulose sulphate (NaCs) and polydiallyl-dimethylammoniumchloride (PDADMAC) with a cut-off of 15.000
Dalton. After 4 and 8 weeks, 8 specimens from each group were explanted and analysed by histological/ immunohistochemical
methods and RT-PCR.
Results
Encapsulated cartilage by PEC- membrane showed increased content of extracellular matrix components (collagen II and aggrecan) in
histological sections and higher expression in RT-PCR. Strong expression of Il-1, Il-6 and TNF-α was found at the implant periphery of
non- encapsulated implants and outside the PEC- membrane of encapsulated implants. The weight of encapsulated tissue engineering
constructs was significantly higher as compared to the non-encapsulated specimens after 4 and 8 weeks.
Conclusions
Resorption of extracellular matrix and inflammatory response to autologous tissue engineered cartilage construct is caused by proinflammatory cytokines Il-1, Il-6 and TNF-α and most likely by activation of matrix metaloproteinases, similar to the pathogenesis of
rheumatoid arthritis. Therefore protective device is critical for the long term survival of tissue engineered cartilage implants.
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Anomalous diffusion in developing tissue engineered cartilage
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Many diffusive processes in biological systems refuse to obey the standard laws of diffusion. In normal diffusion, the diffusivity can be
considered constant and the concentration of the diffusing particles follows Fick’s law. However, in highly heterogeneous materials such
as tissues, the complex microgeometry of the medium imposes serious restrictions to the mobility of the particles. This scenario is
known as anomalous diffusion. Experiments in diverse systems including diffusion in polymers, flow through porous media, movement
of proteins on cell membranes and inside cells identified anomalous, rather than Fickian, transport.
Anomalous diffusion in tissue engineered constructs is particularly interesting because the complexity of the microgeometry evolves in
time following the development of the artificial tissue. Tissue growth involves transport, binding and degradation of large aggregating
molecules such as collagen and proteoglycans, which are continually synthesized by individual cells. These molecules bind to the
extracellular matrix therefore augmenting the complexity of the medium around the cells and hampering the transport of nutrients, waste
products and newly synthesized molecules.
In this work we address some of the effects of anomalous diffusion on the local distribution of extracellular matrix around cells and on
the macroscopic mechanical properties of developing tissue engineered cartilage. The study is based on a continuous model for
diffusion, binding and a posteriori degradation of matrix components. Diffusion hindrance is modeled in terms of a random walk
approximation. The governing reaction-diffusion equations are solved using finite element methods at tissue and REV scales. Potential
experimental techniques to identify anomalous diffusion are discussed and results using fluorescent recovery after photobleaching are
reported.
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Short term exposure of TGFß1 induces stable aggregation and chondrogenic differentiation of
MSCs
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Introduction
In osteochondral tissue engineering (TE) the use of mesenchymal stem cells (MSCs) as single cell type is advantageous. Whereas
MSCs are successfully applied to bone TE, the use of MSCs for the chondral part still faces particular difficulties like poor cell seeding
efficiency and insufficient cartilage generation.
Cell aggregation is beneficial for seeding efficiency and required for chondrogenic differentiation. The aggregate size is depending on
aggregation time and limited by the pore size of the biomaterial. Previous studies have demonstrated that an aggregation time of 21h
results in optimal aggregate sizes. However, the effect of short aggregation time on chondrogenic differentiation is unknown.
We hypothesized that an optimal concentration of TGFß can compensate the shorter aggregation time. The objective of this study was
to evaluate the effect of 21h aggregation time in combination with different TGFß concentrations on chondrogenic differentiation of
MSCs.
Materials & Methods
MSCs were aggregated in chondrogenic medium supplemented with 0, 10, 70 or 100ng/ml TGFß1 for 21h. After 21h aggregates were
washed with PBS, incorporated in a gel and cultured in chondrogenic medium without TGFß1 for 28 days. Safranin O analysis,
quantification of DNA and glycosaminoglycans (GAG) were performed.
Results
No differences in aggregate sizes could be observed in aggregates exposed to different TGFß1 concentrations after 21h. However,
aggregates exposed to 0ng/ml showed insufficient stability during tissue culture processing.
After 28 days cells exposed to 0ng/ml were small and elongated. The extracellular matrix (ECM) did not stain positive for Safranin O
indicating no chondrogenic differentiation. Only weakly positive ECM was observed for aggregates exposed to 10ng/ml. In contrast, a
strongly positive matrix was observed for aggregates exposed to 70 or 100ng/ml. Cells exhibited a round morphology and were located
in lacunae indicating cartilaginous tissue. Furthermore, significant higher GAG/DNA production has been induced by concentrations of
70 and 100ng/ml compared to 10ng/ml with an optimum at 70ng/ml. No GAG production could be observed for cells exposed to 0ng/ml.
Conclusion
In this study we demonstrated that MSCs exposed to TGFß1 for 21h form stable aggregates and are able to differentiate into
chondrogenic lineage with an optimal concentration of 70ng/ml TGFß1.
Ongoing studies indicate that this approach provides a promising tool for application of MSCs to osteochondral tissue engineering by
increasing seeding efficiency and improving generation of cartilage like tissue in vitro and in vivo.
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Prenatal stem cell therapy for severe combined immundeficiencies and osteogenesis imperfetcta:
report of 7 cases
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Recently has been suggested how cellular therapy could result in a clinical benefit for children affected by Osteogenesis Imperfecta
(OI). Long term clinical follow-up of children who received conventional bone marrow transplantation demonstrate that this approach do
not achieve cure of the disease, but enhance quality of life reducing in severe forms of the disease the number of fractures, resulting in
a growth advantage and in an increase of bone density. It appears that this is due to donor mesenchimal derived osteoblast
engraftment, despite the fact that engraftment rate post-transplant studied with conventional techniques remain low.
In our institution since 1996 a clinical project on prenatal treatment of genetic diseases by injection of stem cells has been started. Up to
know we have treated 5 children affected by different forms of severe combined immunodeficiency (SCID). Among this group of
patients three were the diferent forms of SCID : SCID T-B+NK-;
SCID T-B-NK+; Omenn syndrome (with presence of non functional T cells). If the clinical result of prenatal graft in the SCID T-B+
fetuses is satisfactory with good engraftment and imunological reconstitution, more difficult is engraft and reconstitute fetuses who are
affected by an NK positive form. The clinical protocol that we have applied in 4 cases consisting of positive selection of CD34 of an
adult sibling haploidentical donor and a susequent double intraperitoneal injection in the fetus at the fifth month of gestation, has been
modified in one NK positive case . Infact in this case after the first injection that consisted exclusively of CD34 positive cells, the second
injection has been realized by a coinfusion of donor CD34 and expanded stromal cells. This protocol has been subsequently applied in
2 cases of prenatal OI using the mother as a stem cell donor. The diagnosis came after unltrasound investigation at the 20th week of
gestation (femur fracture 1 one case, multiple in the second). In both cases maternal CD 34 cells were injected together with a
suspension of enriched non-expanded non-haetopoietic marrow stem cells.
In the first case the child is 15 months old , has a mild form of OI , the bone trophine do not demonstrate osteoblasts engraftment with
conventional methods to detect chimerism (>1% sensitivity). On expanded fibroblasts 4% of the cells are of donor origin. Few months
later the child presented bilateral retinoblastoma with no signs of mixed chimerism, that after chemotherapy, is currently in complete
remission. The second child was born by caesarian cut at the 32nd week because of the costal fractures that impaired pulmonary
growth. He died on a ventilator due to the severity of the clinical picture and no information on chimerism are available.
Grant FIRB n.RBNEO1R4MJ 006
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Guided Neurite Growth on a Graded Laminin Conjugated Enzymatically Cross-Linked Collagen
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Introduction
The biological and structural properties of type I collagen have demonstrated that it is suitable to be processed as engineered scaffold
for cell growth. To reinforce the collagen scaffold’s mechanical strength, ability to resist bio-degradation and to create neurite growth
guidance cues on the scaffold are important in CNS and peripheral nerve repair strategies. In this study, we have cross-linked collagen
type I scaffold with microbial transglutaminase (mTGase). We also conjugated the Laminin peptide (PPFLMLLKGSTR) into the crosslinked collagen scaffold. The aim of the study is to investigate the outgrowth of PC12 on cross-linked collagen scaffold and the guidance
effect of laminin gradient on collagen scaffold to the neurite.
Materials & Methods
Cross-linking of collagen scaffold: Type I collagen solution (5mg/ml) was cross-linked with different concentrations of mTGase (Activa™
WM, Ajinomoto Corporation Inc. Japan) and then freeze-dried.
Laminin peptide incorporation in cross-linked collagen scaffold: The mTGase (50 g/ml) treated collagen solution was homogeneously
incorporated with different concentrations of laminin peptide (PPFLMLLKGSTR) (Activotec, UK) and freeze-dried. A laminin gradient
was also created in the cross-linked collagen scaffold.
Cell culture and treatment: PC12 cells were seeded on collagen scaffold at a density of 3x105cells per 24-well plate well. Prior to
experimental treatment, the cells were grown overnight in full medium. After this time the medium was changed and replaced with
DMEM with 1% horse serum supplement. NGF treatment (2.5s mouse NGF, Sigma, Ireland) was performed by including 50 ng/ml NGF
in 1% serum medium for 7 days.
Fluorescent microscopy and Scanning electron microscopy (SEM): The cell morphology was studied by SEM. The cell cytoskeleton
were studied by staining with Rhodamine Phalloidin (Molecular Probes, Ireland).
Results
I.PC12 cells differentiated on cross-linked and laminin conjugated cross-linked collagen scaffold with NGF stimulation. The neurites
elongated with time on these scaffolds. No significant difference was found for PC12 neurite outgrowth between collagen and crosslinked collagen scaffold.
II.Neurite growth was guided toward the high level of laminin gradient with no significant effect on the length of neurite outgrowth.
Discussion
The enzymatically cross-linked collagen scaffold provided a structural support for PC12 cell differentiation and neurite outgrowth.
Laminin gradient created on the cross-linked collagen scaffold can function as a guidance cue for neurite orientation.
Acknowledgement: European FP6 ' Marie Curie TOK Award
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Immunophenotype of Muscle-Derived Stem Cells in Different Culture Medium
VG mez-Gil, C Corrales, G Pascual, M Rodríguez, JM Bellón, J Buján
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The author did not approve publication on the internet.
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Muscle-Derived Cells, Source of Mesenchymal Cells to Create a Subcutaneous Equivalent to
Improve Compromised Wound Healing
M Bujan, V Gómez Gil, N García-Honduvilla, JM Bellón, C Trejo, C Corrales
University of Alcala, ALCALA DE HENARES, Spain
Objectives
Tissue engineering offers the possibility of replacing the damaged or destroyed dermis of patients suffering from deep vascular or
pressure ulcers, while different treatment regimens are unable to do it. Therapeutic alternatives include topical application of isolated
growth factors, sheets of keratinocytes, skin equivalents, autologous split thickness skin grafts, and/or surgical procedures. Recent
reports show the plasticity of bone marrow of stem cells to produce new skin cells. The aim of our study was to evaluate a new possible
use of muscle-derived stem cells (MDSC) as source of mesenchymal cells to create an equivalent subcutaneous tissue to get a correct
wound healing process.
Material and Methods
MDSC were obtained from the dorsal muscle of NZ rabbits and cultured in vitro for two weeks (n=6). Cells were labeled with PKH26 to
be transplanted onto a circular 2 cm diameter defect created on the dorsal side of the ear of the rabbit from which the cells had been
harvested. Similar defects on the fellow ears were left untreated as control group. 7 and 14 days later, specimens were taken for light
microscopy, TEM, SEM and immunohistochemical studies. Areas of wound contraction and reepithelization were determined by image
analysis. Data were compared by ANOVA and Mann Whitney U-test.
Results
Wound repair was measured checking epithelization and contraction areas. Control wounds showed non-epithelialized areas and
inflammatory granulation tissue. In the cell therapy group, the reepithelialization of injured areas was significantly greater (p<0.05).
Reepithelialization occurred as an active process of proliferation and migration of keratinocytes slippering onto a new rich substrate.
This neosubstrate was originated by MDSC transplanted cells which were converted in granulation tissue in the transplanted area. Two
weeks later, we observed that both, subcutaneous and native tissue had the same histological structure.
Conclusions
Our findings indicate that mesenchymal cells are able to develop a rich subcutaneous tissue to allow a complete and stable
reepithelization process. The use of autologous mesenchymal cells on skin wounds expedites and improves the organism’s natural
healing process and represents a good alternative in the healing of compromised wounds.
The present work was supported by grants CAM (GR/SAL/0591/2004) FIS (PI031611)
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Cultured corneal cells for tissue engineering. A quality control study
M Gonzalez-Andrades, M Alaminos, JI Jose Ignacio, MC Sánchez-Quevedo, PV Crespo, A Fernández-Montoya, A Campos
University of Granada, GRANADA, Spain
Introduction
Tissue engineering of the cornea represents a paradigm shift in medical treatment to overcome the present disadvantages or corneal
transplantation. In this context, a previous characterization of the cells used for construction of corneal substitutes by tissue engineering
is essential to ensure a proper functionality of the constructs. However, most cells tend to become partially undifferentiated after
isolation and culturing, and thus, can be difficult to identify on the basis of morphological features. In this work, we carried out a specific
gene expression analysis as a quality control on corneal cells cultured for tissue engineering purposes.
Materials & Methods
Primary cell cultures of corneal epithelial cells, stromal keratocytes and corneal endothelial cells were established from native rabbit
corneas. All cell types were cultured using DMEM medium supplemented with different nutrients and growth factors. Once the cultures
reached subconfluency, total RNA was extracted from the cultures using the QIAgen RNeasy extraction kit. For RT-PCR, 2 mg of total
RNA were reverse-transcribed and amplified with specific primers for keratin 12 (KRT12), type VIII collagen (COL8) and vimentin (VIM).
RNA expression of the GAPDH gene was used as a control of RNA loading. RT-PCR amplified products were resolved in 2% agarose
gel electrophoresis and visualized by ethidium bromide staining.
Results
RT-PCR gene expression analysis was highly specific of each cell type. Our results demonstrated that corneal endothelial cells kept in
culture expressed high amounts of RNA specific for the gene that encoded type VIII collagen, whereas epithelial cells expressed the
transcript of keratin 12, and stromal keratocytes did not express type VIII collagen or keratin 12, but showed high expression of the
vimentin gene.
Conclusions
The use of specific gene expression analyses demonstrated to be very useful to properly characterize corneal cells kept in culture. This
highly specific technique could be used as a quality control to confirm the phenotype of cells intended for tissue engineering purposes.
This work was supported by FIS 03/0141 and FIS 04/1983.
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Strategies to Prevent the Phenomenon of Settling Associated with Cardiac Cell Delivery
BCA Fernandes, MA Bergan, KC Gardeski, S Lyu, MM Morris
Medtronic, Inc., MAASTRICHT, The Netherlands
The transplantation of cells to repair damaged portions of the heart is an active area of research. To date, the cumulative data from
preclinical research and pilot clinical studies, while non-conclusive, is suggestive of beneficial effects. The general belief is that if the true
potential of the therapy is to be achieved, certain critical questions need to be answered. Many of these questions tend to be either
specific to the cell type or applicable in general to every cell type.
The subject of our work relates to the issue of ‘cell settling’, a phenomenon that occurs regardless of the selected cell type. While
seemingly trivial we have identified this previously unrecognized and unreported occurrence as an important issue that needs to be
addressed as well. The increasing preference for minimally invasive catheter-based procedures for the delivery of cells to target areas
further increases the significance for preventing cell settling.
Cells, due to the effects of gravity and their own density, were observed to settle to varying degrees, sometimes within five minutes of
suspension. In catheter-based cell delivery procedures, the impossibility of adequate and continuous mixing, together with the length of
the actual procedure (sometimes up to 2 hours), can result in actual dosages of cells delivered varying significantly from the intended
amounts. Depending on the original density of the cell solution, the delivered numbers can vary from zero cells to the targeted amounts
or more, often in the same multi-injection procedure. Such variability in delivery can certainly have a bearing on the outcome of the
therapy.
We have identified and tested two approaches to combat cell settling. The first involved a solution-based approach, in which a solution
was identified and modified to match the specific gravity of the cells. The second approach involved the use of high molecular weight
shear thinning polymer compositions. With both approaches we were able to consistently keep the cells well dispersed for up to 3 hours
at room temperature without compromising cell viability or function to any significant degree. These two approaches will be highlighted
in further detail.
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Early Endothelial Progenitor Cells (EPC) are useful for vascularisation on TCP scaffold for bone
tissue engineering
CSC Seebach, DH Henrich, AS Scherzed, IM Marzi
JWG University hospital, FRANKFURT AM MAIN, Germany
Introduction
Large bone defects may limit the ingrowth of bone forming cells, since lack of vessels does not ensure a sufficient nutritional support of
the bone graft, so early vascularisation of bone scaffold is a prerequisite for regenerate bone. Endothelial progenitor cells (EPC)
participate in angiogenesis. This investigation tests two types of EPC seeded on ß-tricalcium phosphate (TCP) scaffold in vitro. 'Early'
EPC derived from myeloide/dendritic cell precursors and express leukocyte marker (CD45), secondly, 'late' EPC derived from bone
marrow stem cells and express stem cell markers(CD133). Cell adhesion, survival, differentiation and precoating (fibronectin, collagen)
on TCP scaffold were evaluated in order to develop an efficient cell seeding protocol to improve the vascularization of TCP scaffold. Do
EPC remain endothelial gene expression also under osteogenic culture conditions?
Material & Methods
'Early' EPC were isolated from buffy coat by density gradient centrifugation. Late EPC were isolated from bone marrow aspirate using
CD133 microbeads. ß -TCP scaffolds were precoated (fibronectin, collagen G) in a well of a 24-well culture dish. Cultivated EPC were
loaded (density of 2,5 x 10E5 cells per well) onto ß-TCP in vitro. Cell adhesion and viability were evaluated. After 24 h, 48 h, 72 h TCPgranula were taken and adherent cells were lysed, RNA was isolated; RT-PCR using GAPDH (control), vWF(von Willebrandt factor),
VEGF, Osteonectin, CBFA-1, Osteocalcin and Collagen-1 were performed to monitor survival and differentiation process of cells.
After EPC cultivation in osteogenic medium for 4, 8, 12 days gene expression using RT-PCR was performed.
Results
Early EPC were cultivated for 72 h on ß-TCP (seeding efficacy 93%+/-5%)and did not lose endothelial characteristics (vWF,VEGF).
VEGF gene expression was still detectable even under osteogenic culture conditions. A weak gene expression of CBFA-1 and
osteonectin was also detectable. In comparison, late EPC demonstrated a weaker adhesion on ß-TCP (seeding efficacy 65%+/-5%).
GAPDH gene expression was detectable only at 24h after seeding only on collagen precoated TCP-Granula. Under osteogenic culture
conditions late EPC lost vWF gene expression and started to express the genes for collagen-1, osteonectin and osteocalcin.
Conclusion
Early EPC could be useful to improve vascularisation of TCP scaffold.
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Embryonic Cell Suspensions in New-Onset Type 1 Diabetes Mellitus
OI Smikodub, AV Novytska
ETC EmCell and National Med. University, KIEV,Ukraine
Analyzed were 48 cases of new-onset diabetes mellitus (DM) diagnosed 3,5±1,2 months prior to transplantation.
Patients were treated by transplantations of hematopoietic and non-hematopoietic mesenchymal and endodermal embryonic stem cells
harvested from growth zones of 4-8 weeks old cadaverous embryos’ internal organs. Suspensions were administered intravenously, in
the amount of 0,5-3,0 ml, cell count being 0,1-100x105/ml, CD34+ - 0,1-10x103/ml.
Major effects of transplantation of embryonic stem cells (TESC) in DM are presented below:
•
Decrease of glycemia in new-onset insulin-dependent DM:
In all cases, noted was gradual decrease of daily insulin intake (DII) 2-3 months after TESC. The average initial DII was 0.76±0.06
U/kg/day. Maximum decrease amounted to 20-100% of the initial dosage (mean 41%) within 14-90 days (mean 59.0±4.3). Clinical
remission that lasted 5-14 months was achieved in 65% of cases (DII<0.4 U/kg/day or discontinuance of insulin therapy).
•
Increase of endogenous insulin production:
50-200% increase of serum C-peptide within one year after TESC
•
Syndrome of Early Post-Transplantation Improvements:
Decreased weakness, improved workability, appetite and sleep were reported by 63% of patients on the first day after TESC. These
improvements were very vivid for the period of 1 month, then gradually decreased, but were maintained for another 2-4 months.
•
Syndrome of Psycho-Physiological Changes:
Improvement of physical and mental activity as well as subsided depression were reported in 48% of cases and maintained for 6-8
months.
•
Restoration of Immunity:
Increased counts of lymphocytes, T-lymphocytes and their subpopulations and decreased (by mean 30-60%) B-lymphocyte count were
maintained for 3-8 months.
Sustainable effects were achieved in new-onset DM where TESC proved to stop autoimmune aggression against pancreatic β-cells.
TESC is very effective in DM and will soon become as important as insulin-therapy.
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Embryonic Cell Suspensions in Pernicious Decompensated Type 2 Diabetes Mellitus
OI Smikodub, AV Novytska
ETC EmCell and National Med. University, KIEV,Ukraine
Group of 18 DM patients (8 women and 10 men) with beta cell deficiency and such complications as micro- and macroangiopathy,
diabetic ketoacidosis caused by maximal dosages of glycemic medications, and in need for insulin therapy, mean age being 56,2±5,6
years, duration of the diagnosed DM ' 15,3 4,1 years. Patients were treated with maximal dosages of sulphonylureas medications in
combination with other glycemic medications. In all patients, mean C-Peptide was reported to be 1,18±0,58 ng/ml, HbA1C concentration
' 9,2 1,7%.
Patients were treated by transplantations of hematopoietic and non-hematopoietic mesenchymal and endodermal embryonic stem cells
sorted out from growth zones of 4-8 weeks old cadaverous embryos’ internal organs. Suspensions were administered intravenously, in
the amount of 0,5-3,0 ml, cell count being 0,1-100x105/ml.
77% of reported normal urine status and considerably improved general state. In the course of 2-3 months after treatment, noted were
decreased glycosuria and daily glycemia; it was possible to decrease maximal dosage of glycemic medications. Lasting compensation
of carbohydrate metabolism was achieved in 8-12 months after the treatment. By this time, C-Peptide increased 1,8-2,2-fold in 68% of
patients, while HbA1C concentration decreased by 26-32%. Decreased were also manifestations of diabetic retinopathy, nephropathy,
and polyneuropathy. In 3-4 months after the initial treatment, 35% with hypertension reported lasting decrease of blood pressure.
Subsequent transplantations were performed in 58% of patients in 12-16 months, with the aim of DM compensation and stabilization of
the results of the initial course of treatment.
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Use of a tissue engineered model to investigate the effects of photodynamic therapy on peripheral
nerves
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Photodynamic therapy (PDT) has been used in the treatment of prostate cancer and clinical observations indicate that it causes fewer
nerve-related side effects than conventional surgical treatments [1]. The objective here was to investigate the biological basis for such a
nerve-sparing effect. This involved establishing the intracellular localisation of photosensitiser drugs in neurones and Schwann cells,
then developing a 3D tissue engineered model to investigate the effect of PDT. This model recapitulates key elements of peripheral
nerve tissue by using an aligned Schwann-cell seeded collagen gel [2] into which explanted dorsal root ganglia (DRGs) are embedded.
Schwann cells and neurones were cultured from 200g rats and photosensitiser localisation was monitored using fluorescence and
confocal microscopy to detect the presence of meta-tetrahydroxylphenylchlorin (mTHPC). Levels of mTHPC fluorescence were
quantified using digital image analysis, and localisation within specific cell populations was confirmed using immunocytochemical
labelling of Schwann cells (anti-S100) and neurones (anti-beta-III-tubulin).
Results indicate that mTHPC fluorescence was detected within Schwann cells and neuronal cell bodies, but not axons (figure 1). Linear
growth of neuronal processes in the tissue engineered culture system enabled Schwann cells, and distinct regions of cultured neurones
(either neuronal cell bodies or axons), to be targeted with PDT.
In conclusion the results suggest that sub-cellular distribution of mTHPC within neurones may play an important role in the response of
peripheral nerves to PDT. The tissue engineered model is a useful means with which to investigate this, as peripheral nerve elements
can be targeted with PDT in a controllable and reproducible manner. The significance of this research is that a greater understanding of
PDT in nerves will be useful to clinicians seeking to improve cancer therapy. In particular, sparing of cavernous nerves during prostate
cancer treatment would reduce the side effects such as urinary incontinence and impotence associated with other approaches.
Furthermore, this model of peripheral nerve tissue is likely to be beneficial to researchers working in the field of tissue engineered nerve
repair.
[1] Moore CM et al., (2006) Lasers Surg Med (in press)
[2] Phillips JB et al., (2005) Tiss Eng 11:1611-17

Figure 1: Quantification of mTHPC localisation.
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Screening of innovative biomaterials in comparison to well established towards tissue engineering
applicability in peripheral nerve repair
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Tissue engineering aims at finding alternatives and ideally advancements for transplantations of organ, tissue and functional substitutes
in case of severe injuries or defects. In contrast to the central nervous system, the peripheral nervous system shows minor capacity for
regeneration after injury. Depending on the type of injury and particularly on the length of the gap limitations in the recovery of peripheral
nerve function exists. Conventional neurosurgical strategies include the end-to-end coaptation, which is impossible after severe loss of
substance, and nerve grafting, which is limited on one hand by the availability of autologous nerve grafts and on the other hand by
immunological reactions against allogenic grafts. Hence, as in other fields of tissue engineering research numerous materials,
fabrication techniques and modifications of three-dimensional biodegradable matrices need to be developed and tested to enhance
technology and finally find optimal constructs with bioidentical and suitable mechanical properties.
In this study, several innovative biomaterials were screened in comparison to well established materials and constructs towards their
applicability in peripheral nerve repair. Model cell lines (PC12, Hep-G2) and immortalized Schwann cells were seeded onto different
materials: silk, ß-glucan, polysialic acid, hydroxyapatite (Sponceram HA), collagen (Matristypt ) and chitosan variations. The seeded
constructs were cultured over a time period of at least two weeks. Cytotoxicity of the materials, viability and proliferation of the cells on
all materials were observed. For selected experimental setups DNA content and specific cell markers were determined as well as gene
expression was analyzed via RT-PCR and microarray technique. Moreover, SEM micrographs demonstrate cell settling on the
biomaterial constructs.
The comparative testing of various materials may lead to an enhancement towards optimal and suitable biomaterials for peripheral
nerve repair.

Figure: ISC on Sponceram HA after 14 days of cultivation.

194

P62

Transcriptional expression analysis of C2C12 cells grown on Chitosan/rhBMP2 films
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Introduction
Tissue engineering approaches need biomaterials with suitable properties to provide appropriate environment for cells attachment,
growth and, if possible, for the bioactive molecules incorporation on it. For this reason, we developed chitosan films with cell attachment
ability, rhBMP-2 carrier capacity and good in vivo performance.
Objectives
In this work we tested the cellular activity of chitosan film carried rhBMP-2, analysing C2C12 pre-myoblastic cell culture differentiation
towards osteogenic phenotype.
Materials & Methods
Bone Morphogenetic protein-2: rhBMP2 was obtained from an E. coli expression system as has been previously described1.
Film formation: A 1% (w/v) chitosan solution in 1% acetic acid was used for film formation on 10 cm2 surface dishes. Film formation
and rhBMP-2 activation were previously described1.
Microarray analysis: C2C12 cells were seeded (10,000 cells/cm2) and incubated for 4 days. RNA of three independent and temporally
separated experiments was isolated from control group, rhBMP-2-treated group, chitosan film group and chitosan/rhBMP-2 film group
(RNeasy mini kit, Qiagen). 5 ng of total RNA were processed for microarray analysis using the Human U133 Plus 2.0 array, with probes
for over 47,000 transcripts (Affymetrix Inc., Santa Clara. CA).
RT-PCR experiments were performed for microarray data validation, and induction of alkaline phosphatase activity testing was
performed to check the rhBMP-2 activity.
Results & Discussion
The C2C12 cell line grown on chitosan/rhBMP2 films shows a transcriptional response with significant changes in the expression of
genes involved in morphogenesis and development of different organs and tissues, including the response of bone formation. This
response is very similar to that obtained in rhBMP2-treated cells grown on plastic dishes although exhibits some particularities. Cells
growing on chitosan alone also show moderate transcriptional changes respect to the grown on plastic dishes. The obtained results
support the in vivo performance of this kind of films for bone tissue engineering applications.
References:
1- J. L. López-Lacomba, J. M. García-Cantalejo, J. V. Sanz Casado, A. Abarrategi, V. Correas Magaña, and V. Ramos. Use of rhBMP-2
Activated Chitosan Films To Improve Osseointegration. Biomacromolecules, 7 (3), 792 -798, 2006.
Acknowledgements: This work was supported by grants PI031485, PI041048 and the MMA Biomedical foundation.

Figure: ALP activity tested to check the rhBMP-2 activity.
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The Biologic Effects of Placenta Extract on Human Chondrocytes and Fibroblasts
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The acquisition of human chondrocytes and fibroblasts for cartilage coverage, transplantation, and wound healing promotion presents a
major problem as these cells have biological changes in vitro. For more effective applications of these cells in clinical field, it is
necessary to get large amount of cells in short period without affecting their function and phenotype.
This study has reported the effects of placenta extract on chondrocytes and fibroblasts in vitro. We initiated this study on the basis of the
hypothesis that placenta extract can influence both the proliferation of chondrocytes and fibroblasts, and their biologic function, for
example, to express cell specific gene or to produce their own extracellular matrix. Chondrocytes and fibroblasts in monolayer culture
with or without placenta extract were collected and analyzed by MTT assay, ECM assay, and RT-PCR.
In results, placenta extract stimulated the proliferation of chondrocytes and fibroblasts in monolayer culture. The phenotype of
chondrocytes was well maintained during expansion in monolayers. Chondrocytes expanded in the presence of placenta extract
produced ECM, glycosaminoglycan, abundantly. Fibroblast with placenta extract produced ECM, collagen and the growth factor, bFGF,
more than control. Chondrocytes expanded with placenta extract demonstrated high COL2A1 expression that was biochemically
comparable to primary chondrocytes. Fibroblasts with placenta extract expressed high COL1A1 gene. This study provides that placenta
extract is needed to expand chondrocytes and fibroblasts during tissue cultivation, to maintain their differentiated phenotype and to
promote their function.
In conclusion, these results suggest that placenta extract during cultivation play an important role to control cell behaviors. Furthermore,
these results provide a biologic basis for bioengineering.
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Introduction
Preserved amniotic membrane is used in the field of ophthalmology and wound care due to its supporting properties. Typically, amnion
is used in a glycerol preserved or freeze dried state. As we have shown previously, under such conditions the majority of cells are dead,
while preserving amnion in fresh or frozen state under optimised conditions more than 20 % of cells can be preserved for up to 4 weeks.
Therefore we investigated which growth factors (GF) and cytokines are released from cells in viable amnion to the culture medium.
Methods
Fresh amnion was incubated for 48 h in protein free medium (PF01, Macopharma) and the medium afterwards screened for GF using a
protein array system (Ray Bio human Angiogenesis AB). Amnion was also tested for viability (EZ4U, Biomedica) and microbiological
contamination.
Results
The amnion was viable and sterile over the 48 hour period and the medium contained GF and cytokines. Of the 20 protein spots on the
array, the following gave strong positive signals ' Angiogenin, GRO, IL-6/8, MCP-1, TIMP1/2. Further weaker signals were found e.g. for
IGF-1, PDGF.
Conclusion
Several growth factors and cytokines are released from fresh amniotic membrane which may be responsible for its supportive properties
in tissue regeneration. Further studies are under way to investigate the influence of storage on the pattern of growth factor release from
amniotic membrane.
Acknowledgements:
This work was partially supported by the European STREP HIPPOCRATES (NMP3-CT-2003-505758) and Lorenz B hler Fonds and
carried out under the scope of European NoE EXPERTISSUES (NMP3-CT-2004-500283).
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Development of Novel IGF: IGFBP: Vitronectin Complexes for Application in Cell-Based Biomedical
Therapies
Z Upton, J Malda, S Richards, G Topping, Z Yameen, K Hale
Queensland University of Technology, BRISBANE, Australia
We have previously reported that IGFs and IGFBPs can specifically interact with vitronectin (VN), a protein abundant in the circulation
and in tissues [1]. Further, we have demonstrated that these complexes significantly enhance cell migration and proliferation [2]. More
recently we have focused our efforts on utilizing these complexes for the serum-free expansion of cells used for biomedical therapies.
These complexes support the serum-free serial propagation of CHO and Vero cells, cell-lines used for the production of recombinant
proteins and vaccines, respectively. The growth of these cells, even at low seeding densities, is superior to culture media containing
serum, and matches or exceeds other commercially available culture media. Similarly we have examined 3 human embryonic stem
(hES) cell lines and have been able to passage these cells serum-free in excess of 20 passages. Importantly, hES cells propagated with
these complexes retain their original karyotype and remain undifferentiated as assessed by cell surface markers. We have also
examined the ex-vivo propagation of human skin-derived keratinocytes. Again, the IGF complexes support the undifferentiated serumfree expansion of these cells while retaining their potential for epidermopoiesis. Thus these complexes will facilitate the production of
epidermal grafts, free of animal components for clinical applications; this will significantly aid regulatory aspects related to this therapy.
Finally, we have assessed the utility of the complexes for the development of 3-dimensional human skin equivalent models and found
that the complexes successfully support the serum-free production of these tissue equivalents. This is significant as new EU legislation
will be implemented from 2009 banning the use of animals/animal-derived products, in the manufacture and testing of consumer
products. Hence, these novel IGF complexes hold promise in tissue engineering, regenerative medicine and pharmaceutical cell culture
applications.
References:
1. Kricker et al. (2003) Endocrinology 144, 2807-2815
2. Hyde et al. (2004) J Invest Dermatol 122, 1198-1206
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Nanogram Amounts of a Novel IGF:IGFBP: Vitronectin Complex Significantly Enhances Healing in a
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Purpose of Study
We have previously demonstrated that complexes comprised of IGFs, IGFBPs and vitronectin significantly enhance the proliferation and
migration of human keratinocyte cell lines, as well as keratinocytes derived from human tissues. The effects obtained with the trimeric
complex are greater than those found with IGFs, IGFBPs, or vitronectin, alone or in pair-wise combinations, and the responses involve
activation of both the growth factor cell-surface receptors as well as the vitronectin alpha-v integrins. In view of this data we aimed to
assess the usefulness of IGF:IGFBP:vitronectin complexes as a topical agent in the treatment of deep partial thickness burns in an
animal model.
Conclusions
We conducted a prospective, randomised, blinded trial using 8 juvenile Large White Pigs. The animals received two 8.5cm diameter
deep dermal partial thickness burns on their flanks. Wounds were dressed with Acticoat-7 (Smith & Nephew) weekly and at the same
time treated with either VitroGro (44ng/cm2 of growth factors and 132ng/cm2 growth factor-binding proteins and vitronectin) or sterile
water. Animals were studied for 6 weeks and each week wounds were photographed and clinically scored and wound areas were
measured. Tissue was collected at 6 weeks for H&E light microscopy with measurements of depth of epidermis and dermis, and depth
of organised granulation tissue (OGT) as a % of the dermis.
This study revealed that animals treated with VitroGro had significantly faster re-epithelialisation over time compared to control
(p=0.03). Furthermore, OGT was found to be significantly reduced in the VitroGro -treated group (p=0.01) and we hypothesise that this
will equate to a decrease in scarring. However, this would need to be proven by further longitudinal studies. Nevertheless, these findings
suggest that VitroGro may be an effective topical treatment for burns, hence a larger animal trial optimising doses of VitroGro
recently commenced.
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Objective
The aim of the present study was to experimentally evaluate whether topical fibrin-mediated administration of a vascular endothelial
growth factor plasmid to the wound bed can protect skin flaps from necrosis.
Methods
A non-viral plasmid expression vector containing the VEGF-A cDNA was constructed. The plasmid was then administered to the wound
bed of rat abdominal skin flaps in a fibrin sealant. The percentage of viable, ischemic and necrotic tissue was assessed postoperatively
as a baseline and after 3 and 7 days using digital surface area morphometry. Laser Doppler imaging of the flaps and VEGF-A Western
blot analysis of flap tissue were performed to assess levels of angiogenesis and VEGF-A expression.
Results
Flaps treated with VEGF-plasmids in the presence of uptake enhancing lipofectamine transfection reagent increased flap survival 7
days post-operatively significantly associated with markedly elevated tissue perfusion and enhanced tissue VEGF-A protein expression.
Conclusions
Our results indicate that topical fibrin-mediated administration of a VEGF-A plasmid may serve as an alternative to previous strategies in
treating ischemic skin flaps. The suggested therapeutic approach is easily applicable and cheap in preparation. Thus, this protocol may
also enhance wound healing in post-trauma skin lacerations or in skin grafts.
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Introduction
To mimic biological tissues, extra cellular matrix usually contains fibers in nano scale. To produce nanostructures, self-assembly or
electrospinning can be used. Adding drug release function to such a material may advance applications further for use in controlled
tissue repair. This turns the resulting device into multifunctional one porous, fibrous structure to support cells and drug releasing
properties to control tissue reactions.
Materials & Methods
Poly(ε-caprolactone-co-D,L lactide) 95/5 (PCL) was made into diluted solution using a solvent. 2w-% of diclofenac sodium (DS) was
added. Nano-fibers were made by electrospinning onto substrate. Microstructure of the resulting nanomat was studied using SEM and
drug release profiles with UV/VIS spectroscopy.
Results & Discussion
Thickness of resulting nanomat was about 2 mm. SEM analysis showed that polymeric nano-fibers containing drug particles form very
interconnected porous nano structure. The average diameter of nano-fibers was 130nm. After the high start peak of drug release the
rate was decreased after one day. The used polymer has slow degradation rate and even though the nanomat was highly porous with
large surface area, drug release rate is slow.
Conclusion
The nano-fibrous porous structure made of bioabsorbable polymer loaded DS is feasible to develop.
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Investigating proliferation impairment in cultivated primary hepatocytes
FT Heidebrecht, I Rode, M Heinrich, A Bader
University of Leipzig, Biocity, LEIPZIG, Germany
Because of a serious shortage of transplantable organs for patients with fulminant liver failure, the development of cell-based therapies
remains a major challenge for tissue engineering.
When trying to cultivate primary hepatocytes some inconveniences have to be overcome, e.g. the limited number of cells gained from a
liver, their incapacity to divide and loss of functionality in vitro.
Therefore the first necessary step is to stimulate the cell cycle of the hepatocytes in culture. Not less important is it to be able to stop
the proliferation at the desired moment. To achieve this, the cellular response to stimulation, including possible secondary effects on the
cells, has to be precisely understood, and some key points where the response could be controlled need to be found. A mathematical
model can deliver a very precise representation of the temporal and spatial dynamics of the cellular response.
In many tumor cell lines STAT3 and STAT5 are constitutively regulated. They stimulate proliferation and inhibit apoptosis.
The JAK/STAT pathway is activated by several cytokines and growth factors, all known to have a proliferative activity and in some
cases also a protective function. Additionally, JAK proteins activate MAPK signalling. There are several known ways to terminate the
JAK/STAT signalling, some of them are activated as a negative feedback of the pathway itself.
However, the stimulation with growth factors of primary hepatocytes in culture does not lead to continuing proliferation. This fact raises
the question if proliferation is prevented by the negative feedback of the JAK/STAT pathway or other factors influence the competence
of the cells to respond to the stimulation at all.
This work is focused on characterizing the JAK/STAT and MAPK signalling pathways in primary hepatocytes in vitro , finding the points
where the signalling is impaired and the factors that are responsible for this.
Primary murine hepatocytes were cultured on collagen-coated plates and stimulated with different concentrations of IL-6, Epo and EGF.
Following the quantification of the changes in the protein activity of JAK1, JAK2, STAT3, STAT5, ERK, JNK, CDK2 at different points in
time the response profile of the protein behaviour was determined and the effects of the mentioned factors on the cells were
compared.
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Towards the construction of a bioartificial kidney in the Netherlands: An inventory report
JM Boomker, ER Popa, MC Harmsen, MJA. van Luyn
University Medical Center Groningen, GRONINGEN, The Netherlands
In the Netherlands and in other western countries, the incidence of kidney diseases is ever increasing. Eventually, a large group of
patients require renal replacement therapy. Whereas kidney transplantation provides a temporal solution in the long run, hemodialytic
therapy is often needed when donors are not availabale. Moreover, the shortage of donor kidneys has driven the quest for optimized or
alternative renal replacement options. Although extracellular volume and osmolality can be corrected by conventional hemodialytic
therapy to a limited extent, other kidney functions, such as the elimination of protein-bound uremic toxins, the production of hormones
(such as renin and erythropoietin) and immunoregulatory activity of the kidneys are not supported at all. In the USA, Humes and
coworkers have demonstrated that ex vivo application of renal epithelial cells after venovenous hemofiltration improves the metabolic
and immunological status and survival of patients with acute renal failure. This opens the door for tretament of patients with end stage
renal disease.
The next step would be the construction of a device that employs renal epithelial cells which can enhance the clearance of toxins,
improve the immunological status and substitute for renal hormonal production for the treatment of end stage renal disease. Ideally,
such a device is wearable or implantable, durable and should contain a self-renewing population of (preferably autologous) cells. In
order to achieve a self-renewing source of renal epithelial cells which maintains differentiation and function when seeded on a
biocompatible scaffold and remains functional after contact with the patient an interdisciplinary approach involving cell biologists, renal
physiologists and material scientists is essential. In collaboartion with the Dutch Kidney Foundation we aim to initiate a research
consortium in the Netherlands that will pursue the construction of a long term kidney device within 15 years. To this end, we visited
various institutes in the Netherlands and abroad, that are involved in tissue engineering, stem cell research and material science. Here
we report the outcomes of this inventory, and propose a concept of a bioartificial kidney.
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Fetal bladder wall regeneration with a collagen biomatrix in a sheep model for bladder exstrophy
LAJ Roelofs, A Eggink, C Hulsbergen-vandeKaa, P van den Berg, R Wijnen, A Crevels, H Moerkerk, T van Kuppevelt, F Lotgering,
W Feitz
Radboud University Nijmegen Medical Cent, NIJMEGEN, The Netherlands
Introduction
Bladder exstrophy is a congenital anomaly in which the bladder is split and situated in the abdominal wall. The bladder plate is small,
fibrosed, and inelastic, often with poor functional capacities. After closure the patients have a small bladder, are incontinent, and will
often need a bladder augmentation. Tissue engineering is used for experimental enlargement of bladders. Aim of this study: to develop
a fetal animal model for bladder exstrophy, and to study fetal bladder wall regeneration with the use of a dual-layer collagen biomatrix.
Material & Methods
The abdominal wall and the bladder were opened in 9 fetal lambs at 79 days’ gestation. In 6 fetal lambs the edges of the bladder were
sutured to the abdominal wall to create a bladder exstrophy-like lesion (group 1). In the other 3 lambs a dual-layer collagen type I
biomatrix was sutured in the bladder wall and the abdominal wall was closed (group 2). The fetuses were replaced in utero and a
cesarean section was performed at 140 days' gestation.
Results
All mothers survived, one fetus of group 1 died. Group 1 showed inflammation of the bladder tissue, with erosion of the urothelium,
granulation tissue formation and atrophy and fibrosis of the detrusor muscle. In group 2 bladder regeneration occurred in all 3 fetuses,
with urothelial coverage, replacement of the collagen biomatrix by fibroblasts and new collagen, ingrowth of smooth muscle cells,
neovascularisation and nerve fibre formation. The biomatrix was largely degraded.
Conclusions
The fetal animal model resembles the bladder changes that occur naturally in bladder exstrophy. Fetal bladder wall regeneration with a
collagen biomatrix is feasible in an animal model; the biomatrix is successfully replaced by bladder tissue by the time of birth. This
model can be used for further study of bladder development and bladder wall regeneration in bladder exstrophy, and may lead to better
treatment of this anomaly.
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New tubular scaffold structures as tools for kidney tissue engineering
K M Schumacher, SH Kan, J Loh, Sharon Oh, A Schumacher, JY Ying
Institute of Bioengineering and Nanotech, SINGAPORE, Singapore
Patients with severe renal failure are undergoing either hemodialysis treatment or organ transplantation. Because both treatments are
associated with drawbacks, new strategies aiming to replace renal function would be of great interests. The kidney is composed of
tubules that are lined either by epithelial or endothelial cells. We have developed new types of tubular scaffolds using microfabrication
and free-form fabrication methods. We have expanded primary epithelial kidney cells, characterized their cell biological behavior, and
investigated their growth characteristics on the created structures. We also showed that human embryonic stem cells could be directed
under nephrogenic culture conditions towards renal progenitor cells. This presentation will describe the novel tubular scaffold

structures and new cell sources as potential tools for kidney tissue engineering.
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Aim
Tissue engineered esophagus can be created by using either selective isolated cells or organoid units. Here, we aimed to investigate
effectiveness of these two techniques.
Material & Methods
Tissue samples were obtained by resection of intraabdominal esophageal segments from rabbits. The muscular layer was stripped of its
mucosa, cut into small pieces, and cultured selectively in Dulbecco’s Modified Eagle Medium supplemented with 10 % fetal bovine
serums. Cultivation of smooth muscle cells (SMC) was maintained until confluence was achieved. Following trypsinization, cells were
seeded onto the unwoven poly D, L-lactide-co-glycolide (90:10, PLGA) polymer scaffolds. Esophageal organoid units, which contain
muscular and mucosal layer, were isolated by enzymatic digestion of resected segments using collagenase typr I and then transplanted
on the PLGA polymers. Cell-polymer complexes were tubularized and implanted in the omentum. After six weeks, engineered segments
were harvested and undergone histological examination.
Results
We successfully created artificial esophageal segments with both methods. Muscle cells were defined by immunhistochemical staining
for anti actin and myosin. Relatively thick muscle layer was detected in segments that were created by selective cell isolation.
Esophageal segments produced by organoid units were composed of thin muscle layer and inner surface was lined by mucosa.
Conclusion
Although, selective cell transplantation technique needs additional procedures, more dense tissue masses can be obtained. On the
other hand, tissue engineering with organoid units is relatively simple and neo-esophageal architecture can be completed before
interposition.
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Polysialic acid from E.coli K1 as bio-identical material for cell cultivation and tissue engineering
applications
Y Stark, S Bruns, B Rode, F Stahl, C Kasper, T Scheper
Institute für Technische Chemie, HANNOVER, Germany
On of the main objectives for cell cultivation and tissue engineering is the choice of the right scaffold material in order to support and
guide cell growth, adhesion and cell differentiation. The material has to fulfil different requirements it should support cell attachment,
growth and differentiation to the desired phenotype. Furthermore the material has to be biocompatible, and controlled degradable.
Therefore polysialic acid with it non-immunogenic properties and biocompatibility is an interesting component for tissue engineering.
Polysialic acid, a homopolymer of 2,8-linked sialic acid, is a dynamically regulated posttranslational modification of the neural cell
adhesion molecule (NCAM). NCAM-PSA acts as important regulator in the development of brain structures and in processes
accompanying learning and memory. Some neuroinvasive bacteria like Escheria coli K1 or Neisseria meningitidis serogroup B are
encapsulated by polysialic acid and the capsule provides an important virulence factor. This capsular polysaccharide is identical to
polysialic acid found in the human body.
im of this study was to compare different established cell culture coatings like collagen I and poly-l-lysine with the polysaccharide
polysialic acid (PSA) isolated from E.coli K1 in our group. Coating of cell culture surfaces with all soluble material was established and
the cytoxicity was studied. As reference β-glucan, hyaluronic acid and uncoated tissue culture plastic were investigated in comparison to
the PSA coating. The modified cell culture surface - cell interactions were studied using model cell lines HepG2, PC-12 and
immortalised Schwann cells.
The morphology of the cells on different coated materials was controlled by light microscopy. Also the adhesion of the cells on the
different cell culture surfaces was observed after staining the cell nuclei by fluorescence microscopy. Further investigations include the
viability of the cells (MTT assay). Moreover the differentiation status of the PC-12 cells and glucose/ lactate levels in the cell culture
medium, in particular of the HepG2 cells were investigated.
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A biomaterial composed of collagen and solubilised elastin enhances angiogenesis and elastic fibre
formation without calcification
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Elastin is an important protein in elastic tissues that contributes to elasticity, but is not readily replaced upon injury which hampers tissue
regeneration. Incorporation of solubilised elastin in biomaterials may improve tissue regeneration, since it is able to promote fibroblast
proliferation and elastin synthesis.
Three different scaffolds were prepared composed of: collagen (COL), collagen + elastin fibres (COL-ELfibre) and collagen + solubilised
elastin (COL-ELsol). All scaffolds were chemically crosslinked and subcutaneously implanted in young Sprague Dawley rats.
COL-ELsol and COL scaffolds did not calcify at all during the time course of the experiment, in contrast to COL-ELfibre. COL-ELsol
showed most fibroblasts and most newly formed extracellular matrix proteins, including type I and III collagen and elastin. Elastin was
found not only in blood vessels, but also as thread-like structures within the scaffold. In blood vessels, rat elastin colocalised with fibrillin1 and fibrillin-2 staining, but only fibrillin-1 staining colocalised with the thin elastic fibres. Staining for type IV collagen (marker for blood
vessels) showed that blood vessels were most abundant in COL-ELsol scaffolds, both at the periphery and within the scaffold.
COL-ELsol scaffolds provide a non-calcifying biomaterial that stimulate extracellular matrix formation and angiogenesis and may thus
be valuable in soft tissue engineering.

P76

Wound Healing Potential of Chitosan in Diabetic Rats
1

2

3

4

4

5

2

JA Akbuga , M.Sc. Karsli , Assist. P Akdas , M.Sc. Salva , Assist. P Cakaloglu , Assoc.Pro Taspinar , Prof.Dr. Akbuga
1
Marmara university, ISTANBUL, Turkey
2
Marmara University, Faculty of Pharmacy, ISTANBUL, Turkey
3
Istanbul University, Veterinary faculty, ISTANBUL, Turkey
4
Marmara University, Faculty of Medicine, ISTANBUL, Turkey
5
Istanbul Commerce University, Dept of St, ISTANBUL, Turkey

One of the leading causes of impaired wound healing is diabetes mellitus. Chitosan possess some favourable characteristics for
promoting rapid dermal regeneration and accelerated wound healing, but little information on the wound healing effect of chitosan in
diabetes mellitus has been reported.
In this study, the wound healing potential of chitosan hydrogels was investigated in diabetes rat model. Hydrogels containing chitosan
(2%)-PVP (4%) were prepared. Diabetes mellitus was induced in Wistar rats (21) with i.p. injection of streptozotacin, then the back of all
the rats were shaved and full-thickness skin wounds were created. Hydrogels containing chitosan/or chitosan-PVP were applied onto
the wounds. After initial wounding, at day 2, 7 and 14, the skin wounds were removed for histological examination by staining with
hematoxylin-eosin reagent and Gomori one step trichrome. Bleeding and inflammation were not observed at the wound sites treated
with chitosan hydrogels. At the end of the first week, wound contraction is higher at chitosan and chitosan-PVP treated wounds than
controls. Inflammatory infiltrate, mainly neutrophils was larger in treated wounds at the second day.
Wounds treated with chitosan/chitosan-PVP hydrogels showed excellent migration and proliferation of fibroblasts compared to untreated
wounds (P<0.05). More collagen fibers were observed at the chitosan treated area.
Chitosan-PVP hydrogels was more effective as a wound-healing accelerator than chitosan hyrogels. The addition of PVP in the
hydrogel formulations increased the wound-healing effect of chitosan.
The chitosan-based hydrogels are considered to be a suitable wound-healing material in diabetics.
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The use of recombinant human type II collagen gel for chondrocyte cultivation
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Since injured cartilage has very poor healing capacity, repair of the damaged cartilage is a challenging task. In the ideal case, the use of
3-D scaffold for the repair of cartilage defects would promote cell proliferation and matrix production. In this study we investigated the
influence of recombinant human type II collagen gel on chondrocytes in terms of cell viability, proliferation and matrix production. After
preliminary results in vitro, the implants were also cultured in vivo, to asses the matrix production and cell behaviour in living organism.
Freshly isolated bovine chondrocytes were added to recombinant human type II collagen solution and the mixture was allowed to gel in
an incubator. Excess liquid was removed and the gels were transferred to culture disks in which they were grown in vitro for maximum
of 4 weeks. For in vivo studies the collagen gel containing chondrocytes was injected subcutaneously into the backs of nude mice. Also
plain cells and collagen type II gel was injected to the same mouse as controls. The samples were harvested after 6 week of
implantation.
For the in vitro cultivations the macroscopical evaluation of the gels showed contraction of the gels during the first week of cultivation
period. The viability assay demonstrated that cells were growing well in the gels during the whole 4-week-period. Biochemical analyses
revealed that the uronic acid content, which estimates the glycosaminoglycan levels of the tissue, was increased during the cultivation
period. The total amount of DNA was also slightly increased. The histological analysis showed that the cells were evenly distributed in
the gels and the amount of cells and matrix was increased during cultivation which supports the biochemical results. It was also seen
that the cells maintained their round phenotype for 4 weeks when grown in the gels. The in vivo study revealed that the cells in the
collagen type II have produced a piece of hyaline-like cartilage tissue when grown in the mice for 6 weeks. The histological analysis
showed that cells were round and surrounded by extensive, toluidine-blue stainable matrix.
These results implicate that recombinant human type II collagen gel could be useful in cartilage tissue engineering, as the cells
distribute evenly, proliferate and produce matrix when grown in the material.
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Development of thermosensitive hydrogel for controlling the release of therapeutic protein
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Chitosan, a natural polymer has been extensively utilized to gain the thermosensitive hydrogels since its biocompatibility and
biodegradation properties. Addition of glycerol phosphate salt (GP) can neutralized a chitosan solution and remain liquid at room
temperature and can under gelation at physiological temperature. Starch is biopolymer, biodegradable and non-ionic property of starch
makes its compatible to various kind of polymer. The blending of chitosan with starch makes it promising for use as a delivery vehicle. In
this study, we designed to develop thermosensitive hydrogel consisting of crosslinked chitosan-starch for sustained release of
recombinant human growth hormone (rhGH).
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Introduction
The transversalis fascia (TF) has long been the focus of hernia patho-physiology and management. Of particular interest there appears
to be, in many hernias, a remarkable ‘stretching’ or ‘growth’ of the TF. This has significant tissue-engineering implications/applications
as it represents a natural model of adult tissue expansion. Mechanical properties of connective tissues including the TF matrix are
primarily dependent on collagen architecture particularly orientation and fibril diameter. To test this association in an expanding tissue
the mechanical properties of TF were measured in two orthogonal planes and correlated with Transmission Electron Microscopy (TEM)
imaging.
Methods
TF specimens were harvested from 20 patients undergoing inguinal hernia repair surgery and 4 control specimens were obtained from
organ transplant donors. The specimens were orientated in transverse and longitudinal anatomical planes. The tissue was then cut into
2mm wide strips and using metal mesh clamped into a Perkin-Elmer Dynamic Mechanical Analysis Instrument (DMA-7e). Detailed
mechanical parameters were analysed by putting the tissue under a uniaxial tensile load of 200mN/min to failure or until 6000mN was
reached. Stress, strain, modulus and break stress/strain values were calculated for each specimen. These were statistically analysed
comparing the two tissue strips in perpendicular planes (in longitudinal and transverse orientations to the body). The results were
correlated to Transmission Electron Micrographs of the same tissue.
Results
The results of the mechanical testing revealed distinct differences between the properties of TF in the transverse and longitudinal
anatomical planes. Tissue tested in the transverse plane produced higher break stress and modulus values than in the longitudinal
plane for all patient samples. Similar maximum strain values were observed in both planes.
Discussion & Conclusion
The TF displays anisotropy when comparing longitudinal to transverse orientations in the body. This suggests that the collagen fibrils
are predominantly orientated in the transverse plane, making the tissue weaker and ‘less stiff’ in the longitudinal plane. This explanation
helps to reveal the pattern of tissue expansion in TF ‘stretching’ in the hernia. It may also shed light on the mechanisms by which this
load-bearing tissue ‘expands’ in vivo.

Figure: Stress-strain curves of 'T' Vs 'L' planes in TF.
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Biodegradable Chitosan Scaffolds for Bone Regeneration
MAS a Sharaf
Helwan University, CAIRO, Egypt
Biodegradable chitosan hydrogel scaffolds have been synthesized. Undoubtedly, hydrogels are certainly a complex milieu of both
covalently linked and physically linked macromolecules that are composed of hydrophilic, cross-linked polymer chains. They have
extremely high water content (often >90%). They can be polymerized into any desired geometry; even they can be gelled in situ.
Chitosan hydrogels, thus prepared, are biodegradable natural polymers. In this study, their physicochemical properties are being
tailored and modulated for specific tissue regeneration, mainly bone, and are designed according to criteria to mimic mechanical
properties of a specific tissue. In vitro and in vvo studies are underway.
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Analysis of Gene Expression of Immature Foreign Body Reaction Induced Tissue Generation
Implemented in Tissue Engineering of Heart
AL Lebacq, IV Vranken, GDV de Visscher, WF Flameng
KULeuven, LEUVEN, Belgium
Non-degradable implant induced foreign body reaction (FBR) is initiated by macrophages, followed by (myo)fibroblast encapsulation.
We investigated the molecular background of tissue formation to identify novel key-molecules for a recellularisation stimulating matrix
used in heart valve tissue engineering.
Photo-oxidized bovine pericardium matrices were collected from rats after 1.5 (FBR1.5) and 3-day (FBR3) intraperitoneal (IP)implantation. IP-macrophages were induced by thioglycollate and were collected to distinguish between macrophage and FBR specific
signals. RNA is processed for gene expression analysis on an Affymetrix rat genome microarray (28000 genes). Expressed genes are
categorized based on Gene Ontology (GO) terms using Onto Express.
Comparing the FBR1.5, FBR3 and IP-macrophage expression, we found 3183 FBR3 and 1873 FBR1.5-specific genes (non-IPmacrophage expressed). Genes of primary interest in our work encode extracellular matrix and signaling proteins enabling the attraction
and homing of stem cells, which have been shown by our group to be involved in immature FBR. In FBR1.5 we found a significant
signal for the following extracellular matrix components: collagens typeI, alpha-1 & -2; typeV, alpha-2; laminin beta-1; fibrillin-1 and
fibulin-1. In FBR3 collagens typeIV, alpha-1; typeV, alpha-1; typeVI, alpha-1; typeXII, alpha-1; typeXV, alpha-1; typeXVI, alpha-1 and
typeXXVII, alpha-1 were expressed in addition to the collagens expressed in FBR1.5. However, the general expression of these
structural molecules as grouped according to GO only proved significant in the FBR3 group. This indicates that, regardless of the
expression of some structural molecules in the FBR1.5 group, the significant contribution of those genes was only found in the FBR3
group, that is, after initial cell homing. In FBR1.5 and FBR3 110 and 198 genes respectively were attributed to signal transducer activity
GO term, although only the first group proved to be significant. In both groups the chemokine-C-X3-C-receptor-1 is expressed. This
receptor mediates both the adhesive and migratory function of the chemokine fractalkine and is therefore an interesting candidate for
integration in a recellularisation stimulating matrix.
The molecular unraveling of immature FBR on photo-oxidized bovine pericardium leads to the identification of molecules involved in
FBR induced neomatrix formation and will allow improved heart valve tissue engineering.
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The modulation of protein adsorption onto biomaterial surfaces is one of the critical aspects to achieve implant success. Protein
adsorption was studied on the surface of starch-based biomaterials (SBB) which have been investigated for Tissue Engineering
including bone applications. Human proteins were used to assess blood protein matrix formation in both in vitro and in vivo studies.
Distribution, quantification and competition profiles of adsorption were calculated. The interaction of blood cells involved in inflammatory
mechanisms was analysed.
Blends of corn starch with cellulose acetate (SCA), ethylene vinyl alcohol (SEVA-C) and polycaprolactone (SPCL) were studied. Tissue
Culture Polystyrene (TCPS) was the control. Human serum albumin (HSA), fibronectin (HFN), vitronectin (HVN) and human blood
serum (HBS) were used as single and complex solutions. Adsorption was characterized using immunohistochemistry and evaluated
using fluorimetry and optical and confocal microscopy. In vivo protein adsorption was studied after SBB implantation in Wistar rats.
Immunostaining and protein diffusion were analysed. Cells were studied in co-cultures of human lymphocytes and
monocytes/macrophages. Statistical analysis was performed by one-way ANOVA.
SEVA-C presented more homogeneous protein distribution. Kinetics and isothermal studies revealed higher HSA and HFN constants
and velocities of adsorption for SPCL. On SCA, binary solutions were positive for HSA and FN. Competition took place on the surfaces
of SBB, higher vitronectin staining intensities were observed for SPCL when incubated with HBS. Protein adsorption on explanted
samples demonstrated higher vitronectin diffusion into the bulk of SEVA-C, the formation of a substantial fibronectin layer, whilst
fibrinogen was poorly detected. Long-term effects of albumin and short-term effects of fibronectin on leukocyte adhesion were observed.
In vitro protein adsorption was found to be modulated by the proteins and the surface chemistry. In vivo results demonstrated the
distribution of the different proteins, as well as the effect of degradation on protein diffusion. Furthermore, leukocyte behaviour was
proven to be modulated by previously adsorbed proteins.
Acknowledgements:
FCT, Portugal (SFRH/BD/11188/2002), FEDER, POCTI and EU Project HIPPOCRATES (NMP3-CT-2003-505758). This work was
carried out under the scope of EU NoE EXPERTISSUES (NMP3-CT-2004-500283).
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Preparation of a decellularized tissue as a scaffold for reconstructing skeletal muscle in vitro
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The reconstruction of the skeletal muscles has gain special interest recently. The loss of muscle tissue and function is caused of
traumatic injuries, tumor resection or muscular dysfunction due to myopathies. These can be treated partly with genetic therapy or
transplantation of the native cells or tissues, whereas these therapies have some limitations in restoring the normal function completely.
To overcome these limitations, the tissue engineering techniques for reconstructing the skeletal muscle tissues have been studied
recently. However, the engineering of skeletal muscle tissue is still challenging due to the complex relationship among muscle cells,
micro-vessels and neurons. In this study, the decellularized porcine femoral skeletal muscle tissues were prepared as scaffolds and
immature muscle cells were cultured to reconstruct the skeletal muscle tissue in vitro.
The scaffolds were prepared by isostatic ultra-high pressure of 980 MPa at 10˚C followed by washing with PBS. Myoblasts were
isolated from porcine femoral skeletal muscle tissue by trypsinization, and inoculated in the scaffolds. Cell inoculation was performed by
either injecting with collagen gel with needle or centrifugation with medium. To stimulate the cell proliferation and differentiation into the
muscle fiber, the scaffolds with cells were stretched up to 110% of original length and relaxed continuously at a frequency of a range
from 10 to 100Hz.
The microscopic observation of the decellularized tissue stained with hematoxylin and eosin showed no nucleated cells in the tissue.
Furthermore, the amount of DNA in the scaffold dramatically decreased. The mechanical properties of the scaffold were changed in
part, but the elastic modulus calculated from the elastic region of its strain-stress curve was almost the same as the native skeletal
muscle. The cells cultured both inside and on the surface of the scaffolds in the stretch-and-relax state showed more extended
morphologies compared with the cells cultured in the static state.
In conclusion, the skeletal muscle cells that inoculated in and on the decellularized muscle tissue scaffold in the stretch-and-relax
condition showed good expansive ability. This culture technique with the decellularized scaffold may have a possibility to reconstruct
the skeletal muscle tissue in vitro.
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Differentiation of normal human bronchial epithelial cells from explant-outgrowth culture in bilayer
co-culture with human foetal lung fibroblasts
MI Hermanns, S Fuchs, M Bock, C Pohl, CJ Kirkpatrick
University of Mainz, MAINZ, Germany
Epithelium-fibroblast interactions have been suggested to play a crucial role in the course of lung epithelial repair and differentiation. To
study interactions of lung epithelial cells and fibroblasts, we developed an in vitro co-culture model based on a high-throughputscreening (HTS) 24-well Transwell filter plate. This could be useful for tissue engineering (TE) of upper airways.
After an explant-outgrowth culture of epithelial cells from small bronchi (diameter < 5mm) pure populations of primary isolated normal
human bronchial epithelial cells (NHBE) were used to study interactions with a normal human foetal lung fibroblast cell line (Wi-38). To
constitute a differentiated phenotype, the epithelial cells were cultivated on an extracellular matrix (collagen type I) and maintained at an
air-liquid interface (ALI). Therefore the cells were grown in contact with air by feeding basolaterally with medium. Normal human
bronchial epithelial cells were cultured alone, on a permeable filter over fibroblasts, and in bilayer co-culture with fibroblasts. Barrier
properties and morphological phenotype were compared for the different culture conditions.
On 24-well Transwell filter plates at the air-liquid interface the NHBE formed confluent layers, expressing the tight junction (TJ) proteins
occludin and ZO-1 in continuous circumferential patterns suggestive of functional TJs. This interpretation was supported by the
development of a corresponding transepithelial electrical resistance (TER). Maximum TER-values that averaged 1000 ± 223 Ohm*cm2
were found after 14 to 20 days and persisted for up to 28 days in bilayer co-culture with Wi-38. Furthermore, mucus production and cilia
formation reappeared in NHBE dependent on the individual donors after 21 to 28 days at ALI in bilayer co-culture. In monoculture or
exposed to fibroblast supernatants (growth on permeable filter over Wi-38) the NHBE were less differentiated. These results suggest
that fibroblast-secreted factors and air-liquid interface culture promote epithelial growth and differentiation.
In summary, human bronchial epithelial cells from explant-outgrowth culture of small bronchi grown in co-culture with the foetal lung
fibroblast cell line Wi-38 at the air-liquid interface mimic the structure of native polarized bronchiolar epithelium. This model could be
useful to study cell interactions with suitable biomaterials for TE of the proximal airways.
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Development of new type trachea prosthesis
JH Kim
Sungkyunkwan university, SEOUL, South-Korea
Introduction
The reconstruction of large, circumferential tracheal defects remains a challenging problem in tracheal surgery. Many types of prosthetic
grafts and tissue grafts have been used in attempts to repair such defects, but the grafts are poorly epithelialized and subject to chronic
infections, which stimulate granular tissue formation, anastomotic disruption ischemia and stenosis.
In previous our experiment, morphological stability was ensured by using PLGA-polypropylene prosthesis and epithelium of trachea was
substituted as transplanting biodegradable materials that culture skin epithelial cells. And omentum was used for angiogenesis that
caused maintenance and growth of epithelial cells and supplying of oxygen and nutrients and formation of natural scaffold. The role of
natural scaffold is maintenance of strength and airtightness. In this method, air leakage was by porous PLGA, we were proceeded two
abdominal operation and needed two weeks.
Fibrin glue is natural material, it is easy to use and form membrane to be hard. Therefore it can make shorten time and number of
operation and less use of artificial material. In this experiment, we use three type scaffolds and compared cell growth. Also we
transplanted 3type scaffold on the omentum.
Materials & Methods
A. Skin epithelial Cells preparation
Skin tissue that obtained from mongrel was cut into small size and immersed in 0.02% dispase (Gibco-BRL, Grand Island NY USA)
solution for 5h at 37°C. Epithelial layer was peered from the skin tissue and minced. The slices were treated with 0.1% trypsin solution
for 10 min at 37°C to separate epithelial cells. The suspension was centrifuged for 3min at 1300rpm and cell pellet was re-suspended in
culture medium.
B. 3types of scaffolds
1. Autologous dermal layer scaffold
It was obtained from skin tissue after peering epithelial cell. We made thin and 2cm diameter of dermal layer(for cell growth assay)
and dermal-polypropylene prosthesis(for transplantation).
2. PLGA disc and PLGA-polypropylene prosthesis
1 gram of PLGA (85:15 D, L-lactide-co-glycolide polymers, Medisorb, MW 110,000; Alkermes, OH, USA) particle was dissolved in
10ml chloroform (Sigma, USA) and 14grams of gelatin particles (100~200um diameter, sigma USA) were mingled. PLGA-gelatin
solution was poured down on 2cm diameter disc frame(for cell growth assay) and polypropylene prosthesis(for transplantation). And
they were fall into 50°C water for one day to solve gelatin and dried.
3. Fibrin glue
Commercial product was purchased and used.
C. In vitro cell culture and growth assay
3X108 cells were seeded on the 3types of scaffolds and culture 10 days. Cell growth was estimated by alamar blue assay.
D. Trachea transplantation
In cases of dermal and PLGA-polypropylene prosthesis, skin cells were cultured on them for 10 days. However in case of the fibrin, skin
cells were cultured on the culture dish for 10days and in transplantation, fibrin glue that mingled with skin cells sprayed on omentum
directly.
3types scaffold was transplanted to trachea by one time, not proceed omentum culture.
Results & Discussion
Cell growth was high dermal layer, fibrin glue and PLGA by turns. Dermal layer and fibrin glue were look together, but PLGA was
somewhat low.
Fibrin glue is natural material, less immune response, hard fast. Of these reasons, spraying with cells, time to manufacture artificial
trachea will be short and operation will be simple also there is no air leakage.
Autologous dermal layer is easy to make membrane form but in the large defect replacement and for the airtightness(must so thick),
because of many tissues are required, it makes big scar on the skin.
PLGA is artificial material and there is no problem to use. However porous that is cause of air leakage induces complication of
manufacturing and operation process.
Conclusions/Summary
Fibrin glue is good material for artificial trachea and possible to replace PLGA layer of PLGA-polypropylene prosthesis.

207

P87

Tissue engineered myo-mucosal flap by grafting autologous oral keratinocytes and platelet rich
plasma(PRP) in a rat model
JH Hwang, BK Lee Lee
Asan Medical Center/ Ulsan University, SEOUL, South-Korea
Backgrounds
Oral mucosal defects caused by cancer ablative surgery are usually reconstructed by skin bearing flaps. However, the skin graft in the
oral cavity appears several problems such as hair growth, no mucin secretion, hyper parakeratinization and/or donor site morbidity. To
overcome these problems and limited amount of available mucosa, diverse tissue engineering techniques for oral mucosa have been
introduced. However, these still have serious pitfalls such as long fabrication time, fragility of the reconstructed mucosa for current
clinical usage.
Aim of the study
To facillitate clinical use of tissue engineered mucosa, we developed tissue engineered myo-mucosal flap by preconfluent autologous
keratinocyte
grafting
mixed
with
autologous
PRP
(Platelet
rich
plasma)
on
the
muscular
flap.
Materials & Methods
One day before the operaton, small piece of oral mucosa was harvested and treated with dispase to separate the epithelium as the
routine protocol. The day of operation, oral keratinocytes were separated in the laboratory and then moved to the operating theater.
Autologous PRP was also prepared and then mixed with oral keratinocytes just before grafting on the wound beds. Then the oral
keratinocyte-PRP complex was seated on the recipient sites. Then a sterilized rubber sheet was placed on the graft and the elevated
skin flap was replaced and sutured. Biopsies were proceeded at 3,5,7,14 and 21 days. Tissue samples were evaluated clinically,
histologically, and immunohistochemically.
Results
All of the oral keratinocyte-PRP complexes were successfully grafted on the recipient sites (100%). On 3 days after the operation, 1-2
continuous epithelial layer and many inflammatory cells were observed. On 5 days after the operation, increase of layers of keratinocyte
was observed but inflammatory response was decreased. On 7 days after the operation, the number of layers of keratinocytes reached
3-5 and also keratin over the epithelial layer were observed. On 14,21 days after the operation, healthy and normal oral mucosa was
observed showing 7-8 layers of multiple squamous keratinocites. Cytokeratin confirms immunohistochemically epithelium in every
specimen.
Conclusions
Preconfluent graft of autogenous oral keratinocytes mixed with autogenous PRP have successfully reconstructed myo-mucosal flap.
This technique could be a useful alternative for the oral mucosal reconstruction.

P88

Sequential expression of cytokeratins in bioengineered oral epithelium
1

1

1

1

2

2

1

I Garzon , M Alaminos , MC Sánchez-Quevedo , G Moreu , I Labrot , LM Capitan , A Campos
1
University of Granada, GRANADA, Spain
2
University Hopsital Virgen de las Nieves, GRANADA, Spain

Introduction
Construction of artificial organs and tissues by tissue engineering is one of the fields that has experienced major progress during the
past few years. By using tissue engineering techniques it is possible to develop efficient substitutes of the human oral mucosa for
therapeutic uses. In this work, we have evaluated the expression of several cytokeratins on oral mucosa constructs at different stages of
development.
Materials & Methods
Primary cell cultures of oral fibroblasts and keratinocytes were generated from small biopsies corresponding to normal human oral
mucosa. All samples were obtained from healthy donors undergoing minor oral surgery under local anesthesia. To develop an oral
mucosa substitute by tissue engineering, oral fibroblasts were cultured in a stroma substitute made of human fibrin and agarose. After
polymerization of the bioengineered stroma, human keratinocytes were seeded on the surface of the construct. To induce the
differentiation of the multilayered epithelium, we used an air-liquid culture technique.
To evaluate the protein expression of several cytokeratins on the oral substitutes, we carried out different inmunohistochemical analyses
on the construct at different times and maturation stages. Primary antibodies used included anti -CK19, CK13, CK10 and CK5/6. All
experiments were synchronically performed in the oral substitutes and in native, control tissues.
Results
Oral mucosa substitutes developed by tissue engineering displayed morphological and phenotypic similarities with native control
tissues. Although the constructs initially expressed low number of cytokeratins (only CK13), the number of these epithelial markers
increased with the stratification of the constructed oral epithelium (CK19, 5/6, 10).
Conclusion
These results suggest that the epithelium of bioengineered oral mucosa constructs based on fibrin-agarose scaffolds progressively
acquire histolological and key cytokeratin expression patterns similar to human control oral mucosa.
This work was supported by FIS 03/0141 and FIS 04/1306.
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Development and Characterisation of Human Skin Equivalents and Their Potential Application as a
Burn Wound Model
G Topping, J Malda, R.A. Dawson, Z Upton
Queensland University of Technology, BRISBANE, Australia
Wound healing is a complex physiological process; hence a reproducible in vitro model of skin provides a valuable tool to further
understand the biology of dermal wound repair and to investigate techniques to improve wound healing. Human skin equivalent models
(HSEs) have been proposed to serve as an in vitro model for these purposes; however, there is currently no readily available HSE
model in Australia. In the studies herein we describe the production of a HSE obtained by seeding human keratinocytes onto a deepidermised dermis, which was then submerged in medium for 3 days and subsequently cultured at the air-liquid interface for up to 20
days. The model was characterised morphologically and biochemically over the 20 days of culture at the air-liquid interface and showed
histological features similar to those observed in an in vivo epidermis. Immunohistochemistry of the epidermal markers keratin 6, keratin
14, keratins 1/10/11 and the basement membrane marker collagen type IV, revealed typical differentiation. The HSE was then
examined for its potential as a burn wound healing model. Burn wounds were created in the model and the re-epithelialisation of the
wounds was followed for 6 days by keratinocyte morphology and metabolic activity was analysed every 2 days. Keratinocytes began to
migrate into the wound bed after 2 days and continued to migrate for the next 4 days, suggesting that the HSEs generated may be of
great value for studies of the wound healing process and for the evaluation of new therapies.
References:
1. Topping et al. (2006) Primary Intention 14:14-18.

Figure: Development of the Human Skin Equivalent model[1].
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Performance of autologous artificial connective tissue and acellular collagen scaffolds on Rabbit
Oral Mucosa Lesions
MRF Fontanilla, LGE Espinosa-Aroca, LAP Perez-Quintero
U. Nacional de Colombia-U.El Bosque, BOGOTA D.C., Colombia
Oral lesions are frequently seen in Colombia. Three out of 500 live newborns present some form of cleft lip/palate deformity, whereas
50% of the country population is affected by periodontal disease. Tissue equivalents generated by tissue engineering have become an
attractive alternative approach for reparative treatment. These products are made with cells from the tissue targeted for replacement,
and natural or synthetic supports. Collagen I scaffolds are widely used for this purpose, due to their low antigenicity, mechanical
stability, and their ability to induce a cellular response that predisposes tissue for repair. In our preliminary work, we developed
autologous rabbit oral connective tissue by seeding oral fibroblasts onto Collagen scaffolds. Our goal was to assess wound-healing in
lesions grafted either with artificial connective tissue, or with acellular collagen scaffolds, compared to lesions healed by second
intention. Computer-assisted morphometric assays were used to quantify wound contraction. Measurements were carried out on
digital photographs taken during clinical follow-ups at 4, 7 and 11 days post-treatment. A Student’s t-test for paired samples was used to
determine the statistical significance of differences between wounds grafted with artificial tissue or collagen scaffolds, and controls
healed by second intention; the same test was utilized to compare wound contraction with either type of graft. Values of p<0.05 were
considered to be statistically significant. Histological analysis was performed in biopsies taken from sites grafted with either mucosa
substitutes or acellular scaffolds, and control wounds 4 and 8 weeks after the surgery. Histological results indicate degradation of
collagen matrix, mild inflammatory response, neo-vascularization, fibroblast proliferation, presence of connective tissue and nonkeratinized stratified epithelium. Wound contraction data showed significant differences between the grafted areas and the wounds
healed by second intention. However, no significant differences were seen between regions grafted either with artificial tissue or with
acellular collagen scaffolds. Sequels of wound contraction are a major problem in maxillofacial reconstructive surgery. The development
of inexpensive grafting materials that help diminishing these sequels is of the utmost importance in developing countries.

Figure: Wounds grafted with artificial connective tissue.
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Stimulation and characterisation of muscle progenitor cell differentiation
KJM Boonen, RP Hesselink, CVC Bouten, MJ Post
Eindhoven University of Technology, EINDHOVEN, The Netherlands
Muscle tissue is the largest metabolic organ and the main storage site of proteins in the body. Moreover, animal muscle tissue is a main
source of dietary protein intake in a large part of the world. Both properties make muscle an organ of interest for tissue engineers.
In this project we aim to produce high quality muscle tissue from multipotent progenitor cells. This should be done in a reproducible, cost
efficient way in which the risks of contamination is as low as possible .
Skeletal muscle consists of muscle fibres, fat cells, connective tissue and blood vessels, but although myogenesis (the formation of
muscle) has been studied extensively, we are still incapable to reproduce the whole process in vitro. As part of a larger project, my
research focuses on how to stimulate myogenesis in a progenitor cell population in both a 2D and 3D environment.
To this end, several multipotent muscle progenitor cell populations are being isolated from muscle biopsies using different methods.
One of these methods makes use of a preplating technique in which the different adhesion capacities of the different cell types are used
for selection of the desired population of muscle derived stem cells. Other cell types, including satellite cells will also be isolated and
tested for their possibilities.
In order to select the cell type that is most promising for our project, proliferation capacity will be tested and differentiation towards
myotubes will be evaluated. Possible differentiation techniques that will be evaluated include mechanical and electrical stimulation,
inclusion of growth factors and hormones and the use of different scaffold materials.

Figure: preplates of muscle progenitor cells.
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Long -Term Cultures of Cells From Non Touched Omentum and Peritoneal Adhesions Show
Phenotypic Changes to Mesenchymal Cell
V Gómez-Gil, M Rodríguez, C Corrales, C Trejo, JM Bellón, J Buján
University of Alcala, ALCALA DE HENARES, Spain
The author did not approve publication on the internet.
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We use human mesenchymal stem cells (hMSCs) for bone tissue engineering and it is our aim to improve the in vitro culturing protocol
by finetuning the medium composition. Pharmacological control of signaling pathways involved in differentiation and proliferation is a
method to achieve this. In many cell types, protein kinase C (PKC) signaling is activated by binding of ligands to so-called G-protein
coupled receptors (GPCRs) and subsequent activation of G-proteins, resulting in signaling via the phospholipase C pathway. PKC
signaling has been implicated in proliferation of human, rat and mouse osteoblasts and also in osteogenic differentiation of a mouse
mesenchymal stem cell line. The effect of PKC signaling on proliferation and osteogenesis of human mesenchymal stem cells is still
unknown. First, we incubated mouse pre-osteoblast MC3T3 cells and the mouse mesenchymal stem cell line C2C12 with Phorbol 12myristate 13-acetate (PMA), a GPCR second messenger mimic and an activator of PKC, which dose-dependently stimulated the
proliferation of both. Next, we treated hMSCs with several activators and inhibitors of PKC signaling. PMA decreased cell numbers at
low doses, but at higher concentration the inhibition was less pronounced (Figure 1a). Another activator, Phorbol 12,13-dibutyrate
(PDBu), showed a similar trend. In contrast, GPCR ligands parathryroid hormormone 3-34 and Sphingosine-1-phosphate hardly had
any effect on the proliferation within the dose of 1-1000 nM. Staurosporine, an inhibitor of PKC, inhibited the proliferation dosedependently.
Next, we investigated the effect of PKC signaling on osteogenesis by measuring alkaline phosphatase (ALP) activity through flow
cytometry. PMA strongly inhibited ALP expression at lower concentrations, whereas at a higher concentration the inhibition was less
pronounced in osteogenic medium (Figure 1b). Staurosporine inhibited ALP expression and the percentage of positive cells dosedependently, and even 0.1 nM exerted a very strong inhibition.
Then the effect of PKC activation on hMSC mineralization was examined. 100 ng/ml PMA inhibited dexamethasone-induced
mineralization of hMSCs to the basal level after 28 days of incubation.
In conclusion, although PKC signaling played a role in increasing mouse osteoblast proliferation, it didn’t stimulate the proliferation or
osteogenesis of hMSCs both in basic and osteogenic media.
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Production and characterization of neural stem cells for therapy of demyelinating disorders
J Mokry, J. Karbanova, D Cizkova, J Pazour, T Soukup, D Subrtova
Charles University Medical Faculty, HRADEC KRALOVE, Czech Republic
We isolated neural stem cells (NSCs) with the aim to yield a source of primitive neural cells that would be able to generate myelinating
cells in vitro. NSCs were received from brains of foetal mice (E14-15) using neurosphere assay. Dissociated foetal brain cells were
plated in uncoated dishes containing chemically defined medium consisting of DMEM/Ham’s F12 enriched for B27 supplement and
EGF and bFGF. Neurospheres were regularly dissociated and plated in new dishes under initial conditions.
To examine their spontaneous differentiation potential, we used several systems. In in vitro experiments differentiation potential was
evaluated in differentiation assay or in long-term cultivated non-passaged neurospheres. In vivo experiments were based on grafting
neurospheral cells in intact brains of histocompatible recipients. Phenotypic identification of differentiated cells arising from progeny
generated by neurospheral NSCs was assessed on the basis of morphological examination and antigenic profile. Following in vitro
differentiation, these cells generated beta-III tubulin+ neuronal, GFAP+ astroglial and O4+ oligodendroglial cells. In cryostat sections of
early neurospheres isolated after 10 days from the same cultures but grown without passaging, we identified cells expressing antigens
characteristic of oligodendroglial precursors. The cells were immunoreactive for NG2, A2B5 and O4 antigens. In non-passaged
neurospheres cultured for 2 months we observed GFAP+ astroglial cells, NF+ neuronal cells sending long axons surrounded by myelin
sheaths produced by adjacent MBP+ oligodendroglial cells. Electron microscopy of neurospheres identified myelin sheaths that were
formed along axons. Transplants derived from neural grafting experiments contained beta-III tubulin+ neuronal cells with typical
dendritic ramification. Transplant neuropil was rich in synaptophysin. GFAP+ astroglial cells established a complex three-dimensional
network with endfeet contacting nourishing blood vessels. The grafted tissue contained NG2+ oligodendroglial cells that sent short
processes to adjacent cells.
Our results confirmed multipotency of NSCs yielded from neurosphere cultures and their ability to generate oligodendroglial cells
capable of forming myelinated axons. These promising results indicate potential of NSCs for oligodendroglia replacement strategies. In
a parallel study, we characterize animal models for induction of experimental allergic encephalitis, which will be further utilized in neural
stem cell therapy experiments.
Supported by project No. NR 7969-3 from IGA MZ.

Figure: Myelin forming cells in non-passaged neurospheres.
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Peritoneal Adhesions as Source of Multipotential Cells Can Be Used To Study Aging Effects
M Bujan, V Gómez Gil, N García-Honduvilla, C Corrales, G Pascual, JM Bellón
University of Alcala, ALCALA DE HENARES, Spain
The author did not approve publication on the internet.
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Changes in functional behaviour and the proteome pattern of mesenchymal stem cells with donor
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Mesenchymal stem cells (MSCs) are involved in physiological regeneration such as bone and wound healing. However, it is well
established that the efficiency of these processes is age dependent. Therefore, this study investigated the functional behaviour of MSCs
from donor animals of different ages. To reveal underlying altered mechanisms, the corresponding proteome pattern was determined
and compared.
Male Spraque Dawley rats of 3 weeks and 12 month of age were used. MSCs were selected by plastic adherence from bone marrow
obtained by centrifugation of the opened femur. Cells were characterized by FACS for the presence or absence of the cell surface
markers CD44+, CD73+, CD45-, CD90+. This confirmed that the cell population was homogeneous and further showed no changes of
the marker protein pattern over passages or according to donor age. High resolution, large gel 2D gel electrophoresis was performed as
described by Klose and Kobalz.
The total number of colony forming units as well as the number of alkaline phosphatase positive units was decreased in aged rats. In
addition, proliferative capacity and osteogenic differentiation potential were significantly lower in MSCs from older animals. Further, the
number of cells expressing senescent associated ß-galactosidase was increased in MSC populations of older rats. These changes
were even more prevalent in in vitro aged cells (passage 7 versus passage 2). Analysing 2D protein patterns we found 12 month
animals reproducibly showed 27 protein spots increased and 25 decreased compared with 3 week animals.
In conclusion, number, functional behaviour as well as the proteome pattern of MSCs from older rats is altered in comparison to
younger animals. Further studies will elucidate which of these changes and altered proteins are relevant for the limited healing of older
patients in order to provide potential targets for rational therapy development.
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Macrophage mediated effect of particulate silica on rat mesenchymal stem cells in vitro
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The role of silica and macrophages in fibrosis is well documented, but in bone formation it is relatively unknown despite decades of
research with bioactive glasses.
In this study macrophages were isolated from rat peritoneal and then cultured for five days in the presence of two types of silica
microparticles with different solubilities. After the fifth day the culture medium was collected, purified and used as an additive in bone
marrow derived rat stem cell cultures. The stem cells were cultured for five days in α-mem containing only 0,5% of FCS, enabling cell
survival but disrupting their proliferation. As controls, stem cells were also cultured in α-mem containing silica microparticles. At days
one and five the amount of soluble collagen was assayed from the culture medium and the cells were counted.
All stem cell cultures with macrophage medium additives were found to be proliferative, with statistically significant difference to controls.
However, collagen was only produced in cultures containing medium from macrophages cultured with fast-dissolving silica
microparticles. This suggests that silica can induce proliferation and ECM protein secretion which is mediated by macrophages, and that
the solubility of silica is also a major factor in this reaction.
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Objectives
Mesenchymal stem cells (MSCs) have been considered a candidate cell source for tissue engineering by virtue of their potential to
differentiate into adipocytes, chondrocytes, osteoblasts, and other tissues of mesenchymal origin. These MSCs can be isolated from
bone marrow aspirates of the iliac crest, bone fragments, skin, fat, and synovia. All of these different MSC populations have the
differentiation capacity for mesenchymal tissue. In previous work we have revealed that bone marrow stromal cells (BMSCs) and
trabecular bone chip derived mesenchymal stem cells (BCMSCs) have comparable differentiation capacities in vitro. BMSCs and
BCMSCs of 6 healthy patients (3 men, 3 women, aged 55-60 years) were characterized via microarray hybridization (Affymetrix HG-U
133A) and extensive FACS-analysis.
Results
Microarray-analysis showed reproducible differences in the gene expression pattern for both populations despite the relatively long
culture phase. Three so far analyzed subjects (1 man, 2 women) showed upregulation of 60-337 genes, downregulation of 67-230
genes in BMSC (cutoff 1.7-fold difference) in comparison with BCMSC, but with a high interindividual variability. At least 10 genes are
differentially expressed in all individuals with a high reliability. Five genes were upregulated in BMSCs (LCAM-1, ACP-5, DCAMKL1,
FGFR2, KCNJ-2), 5 genes in BCMSCs (FGF-5S, FGF-5, NCAM-1, dkk-1, TGF-ß, IGFBP-1). At present the array-data of both MSC
populations in 6 different subjects are analyzed in a complex in-silico-analysis. Examination of markers via FACS confirmed the most
microarray-data and showed only reproducible differences in the expression of CD97 (BMSCs<BCMSCs). The markers CD44, 49c, 73,
90, 105, 106, 146 and 166 were expressed without differences. All cells were negative for CD11c, 14, 19, 24, 31, 34, 45, 53, 74 and
133.
Conclusion
Our results revealed that the gene expression pattern of BMSCs and BCMSCs showed significant differences. Particularly, genes like
FGF receptor 2 (FGFR2) and dickkopf 1 (dkk-1) are of main biological relevance because of their role in the early phase of fate decision
during the differentiation towards different cell types. Because of the molecular differences between MSC populations, techniques such
as FACS-analysis to analyze specific cell-surface markers and methods such as microarray-analysis are being applied to establish a
phenotypic and genotypic finger-print of this cell population.
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Iron Oxide-labeling of Human Mesenchymal Stem Cells for cellular MR imaging
AH Heymer, D Haddad, M Weber, P Jakob, U N th
University of Würzburg, WÜRZBURG, Germany
Objectives
Cell-based therapies have shown a great potential in orthopedic surgery. However, one major issue is still the non-invasive monitoring
of cell behaviour in vivo, in particular the demonstration of localization, proliferation and differentiation of the transplanted cells in the
target tissue.
In this study, human mesenchymal stem cells (hMSCs) were labeled with very small superparamagnetic iron oxide nanoparticles
(VSOP) and analyzed on their proliferation potential. Different concentrations of both magnetically labeled and unlabeled hMSCs were
embedded in collagen type I hydrogels (Arthro Kinetics AG, Esslingen) and visualized in vitro using high-resolution magnetic resonance
imaging (MRI). MRI was performed at different time points using a Bruker 11.7 T MR spectrometer. To analyze the degree of labeling
after cell death, images of collagen type I hydrogels with dead magnetically labeled hMSCs were acquired at different time points.
Results
After incubation of hMSCs with VSOP, Prussian blue staining revealed labeling of cells with iron oxide particles. No inhibition of
proliferation of labeled hMSCs compared to unlabeled control cells could be assessed. A distinct reduction of VSOP-labeling appeared
during expansion in monolayer culture after 6 to 9 cell divisions, based on the dilution of label upon cell division. After embedding of
magnetically labeled hMSCs in collagen type I hydrogels, where no proliferation takes place, the cells could be detected with a MR
spectrometer over at least 8 weeks. Besides this, gels with low cell numbers (2,000 cells/ml) could be monitored. Discriminating
between live and dead cells in the MR images was possible due to the reduced detection of label over time in collagen type I hydrogels
with embedded dead magnetically labeled hMSCs, compared to the controls.
Conclusions
The results of our study show that iron oxide-labeled hMSCs can be successfully detected in a three-dimensional construct in vitro using
high-field MRI. Because of the fibrous structure of the collagen type I hydrogel, disposition of label after cell death in vitro takes several
weeks. Further investigations have to reveal whether VSOP-labeling of hMSCs have an influence on the differentiation of cells and how
long after labeling cells can be visualized and monitored reliably in vivo.
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Introduction
Adult mesenchymal stem cells (MSCs) isolated from bone marrow (BM) are adherent stromal cells of non-haematopoietic origin with
potential to differentiate into tissues of mesenchymal lineage including bone and cartilage. This study concentrates on a comprehensive
profiling of basal gene expression level of osteo-chondro specific genes in undifferentiated rat adult MSCs and on their secreted
cytokine profile.
Methods
Immunofluorescence staining was used to characterize the MSCs on the basis of their antigenic profile. The chondrogenic differentiation
potential of these cells was confirmed by accumulation of COMP and collagen II in the extracellular matrix. Alizarin red positive staining
on day 21 of osteogenic differentiation was an indicator for osteogenesis. mRNA expression of selected genes normalized to ß-actin
was analyzed by quantitative RT-PCR. An antibody array was used to observe the secreted cytokine profile of the differentiated and
undifferentiated MSCs.
Results & Discussion
The MSC population exhibited a CD45-/low, D7fib+ and CD49a+ cell surface marker profile. In undifferentiated MSCs high gene
expression of sox-9 and Cbfa1 was observed whereas indian hedgehog was comparatively low expressed. TGFß-3 showed a very high
basal expression while BMP-7 was the lowest expressed gene. Chondrogenesis specific genes COMP, aggrecan, collagen II and
collagen X were expressed at low levels. Strong expression was observed for collagen I followed by that of alpha11 integrin. TIMP-1,
TIMP-2 and MMP-13 reveal very high expression compared with lesser expressed MMP-2. Selected protein analysis corroborated gene
expression data. Profiling of secreted cytokines revealed high TIMP-1 and MCP-1 secretion while other pro-inflammatory cytokines
could not be detected. Cytokine secretion profile of MSCs along the various differentiation pathways is to be determined. Knowledge of
this osteo-chondro specific base-line gene and protein expression profile of undifferentiated multipotent rat MSCs has significant
implications for further studies of MSCs differentiation pathways.
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The Development of Defined Serum-Free Media for the Directed Differentiation of Human
Mesenchymal Stem Cells
NB Bryan
UK Centre for Tissue Engineering, University of Liverpool, LIVERPOOL, United Kingdom
Introduction
Cells, substrate and extracellular fluid are all critical components in the successful expansion and differentiation of stem cells. There has
been significant research in the cells and substrate aspects of Tissue Engineering, whilst the definition of culture medias’ has taken as
reference commercial available sources without questioning what factors within this play a significant role in combination with the cell
and substrate in a complex matrix of variables which will be cell and final tissue function specific. It was the aim of this research to
reduce the culture media to its simplest form and constitute media that was cell and substrate specific, which can be free from undefined
animal or human serum proteins. A basal mixture of six salts with the addition of 5% foetal calf serum (FCS) and glucose at 0.5g.L-1
(medium 1) was capable of maintaining the integrity of several cell lines. The media was further modified so the following could be
achieved:
•
cells could survive to the second passage
•
the serum element could be removed
•
the differentiation of human mesenchymal stem cells (hMSCs) directed into terminal lineages
Materials & Methods
hMSC were cultured serum free in vitro in a further development of medium 1 that contained insulin (0.00625mg.mL-1), apo-transferrin
(0.00625mg.mL-1), selenious Acid (0.00625µg.mL-1 ) and bovine serum albumin (0.00125g.mL-1 ). Cell MSC phenotype was analysed
by flow cytometry (FACs) for CD29, CD34, CD44, CD45, CD90 and CD105. In these experiments cells confluent in commercial medium
were then fed with novel medium for a period of 7 days then passaged into the respective novel media required in each particular trial.
Results & Discussion
hMSCs seeded directly onto tissue culture plastic and plastic coated with 0.1% collagen 1 demonstrated increased adhesion on the
uncoated TCP (Fig. 1). FACs analysis revealed that CD105 expression was reduced in medium 1. When FCS was replaced by the
serum replacement, CD105 expression was restored.
Conclusions
Serum medium 1 with a supplement was capable of maintaining hMSC viability. The integrity of HMSC was not conserved in medium 1
alone; the addition of the supplement restored cellular integrity but only supported limited growth.
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New strategies are being developed in bone tissue engineering for treatment of patients that suffer from large bone defects, e.g. by the
combination of biomaterials (scaffolds) and bone marrow derived human mesenchymal stem cells (hMSCs). In animal models this was
shown to contribute to increased bone deposition and fracture healing. Little is known, however, on the survival and outgrowth of the
hMSCs after implantation. We focus on the use of BLI to study the fate of luciferase gene marked hMSCs after seeding on porous
ceramic scaffolds and implantation in immune deficient mice. BLI is based on non-invasive real-time imaging of luciferase gene activity
using a cooled charged coupled device camera. hMSCs were isolated from adult bone marrow, tested for multipotency and phenotype
(CD105+,CD73+, CD90+, CD34-, CD45- and HLA Class II±). Second or third passage cells were gene marked by retro- or lentiviral
transduction with vectors harbouring the luciferase gene and a second marker gene (GFP, NGFR, LacZ) and used to follow up hMSC
proliferation (with luciferase expression driven by a constitutive promoter), and of hMSC differentiation (with luciferase expression driven
by the bone-tissue specific human osteocalcin promoter). Osteogeneic differentiation was induced by incubating the cells with cAMP.
After seeding of the cells onto biphasic calcium phosphate particles and subcutaneous implantation in immune-deficient mice, the mice
were imaged weekly for 6 weeks. The luciferase signal produced by the constitutive promoter, as a measure for cell
survival/proliferation, was decreased in time, whereas the luciferase signal produced by the osteocalcin promoter remained at the same
level. This relative increase may indicate increased differentiation or selective survival of differentiating cells. Histomorphometry as well
as immunohistochemistry are currently used to confirm bone formation of human origin. Our preliminary conclusion is that the BLI has a
great potential to monitor and quantify the dynamic process of bone production and the underlying molecular processes.
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The Isolation of Progenitor Cells from Dental Pulp and Their Potential as a Cell Source for Tissue
Engineering
SG Thompson, JA Hunt, NP Rhodes
UKBioTEC, LIVERPOOL, United Kingdom
Introduction
Tissue engineering requires readily available sources of cells to enable the generation of cell mass into tissues. Dental pulp from both
deciduous and adult teeth has been identified as a potential source of primitive cells which provide a safe, reliable and plentiful source of
progenitor cells. It is hypothesised that dental-pulp derived progenitor cells are more primitive and may have greater multipotentiality
than MSCs.
Materials & Methods
Dental pulp was removed and dispersed; cells were pelleted then resuspended in culture medium (Medium 199 with 5% FCS and 1%
AB serum). Resuspended cells were plated into 12-well tissue culture polystyrene (TCP) plates at a concentration of 50,000 cells per
well. Undifferentiated confluent cells were removed and analysed by flow cytometry for CD44, CD90, CD34, CD45, CD29 and CD105.
Cells were cultured in differentiation medias known to cause lineage differentiation along adipogenic, chondrogenic and osteogenic
pathways. Differentiated cells were stained tincturally using appropriate staining techniques.
Results
Isolated pulp cells adhered to the TCP surface after 6 days and attained confluence by 14 days. Post initial confluence after passaging
cells became confluent within 7 days. Undifferentiated cells expressed CD44, CD90 and CD105. Cells introduced to adipogenic,
chondrogenic and osteogenic differentiation media continued proliferation and demonstrated morphological differences with respect to
the different media after 2 days. Von Kossa staining of pulp cells in osteogenic media illustrated calcification of the extracellular matrix at
day 28. Pulp cells cultured in chondrogenic media stained positive for glycosaminoglycans after 28 days. Oil red O staining of pulp cells
in adipogenic media confirmed that the cells had undertaken a pre-adipocyte morphology, with the majority of the cell being occupied
with lipids and the nucleus pushed to the outer of the cell (Fig.1).
Conclusion
Though not isolated from a self-regenerating source, straightforward cell extraction and relative abundance within a patient makes
dental pulp a readily available cell source. Allied with this fact, initial investigations have highlighted that these cells possess a significant
potential to undertake numerous lineages, thus identifying them as a potential source that could play a major role in the future of tissue
engineering and regenerative medicine.

Figure 1: (a) Pulp cells from osteogenic media (Da
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Adipose Tissue-Derived Mesenchymal Stem Cell Yield and Function are Affected by the Tissue
Harvesting Site
WJFM Jurgens, MJ Oedayrajsingh-Varma, TE Schouten, Z Lu, FJ van Milligen, MJPF Ritt
VU University Medical Center, AMSTERDAM, The Netherlands
Background
Adipose tissue contains a stromal vascular fraction that can be easily isolated and provides a rich source of adipose tissue-derived
mesenchymal stem cells (ASCs). These ASCs are a potential source of cells for tissue engineering. We studied whether the yield and
differentiation capacity of ASCs were affected by the tissue harvesting site, i.e. abdomen and hip/ thigh region.
Methods
First, frequencies of ASCs in the stromal vascular fraction of adipose tissue harvested from the abdomen and hip/ thigh region were
assessed in limiting dilution assays. Then, the phenotypical marker profile of the ASCs was determined, using flow cytometry. Next, we
investigated whether the different tissue harvesting sites used for adipose tissue harvesting affected the growth kinetics of cultured
ASCs. Finally, we investigated whether ASCs harvested from the abdomen have comparable functional properties as ASCs harvested
from the hip/thigh region. To this end, the differentiation potential of the ASCs into the osteogenic and chondrogenic pathways was
studied, using RT-PCR and (immuno)histochemistry.
Results
Adipose tissue harvested from the abdomen yielded a higher frequency of proliferating ASCs compared to adipose tissue harvested
from the hip/thigh region (P=0,016). Cultured ASCs from both the abdomen and hip/thigh region did express a CD34+CD31CD105+CD166+CD45-CD90+ ASC phenotype. No differences were detected in population doubling time. ASCs from both the
abdomen and hip/thigh region demonstrated chondrogenic and osteogenic differentiation potential. Differences in the osteogenic and
chondrogenic differentiation potential of ASCs from the two different tissue harvesting sites are currently under investigation.
Discussion
We conclude that the yield of ASCs is affected by the anatomical site from which the adipose tissue is harvested. Consequently,
adipose tissue from the abdomen seems to be preferable to adipose tissue from the hip/thigh region for tissue engineering purposes.
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Introduction
Adult stem cells are attracting great interest as a powerful tool to treat otherwise not curable diseases and have been recently proposed
as a new strategy to counteract cardiac infarction and failure. So far, several stem cell subpopulations have been tested for cardiac
repair, but the best candidate to replace injured myocardium remains to be identified yet. However, a few protocols based on directly
injecting cells into the injured site demonstrated the complexity of a cell-based approach to repair cardiac tissue, suggesting the
adoption of tissue engineering concepts to setup more suitable protocols (Menasche et al., 2002; Zimmerman 2004).
Materials & Methods
In the present study, a comparison between adhesive and differentiative capabilities of mesenchymal (MSC) vs. cardiac stem cells
(CSC) has been performed in bidimensional and tridimensional culture conditions. Bone marrow MSC have showed the ability to
generate cardiomyocytes (Makino et al., 1999; Forte et al., 2006), while resident CSC are thought to be putative cardiac progenitors
(Messina et al., 2004). Tridimensional cultures have been performed allowing stem cells to grow and differentiate onto biocompatible,
biodegradable polymeric scaffolds of PLLA, PLGA and PCL, with controlled geometry, produced by Pressure Assisted Mycrosyringe
(PAM).
Results
Based on the morphological aspects and proliferative characteristics, murine CSC and MSC displayed clear differences; moreover, they
were undoubtely distinguishable for their phenotype, CSC being CD105neg, c-kithigh, Sca-1neg, Nsthigh, Nestinpos, Islet-1pos and
MSC expressing CD105high, c-kitlow, Sca-1pos, Nsthigh, Nestinpos, Islet-1pos. Furthermore, while MSC multipotentiality has already
been assessed, CSC failed to differentiate into adipocytes and osteoblasts when challenged with inductive mediums. Nevertheless,
when tested for their ability to grow on 3D scaffolds, CSC and MSC displayed rather different responses in terms of adhesion capacity,
proliferation rate and phenotype. In particular, of great relevance is the observation that while MSC cultivated on PCL, PLLA, PLGA 3D
scaffolds preserved their undifferentiated phenotype, the tridimensional position seemed to be sufficient to induce the cardiac phenotype
in CSC.
Conclusion
Altogether, these data suggest that MSC and CSC could be suitable candidates for cardiac cell therapy using tridimensional scaffolds,
but further investigations on their in vivo behaviour is needed.
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Endochondral bone formation by embryonic stem cells on scaffolds in vivo
JM Jukes, SK Both, CA van Blitterswijk, J de Boer
Twente University, BILTHOVEN, The Netherlands
So far, in vivo cartilage and bone formation by embryonic stem cells has only been observed in teratomas. Chondrogenic and
osteogenic differentiation of embryonic stem (ES) cells has been established in vitro, but controlled formation of cartilaginous and bone
tissue had not been demonstrated in vivo. Most bones in the body are formed via endochondral ossification, which involves the
formation of cartilage tissue from aggregated mesenchymal cells, and the subsequent replacement of cartilage by bone. The direct
conversion of mesenchymal tissue into bone is called intramembranous ossification, which occurs primarily in the skull. In this study, we
investigated the bone forming capacity of embryonic stem cell in vivo.
Mouse ES cells were seeded on porous ceramic scaffolds and differentiated for 21 days in 4 different media: basic medium, osteogenic
medium containing dexamethason, osteogenic medium containing compactin and serum-free chondrogenic medium containing TGFß3.
In vitro mineralization of ES cells was observed in both osteogenic media and cartilaginous tissue was formed by ES cells cultured in
chondrogenic medium. After 21 days, particles were implanted in subcutaneous pockets of immunodeficient mice and cartilage and
bone formation was analysed after another 21 days. No bone was formed in control or osteogenic media. However, cells that were
precultured in chondrogenic medium continued to differentiate in vivo and cartilage, hypertrophic cartilage and bone tissue was
observed.
Next, we investigated the fate of in vitro formed cartilage after implantation. ES cells were cultured on porous ceramic scaffolds in
chondrogenic medium for 21 days and subsequently implanted. After 2, 7, 14 and 21 days, the samples were explanted and analyzed.
In time, the amount of cartilage decreased and more hypertrophic cartilage was observed. Bone tissue was first seen after 14 days and
was more pronounced after 21 days. Bone aligning hypertrophic cartilage was observed frequently.
For the first time, embryonic stem cell-derived bone was formed in vivo under controlled, reproducible conditions. Our study suggests
that endochondral bone formation is a more efficient approach than intramembranous ossification. Currently we are optimizing the
seeding efficiency and chondrogenic differentiation protocol.

Figure: In vivo bone formation by embryonic stem cells.
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Vitamin D shows its enhancing effect on bone marrow mesenchymal stem cells induction to
osteoblasts differentiation with their bone formation and mineralization
MS Sila-asna
Mahidol University, NAKORNPATHOM, Thailand
Adult stem cells are undifferentiated (unspecialized) cells that reside among differentiated (specialized) cells in a tissue or organ and
have the capability for self-renewal (producing identical copies of itself) throughout theirs lifetime. Human mesenchymal stem cells
(hMSC) in bone marrow are common source of adult stem cells that have their potential in cell differentiation into many specific cell
types. We have studied the induction of hMSC in vitro using vitamin D. Osteoblast differentiation and the release of bone matrix
substance were measured. Further induction for these osteoblasts to form bone formation has been considered to be important step.
This step includes mineralization of bone matrix, secretion of protein for stabilization of hydroxyapatite molecule and collagen fibril
organization. We have demonstrated in vitro that vitamin D has an enhancing effect on hMSC induction for osteoblastic differentiation.
The mRNA synthesis of various osteoblast specific genes was assessed by means of reverse transcription polymerase chain reaction
(RT-PCR). Bone sialoprotein, osteonectin, osteocalcin and osterix were early detected in our model as compared to the control group
(no vitamin D addition. This finding suggests that vitamin D has an enhancing effect on MSC differentiation and the earlier release of
newly synthesis bone matrix and mineralization of bone matrix, calcium-binding protein during bone formation. The presentation will
include interaction of vitamin D with other inducing factors on the effect of osteoblast differentiation.
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Bone morphogenetic proteins (BMP) initiate, promote, and maintain chondrogenesis and osteogenesis. BMP-2 and BMP-7 induce
differentiation of multipotential mesenchymal cells into both osteochondrogenic and osteoblast precursor cells, and are therefore widely
used in bone tissue engineering. Adipose tissue has been described as a source for adult mesenchymal stem cells, which can be
induced by osteogenic or chondrogenic factors to differentiate along the osteogenic or chondrogenic pathway.
We have compared the effect of BMP-2 and BMP-7 on osteogenic and/or chondrogenic differentiation of adipose tissue-derived
mesenchymal stem cells (AT-MSCs) after a short 15 min treatment. We hypothesize that BMP-2 induces an osteogenic, and BMP-7 a
chondrogenic phenotype in AT-MSCs.
AT-MSCs were obtained from goat adipose tissue, and incubated with 10 ng/ml BMP-2 or BMP-7 for 15 min directly after isolation.
Expression of osteogenic genes runx-2 and osteopontin (OPN), and chondrogenic genes aggrecan and biglycan was studied 4 and 14
days after treatment with BMP-2 or BMP-7.
Fifteen min of BMP-2 stimulated gene expression of the early osteogenic transcription factor runx-2 (Fig. 1A), and the bone extracellular
matrix protein OPN in AT-MSCs at day 4, whereas BMP-7 did not (Fig. 1B). Fifteen min of BMP-2 and BMP-7 stimulated expression of
the extracellular matrix component biglycan at day 4. Fifteen min of BMP-7 inhibited gene expression of runx-2, OPN, and biglycan, and
stimulated aggrecan gene expression at day 14, whereas BMP-2 did not (Fig. 1).
Our data suggest that BMP-2 treatment for only 15 min is capable of inducing osteogenic differentiation in AT-MSCs, whereas BMP-7
may stimulate AT-MSCs towards a more chondrogenic phenotype. Therefore, AT-MSCs triggered with BMP-2 or BMP-7 for only 15 min
likely provide a feasible tool for bone and cartilage tissue engineering, and could be of clinical importance especially if freshly isolated
stem cells could be stimulated with a growth factor and directly implanted into the patient during one surgical procedure.
Acknowledgements: This research was supported by the Dutch Technology Foundation (STW, grant # VPG.5935).
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Application of hyperbaric oxygen in bone tissue engineering--effect of hyperbaric oxygen treatment
on bone marrow stem cells
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Despite the benefit of hyperbaric oxygen (HBO) treatment for delayed bone healing and non-union of bony fractures has been proposed
since 1966, little has been known about the effect of HBOT on bone marrow stem cells (BMSC). The aim of this study is to investigate
the effect of HBO treatment on osteogenetic differentiation of BMSC and potential application in bone tissue engineering.
Adhesive stromal cells harvested from bone marrow were characterized by mesenchymal differentiation potential, cell surface markers
and their proliferation capacity. Mesenchymal stem cells, which demonstrated osteogenic, chondrogenic and adipogenic differentiation
potential and expressed positively for CD 29, CD 44, CD 73, CD 90, CD 105, CD 166 and negatively for CD34 and CD 45, were
selected and treated in a laboratory-scale HBO chamber using different oxygen pressures and exposure times. No obvious effect of
HBO treatment on BMSC proliferation was noticed. However, cytotoxic effects of HBO were considerably less pronounced when cells
were cultured in medium supplemented with 10% FBS in comparison to medium supplemented with 2% FCS, as was evaluated by
WST-1 assay. Under HBO treatment, bone nodules were formed in three days, which was clearly revealed by Von Kossa staining. In
contrasts, without HBO treatment, bone nodules were not detected until 9-12 days using the same inducing culture media. Calcium
deposition was also significantly increased after three days of HBO treatments compared to no HBO treatment. In addition it was also
found that oxygen played a direct role in the enhancement of BMSC osteogenic differentiation, which was independent of the effect of
air pressure.
HBO treatment stimulates BMSC differentiation to osteogenic lineage which implies a potential application of HBO in bone tissue
engineering.

Figure: Mineralization assay after HBO treatment.
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Genetic modification of smooth muscle cells to increase endothelial cells seeding in vascular tissue
engineering
ZHU CH Zhu, Dajun Ying, MI JH Mi, Zhang W Zhang, Li L Li
Key lab of biomechanics, CHONGQING, China
The author did not approve publication on the internet.

224

P111

Genomics on large animals with unknown sequence data
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Currently, tissue engineering studies are usually performed in small animals such as rodents. However, circumstances in small animals
are in general not comparable to the human situation, making extrapolation difficult. Therefore, we use the Dutch milk goat as a large
animal model for studies on orthopaedic application areas such as posterior lumbar interbody fusion (PLIF) or disc degeneration, to
develop new tissue engineering-based treatment modalities.
In this respect, it is important to understand the molecular mechanisms during degeneration and regeneration of skeletal tissues, i.e.
cartilage and bone. However, so far virtually no information is available in GenBank regarding goat proteomics and genomics. To tackle
this problem and to be able to perform gene expression studies using real-time RT-PCR, we identified conserved domains within a gene
of interest by aligning known sequences from other species, obtained from GenBank. Within these conserved domains we then
designed, by employing rigid primer-design criteria (taking into account, among others, primer and product lengths, stability, false
priming, and exon-intron boundaries), primer sets that had a high probability of specifically cross-reacting with the corresponding goat
target mRNA. These primer sets were subsequently employed in real-time PCR reactions using the LightCycler system. Synthesized
PCR fragments were analyzed using fragment length determination and/or restriction analysis, and eventually subjected to sequencing
in order to validate primer specificities and correct target mRNA amplification.
Using this thorough approach, we so far succeeded in identifying 50 goat gene sequences encoding for collagens and collagen
modifying enzymes, extracellular matrix proteins, growth and transcription factors, WNT signaling related proteins, and genes involved
in mechanical loading and polyamine metabolism, with a success rate of > 90% (table 1). For 25 additional genes, this study is still in
progress.
In conclusion: Gene expression analysis in the goat animal model is feasible, allowing identification of molecular mechanisms during
tissue degeneration and/or regeneration in clinically relevant animal models.
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Immunomodulation by untreated and cytokine treated human stem cells from adipose tissue and
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Human adipose tissue and human amnion are both sources for stem cells (SC) that can be expanded in an undifferentiated state or
differentiated along multiple lineages. Using the same experimental conditions, we have evaluated human adipose-derived stem cells,
human amniotic mesenchymal and human amniotic epithelial cells for their immunomodulatory potential in vitro. For this purpose
peripheral blood mononuclear cell (PBMC) were stimulated in mixed lymphocyte reactions or in phytohemagglutinin activation assays
and cocultured with the SC at different ratios. Additionally, we pre-exposed the SC to cytokines like interferon-gamma and tumor
necrosis factor alpha.
All investigated SC inhibited the proliferation of activated PBMC in a dose-dependent manner in mixed lymphocyte reactions (66 - 93%
inhibition at equal amounts of SC and PBMC) and phytohemagglutinin activation assays (67 - 96% inhibition at equal amounts of SC
and PBMC). The lowest effective SC to PBMC ratio was determined to be 1 to 8. The immunoinhibitory properties were independent of
the passage number (passage 2 to 6) but were significantly reduced by prior cryopreservation. Furthermore the immunosuppression
was not limited by the presence of the cytokines. Concluding the presented in vitro data, all three stem cell types may be considered for
future allogeneic transplantation in cell therapy and regenerative medicine.
This work was partially supported by the European STREP Project HIPPOCRATES (NMP3-CT-2003-505758) and the Lorenz Boehler
Fonds and was carried out under the scope of the European NoE EXPERTISSUES (NMP3-CT-2004-500283).
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Nano and Macroporous Bioglass Scaffolds
MAS a Sharaf
Helwan University, CAIRO, Egypt
Nano- and macroporous bioactive glass scaffolds PBGs having different chemical compositions have been synthesized. The texture
properties and compositional homogeneity of BGs have been characterized and compared with conventional bioactive glasses BGs
synthesized in the absence of surfactants by evaporation method. The formation mechanism (pore ' composition dependence) and
compositional homogeneity in the case of PBG materials are different from those in conventional BGs. Porous bioglass PBGs acts as a
physical framework for cell attachment and proliferation. Unlike conventional BGs that shows a direct correlation between their
composition and pore architecture, PBGs with different compositions may possess similar pore volume and uniformly distributed pore
size when the same structure-directing agent is utilized. In vitro studies are currently underway.
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Assessment of micro-stereolithography system for development of various types of threedimensional scaffolds in cartilage and bone tissue regeneration
SJ Lee Lee
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Objectives
For generation of complex-shaped cartilage/bone tissues, scaffolds must possess several structural features that are difficult to achieve
using conventional scaffold design/fabrication technologies. Successful cartilage/bone regeneration depends on the ability to assemble
chondrocytes/osteoblasts into three-dimensional scaffolds. Thus, in this study, we have developed 3-dimensional scaffolds which can
be fabricated by various types of biomaterials such as PEG (poly(ethylene glycol))-based polymer, PPF (poly(propylene fumarate)) and
HA (hydroxyapatite) using the pre-developed micro-stereolithography system.
Materials & Method
To develop 3-dimensional scaffolds, we applied the pre-developed micro-stereolithogaphy system. This system made it possible to
repeatedly fabricate 3-dimensional microstructures with a resolution of several tens of micrometers. It is based on conventional
stereolithography, in which a UV laser beam irradiates the open surface of UV curable biodegradable polymers causing it to solidify. We
have synthesized biodegradable materials such as PEG-based polymer and PPF with photoinitiator for photocrosslinking reaction. And
3-dimensional structures with 100~200um pore size were fabricated by using these materials. Also a uniformly shaped HA scaffold with
250um pore size was fabricated by applying the micro-stereolithography system to mold technique. Through the mechanical property
tests, the PEG material was considered to be suitable for cartilage regeneration whereas the PPF and HA materials were relatively
good for bone generation. Especially, the mechanical property of synthesized PPF material was similar to that of the trabecular bone.
Using these biomaterials, we fabricated 3-dimensional scaffolds and cultured cells such as fibroblasts and chondrocytes on them for
observing cell adhesion behavior.
Result
In this study, we have demonstrated that micro-stereolithography system can be successfully applied to prepare 3-dimensional scaffolds
from various types of biomaterial with controlled internal pores and porosity. Fibroblasts and chondrocytes were cultured on 3dimensionanl scaffolds and their adhesion was observed. Also, mechanical properties of these scaffolds were evaluated.

Figure: Fabrication Method of various types of 3D scaffold.
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Poly( -caprolactone)(PCL) has been used as a bioresorbable polymer in medical applications such as tissue engineering. Its main
advantages are biocompability and biodegradability. The problem with PCL is that its relatively long aliphatic backbone provides a
hydrophobic polymer and it reduces cell-biomaterial interaction. In this study electrospinning was used to fabricate PCL nanofiber
scaffolds. Alkaline hydrolysis was applied to modify the surface of PCL nanofiber scaffolds. Water contact angle was measured to
evaluate the hydrophilicity of the scaffolds. The biological response of modified and unmodified scaffolds for the adhesion and
proliferation of Vero fibroblast cells was investigated by MTT assay and Scanning electron microscopy (SEM). The results may indicate
that alkaline hydrolysis increases the hydrophilicity of PCL nanofiber scaffolds and possibly improves the attachment and proliferation of
Vero fibroblast cells on PCL nanofiber scaffolds.
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Introduction
Cycloolefin copolymer (COC) has been chosen as a material for skeletal implants. The material shows the proper combination of
mechanical and rheological properties. Moreover, biocompatibility with living tissue was proved. The COC surface was modified by
plasma treatment using nitrogen bombardment. Our effort was to form new chemical bonds between polymer atoms and collagen
molecule. For our study we chose COC composite, modified with nitrogen ions (COC+N) and then coated with type I collagen
(COC+N+Col). For comparison, the second used sample COC was not modified with ions but it was either coated (COC+Col) or without
collagen (COC). Previously, we have shown its toleration by synovial fibroblasts and osteoblasts in vitro. In this study we monitored the
biotoleration of this material in vivo in the corticalis of femur of pigs.
Material & Methods
Implants sized 7x5x3 mm were inserted in doublets into the back limbs of 4 pigs under sterile conditions and in total anesthesia and the
implants were fixed to femurs with screws. The implant in the left distal limb contained COC+N+Col and proximal contained COC+N.
Right limb contained distal COC+col, the proximal was only COC. The experiment was divided to 2 stages (3 and 6 months). The
implants with the surrounding tissues removed and fixed in Baker solution. Samples of bone with incorporated implant were decalcified
in formic acid and sodium citrate and inserted into paraffin routinely. 7 μm thin paraffin cross-sections were stained using hematoxylineosin (Sigma-Aldrich, Prague).
Results & Conclusion
The layer of connective tissue was taken with newly formed bone containing signs of tissue rebuilding where were present osteoblasts
and some osteoclasts. In connective tissue as well as in bone was not visible toxic effect of the implant. Collagen fibres were oriented in
the directions of principal dominant stresses.
This work was supported by Grant Agency Czech Republic, project No. 106/06/0761
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The problem of repair of bone tissue defects resulting from extensive operative intervention is very important in surgery. Recent years
have seen the development of a basically new concept based on the use of stromal stem cells and scaffolding materials. The
implementation of this technology requires porous scaffolds for cell cultivation followed by their implantation into a tissue defect. A
promising approach is the use of porous calcium phosphate ceramics. The ceramics should be osteoconductive, cause no adverse
response of the organism, and ensure the optimal conditions for protein adsorption and adhesion of osteogenic cells.
We report the results of in vitro and in vivo study of the nanostructured scaffolds made from hydroxyapatite, tricalcium-phosphate,
tricalcium-phosphate/hydroxyapatite composites of various compositions, carbonate- and silicon-substituted hydroxyapatite having
specified dimensions and degree of porosity. In the in vitro experiments, the properties of the ceramic scaffolds were studied on the
human fibroblast model. The adhesive properties, the acute cytotoxicity, and the dynamics (from 1 to 28 days) of the numerical
population of the fibroblasts were estimated (a standard MTT test). The biocompatibility of the samples in the in vivo experiments was
investigated by the hypodermic implantation in female mice of the BDF1 line on 1, 2 and 4 weeks.
It was found that all investigated samples do not induce acute cytotoxicity and have an adhesive capacity. In particular, the population of
the fibroblasts increased from 5 to 10 times on pure tricalcium-phosphate, tricalcium-phosphate/hydroxyapatite composite (80/20),
carbonate- and silicon-substituted hydroxyapatite scaffolds. These scaffolds were used for in vivo experiments. There were no any
adverse tissue reactions and inflammatory response observed to the implanted ceramics. After 10 days period, the scaffolds became
covered by thin connective tissue capsule, which was directly connected with the underlayers of connective tissue. Thickness of the
capsule rises in time, reaching 2 to 3 layers of fibroblast and other connective tissue cells after 10 days period and, further, 8 to 10
layers after 28 days period. The implants harvested after 10 days show the filling of the intergranular space by fibroblast cells with
connective tissue matrix formation. After 28 days, the blood vessels were definitely revealed, disposing at the ceramics surface and
branching into capillaries.
These results of in vivo and in vitro tests clearly indicate that the newly developed ceramics can be used as scaffolds for allergenic and
autologous cell cultures for the replacement of extensive tissue defects.
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Functionalized poly(a-hydroxy acid)s: towards hydrophilic polyesters with pendant hydroxyl groups
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Poly(α-hydroxy acid)s such as poly(lactic acid) and poly(glycolic acid) are widely under investigation, particularly for biomedical and
pharmaceutical applications, because of their good biocompatibility and biodegradability[1]. The introduction of functional groups within
these polymers opens a wide range of possibilities, like an increase in hydrophilicity, better compatibility with cells and blood
components, shorter degradation times and these functional groups can be further derivatized [2]. Therefore, two functionalized
dilactones with protected hydroxyl groups, benzyloxymethyl methyl glycolide (1) and benzyloxymethyl glycolide (2), were synthesized
and converted to the corresponding polyesters by ring'opening polymerization in the melt (at 110 C using benzyl alcohol and SnOct2 as
initiator and catalyst, respectively, and at 130 °C using SnOct2 as catalyst, or in solution at 35 °C using ethylzinc phenolate and
isopropanol as catalyst and initiator, respectively). The obtained polymers were amorphous, with a glass transition temperature (Tg)
between 15 and 45 ºC. 13C-NMR analysis showed that poly(2) was perfectly alternating, owing to a regioselective ring opening,
whereas poly(1) had a random distribution of methyl and benzyloxymethyl side groups. Both 1 and 2 could be copolymerized with Llactide. Copolymers of L'lactide with 2 showed crystallinity at 75% lactide content, whereas copolymers with 1 were amorphous at the
same lactide content. Monomer 2 apparently reacts faster than lactide, resulting in composition drift and finally yielding a polymer rich in
lactide and consequently in lactide blocks that are large enough to crystallize. Block copolymers were synthesized by sequential
polymerization of L-lactide and 1 using ethylzinc phenolate as catalyst. Deprotection of the benzyloxymethyl groups of poly(1) and
poly(2) gave the corresponding hydroxylated polyesters, which were amorphous and semi-crystalline, respectively, according to DSC
analysis. These hydrophilic functionalized polyesters are interesting materials for the design polymeric scaffolds.
Acknowledgment:
These investigations were sponsored by The Netherlands Technology Foundation. (CW/STW 790.35.622).
References:
[1] K.E. Uhrich, S.M. Cannizzaro, R.S. Langer, K.M. Shakesheff, Chem. Rev., 1999, 99, 3181-3198
[2] J. Kopecek, P. Kopeckova, T. Minko, Z.R. Lu, C.M. Peterson, J. Control. Release, 2001, 74, 147-158

Figure: Functional monomers 1 and 2.
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Introduction
The way how cells react to the presence of artificial implant materials is intensively studied in tissue regeneration applications. Our work
is focused on how mechanical and biological surface treatment of commonly used and newly developed implant materials used for bone
substitution affects adhesion, proliferation and synthetic activity of bone cells. In present study, we report the effect of the collagen
coating of implant surfaces on the osteoblast viability and tissue mediator expression.
Methods
The metal or nonmetal implant materials were commercially available products. Collagen coating was performed by 0.5% ISC40 (1) .
Normal human osteoblasts (Cambrex Bio Science Walkersville, Inc. USA) were cultivated for 4 days on tested surfaces under standard
conditions. The effect of implant surface properties on cell viability was monitored using the MTT test (2). The cultivation medium was
performed for detection of selected inflammatory and tissue mediators using the analyzer Immulite and ELISA kits.
Results
The viability of cells cultivated on the implant surface depended on material surface properties. In the case of uncovered materials, the
osteoblast proliferation was significantly stimulated on rough surfaces whereas the intensive fibroblast proliferation was detected on
smooth surfaces with no respect to the chemical origin of materials (3).Generally, the collagen coating caused a decrease in the
osteoblast proliferation. This effect was observed particularly for rougher surfaces, probably as a result of reduction of the origin surface
roughness due to protein adsorption. Osteoblasts cultivated on collagen-coated surfaces produced higher levels of cytokines (TNF-α,
IL-8, IL-10) and tissue mediators (the vascular cell adhesion molecule-1, bone alkaline phosphatase, metalloproteinase-1, the tissue
inhibitor of metaloproteinases-1) but expressed a lower amount of mediators stimulating cell viability (the transforming growth factor and
osteoprotegerin). It seems that collagen, as a natural component of extracellular matrix, forms a stabilizing milieu for cells in our
experiments.
This work was supported by IGA MH CR, project No. NR 8829-3/2006
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2.Laughton C.: Anal Biochem 140 (1984) 417-421.
3.Pešáková V., Kubies D., Hulejová H.,Himmlová L.:J.Mater.Sci.:Mater.Med.(2006) in press.
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Culturing of mesenchymal stem cells on trimethylene carbonate copolymers for the tissue
engineering of small-caliber blood vessels
HH Weekamp, Y Song, M Kamphuis, I Vermes, AA Poot, DW Grijpma, J Feijen
University of Twente, ENSCHEDE, The Netherlands
Introduction
Treatment of vascular occlusive diseases often requires surgical reconstruction. In small diameter synthetic grafts (<6 mm) thrombosis
occurs. Biocompatible and non-thrombotic vascular grafts can be constructed by tissue engineering.
As scaffolding materials trimethylene carbonate (TMC) based (co)polymers are well-suited due to their biocompatibility, beneficial
degradation properties, flexibility, and creep-resistance after crosslinking.
Under specific culture conditions, mesenchymal stem cells (MSC) can proliferate and differentiate into endothelial cells (EC) and smooth
muscle cells (SMC). These progenitors will be used to engineer a small caliber blood vessel.
Materials & Methods
High molecular weight (co)polymers of TMC and -caprolactone (CL) were synthesized by ring opening polymerization. Polymer films
were prepared by compression molding and spin-coating from solution on glass cover slips. Gamma irradiation (25 kGy) crosslinked the
films. The networks were analyzed by cyclic tensile tests (20 cycles to 50% strain) and by swelling experiments in chloroform1.
Human bone marrow cells were cultured on tissue culture polystyrene (TCPS). The adherent cell fraction was expanded in MSC
proliferation medium2 on TCPS until P6, dislodged, and cultured on various (co)polymer coated glass cover slips. Uncoated cover slips
were used as controls.
Multipotent characteristics of the MSCs were confirmed by differentiation towards osteogenic and adipogenic cell lineages2.
Results
High molecular weight TMC and CL co-polymers were prepared varying the CL content (0-20%). Films (0.5 mm thick), were
compression molded, and gamma irradiated under vacuum.
The gel fraction in the crosslinked polymers varied with copolymer composition ranging from 33% (TMC-CL copolymers) to 60% (TMC
homopolymer).
Cyclic tensile tests showed a permanent set of 0.2% for irradiated TMC polymers, while non-crosslinked materials showed 0.5%.
Cell culture experiments showed that MSCs readily proliferated on our TMC-based polymer coatings.
Conclusions
Crosslinking improves the elasticity and creep resistance of non-porous TMC-based polymers. Next, crosslinked porous scaffolds of
TMC-based polymers will be manufactured.
MSCs from human bone marrow can be cultured on TMC-based polymers. Differentiation of these MSCs into the SMC- and EClineages on these polymers will follow.
References:
1. Foks MA et al., J Control Rel. 101: 325-327 2005. 2. De Boer J et al., Tissue Eng. 2004; 10;393-401.
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Introduction
Nanotechnology will revolutionise our future devices. It is possible to produce nanofibers using methods like self assembly. However,
simpler methods employ electrospinning. The objective of the current study was to evaluate electrospinning to produce diclofenac
sodium (DS) loaded bioerodible nanoscaffolds.
Material & Method
1-butanol hemiester poly(maleic anhydride-alt-2-methoxyethyl vinyl ether) (PAM14, MW 100 kDa) was prepared and characterized in
the university of Pisa. A 5-10% polymer solutions (either in ethanol or in acetic acid) were prepared, half of them containing 2% DS. The
solutions were then electrospun to produce nanofibrous structures that were subsequently characterised by using SEM.
Results
The minimum concentration of the polymer solutions that can be electrospun was 5%. Diameter of fibers was 160-950 nm in all
specimens. Increasing polymer concentration increased the size of the fibers but reduced the number of beads, regardless of the type
of the solvent and whether DS was used or not. In the specimens obtained from acetic acid solution, the addiction of DS resulted in a
reduction in fiber diameter and in an increase of the distance between the beads. Corresponding ethanol solutions gave more
homogeneous specimens as compared to acetic acid, having a lower number of beads. With the addiction of DS a reduction in fiber
diameter was observed for the acetic acid specimens. In ethanol, adding DS resulted in increase in fiber diameter. Evaluation is
underway to determine the location of drug particles in the nonofibrous scaffolds.
Conclusions
It is feasible to develop dicolfenac loaded bioerodible nanofibous scaffolds by using electrospinning that can have potential as pain-killer
releasing devices. However further evaluation is needed both in vitro and in vivo.

P123

Organic-inorganic hybrid biomaterials as tissue engineering scaffolds for artificial bone production
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In this study, we prepared organic-inorganic hybrid biomaterials constituted of chiotan/hydroxapatite (HAp)/Alginate by two step
lyophilizing method and evaluated them as tissue engineering scaffolds for artificial bone production. This novel scaffold exhibited
significantly improved mechanical and biological properties. According to SEM observation, the scaffold had a high porosity with
120~150 ㎛ of pore size. Well dispersed HAp particle at high concentration (1.0 w/w) in polymer matrix enhanced tensile strength. In
addition, strong ion bonding between amino group in chitosan and carboxyl group in alginate attributed the scaffold stability in acid
solution and in neutral aqueous solution. Cell culture was assessed with using KUSA-A1 osteoblast like cell. Enhanced biocompatibility,
viability, metabolic activity, and mineralization were revealed in the hybrid scaffold. The result supports that chitosan/HAp/algiante
scaffolds are suitable for a potential application in orthopedic bone regeneration.

Figure: KUSA-A1 cells stained with vonkossa.
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Introduction
Polyurethanes are used in biomedical applications due to their excellent biocompatibility. Scaffolds for tissue regeneration must be
biocompatible, have high porosity and appropriate surface chemistry for cell attachment, proliferation and differentiation. Today cartilage
tissue engineering is applied clinically to cover and regenerate articular cartilage defects. The limitation of present biomaterials is the
lack of volume maintenance and to fast degradation for being a proper carrier of chondrocytes into larger articular cartilage defects.
The objective of this study was to assess whether a slow biodegradable porous poly(urethane urea) scaffold (Artelon ), was a suitable
material for cartilage tissue engineering with respect to collagen and proteoglycan (GAG) expression.
Materials & Methods
The porous poly(urethane urea) (Artelon ) was synthesized in solutions using a two-step polymerization method (1).The scaffold had
interconnecting 50-200um pores and > 90% porosity.
Surplus chondrocytes from patient undergoing autologous chondrocyte transplantation in passage 2 were seeded onto human serum
precoated disk-shape poly(urethane urea) scaffolds which were subsequently cultured in vitro for 14, 21 and 28 days.
Immunohistochemistry/histology and scanning electron microscopy (SEM) evaluations were performed.
Result & Discussion
After 14 days in culture a low expression of Collagen type I was observed in the scaffolds, were as Collagen type II was detected first
after 21 days. The Collagen type I, Collagen type II and GAG expression increased during the culture period. This indicates a
proceeding maturation of the chondrocytes in the poly(urethane urea) scaffold. SEM showed a close contact between the poly(urethane
urea) scaffold and the chondroytes.
Conclusion
The slow degradation of the poly(urethane urea) scaffold gives the chondrocytes support during the maturation of the new tissue. The
close contact between the chondrocytes and the material indicates that poly(urethane urea) is a biocompatible material and has high
capacity for being used in cartilage tissue engineering.
Further in vivo studies are to be performed.
Reference:
1. Gisselfält.K, Edberg.B, Flodin.P. Synthesis and properties of degradable poly(urethan urea)s to be used for ligament
reconstruction.Biomacromolecules 2002;5:951-958.

Figure 1: Immunohistochemistry/histology evaluations of the chondrocyte/scaffold constructs cultured for 28 days; a) Alcian blue van
Gieson, b) Collagen type I and c) Collagen type II staining.
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Polymer matrix based gene delivery to heart valve
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W Li , N Ma , G Tang , F Öri , L Ong , A Kaminski , C Nesselmann , C Stamm , G Steinhoff
1
University of Rostock, ROSTOCK, Germany
2
ZheJiang University, HANGZHOU, China

Objective
Artificial heart valve application is mainly limited to the high risk of acute thrombosis and chronic instability of the implant surface. Direct
seeding of endothelial cells on the heart valve surface suffers from a low viability of the cells and the high risk of thrombosis. To
overcome the above problem, a new polymer matrix was developed to controlled release therapeutic DNA on the surface of artificial
heart valve.
Method
In this study, cationic polymer PEI-CD'DNA condensates were investigated for in vitro gene transfection and local gene delivery on the
artificial heart valve. polymer 'DNA condensates were immobilized into fibrin matrices and were used for gene delivery in vitro.
Results
After internalization, PEI-CD'DNA condensates yielded enhanced transfection efficiencies into 6 different cell types, and comparable
values for HUVECs cultured in a 3D fibrin matrix, as compared to PEI'DNA condensates. More importantly the polymer DNA matrix can
efficiently transfect the endothelial cells seeded on the biological heart valve. The transfection effiency is over 30 % on the endothelial
cells and over 50 % on the fibroblast. 48 h after transfection cell viability remained above 98%.
Conclusions
This approach provides an interesting tool in non-viral gene delivery for the endothelial implanted on the artificial heart valve.
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Baxter BioSurgery International
Improving surgical practice by the development and use of novel biomaterials for soft and hard tissue
repair.
www.advancingbiosurgery.com

BD Bioscience
A leading global medical technology company that makes and sells medical devices, instrumented
systems and reagents is focused on improving drug therapy, enhancing the quality and speed of
diagnosing infectious diseases, advancing research and discovery of new drugs and vaccines.
www.bd.com

Bose Corporation’s ElectroForce Systems Group
Bose Corporation’s ElectroForce Systems Group manufactures the ElectroForce® test instruments using
patented linear motor technology. Bose offers instruments for characterization of soft tissues, bone,
orthopaedic & cardiovascular medical devices, biomaterials, & many types of viscoelastic materials.
www.bose-electroforce.com

Cellon S.A.
The Rotary Cell Culture System is the only device that efficiently creates an environment that enables
extremely fragile cell cultures and co-cultures of human and animal cell to grow into complex,
sophisticated 3-D models in vitro. The cultures mimic the structure and function of their parental tissue.
www.cellon.lu

Corning Life Sciences Europe
For over 30 years Corning has developed products and surfaces for Cell Culture, Scale-Up, Drug
Discovery, Liquid Handling, Filtration and Microarray.
Our innovative products include Corning® CellSTACK® Chambers, Corning® CellBIND® surface, Ultra
Low Attachment Surface and CrystalEX™ Microplate range.
www.corning.com/lifesciences
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Dunn Labortechnik
Dunn Labortechnik, a privately owned German company, founded 23 years ago, is offering a wide range of
products for cell and tissue culture, molecular biology, drug discovery, tissue engineering and related
technologies. As European Distributor for Flexcell International, they will exhibit the “Flexercell“ system
which induces biochemical changes in response to applied strain or compression in cells.
www.dunnlab.de

Institute of Physics Publishing
Institute of Physics Publishing is a not-for-profit organization providing a comprehensive range of products
and services including an award-winning platform for electronic publishing. Their collection of 46 journals is
Biomedical Materials: Materials for tissue engineering and regenerative medicine, details of which will be
available at the booth.
www.iop.org

Miltenyi Biotec
Miltenyi Biotec is a provider of tools and integrated solutions for biomedical research, including those for
the specific isolation, expansion, differentiation, and immunofluorescent analysis of hematopoietic or
nonhematopoietic stem and progenitor cells (e.g. CD133+, CD34+, CD271+ cells).
www.miltenyibiotec.com

SERVA Electrophoresis GmbH
The focus of the SERVA product programme has always been life science, biochemistry and bioseparation.
SERVA´s area of expertise is Collagenase NB, known for high quality. World-wide unique, SERVA provides
Collagenase GMP grades for isolation of different cell types which are intended for transplantation in
humans.
www.serva.de

Sigma-Aldrich
Sigma-Aldrich is a leading Life Science and High Technology company. Our biochemical and Organic
chemical products and kits are used in scientific and genomic research, biotechnology, pharmaceutical
development, the diagnosis of disease and as key components in pharmaceutical and other high technology
manufacturing.
www.sigma-aldrich.com
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SkyScan NV
SkyScan is a company specialized in the development and manufacturing of state of the art micro- and
nano-CT systems for 3Dnon-destructive investigation of an object's internal microstructure. This high
resolution imaging technique is possible in in-vitro as well as in in-vivo small animal studies.
www.skyscan.be

DPTE
The Dutch Program for Tissue Engineering (DPTE) is a consortium of researchers from most Dutch
universities, academic hospitals, research institutes, ZonMw, STW and pioneering companies. Goal is to
develop tissue engineering-based solutions to regenerate, support or replace damaged tissues/organs.
www.dpte.org

S. Karger AG
S. Karger AG is a leading international publisher of books and journals in basic and medical sciences.
A publication of special interest to the participants of the TERMIS-EU meeting is our journal CELLS
TISSUES ORGANS – be sure to pick up a free sample copy.
www.karger.com
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