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Our society is now almost a year old, but tissue engineering has a
much longer history. As we all know today’s world moves at a very fast
pace and many times we do not have the time to look back anymore.
However, sometimes it gives us, especially our students and young
researchers comfort to know where the roots of our young society are.
It can be argued that it is unclear who first used the term "tissue
engineering" to mean what it does today. Not surprisingly for a coinage
that seems so natural in hindsight, a number of very senior individuals
of our society Prof. Robert Nerem and Prof. Buddy Ratner suggested
that the term may have been invented several times independently
before it came into sufficiently broad usage. A wide range of
researchers have encountered it in publications or in discussion. In
point of fact, it seems that the first appearance of the term in print and
also the earliest revealed through a Pub Med search was in a 1984
publication that described the organization of an endothelium-like
membrane on the surface of a long-implanted, synthetic ophthalmic
prosthesis.
In spite of this appearance in a publication, the origin of "tissue
engineering" as it is recognized today can be undoubtedly traced to a
well known individual. In 1985, Professor Y.C. Fung from UCSD, a
pioneer in biomechanics and bioengineering, submitted a proposal to
NSF for an Engineering Research Center to be entitled "Center for the
Engineering of Living Tissues". The concept was based on the
conventional definition of "tissue" as a fundamental level of study of
living organisms, between cells and organs.
Even so at the same time, Y.C. Fung's proposal was not accepted, the
concept of an engineering approach to the level of biological
organization between cells and organs were brought up again at NSF in
the spring of 1987, during a panel meeting convened to review
proposals to the Bioengineering and Research to Aid the Handicapped
(BRAH) Program within the Engineering Directorate. Y.C Fung was
panel member at this meeting, and is recalled as having volunteered
the term "tissue engineering" in the course of a discussion that was
seeking to crystallize the concept.
From Y.C Fung we can learn that the greatest natural resource of our
members is ingenuity. Coupled with funding and direction, our society
can maintain its preeminence by paving the way to the future with the
evolving world of regenerative medicine. By doing so, we might be able
to “one day” make tissue and organ shortage a relic of our distant past.
Regards,
Dietmar W. Hutmacher, PhD, MBA
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News from the TERMIS-AP Chapter
Hai Bang Lee, PhD – Continental Chair
Recent Activities of Tissue Engineering and Regenerative Medicine in Korea
Gilson Khang, PhD, Associate Professor
BK-21 Polymer BIN Fusion Research Team, Chonbuk National University,
664-14 Dukjin, Jeonju, 561-756 Korea
In May 22, 2000, world-wide popular magazine “Time” predicted that “tissue engineer” would be the first place
job toward the new millennium as well as 3rd place of drug designer. Indeed, it is opening the new era for the
production of artificial organ by mean of tissue engineering and regenerative medicine (TERM) to repair or
replace damaged or diseased tissues or organs. With increasing the average age of the population and the
incidence of age-related ‘wear-and-tear’ condition as well as traumatic injury or disease, TERM promises a more
permanent due to the shortage of health donor organ. For example, the numbers of transplantation of kidney,
liver, and heart from brain-dead donor in 2001 were 848, 391, and 21, in Korea, respectively. In case of kidney
transplantation, it was only 8% among the 12,000 patients. More than 944 patients were waiting for liver
transplantation in Korea on July 2001. The shortage of donor organs had led to the emergence of TERM.
Research and development on TERM in Korea firstly started by materials engineer conducting biodegradable
polymer for the fabrication of porous scaffolds around 1995. These studies were more activated by the
participation of medical doctor studied from J. Vacanti and A. Atala’s laboratory at Harvard Medical School. The
1st Annual Meeting of Korean Tissue Engineering Society (KTES) attended 250 persons was held on June 25,
1999 at National Institute of Health at Korea. This symposium changed and then refounded on The Korean
Tissue Engineering and Regenerative Medicine Society (KTERMS) on 2005. The 8th Annual Meeting of KTERMS
attended 350 members was held at Medical School, Sunggyungwan University on June 2, 2006 and presented
120 papers, 4 invited lectures from USA, Japan and China, as well as 6 special topics related with embryonic and
adult stem cells. Up to now, the numbers of KTERMS member are over 450 persons which are composed of 60%
of medical doctor, 15% of materials engineer and rest of cell and molecular biologist. These numbers show great
potential for the future of TERM in Korea.
Table 1 lists the major organizations carrying out active studies on TERM largely classified to source of stem cell
and types of organ. Even though we tried to divide by universities and institutions, almost works have been done
by collaboration with medical doctor, biologist and materials scientist. Over 20 universities including hospital, 4
government research institutes are carried out basic study of embryonic and adult stem cell for cell therapy,
development of biodegradable scaffolds and artificial organ. Remarkable outcomes were successful in the area of
cartilage, bone, skin and stem cell. Research fund in the area of TERM has been supported by several
government authorities such as the Korea Ministry of Science and Technology (KMOST) for basic research, the
Korea Ministry of Health and Welfare (KMOHW) for clinical applications, the Korea Science and Engineering
Foundation (KOSEF) for academic, the Korea Research Foundation (KRF) for academic, and the Korea Ministry of
Commerce Industry and Energy (KMOCIE) for commercialization from 1996.

The estimated total funding is around 30 billion won (US$ 35.0 million) on 2005. Especially, KMOST is starting a
Frontier Research Program for “Development of Cell Therapy” from 2002 year with the fund of 10 billion won
(US$ 120 million) per year for next 10 years. Professor Dong-Wook Kim at Yonsei Univ., Medical College was
elected as the director of this program. This huge program composes of embryonic stem cell and adult stem cell
for cell therapy, cryopreservation of organ, tissue engineering, xenograft for artificial organ and manufacturing of
all artificial organ. The representative research centers supported by government are listed in Table 2.
Also, Table 3 and Figure 1 lists the selected venture companies for the commercialization of neo-organ using
cell therapy and regenerative medicine. Approximately 70 startups or business units are currently active and
employ ~ 700 scientist and staff. About 10 products were already introduced. Among of these products,
Chondron® developed by SewonCellontech Co. Ltd. was firstly approved for cartilage repair of autologous
chondrocyte transplantation by Food and Drug Administration at Korea (KFDA). Also, Articell developed by
Duplogene was approve by KFDA. Chondron® sales (at retail) are estimated at 560 million won (70 case, 8 million
won per case) in 2000 and also approved the medical insurance of 2.9 million won per case under 40 years old
from 2002. Also, three artificial skin as Holoderm® and Kaloderm® manufactured by TegoScience and Autocell®
by MCTT, respectively. InnoPol® as porous PLGA scaffolds manufacture by special gas foaming methods was
launched on market by Regen., Co. Ltd. This cylindrical PLGA porous scaffold for penile enlargement is selling up
to 400 pieces around 400~800 US$ for retail on 2006. Table 4 listed 6 of KFDA approval, over 10 of IND and
over 20 of pre-IND products of tissue engineered and cell therapy products for launching in market in Korea.
Another special clinical approval system for cell therapy by KFDA is “emergency human clinical trial.” If any
patients who can live only 3~6 months want to treat by stem cell injection, KFDA approves by emergency human
clinical trial. On 2005, auto- or allo-genic stem cells with umbilical cord derived and bone marrow derived were
injected around 140 patients and then data-bases are filing right now.
Yonsei Univ., Medical College had been built the 1st Institutional GMP facility in Korea from 2005. Several
provincial governments are of great interest for Bio-Cluster of TERM products; Chungbuk Osong Bio-Health
Science Technopolis (www.cb21.net), Jonnam Biotechnology Research Center (JBRC, www.biohub.re.kr) and
GyeonGi Bio-Center (www.ggbc.or.kr).
Even though the slow start of Chondron®, other skin commercial product and biomaterials, the fact that ~700
patients have already been treated with Chondron® is encouraging. Another important fact is the emerging of the
early-stage and business units for the storage of stem cell and therapeutic cloning of stem cell. Nevertheless this
business is limited only the storage of hematopoietic (umbilical cord derived) stem cell for the treatment of
disease in the future, they tried to the differentiation for the manufacturing the neo-organ, for instance,
HistoStem Co. Ltd and MediPost Co. Ltd. were successful the chondrogenesis from hematopoietic stem cell for
the treatment of arthritis, etc. The estimated private investment for these companies exceeded to ~ 50 billion
won (US$ 50.0 million) for last three years. Nine venture companies have been publicly listed on KOSDAQ and
outside the exchange market.
We are glancing at the recent situation of research activities and commercialization in the area of the TERM in
Korea concisely. Tissue engineering as well as regenerative medicine remains a dynamic and growing
universities, institutes, private sector, and premarket enterprise like a melting furnace. It will be steadily and

continuously increase the engagement of scientist and staff, the supporting of research fund and the investment
from private company in Korea, eventually, to prolong and improve the human lives. Even though the
fundamental of research and industry field for TERM looks like a baby right now, it enters an adolescence era
through the development of new technology, innovative idea and venture company in the near future in Korea.
Table 1. Research Activities of TERM in Korea
Organs
Bone
Cartilage
Embryonic stem cell
Adipose stem cell
Hematopoietic stem cell
Mesenchymal stem cell
Muscle derived stem cell
Neuronal stem cell
Skin derived stem cell
Skin
Pancreas
Peridontal regeneration
Nerve regeneration
Liver
Vascular graft
Ureter, Cornea

Universities and Institutes
Catholic Medical Univ., Seoul National Univ., Yonsei Univ., KRICTa,
Chonbuk National Univ., Youngnam Univ., KICETb, Sejong Univ., etc
Ajou Univ., Chonbuk National Univ., Inje Univ., Yonsei Univ., Catholic
Medical Univ., KAISTc, etc
Seoul National Univ., Pocheon Univ., Maria Hospital, Yonsei Univ., Hanyang
Univ., etc
Seoul National Univ., Inje Univ., Chonnam Univ., Pusan Nat’l Univ., etc
Samsung Hospital, Catholic Medical Univ., Chonnam Nat’l Univ., etc
Chonnam National Univ., Catholic Medical Univ., Yonsei Univ., KRICT,
Sunchunhyang Medical Univ., etc
Hannam Univ., Catholic Medical Univ., KRICT, etc
Yonsei Univ., Ajou Univ., Seoul National Univ., etc
Nuclear Hospital, Chonnam Univ., etc
Hanyang Univ., Nuclear Hospital, Daegu Catholic Univ., etc
GISTd, Seoul National Univ., Catholic Medical Univ., etc
Ewha Univ., Seoul National Univ., etc
Sungkuyngwan Univ., KRICT, KNIHe, Chonbuk Natl Univ., etc
Seoul National Univ., Dongguk Univ., KAIST, Hanyang Univ., Kyungbook
Nat’l Univ., etc
Hanyang Univ., KIST, Ajou Univ., GIST, etc
KISTf, Gyungsang Univ., Dongguk Univ., etc

Table 2. Typical government supported projects for TERM
Center

Director

Supported
government

Period/Fund

Stem Cell Research
Center

Prof. Dong-Wook Kim, PhD
(Yosei Univ.)

KMOST

- 2002~2012 (10 years)
- 12 MS$/year

High Performance Stem
Cell Research Center

Prof. Il-Haon Oh, MD, PhD
(Catholic Medical School)

KMOHW

- 2004~2009 (6 years)
- 2.0 MS$/year

Muscloskeletal Bioorgan
Center
Cardiovascular/
Neuronal Bioorgan
Center

Prof. Young Sook Son, PhD
(KyungHee Univ.)
Dr. Soo Hyun Kim, PhD
(KIST)

KMOHW

-

Stem Cell Therapy
Center

Prof. Byung Hyun Min, MD,
PhD (Ajou Univ)

KMOCIE

KMOHW

2004~2013 (9 years)
1.5 MS$/year
2005~2011 (6 years)
1.5 MS$/year

- 2005~2010 (5 years)
- 3.0 MS$/year

Remark

TERMIS-AP Continued…
Table 3. Venture companies of TERM in Korea
Organs
Bone

Cartilage
Cell therapy

Scaffold

Company
BiomedLab
Oscotech
Teasan Med. Eng.
Bioalpha
Sewon Cellontech
Duplogen
HistoStem
LifeCord Inter. Co.
MediPost
Innocell
Futurecellbank
Chabiotech
Boryungbiopharma
Greencross
KT biosys
Goodgene
Mizmedi hospital
Mariabiotech
Innomedisys
Anterogen
BHK Inc.
Biotron Inc.
Celltrion Inc.
FCB-Pharmicell
Imgen. Co.
Jeonnam Biotech. Res. Center
Oscotec Inc.
RNL Bio Co.
Smart Bio
Tego Science Inc.
ViroMed Co.
Daewoong Pharm. Co.
Keygene science Co.
CG Bio Co.
Biostar Co.
Genexel-Sein
Kolon Co Ltd
Binex
CTC Bio
Goodcelllife
KMH
ACTS
Creagene
Celltrion
Sansung P&C
Neurotech Pharm
Easybiosystem
Biorane
DENKIST
Innotechmedical
REGEN Biotech
Greencross
BD Korea
Maxgen

Registered name
OsteoPeak®
Chondron®
Articell®

CharmFil®
InnoPol®
topore®
Greenplast®

Web adress
www.bmelab.co.kr
www.oscotech.com
www.tmed.co.kr
www.daewoog.com
www.rmsbio.net
www.duplogen.com
www.gistostem.co.kr
www.lifecord.co.kr
www.medi-post.co.kr
www.innocell.com
www.futurecellbank.co.kr
www.chabiotech.co.kr
www.boryungbio.co.kr
www.greencross.com
www.ktbiosys.com
www.goodgene.co.kr
www.bizmedi.com
www.mariabiotech.com
www.innomedisys.com
www.anterogen.com
www.bioheartkorea.com
www.biotroninc.com
www.celltrion.com
www.fcbpharmicell.com
www.imgencorp.com
www.biohub.re.kr
www.oscotec.com
www.rnl.co.kr
www.smartbio.co.kr
www.tegoscience.com
www.viromed.co.kr
www.daewoong.com
www.keygene.co.kr
www.daewoog.com
www.stemcellbank.co.kr
www.genexel.com
www.kolon.co.kr
www.bi-nex.com
www.ctcbio.com
www.goodcellife.com
www.kmholdings.co.kr
www.actsco.com
www.creagene.com
www.celltrion.com
www.sansung.co.kr
www.neurotech-pharma.com
www.easybio.co.kr
www.biorane.com
www.denkist.com
www.innotechmed.com
www.regenbiotech.com
www.greencorss.com
www.bd.com
www.msjsw.com

Skin

Tissue bank
Xenograft

Dong A Pharm. Co.
Hanall Pharm. Co.
Hansbiomed
MCTT
TegoScience
Welskin
Bioland
Trichogene
Korea Tissue Bank
Cho-A Pharm. Co.
MGeneBio
P.W.G. genetics Korea
PMG BioFarming
Anigene

SureDerm®
Autocell®
Holoderm®
Welskin®
Biograft®

www.donga.co.kr
www.hanall.co.kr
www.hansbiomed.com
www.mctt.co.kr
www.tegoscience.co.kr
www.welskin.com
www.biolandtd.com
www.trichogene.com
www.ktb.or.kr
www.choa.co.kr
www.mgenbiotech.com
www.spfpig.com
www.anigen.co.kr

Table 4. Lists of KFDA approval products launched in market and IND and pre-IND meeting.

NDA
(Launching
Market,
products)
IND
(over
products)

in
6

10

Trade Name
Chondron
Articell
Holoderm
Kaloderm
Autocell
InnoPol
Crevas-RCC
DCVAC-EPL
Cartistem
Adipocell

In
pre-IND
meeting
(over
20
products)

Cell / Tissue
Chondrocyte
Chondrocyte
Keratinocyte
Keratinocyte
Allo-keratinocyte
PLGA scaffold
Dendrocyte
Dendrocyte
MSC/chondrocyte
Adipocyte
Osteoclast
Allo-Pancreatic cell
NK/NKT/T cell hybrids
Allo-bone
marrow-derived
mesenchymal stem cell

Treatment
Chondyle defect
Chondyle defect
Burn
Ulcer, burn
Burn
Penile enlargement
Cancer
Cancer
Bone, chondyle defect
Scar
Bone defect
Diabetics
Lympatics
Chondyle defect

Figure 1. KFDA Approved Products:
A) Chondron

(B) Articell

(E) Autocell

(C) Holoderm

(F) Innopol

(D) Kaloderm 
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Update from the TERMIS-EU
Ivan Martin, PhD - Continental Chair
TERMIS-EU IS GETTING READY FOR
ROTTERDAM
(http://www.etes2006.org)
On August 29th, a Membership Meeting took place
in Basel to introduce a minimal set of changes in
the By-laws of the former ETES, allowing the new
TERMIS-EU to be legally functional for the
upcoming meeting in Rotterdam. TERMIS-EU is now
registered in Berlin and its Board consists of a
President (Ivan Martin), two Deputies (Michael
Sittinger and David Williams) and a Treasurer
(Ulrich Nöth). Importantly to simplify the procedure
of further changes, votes to pass a resolution can
now be called for and casted by e-mail. Thanks to
all members who managed to come to Basel or sent
a letter of authorization for the vote!
An extensively revised draft of the By-laws of
TERMIS-EU is under preparation to harmonize the
society structure with that of TERMIS and to extend
the Board to the current TERMIS-EU Council.
Thanks to the efforts of Michael Sittinger and David
Smith, the draft is expected to be ready for the
meeting in Rotterdam.
A first set of initiatives to promote organization of
our research community within Europe is currently
being formulated by the TERMIS-EU Council and
will be presented at the general assembly of
TERMIS in Rotterdam. I thus strongly encourage
you to come to the first TERMIS-EU meeting and to
participate to the general assembly: additional
proposals from members will be collected and
evaluated, in order to try and improve the impact of
the society in the field.
See you in Rotterdam!
Ivan Martin
European Continental Chair

TERMIS-EU Rotterdam Meeting
The TERMIS-EU will host their first annual meeting in
Rotterdam, The Netherlands from October 8-11, 2006
at the Congress Center De Doelen. The scientific
program will include sessions on stem cells and tissue
engineering, cells and biomaterials, and includes
symposiums organized by the European Society for
Biomechanics, the Spanish Society of Histology and
Tissue Engineering, European Society for Biomaterials,
European Tissue Repair Society, International Cartilage
Repair Society, and the European Society for Artificial
Organs.
Visit the website for all details:
www.etes2006.org.
Hope to see you all in Rotterdam!
Gerjo van Osch
Conference Chair

News from TERMIS-NA
Anthony Atala, MD – Continental Chair
2007 TERMIS-NA Annual Chapter Meeting
REGENERATE 2007
June 13 - 16, 2007 | Westin Harbour Castle Hotel |
Toronto, Ontario, Canada
www.regenerate-online.com
YOU can BE a part of this POWERFUL VISION
!

!
!

Nearly 1000 of the world's brightest biotech
engineers, scientists, physicians and
entrepreneurs attended the 2006 Regenerate
World Congress
More than 500 research papers, lectures and
poster sessions were presented
Over 40 companies and organizations exhibited

Continue the momentum
Participate by submitting your presentation
abstract. Visit www.regenerate-online.com for
complete details.
Preliminary Session Topics Include:
3D Patterned Scaffolds
Addressing Immune System Response
Adult Stem Cells
Biomechanical Training of Tissue Constructs
Bioreactors & Microvascularization
Cancer & Regenerative Medicine
Cardiac
Cell Integration into Natural Synthetic Matrices
Cell Sourcing
Cell Targeting
Controlling the Cellular Microenvironment
Embryonic Stem Cells
Funding Tissue Engineering & Regenerative
Medicine Research
Gene Therapy in Tissue Engineering
Imaging
Metabolic Tissue Engineering
Methodologies of Clinical Trials
Nano-Biotechnology
Neural
Oral/Dental/Craniofacial
Orthopedic
Scaffolds & Cells for Musculoskeletal Regeneration
Skin/Wound Healing
Soft Tissue Repair
Structural & Biomechanical Characterization:
Synthetic & Biological Scaffolds
Tissue Engineering & Regenerative Medicine in the
Clinic
Transplantation Society
Vascular

FDA Liaison Meeting
On April 28, 2006 the National Regenerative Medicine
Foundation (NRMF) and Pittsburgh Tissue Engineering
Initiative (PTEI) in collaboration with TERMIS –NA and
the Center for Biologics Evaluation and Research
(CBER) conducted a Liaison meeting to discuss some of
the most critical regulatory issues facing the tissue
engineering and regenerative medicine industry today
and in the future.
Nearly 30 academic institutions, lead by Dr. Anthony
Atala, were represented and collectively presented
three major issues (listed below) for the FDA to
consider and debate. Dr. Celia Witten, Director of
CBER, represented the 40+ FDA staff that were
present, and shared CBER’s approach to the regulatory
review process, presented an overview of the FDA
structure and outlined avenues for outreach with the
industry. Dr. Kiki Hellman served as the meeting’s
facilitator and work diligently to help identify, structure
and present the following issues:
Key Challenges in Clinical Translation of Tissue
Engineering and Regenerative Medicine Products
Frederick Schoen, Harvard University
Main topics included: biomarkers for cell and tissue
characterization, assessing patient responses and
outcomes, redefining the preclinical testing paradigm,
and validating biomarkers that would be predictive of
implant success or failure.
Release Criteria for Tissue Engineering/Regenerative
Medicine Products
Tim Bertram, Wake Forest Institute for Regenerative
Medicine, Tengion
Main Topics included: Updating the FDA regulations to
address the evolution of these products.

Presented a table comparing the release criteria for
products regulated by CDER, CBER and CDRH and
compared
to
those
for
tissue
engineering/regenerative medicine products to
demonstrate these products don’t fit well into
existing regulatory paradigms.

available for listening/download (in chronological
order) are:
•

Alan J. Russell, PhD, Director of the McGowan
Institute for Regenerative Medicine, University
Professor of Surgery, Chemical Engineering,
Bioengineering, and Rehabilitation Sciences &
Technology

Manufacturing Issues Related to Tissue Engineering and
Regenerative Medicine Products
Herb Bresler, Battelle

•

Alyssa Panitch, PhD, Associate Professor,
Harrington Department of Bioengineering,
Arizona State University

Main topics included: identifying new devices for
manufacturing regenerative medicine products, defining inprocess QC assays to serve as indicators for monitoring
manufacturing, and exploring the possibility of applying
QSRs to tissue engineering/regenerative medicine products

•

Stephen Badylak, MD, PhD, DVM, Professor,
McGowan Institute for Regenerative Medicine
and Department of Surgery, University of
Pittsburgh

•

Frederick J. Schoen, MD, PhD, Professor of
pathology and health sciences and technology,
Harvard Medical School and Brigham &
Women’s Hospital

•

Amit N. Patel, MD, MS, director of the Center for
Cardiac Cell Therapy, University of Pittsburgh
Medical Center, and McGowan Institute for
Regenerative Medicine

For additional information about the meeting or for
participating on one of the working groups please
contact Patrick Cantini at the National Regenerative
Medicine Foundation at pcantini@wfubmc.edu.

•

Andrés J. García, PhD, Associate Professor,
Georgia Institute of Technology's Woodruff
School of Mechanical Engineering and the Petit
Institute for Bioengineering and Bioscience

Regenerative Medicine Podcast

•

Tiffany Sellaro-Graduate Student Researcher
and TERMIS-SYIS representative

•

Carolyn Green, Director of the Office of
Enterprise Development, Health Sciences,
University of Pittsburgh

•

Van C. Mow, PhD, Stanley Dicker Professor of
Biomedical
Engineering
and Orthopaedic
Bioengineering,
and
Chairman
of
the

At the conclusion of the discussion, both groups
agreed to continue working together through
smaller working groups. Both believed that the
issues were too important to abandon and therefore
agreed to work towards a set of guidelines that
would be presented to the FDA as well as shared
with the entire TE and regenerative medicine
industry.

The regenerative medicine podcast is published biweekly and features scientists and clinicians who
are preeminent in regenerative medicine research
and clinical translation. There are 15 interviews
currently
available
at
www.regenerativemedicinetoday.com;
you
can
download interviews to your PC, or subscribe to the
RSS feed on your iPod or PC. The podcasts

Department
of
Biomedical
Columbia University

Engineering,

•

Savio L-Y. Woo, Ph.D., D.Sc., W.K. Whiteford
Professor, Department of Bioengineering, and
Professor-Mechanical
Engineering,
and

•

Patrick E. Crago, PhD, Allen H. and Constance
T. Ford Professor and Chairman Department of
Biomedical Engineering, Case Western Reserve
University
Anthony Atala, MD, Director, Wake Forest
Institute for Regenerative Medicine and
Chairman, Department of Urology, Wake Forest
University School of Medicine

•

•

•
•
•

Professor-Rehabilitation Science & Technology,
University of Pittsburgh

•

Malla Padidam, PhD, Scientist- RheoGene, Inc.

•

David S. Smith, Esq., Pepper Hamilton LLP

•

Kevin Shakesheff, PhD, Professor of Tissue
Engineering, University of Nottingham and
founding director of the Tissue Engineering
Group at the University of Nottingham

•

Nick Rhodes, PhD, Director,
University of Liverpool

Cell

Biology,

David Williams, PhD, Director, United Kingdom
Centre for Tissue Engineering (UKCTE), a
research collaboration among the University of
Manchester and University of Liverpool

Listen to Some Podcasts, Take A Quick
Survey, And Be Eligible To Win A Prize!

Ms. Mary Ann Liebert, Publisher of more than 60
respected books and scientific journals
Professor Jöns Hilborn, Department of Materials
Chemistry, Uppsala University, Sweden

The regenerative medicine podcast is conducting a
short listener survey to learn more about your
interests. Please take a moment to complete the
survey at www.regenerativemedicinetoday.com!
Survey respondents will be eligible to win a
McGowan Institute fleece vest!

Ivan Martin, PhD, University Hospital of Basel,
Switzerland

Features on Tissue Engineering Laboratories
Tissue Engineering Research Center at Chonbuk National University
Gilson Khang, PhD, Associate Professor, BK-21 Polymer BIN Fusion Research Team,
Chonbuk National University, 664-14 Dukjin, Jeonju, 561-756 Korea
e-mail: gskhang@chonbuk.ac.kr
In May 22, 2000, world-wide popular magazine “Time” predicted that a “tissue engineer” would be the number one
job of the new millennium and in 3rd place was a drug designer. Indeed, it is opening the new era for the
production of artificial organs by means of tissue engineering and regenerative medicine (TERM) to repair or
replace damaged or diseased tissues or organs. With increasing the average age of the population and the
incidence of age-related ‘wear-and-tear’ conditions, as well as, traumatic injury or disease, TERM promises a more
permanent solution due to the shortage of healthy donor organs. For example, the number of transplants of the
kidney, liver, and heart from a brain-dead donor in 2001 were 848, 391, and 21, in Korea, respectively. In the
case of kidney transplants, it was only 8% among the 12,000 patients. More than 944 patients were waiting for
liver transplant in Korea in July 2001. The shortage of donor organs has led to the emergence of TERM.
In terms of the basic research and application of TERM from the above reasons, the Tissue Engineering Research
Center at Chonbuk National University was established in 1998 by Prof. Gilson Khang. Recently, the center’s
primary focus has been on the following categories: (1) the basic study of cell/polymer surface interaction varied
with surface wet ability and functionality, (2) the development of more biocompatible scaffold biomaterials by
synthetic/natural hybrid polymer for the application of bone and cartilage, (3) the development of tissue
engineered biodisc using functional scaffold materials and nucleus pulpous and annulus fibrosis cell isolated from
human and rabbit, (4) the basic study of the regeneration of injured spinal cord using regenerative cell source
(mesenchymal stem cell, Shwann’s cell, olfactory ensheathing cell, etc) and functional scaffolds, and (5) the
development of drug delivery system such as the commercialization of generic and copy drugs and application of
microneedle system for transdermal delivery system.
1. The basic study of cell/polymer surface interaction varied with surface wet ability and
functionality:
The importance of biomaterials has been recognized in the biomedical research for the last three decades. Their
practical utilization in the biomedical fields depends on the study about an appropriate physical and biological
response of biomaterials referred as its biocompatibility. The response of biomaterials in the biological
environment is characteristically associated with their surface property. The modification of biomaterials by various
surface treatment methods has recently become an interesting topic in the field of surface engineering. A large
number of research groups have recently been focused on the preparation of surfaces on which a gradually varying
chemical composition exists along its length. Such “gradient surfaces” are of particular interest for basic and
applied studies of the interactions between biological species and surfaces since the effect of a selected property
like wet ability or chemical composition can be examined in a single experiment on one surface. For the last 15
years, the preparation and characterization of gradient polymer surfaces and the introduction and characterizations
of bio-functional groups on gradient surfaces were continuously investigated. And then, we carry on their

interactions with biological species, such as proteins and cells, showing understanding in basic science for
biomedical application.
Figure 1. Contact angle of gradient polyethylene surface measured by
sessile drop method.
2. The development of more bioactive scaffold biomaterials by
controlled release system of cytokines for the application of bone
and cartilage
1,25(OH)2D3 (calcitriol) loaded porous PLGA scaffolds prepared by solvent
casting/salt leaching method were used to repair a 1.5 cm diaphyseal
segmental bone defect as a fully absorbable osteogenic biomaterial. The

in vitro release of sulforhodamine B (SRB) as a model drug from PLGA

scaffold was measured using spectrophotometer. SRB released from SRB
incorporated PLGA scaffold during 3 months with relatively low initial
burst. The calcitriol-loaded PLGA scaffolds were implanted in a critical-sized intercalated bone defect in rabbit
femur with or without mesenchymal stem cells (MSC)s. Defects were assessed by radiographs until 9 weeks. The
bony union of the defect was observed only in the calcitriol-loaded groups. RT-PCR indicated that MSCs, where
were seeded into calcitriol-loaded scaffold, expressed an increased level of ALP, osteonectin and type I collagen
mRNA at day 10. After 2 and 4 weeks, implanted scaffolds were evaluated by histology. New osteoid matrix and
direct calcium deposits were more evident in calcitriol/PLGA/MSCs group. 3D CT and frontal tomographic images
of repaired femur showed that normal femur anatomy had been restored with cortical bone with no implanted
PLGA remnants at 20 weeks (Fig. 2). It can be concluded the porous calcitriol released scaffold combined with
MSCs may be a novel method for repairing the large loaded bone defect.

Figure 2. 3D CT images of femur 20
weeks after surgery. The repaired defect
with calcitriol-loaded scaffolds with MSCs is
shown at left (A) and the implanted site
with calcitriol-loaded scaffolds without
MSCs is shown at right (B). The external
fixator was removed 8 weeks after surgery.
Note that PLGA was absorbed and cortical
walls remodeled anatomically with the
marrow cavity.

3. The development of tissue engineered biodisc using functional scaffold materials and nucleus
pulposus and annulus fibrosus cell isolated from human and rabbit
Since there is no optimal treatment for the persistent pain associated with intervertebral disc (IVD) degeneration,
focus has shifted toward replacement using tissue engineered IVD. In this study, we are trying an alternative
approach that consists of generating a functional IVD composed of disc cells seeded to various scaffolds using
tissue-engineering principles. We developed several kinds of scaffolds such as poly(L-lactide-co-glycolide) (PLGA),
PLGA/SIS (small intestinal submucosa), PLGA/DBP (demineralized bone particle), PLGA/SIS/DBP, crosslinked SIS
sponge, and polyglycolide (PGA) nonwoven mesh. Natural/synthetic hybrid scaffolds as PLGA, SIS/PLGA,
DBP/PLGA, and SIS/DBP/PLGA were manufactured by solvent casting/salt leaching method, and cross linked SIS
sponge was fabricated by freeze-drying method. Scaffolds were characterized by SEM and porosimetry. It was
evaluated cell proliferation by MTT assay and DNA quantification in vitro and in vivo. Scaffolds seeded rabbit disc
cells were implanted into nude mouse and then confirmed by the histologic staining by H&E, Safranin-O, Masson's
trichrome and type II collagen immunochemical staining. SIS sponge appeared better DNA production and
proliferation of disc cell but the formation of disc tissue was incomplete due to fast rate of degradation. Natural
biomaterials impregnated PLGA scaffolds have better potential for the application of tissue engineered disc due to
its containing bioactive molecules. This experiment indicated that porosity, bioactive materials and biodegradation
duration play an important role for the formation of tissue engineered disc. (Figure 3)
Figure. 3. Hybrid type biodisc composed of thermosensitive hydrogel with nucleus
pulpous at inner part and DBP/PLGA scaffold with annulus fibrosis at out part

4. The basic study of the regeneration of injured spinal cord using regenerative cell source and
functional scaffolds
BMSCs and/or Shwann’s and/or olfactory ensheathing cell transplanted into the normal animal central nervous
systems are able to differentiate and/or modulate into neural cells. In addition, brain-derived neurotrophic factor
(BDNF) appears to enhance the regrowth of ascending sensory axon across spinal cord gap in adult rats. Also,
porous scaffolds have highly porous structure with good interconnection between pores for allowing cell adhesion
and growth. We postulated that resected segment of the spinal cord could be regenerated in adult rat gap
implanting BMSCs and BDNF associated with polymeric porous scaffold. Fabrication of nerve guidance channeled
BDNF-laded PLGA scaffold was performed by ice-particle leaching method.(Figure 4) BMSCs were suspended at
2x106 cells/ PLGA scaffold with 200 ng BDNF. Fischer rats with the various gaps (1~5 mm) created through the
spinal cord transection were implanted by the PLGA/BMSCs/BDNF. For histological evaluation, the implants were
removed after 4 and 8 weeks. Thin sections were stained by H&E, NF, NSE. Motor functional outcome
measurements using the BBB score was performed weekly up to 8 weeks post-injury. Survival of rate and BBB
score in blank control group was very low due to bladder burst and ulcer. Survival of PLGA/BDNF/BMSCs group was
better than blank group. Histological examination confirmed exhibited the regenerated tissue with bundles than

appered to do axons for rats.
regeneration group.

In addition, NF-positive areas were observed in the regenerated tissue of
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Figure 4. BDNF loaded PLGA scaffold for nerve guidance channel.
These works has been collaborated with Drs. Hai Bang Lee and Moon Suk Kim at Korea Research Institute of
Chemical Technology, Profs. Ilwoo Lee and Soon Yong Kwon at the Catholic University of Korea, Medical School,
Prof. Byung Hyun Min at Medical School, Ajou University, and Dr. Yoon Sun Yang at Medi-Post Co. Ltd., and more
than 25 graduate students have been employed. Recently, this center is establishing several international
collaboration with Japan, USA, Malaysia, and so on. Also, most of the projects are supported from government
grants for relatively long periods as five to ten years.
Prof. Khang is the editor of Tissue Engineering and Regenerative Medicine, gives invited and keynote lectures in
many international meetings and publishes over 220 scientific papers, 80 book chapters and review papers, and 50
patents. He is also organizing the National Projects of Korea and some international meetings as BIOKOREA2006,
NANOKOREA2006, 2006 Seoul Symposium on Stem Cell Research and so on. Especially, he will be General
Secretary of 2009 TERMIS 2nd World Congress in Seoul.

Prof. G Khang

Dr. MS Kim
Dr. HB Lee

Features on Tissue Engineering Laboratories
Berlin-Brandenburg Center for Regenerative Therapies (BCRT)
Director: Hans-Dieter Volk, Prof. Dr. med
Vice Director: Georg Duda, Prof. Dr. –Ing
Vice Director: Andreas Lendlein, Prof. Dr. sc.nat.
Charité, University Medicine Berlin
Augustenburger Platz 1
D-13353 Berlin, Germany
The Berlin-Brandenburg Center for Regenerative Therapies
(BCRT), newly formed in autumn 2006, is located in
Europe´s leading region in biotechnology and forms an
integral part of Europe´s largest university hospital. The
objectives of the Berlin-Brandenburg Center for
Regenerative Therapies for the initial 4-year funding period
are:
I. to develop an internationally visible center of excellence
in Regenerative Medicine, focused on targeted cell
differentiation for facilitating endogenous tissue
regeneration by exploring basic principles of
Figure 1: Berlin-Brandenburg Center for Regenerative Therapies
physiological
and
pathophysiological
cell
differentiation and cell-cell interactions and by
implementing novel technologies for enrichment,
culture, expansion, and delivery of cell-based products and/or factors stimulating endogenous tissue
regeneration.
II. to facilitate the efforts to bridge the gap between basic research and clinical positioning of regenerative
therapies by strong activities for translational issues and business development in collaboration with regional
industry partners.
III. to share newly generated scientific knowledge in Regenerative Medicine with researchers, clinicians, and the
public through educational activities, training, publications, and communication forums at national and
international levels as well as to target ethical aspects of Regenerative Medicine in general, and of stem cells in
particular to improve public awareness and acceptance.
The Charité - Universitätsmedizin Berlin, Germany and the Helmholtz Association have formed a strategic alliance
and implements the BCRT as an independent, interdisciplinary organization. It is located in a newly reconstructed
building at the Charité Campus Virchow Clinic (Figure1) and will host about 20 newly implemented research
groups. The Berlin-Brandenburg Center for Regenerative Therapies is lead by a Board of Directors, including HansDieter Volk, Prof. Dr. (Director of BCRT), Georg Duda, Prof, Dr. (Vice Director of BCRT) and Prof. Dr. Andreas
Lendlein (Vice Director of BCRT) and maintains a faculty of internationally acknowledged experts in both basic and
clinical science with a track record of successful scientific interaction, as demonstrated by numerous joint

publications in high-ranking journals and joint network projects (German Research Foundation, Federal Ministry of
Education and Research, EU etc.) from the 13 participating institutions. The BCRT core groups closely interact with
the research groups of the institutions of the 40 principal investigators. In addition, the administrative efforts of the
BCRT support international relationships, education, and the study of ethical issues of regenerative medicine in
general, and of stem cells in particular. The BCRT, together with the Technology Foundation Berlin, a dedicated
governmental business development partner, collaborate with regional industry to facilitate translation of scientific
discovery to patient focused regenerative therapies.
The Scientific Structure

Figure 2: Scientific structure of the Berlin-Brandenburg Center for
Regenerative Therapies

The objective of the Berlin-Brandenburg Center for Regenerative Therapies’ scientific structure is to embed existing
research groups of Primary Investigators (PIs) and about 20 new research groups into a collaborative network.
The Center’s highly interactive research program focuses on the five medical research fields of immune system,
cardiovascular system, nervous system, liver therapy, and musculoskeletal system (columns of Figure 2), that are
cross-linked with the field-overlapping platforms of basic research, bio-engineering, and translational technologies.
Initially, the Center gives particular support to research and clinical programs related to musculoskeletal and
immunological applications, the supporting corner pillars, as aspects of regenerative medicine are most highly
developed in these areas at the Charité and they are closest to clinical translation. While sustaining the corner

pillars, the BCRT is further developing its strength for regenerative therapies in the cardiovascular system, the
nervous system, and in liver-related applications, the inner pillars.
To strengthen the aim of interdisciplinary work in the BCRT, three elements of integration are used:
I. Multidisciplinary platforms
The three multidisciplinary platforms basic science (A), Bio-Engineering (B), and translational technology (C)
work on topics related to the five medically oriented Fields (D-F3). The location of these platforms within the
same building guarantees close interaction. For example, a topic of Field A is the study of the basic cellular and
molecular processes of bone regeneration, which is also of importance for Field E (musculoskeletal).
II. Matrix structure of specific groups
Several groups of the various Fields are organized in a matrix structure, meaning they support the work of the
particular “host” platform, as well as those of other platforms by delivering basic technologies and principles.
For example, the cell sorting group of Field D uses the innovative secretion-assay based sorting technology
(developed by the DRFZ) for enrichment of rare (antigen-specific) living effector/regulatory T cells according to
their specific secretion pattern, but in addition, the group is working to adapt this technology to develop new
strategies for enriching living stem/progenitor cells in collaboration with Field A (identification of specific
secretion products) and the other clinical Fields.
III. Exchange and educational programs
Exchange between BCRT core groups and surrounding institutions of the PIs. The joint appointments of the
PIs, as members of the BCRT and their own institutions facilitates the integration of the BCRT core groups (the
19 new groups and some established groups from the main Fields) and the surrounding groups of the BCRTrelated institutions in a joint effort. Exchange and education programs further support this integration.
The Interdisciplinary Partnership
Berlin and Brandenburg present a unique opportunity within Germany to locate this Center. Berlin is already home
to a large number of university-based and German federal research institutions such as the Max Delbrück Center
(MDC) of the Helmholtz-Association, the Max Planck Institute for Molecular Genetics (MPIMG), and the German
Rheumatism Research Center (DRFZ), to name just a few. In Brandenburg there is the University Potsdam, the
Max Planck Institute of Colloids and Interfaces (MPIKG), and the GKSS Research Center Geesthacht (GKSS) of the
Helmholtz-Association to be mentioned. These institutions cover a wide range of research activities related to
Regenerative Medicine. The Charité has already established a collaborative network to facilitate the development of
basic research studies and ensure their transfer into clinical practice. This network includes several joint projects
funded by the Deutsche Forschungsgemeinschaft (DFG) including Specialized Research Fields (SFBs), the BMBF, as
well as projects funded by the European Union (e.g. GENOSTEM, FUNGENES, Marie Curie).
In addition, in recent years the Charité initiated two larger initiatives in the field: The Tissue Engineering
Laboratory Initiative and the CellNet Office. CellNet’s mission statement includes the promotion of research
networking, pushing for the advancement of clinical studies and education programs for specialists in the field,
supporting economic activities and the commercialization of developments in the area of Regenerative Medicine,
and sharing the knowledge gathered with the public. These efforts were organized in collaboration with the
regional partners BioTOP and TSBmedici (Technology Foundation Berlin), which are the relevant local government

institutions promoting bio-medicine in the region. These initiatives have promoted interdisciplinary cooperation and
have built up the Internet portals www.tissue-engineering.net and www.CellNet.Org.
The BCRT has established international collaborations with Pittsburgh Tissue Engineering Initiative, USA, and the
Kansai Tissue Engineering Initiative, Japan. These partnerships, along with interaction between local institutes will
continue to be cultivated by the use of joint appointments, international exchange programs, and a web-based tool
focused on interdisciplinary research knowledge exchange, which is currently in the test phase with groups in
Pittsburgh and Berlin.
A Translational Focus
As an objective of the BCRT, the Center fosters relationships with industrial partners and governmental
organizations and encourages the creation of start-up companies for the translation of scientific discovery to
products focused on regenerative therapies. Currently, Schering AG, an industrial partner and global leader in life
science, has made a strong commitment to the BCRT by supporting research projects (e.g. founding an
interdisciplinary “cell labeling and imaging group”) and supporting the area of business development to force
translation. In addition, the Technology Foundation Berlin (TSB), a Berlin State-funded organization for
coordinating local technology companies, has provided specific support for the BCRT to support for start-up and
spin off companies, initiate applied research projects for support by funds from the Berlin Senate, network regional
and international industry to basic and clinical research projects, and organize national and international scientific
meetings. Berlin is also internationally recognized as an incubator for biotech start-ups, and the BCRT is continuing
the tradition. PIs (e.g. Sittinger, Lendlein, Gerlach, Volk) of the BCRT have developed several novel technologies
and products related to Regenerative Medicine, already resulting in commercial products.
The Charité and regional biotechnology start-up companies (many of them Charité research spin-offs) have a
considerable track record for translating research projects into cell-based regenerative therapies. To force and
support translation from research developments to the patient´s benefit, the BCRT has implemented a crosscutting
translating technologies research group (Figure 2) and the Z-project, an administrative group, to deliver central
support for translational issues and business development. Furthermore, several mechanisms are already in place
to aid in translation. Clinical studies at the Charité are supported by the clinical trial service center, KKS-Charité,
which was established as a competence and reference center, and is funded by the German Federal Ministry of
Education and Research to guarantee the highest standards in clinical studies. The commercialization strategy of
the BCRT is supported by the technology transfer unit of the Charité, which works in close collaboration with the
innovations, patents and licences company, IPAL GmbH, Berlin, Germany. The Center has also implemented a
Quality Management System that incorporates the essential requirements of QSR.
The Directors
Prof. Dr. med. Hans-Dieter Volk is the Director of the Berlin-Brandenburg Center for Regenerative Therapies. Dr.
Volk is also Head of the Dept. of Medical Immunology, Charité CCM. He is renowned for his research in clinical
immunology, particularly in transplantation, viral infections, immune therapy, and immune monitoring. He studied
Medicine in Berlin; Fellowships in immunology at the HU and FU in Berlin and Univ. Innsbruck; 1986-94 head of
Div. Clin. Immunology; since 1994 Professor of Immunology and Institute head at the Charité. He is member of the
advisory board of the ITN (NIH), ProBioGen Inc, and GenPat77 Inc; member of the board of the German Society of
Immunology, and the Editorial boards of “Am J Transplantation” and “Transplantation”.

Prof, Dr. –Ing. Georg Duda is Vice Director of BCRT. He is also currently the Head of research at the Center for
Musculoskeletal Surgery, Musculoskeletal Research Center Berlin and Clinical Research Group DFG KFO 102.
Acknowledged for his work in biomechanical aspects of bone and cartilage healing, as well as musculoskeletal
loading, Dr. Duda’s work has been distinguished with several scientific awards. Born and raised in Berlin, he studied
biomedical engineering and graduated from the TU, Berlin in 1991. Before becoming Professor of Biomechanics at
the Charité in 2002, he has researched at the Mayo Clinic, the John-Hopkins-University, the TU Hamburg-Harburg,
and Institute of Orthopaedic Research and Biomechanics, Ulm. Prof. Duda’s current research interests are:
Biomechanical aspect of bone healing, the analysis of healing processes using histomorphometry, and molecular
biology, and muscle and soft tissue environment and their effect of the healing process of fractured bone.
Prof. Dr. sc. nat. Andreas Lendlein is Vice Director of BCRT. He is also Director of the Centre for Biomaterial
Development at the Institute of Polymer Research in Teltow belonging to GKSS Research Center Geesthacht
(member of Helmholtz-Association) and Professor for Materials in Life Sciences at the University of Potsdam.
Lendlein is internationally known for his work on biomaterial research, especially (multi)functional material, and
development for application in regenerative medicine; he is also speaker of the Research Programme Regenerative
Medicine of the Helmholtz-Association. Several scientific awards proving his expertise in polymeric biomaterial
sciences including the BioFuture Award by the German Federal Ministry of Education and Research (BMBF), Bonn
1998, the TR100 Award in 2002 by Technology Review Magazine, MIT, Cambridge and the World Technology
Network Award in November 2005 in the category Health & Medicine. From 2004 to 2006 he was Director of the
Institute for Technology and Development of Medical Devices (ITEMP) and Professor in the Medical Faculty of the
University of Technology (RWTH) Aachen. Studied chemistry at the Johannes Gutenberg University Mainz, 1996–
1997 obtained PhD at the Swiss Federal Institute of Technology Zurich, 1997-1998 visiting scientist at the MIT in
Robert Langer’s group. He is chairman of the Scientific Advisory Board of mNemoscience GmbH.
The Goals: Immune System Group, a Corner Pillar
Based on a consortium of internationally acknowledged experts in their fields of both basic and clinical science, the
Immune System Group puts forth highly interactive research on i) adoptive anti-infectious/tumor effector T/NK cell
therapy, ii) adoptive transfer and/or endogenous induction of regulatory T-cells to inhibit undesired immune
reactions, iii) adoptive transfer and/or endogenous activation of monocytes facilitating vascular repair mechanisms
after ischemia/reperfusion injury. To create further synergies and to facilitate the translation from bench-tobedside, the Immune System Group will support essential translational facilities (GMP core lab, clinical trial
coordination) and to implement additional research groups focusing on applied research. In addition, the groups of
this field will supply the whole consortium of the BCRT with technologies for cell sorting and characterization /
modulation of undesired inflammatory reactions to transplanted tissue of different origins.
The research projects of the Immune System Group represent one column of the BCRT. Of interest, in the center,
is the autologous immune cell-based therapy to support endogenous repair and regeneration processes in patients
suffering from immune-associated diseases. Based on the expertise and input of internationally distinguished senior
research groups, the Immune System Group focuses on three subprojects that will get additional support by the
implementation of a translational center (running GMP lab, managing clinical protocols) and four junior groups
focusing on a link between basic research and clinical applied research in the field. With the input of basic
knowledge generated in three immunology-related SFBs and other network projects in Berlin, the structure of the
Immune System Group supported by the BCRT, will facilitate the bench-to-bedside process of cell-based immune
therapies.

As inflammation/immune processes play an important role for the engraftment of any cell/tissue transplant, three
of these groups on immunology will be part of the matrix structure of the BCRT, supporting the work of the
immune platform as well as of other platforms by delivering basic technologies and principles.
The Goals: Musculoskeletal System Group, a Corner Pillar
By assembling a group of internationally well recognized experts in the Field of musculoskeletal regeneration we
aim to (i) better understand the context of delayed or otherwise compromised musculoskeletal regeneration in the
clinic, (ii) relate tissue development, defect regeneration, and musculoskeletal function at the organ, tissue,
cellular, and molecular levels, and (iii) identify novel targets, drugs and matrices as well as optimize combinations
thereof for enhancing musculoskeletal defect healing in the clinic. Activities in Musculoskeletal System Group are
based on a strong research background in tissue engineering, analyses and profiling of applied in vitro cell
differentiation and translation into clinical products which are marketed in several European countries. It is the
intention of Musculoskeletal System Group to combine understanding of mechanical and biological boundary
conditions with an in-depth knowledge of the underlying molecular biological mechanisms to target new therapies
in musculoskeletal defect regeneration.
The Musculoskeletal System Group is maintained by four research groups; three new junior research groups that
are interlinked with the pre-existing senior research group. Musculoskeletal regeneration, a junior research group,
focuses on the developmental biology of bone and cartilage. This group will provide a link between the basic
science platform and Musculoskeletal System Group by investigating the molecular mechanisms of bone and
cartilage formation during development and regeneration. Two junior research groups will analyze both the
“mechanical competence” and “biological competence” in musculoskeletal defect regeneration in patients and
experimental models, ensuring alignment of experimental analyses with critical clinic conditions. The centre of the
Musculoskeletal System Group is the Senior Research Group focusing on musculoskeletal regeneration. This group
will compare regular with delayed defect healing to characterize the regular mechanisms at the organ, tissue and
cellular levels and evaluate treatment options (cell, drug delivery, biomaterials or combinations thereof) during preclinical phases. The Musculoskeletal System Group is structurally interlinked with large scale research consortiums,
providing essential input into the understanding of musculoskeletal regeneration such as: angiogenesis / neoangiogenesis and functional / structural imaging.
The Goals: Bioengineering Group, a Multidisciplinary Platform
Bio-Engineering represents the application of principles of engineering and natural sciences to tissues, cells,
bioactive molecules, and biomaterials. Here biomaterials play a crucial role. During the last decades synthetic
polymers and ceramic materials have increasingly found an application as biomaterials in regenerative medicine.
The most important task of biomaterials in the field of regenerative therapies is the temporary replacement of the
functionality of the extra cellular matrix (ECM). Substantial advances in cell biology, chemistry, and materials
science are now enabling the production of a generation of smart biomaterials. Application fields such as
regenerative medicine result in combination products that push forward the frontiers of materials science and
biology with the objective of integrating biology and material properties. Modern biomaterials science is
characterized by the need to integrate biomaterials design with new insights emerging from studies of cell-matrix
interactions, cellular signaling processes, and developmental and systems biology. Considering the above-described
situation, the prospective challenges at the frontier of biomaterials and life science in the field of Bio-Engineering
will comprise activities in the following areas: development of biomaterials, processing, interface engineering,
cellular engineering, and pharmaceutical technology.

Features on Tissue Engineering Laboratories
University of Michigan Scaffold Tissue Engineering Group (UM-STEG)
Director: Scott J. Hollister, Departments of Biomedical Engineering, Mechanical Engineering, Surgery and
Neurosurgery
Staff: Colleen Flanagan, Erin Moffitt
Post-Doctoral Fellow: Huina Zhang
Graduate Students: Alisha Diggs, Claire Jeong, Heesuk Kang, Jessica Kemppainen, Elly Liao, Eiji Saito, Darice
Wong
Residents: Miller Smith, JC Leveque ,Hunter Brumbay
University of Michigan Collaborators:
Paul H. Krebsbach: Department of Biologic and Materials Science
Stephen E. Feinberg: Department of Oral and Maxillofacial Surgery
Frank LaMarca: Department of Neurosurgery
Chia-Ying Lin: Department of Neurosurgery
Christopher Nosrat: Department of Biologic and Materials Science
Suman Das: Department of Mechanical Engineering
Ravi Birla: Department of Surgery, Division of Cardiac Surgery
Francesco Migneco: Department of Surgery, Division of Cardiac Surgery
P. Michael Grossman: Department of Internal Medicine, Division of Cardiology
Correspondence: scottho@umich.edu
Overview:
The Scaffold Tissue Engineering Group (STEG) at the University of Michigan focuses on hierarchical engineering
of scaffolds and the influence of such engineered scaffolds on tissue regeneration. Specifically, we view the
scaffold as providing temporary mechanical support in a tissue defect, but also as a means to provide chemotactic,
haptotactic, and functional (mechanical, mass transport, electrical, etc.) signals for tissue regeneration. Our goal is
to use these hierarchically engineered scaffolds in spinal, craniofacial, orthopaedic, and cardiovascular clinical
applications.
Our philosophy is based on system integration of select scaffold characteristics that can influence tissue
regeneration, and performing this system integration over scales ranging from sub-micron to centimeters, hence
the term “hierarchical scaffold engineering”. The factors influence tissue regeneration and their scaffold
embodiment include physical characteristics like elasticity and permeability that depend on porous architecture
design, cell-material interaction that depends on base material and surface engineering, and finally the biologic
delivered from the scaffold.
STEG research represents the collective work of a number of graduate students, staff, residents and
collaborating faculty to engineer scaffolds (including computational design and biomaterial fabrication) and apply
these engineered scaffolds to test tissue regeneration hypotheses. Here we present a sampling of our work in
scaffold design, fabrication and specific tissue applications.

Computational Scaffold Design:
A major issue with scaffold engineering is the ability to design scaffold porous architecture to attain desired
mechanical and mass transport properties for a given scaffold base material. We have developed hierarchical
image-based homogenization design methods (Hollister et al., 2000; Hollister et al. 2002; Lin et al. 2004; Lin et al,
2004; Adachi et al., 2005; Hollister, 2005; Hollister and Lin, in press) in which we utilize density distribution within
a fixed voxel structure to represent topology. We use multiple image databases to represent structures at different
levels of scale (Figure 1). For the global anatomic scale, we can design the scaffold shape with adjunct surgical
fixation directly from CT or MRI scans. At the porous architecture level of 0.1 to 1mm, we can design geometric
pore structures and then compute the resulting effective elastic, permeability and diffusion properties using
specially developed homogenization finite element and finite difference codes. As a final step in the process, we
use Boolean operations to combine the all the image datasets into a final design, which is then converted directly
into a surface .STL representation.

Figure 1. Schematic of image-based design process as applied to a
mandibular condyle scaffold. (a) porous architecture design database at
a scale of 0.1 – 1mm. (b) global anatomic design database with surgical
fixation from CT scan. (c) final design.

(a)

(b)

(c)

As an adjunct to this process, we have also developed topology optimization techniques that perform de novo
design of scaffold architecture to maximize permeability while attaining desired elastic properties. Figure 2 shows
optimization of two repeating units, whose sizes are 2mm on a side and are shown in comparison to a 6mm cube
of trabecular bone. Designs can match bone elasticity while maximizing permeability.

(a)

(b)

(c)

Figure 2. Example of topology optimized porous architecture to match target bone properties. (a) trabecular bone
sample with effective anisotropic bone properties. (b) comparison of stiffness and permeability between native
tissue (blue), elasticity only optimization (red) and permeability plus elasticity optimization (white). (c) resulting
repeating unit optimized repeating unit topologies for elasticity only (top) and permeability plus elasticity (bottom).
Finally, we can perform multilevel topology design utilizing both a local architecture model as in Figure 2 together
with a global anatomic model, for example of a minipig spine as shown in Figure 3.

Figure 3. Finite element model of minipig spine used for topology design of spine fusion cage scaffolds.

Scaffold Fabrication:
One key to testing scaffold influence on tissue regeneration is the ability to fabricate scaffolds of arbitrarily
complex three dimensional (3D) designs from a wide array of biomaterials. To accomplish this we have sought to
integrate computational design with fabrication through the use of biomaterial solid free-form fabrication. We have
built biomaterial scaffolds either using indirect SFF, where molds are built on a printing system into which
biomaterials are cast (Taboas et al., 2002) or directly building biomaterials on SFF systems. For the latter
approach, we have worked with Dr. Suman Das (Williams et al., 2005; Partee et al., 2006) to fabricated scaffolds
directly from polycaprolactone (PCL), including mandibular condyle (Figure 3a) and spinal fusion scaffolds. We
have also worked with the Fraunhofer Institute for Laser Technology in Aachen, Germany to build titanium
scaffolds. An example of a topology optimized spine fusion (Lin et al., in press) fabricated directly from titanium is
shown in Figure 3b.

(a)

(b)

Figure 3. Examples of fabricated (a) mandibular condyle PCL scaffold for design from Figure 1 and (b) optimized
porous titanium spinal fusion case scaffolds, with original design shown on the left and fabricated structure on the
right.
Our goal in scaffold fabrication is to provide a platform of biomaterials for tissue regeneration. Although there
are distinct advantages to building materials directly on a specific SFF machine, it is often difficult to build directly
due to the need to modify the biomaterial to fit the particular physical processing of a given machine. Therefore,
we have also utilized indirect SFF where a 3D mold is printed and the biomaterial is cast into the mold. We have
done this with a variety of materials, including hydroxyapatite (HA) , tri-calcium phosphate (TCP), HA/TCP
mixtures, polylactic acid (PLLA), polyglycolic acid (PGA), polylactic polyglycolic co-polymers (PLGA),
polycaprolactone (PCL), Poly(1,8-octanediol-co-citrate), poly(glycerol-sebacate) (PGS), and polypropylene fumarate
(PPF). These materials span a broad range of material properties and can be applied to a equally broad range of
hard and soft tissue reconstruction problems. Examples of scaffolds fabricated from these materials using indirect
SFF are shown in Figure 4. In addition, we have also utilized a number of techniques for evaluating scaffolds,
including imaging from the SEM (Fig. 4h) to micro-CT level to characterize scaffold structure, and mechanical and
permeability testing to characterize scaffold function.
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Figure 4. Examples of biomaterial scaffolds made using an indirect SFF process. (a) POC scaffold (b) PPF/TCP
scaffold (c) PLLA scaffold (d) 50/50 PLGA scaffold (e) PCL scaffold. (f) cast PGS material (g) 25% TCP/HA scaffold
(h) verification of TCP/HA microstructure using cathodaluminesence imaging. Light areas are TCP particles.
Scaffold Surface Modification:
Scaffold engineering at the 0.1mm to cm scale level is achieved through design and SFF. We are also pursuing
surface modification at the 50 micron and below level to influence cell attachment to designed scaffolds. We have
successfully modified PCL for RGD attachment, and will utilize the RGD surface modification as a post-processing
for the designed 3D scaffolds. Figure 5 shows the effect of RGD surface modification on rat bone marrow stromal
cell attachment.

Figure 5. Effect of RGD surface modification on rat
BMSC spreading as characterized by F-actin staining.
(a) native PCL surface. (b) PCL surface with 25 g
RGD.
Surface with RGD modification shows
significantly more staining, indicating increased cell
attachment and spreading

(a)

(b)

Bone Regeneration:
Scaffold Effects on Bone Regeneration
We have published a number of studies on the influence of scaffold architecture, material, and cell carrier on
bone regenerated through gene therapy approaches (Schek et al., 2004; Hollister et al., 2005; Lin et al., 2005;
Williams et al. 2005; Schek et al., 2006). Specifically, we have examined pore size, pore shape, porosity, scaffold
material and cell carrier effects on bone regeneration. In a subcutaneous mouse model delivering BMP-7
transduced human gingival fibroblasts in either a PLA sponge or fibrin gel, we found that having HA as a base
scaffold material led to more bone regeneration than having PPF/TCP as a base material (Figure 6). In addition,
delivering cells in a fibrin gel led to more bone formation than delivering cells on a PLA sponge. Pore size,
however, did not affect bone regeneration for pore diameters between 300 and 800 m. In a preliminary study
on porosity, we have found no difference in bone formation with scaffold porosities of 30%, 50%, and 70% with a
fixed scaffold pore diameter of 1000 m. Finally, we have also delivered BMP-7 transduced human gingival
fibroblasts on PLLA, 50/50 PLGA, and PCL. Results from these three polymers have shown similar bone growth at
4 and 8 weeks to each other and PPF/TCP, although the 50/50 PLGA loss considerable mechanical strength and
was unable to retain shape even in the subcutaneous model.

(a)

(b)

Figure 6. Effect of scaffold architecture on bone regeneration in a subcutaneous model delivering cells transduced
with BMP-7. (a) graph showing that material HA vs. PPF/TCP and cell carrier have significant effects on bone
regeneration, but not pore sizes between 300 and 800 m. (b) micro-CT scan showing bone growing into design
scaffold in subcutaneous model at 4, 8 and 12 weeks. Arrows show bone closely lining scaffold surface.
In addition we have tested bone regeneration within designed hydroxyapatite scaffolds in Yucatan minipig
model (Figure 10). We examined pore size ranging from 400 to 1200 m, and also circular and square pore
shapes. Results indicated that neither pore size nor pore shape had any influence on bone regeneration. All
designs showed bone filling 70%-80% of all pores by 18 weeks.

(a)

(b)

(c)

Figure 7. Bone growth in designed scaffolds in a Yucatan minipig model. (a) example of scaffolds implanted in
mandibular defects. (b) micro-CT scan showing bone filling scaffold. (c) graph showing no effect of pore size
between 400 and 1200 m or pore shape at 18 weeks, with bone filling between 70% and 80% of available pore
volume for circular pore shape (red), square pore shape (white) and inverted square pore (blue).
Cartilage Regeneration: Scaffold Effects on Cartilage Regeneration
We have found some similarities and some differences between scaffold/carrier effects on cartilage
regeneration versus on bone regeneration (Liao et al., in press). Similar to bone, we found that carrier had a
significant effect on cartilage regeneration. In this case, chondrocytes in collagen I/5% hyaluronic acid gel
synthesized significantly more matrix than chondrocytes in collagen I gel. However, increasing the hyaluronic acid
concentration to 10% led to reductions in cartilage matrix synthesis.
Unlike bone, scaffold pore shape had a significant effect on cartilage matrix synthesis from both primary
chondrocytes and bone marrow stromal cells when those cells were cultured in chondrogenic media two weeks
prior to implantation. Specifically, we found that ellipsoidal shaped pores led to significantly more cartilage matrix
than orthogonally connected straight cylindrical pores (Figure 8).

Figure 8: Pore shape affects cartilage matrix synthesis by
both primary chondrocytes and bone marrow stromal cells.
(a) examples of cartilage matrix synthesis by chondrocytes
(top) and bone marrow stromal cells (bottom) in elliptical
pore scaffolds. (b) graph showing increase in cartilage
matrix synthesis (as measured by histomorphometric
measures of Saf-O staining) in elliptically shaped scaffold
pores by both primary chondrocytes and bone marrow
stromal cells.

Craniofacial Reconstruction: Scaffolds for Mandibular Condyle Reconstruction
In research work supported by a Bioengineering Research Partnership grant, our goal was to develop a scaffold
based approach for mandibular condyle reconstruction in a large functional animal model, the Yucatan minipig. We
engineered a PCL mandibular condyle scaffold that could be readily implanted and attached to the mandibular
ramus following condylectomy. We have implanted these scaffolds in both young (6-8 months) and old (4-8 years)
Yucatan minipigs. Results have shown that the animals successfully function post-surgery. There is prolific bone
regeneration and even cartilage regeneration in the young minipigs (Figure 9b). Older animals show slower but
still significant bone regeneration by 3 months, in which 1/3 of the condyle has regenerated (Figure 9a).
Histological analysis for cartilage regeneration is ongoing for the older animal specimens. It is important to note
that the old minipig condyle is 3-4 times larger than a human mandibular condyle.

(a)

(b)

Figure 9 Example of bone and cartilage regeneration on designed PCL scaffolds in Yucatan minipig model. (a) example of
bone regeneration at 3 months in old (5 years) minipig. Bone (green) fills 1/3 of scaffold space (blue). Yellow line denotes
original osteotomy, green straight lines are screws holding scaffold to ramus. (b) Histology showing bone and cartilage
formation on the scaffold within the TMJ. Red is cartilage matrix at joint surface.

Spine Reconstruction: Scaffold Effects on Fusion and Intervertebral Disc Reconstruction
We have begun investigating scaffold architecture and material influences on tissue regeneration for spine
reconstruction applications in a Yucatan minipig model. One application has been to design cages for posterior
lateral fusion. In this study, two animals had posterior-lateral fusion with a cage plus collagen sponge infiltrated
with BMP-2 and collagen sponge along with BMP-2 randomized to level and side. Results showed that the PCL
cage with BMP-2 localized the fusion mass better than collagen sponge alone.
Figure 10. Posterior-Lateral
spine fusion using designed PCL
cage with collagen sponge to deliver
BMP-2. (a) PCL cage design. (b)
surgical
implantation of
both
cage+sponge and sponge alone
with rhBMP-2. (c) posterior fusion
mass with cage. (d) fusion mass
with
sponge
alone
showing
extraneous bone formation.

(a)

(b)

(c)

(d)

In addition, we have also designed cages for interbody fusion and disc motion from PCL to have mechanical
properties in the range of normal disc tissue.
CNS Applications: Scaffold Effects on CNS Tissue Regeneration
We have also begun preliminary investigations into scaffold material and architecture effects on CNS tissue
regeneration, in rat models of both brain tissue defects and spinal cord transection. In the rat brain defect model,
the goal was to investigate the effect of scaffold material and architecture on inflammation in the brain as well as
neural tissue growth. Both PCL and PLGA sponges were implanted into surgically created brain defects, and in
addition designed PCL structures were inserted into select brain defects. Initial results indicate that PCL induces
less inflammation than PLLA in brain defects. Additionally, without the presence of a sponge material, the brain
tissue defect size increases with time (Figure 11).
Figure 11. Effect of biomaterial scaffolds in rat
brain defects. A) PCL sponges 4 weeks after
implant. B) empty defects 4 weeks after surgery. C)
PCL sponges 8 weeks after implant. D) empty
defects 8 weeks after surgery.

For the rat spinal cord transection model, designed PCL scaffolds containing different numbers of channels were
placed in transected segments of the rat spine. Results showed tissue growing through the channels and around
the scaffold (Figure 12). Further histological analysis is ongoing.

Figure 12. A channel scaffold implanted at T8 in rat
spinal cord transaction model for 3 months shows tissue
ingrowth in spongy and channel areas and also streaming
around the exterior

Cardiovascular Applications:
Scaffolds for Heart Valve Reconstruction
We are also pursuing the effect of scaffold material and design on heart valve regeneration. The goal in this
study is to create scaffolds with similar mechanical properties to native heart valves. We have made a tri-leaflet
design and have done initial casting of PCL. We also plan to utilize POC and PGS for this application.

(a)

(b)

(c)

Figure 13: Scaffold design and fabrication for heart valves. (a) direct design of heart valve scaffold from image
data. (b) mold fabrication for casting biomaterial heart valves. (c) prototype heart valve made by casting PCL into
wax molds.
Summary:
In summary, we have developed techniques for hierarchical design and fabrication of 3D scaffolds to attain
desired physical properties from a wide variety of biomaterials. We have applied these techniques to determine
how scaffolds influence tissue regeneration, determining for example that cell carrier has significant influence on
both bone and cartilage regeneration, but that pore shape seems to influence cartilage regeneration much more
than bone regeneration. Finally, we have pursuing applications of hierarchically engineered scaffolds for problems
in craniofacial, spine, CNS and cardiovascular reconstruction.
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TERMIS-SYIS: Student and Young Investigator Section
TERMIS-SYIS Introduction
The 8th TESI Annual Meeting in Shanghai, China (October 22-25, 2005) presented a unique opportunity for student
and post-doctoral researchers in Tissue Engineering and Regenerative Medicine to organize themselves as a part of
TERMIS. The Student and Young Investigator Section (SYIS) of TERMIS was defined to further the aims and
objectives of TERMIS regarding student research and education. TERMIS-SYIS was formalized at the Regenerate
World Congress that was held in Pittsburgh, Pennsylvania this past April. Currently, there are over 500 members
worldwide with over 30 countries represented. SYIS elections will take place this November. Please refer to
Section 3 of the newsletter for more information on the elections.
TERMIS-SYIS provides a platform for the “next generation” of scientists and engineers in the field of tissue
engineering and regenerative medicine to interact. SYIS aims to further the professional and scientific development
of its members.
Summary of Regenerate World Congress on Tissue Engineering and Regenerative Activities
We hope everyone was able to benefit from all of the TERMIS-SYIS sponsored events at the Regenerate World
Congress
that
was
held
in
Pittsburgh,
Pennsylvania
(April 24-27, 2006). Highlights of some of the events include a Student Meet Mentors event where students and
young investigators had an opportunity to network with world renowned academic and industrial investigators, a
Professional Development Workshop that focused on formulating and giving a scientific presentation to an
international audience, and a Career Center. All of the events were very well attended and provided an opportunity
to further the professional and scientific development of SYIS members
Structure of
and Elections

TERMIS–SYIS

We are now actively seeking
enthusiastic
and
motivated
members to assist with SYIS. The
success of SYIS is dependent
upon effective and imaginative
leaders to stimulate student
membership and involvement.
A listing of all the positions that
are available within SYIS is
located on the Online Forum.
TERMIS-SYIS will consist of the
following
positions
and
committees:

If you are interested in running for any of the positions available, please email Mrs. Sarah Wilburn at
swilburn@termis.org with your name, the position that you are interested in, and a brief paragraph of your
qualifications and why you are interested in running for a certain position. Elections for the various positions in
TERMIS-SYIS are to be held in November 2006.
Membership – TERMIS-SYIS
We welcome students (full-time graduates or undergraduates) and young investigators of any academic discipline
who have educational, research, or practical interests in the fields of Tissue Engineering and Regenerative Medicine
to be members of TERMIS-SYIS. Young investigators must have been awarded their doctoral degree within the
past 3 years and should not be holding an appointment as a faculty or academic staff in a university/research
institute.
To encourage participation by students, the Society has reduced the annual membership fee to US$ 25. Fees are
exempted for students from several emerging countries and for those who attend one of the annual TERMIS
meetings (when membership is complimentary). Current and new membership would expire on December 31,
2007.
Membership Benefits – TERMIS-SYIS:
Being part of a worldwide organization whose benefits are geared specifically to the needs of the tissue
engineering and regenerative medicine community, SYIS members have the opportunity to share information and
support, gain experience in being part of a professional organization and develop leadership skills. You have the
opportunity to take advantage of exclusive benefits like:
1. Free online access to the Society’s official journal, Tissue Engineering
2. One year complimentary subscription to Genetic Engineering News.
3. The Society’s quarterly newsletter “interLink” and the SYIS’ e-newsletter.
4. Reduced registration fees and student travel awards for the meetings/conferences sponsored or endorsed by
the Society;
5. Exclusive access to the online SYIS forum and discussion boards for scientific exchange;
6. Free access and posting of career opportunities on TERMIS website and SYIS forum;
7. Leadership opportunities and professional recognition.
5. SYIS Online Forum (http://www.mirm.pitt.edu/termis_syis/).
To provide a platform that fosters the interaction of SYIS members worldwide, a web-based Online Forum was
created. The goal of the forum is to promote networking and scientific brainstorming, which can ultimately
enhance the professional and scientific development of SYIS members. Additionally, an Online Career Center has
been established so that SYIS members can find the latest postings for graduate and post-doc research
opportunities specific to the tissue engineering and regenerative medicine community.

Upcoming TERMIS-SYIS Activities
In continuity with the activities held in the World Congress, SYIS will actively participate in the EU Continental
Meeting at Rotterdam. Professional development and networking will be promoted by both scientific and social
events. The activities planned at the upcoming Rotterdam Meeting include a SYIS Reception, a general SYIS
assembly meeting, professional development workshop, round table discussions between students and mentors
and the opportunity to co-chair scientific sessions with some of the leaders in regenerative medicine and tissue
engineering. The participation and interest of all SYIS members will outline the success of this initiative. Further
information will be soon emailed to all members and available in the TERMIS-SYIS Webpage.
TERMIS-SYIS Student Representative Contact Information:
As any organization evolves, there is always room to improve. If you have any suggestions or feedback, please
email your regional representative with this information.
Asia-Pacific:
Sambit Sahoo, MD, MMST
Tissue Repair Lab, Division of
Bioengineering, EA-03-12,
National
University
of
Singapore, Singapore - 117576
Tel: +65 6874 5985, 6516
5985
Fax: +65 6874 5985
email: sambit@nus.edu.sg

Europe:
Catarina Moniz Alves, BSc
3B's Research Group, Department
of Polymer Engineering, University
of Minho, Campus de Gualtar,
4710-057 Braga, Portugal
Tel: +351 253 604781/82
Fax: +351 253 604492
email: cmalves@dep.uminho.pt

North America:
Tiffany L. Sellaro, MS
100 Technology Dr., Suite 200,
Department of Bioengineering,
McGowan
Institute
for
Regenerative Medicine, University
of Pittsburgh, PA 15219 USA
Tel: +001 412 235 5177
Fax: +001 412 235 5110
email:sellarotl@upmc.edu

TERMIS Sponsors
TERMIS would like to thank our sponsors for their continued support!

Gold Level Sponsor

TERMIS Membership
How to Become a Member of TERMIS:
Membership to TERMIS is open to individuals who
are interested in the field of tissue engineering and
regenerative medicine and support the mission of
the Society.
There are two (2) ways to become a TERMIS
Member:
1. Attend a TERMIS World Congress or a
Chapter Meeting.
By attending a TERMIS meeting, you automatically
become a member or renew your membership until
the end of the following year.

Example: You attend either the World Congress in
Pittsburgh or the TERMIS-EU Chapter meeting in
Rotterdam in 2006. You are automatically a
member of the Society until December 31, 2007. If
you then attend any of the Chapter meetings in
2007, you automatically remain a member until
December 31, 2008, and so on.
2. Pay the Annual Dues.
Dues have been structured to encourage
participation by students, in particular, as follows:
a. Regular Membership (annual dues: $100.00)
– Any individual who does not qualify as a
Student Member.
b. Student Membership (annual dues: $25.00) –
Any individual, who is engaged as a full-time
graduate or undergraduate, in a university or
college program and is actively involved in research
in the field of tissue engineering and regenerative
medicine. A copy of your student ID needs to be
presented at the time of joining the Society.

The individuals residing within the countries that have
been identified as Emerging Countries within the
Continental Chapters are exempt from paying
membership dues. Even though dues will not be
collected, you must complete the online membership
form.
Membership Benefits
How TERMIS Membership Benefits You:
1. Free online access to the Society’s official journal,
Tissue Engineering, and reduced subscription rates for
the print edition;
2. Opportunity for TERMIS members to purchase a
Regenerative Medicine Online Package that includes
online access to: Tissue Engineering, Rejuvenation
Research, Stem Cells and Development and Cloning
and Stem Cells for $295.00;
3. One year complimentary subscription to Genetic
Engineering News. Visit the TERMIS website for further
details;
4. The Society’s quarterly newsletter, interlink;
5. Reduced registration fees to the meetings sponsored
or endorsed by the Society;
6. Posting career opportunities on the TERMIS website
free for one month.
Your participation in TERMIS as a member helps the
Society become a leading international voice in
addressing key issues affecting research and clinical
developments in the field of tissue engineering and
regenerative medicine.
If you have any questions about the membership
benefits offered to TERMIS members, please contact
Sarah Wilburn at swilburn@termis.org.
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TERMIS Chapter and World Congress Meetings
Mark Your Calendars!
Updates on the meeting will be provided on the TERMIS website, www.termis.org.
June 2007
TERMIS-North America: Toronto, Ontario
Westin Harbour Castle
Meeting Chair: Molly Shoichet
June 13-17, 2007
www.regenerate-online.com

June 2008
TERMIS-Europe: Porto, Portugal
Porto Congress Center – Alfândega
Meeting Chair: Rui Reis
June 23-27, 2008
www.termis.org/eu2008

September 2007
TERMIS-Europe: London, England
Regent’s College Conference Centre
Meeting Chair: Robert Brown
4-7 September 2007
www.termis.org/eu2007

November 2008
TERMIS-Asia-Pacific: Chinese, Taipei
Taipei International Convention Center
Meeting Chair: Prof. Ging-Ho Hsiue
November 7-8, 2008

November 2007
TERMIS-Asia-Pacific: Tokyo, Japan
Sankei Plaza
Meeting Chair: Prof. Kazuo Tsubota
November 8-9, 2007

December 2008
TERMIS-North America: San Diego, California
Hyatt Regency La Jolla
Meeting Chairs: Bill Tawil, Bob Sah and Anthony
Ratcliffe
December 6-10, 2008

August 2009
2nd World Congress: Seoul, Korea
Hotel Lotte World, Jamsil
Meeting Chair: Shin-Yong Moon
August 31 – September 3, 2009

Solicitation of Proposals to Host the 2010 and 2011 Chapter Meetings
The Continental Chairs of the Asian-Pacific, European and North American Chapters invite interested parties to
submit their proposals to host the 2010 and 2011 Chapter meetings. All parties must complete the Meeting Host
Form located at http://www.termis.org/docs/RegionalMeetingApplication.pdf.
All proposals must be submitted by November 1, 2006 to Sarah Wilburn at swilburn@termis.org.

Tissue Engineering Journal
Subscription Information
Free Online Access to Tissue Engineering
The online version of the journal, Tissue
Engineering, the official journal of TERMIS, is now

available for free to members only. The online
journal can be accessed 24 hours a day, 7 days a
week by logging on to the online journal website,
http://www.termis.org/journal.php.

All members of TERMIS have been issued a
username and password to access the online
version of the journal. If you are experiencing
problems logging on to view the online journal or
have any questions, please contact Sarah Wilburn
either by email at swilburn@termis.org or by phone
at +1 (410) 931-7838.

Regenerative Medicine Online Journal
Package

Mary Ann Liebert Publishers, Inc. is providing
TERMIS members with the opportunity to purchase
a Regenerative Medicine Online Journal Package
that includes the following journals:
Tissue Engineering
Rejuvenation Research
Stem Cells and Development
Cloning and Stem Cells
The Online Journal Package can be purchased for
$295.00. If you are interested in ordering the
journal package, please check the corresponding
box that is included within the TERMIS online
membership form.

Encourage Your Institution to Subscribe
to the journal, Tissue Engineering

If your institution does not currently subscribe to
the journal, Tissue Engineering, we ask that you
please complete the library recommendation form
and fax to your institution’s librarian encouraging
them to subscribe to the journal today. (A copy of

the librarian recommendation form can be found at
http://www.termis.org/docs/libraryRecommendFor
m.doc) Your institution’s library can benefit in
subscribing to Tissue Engineering by providing a
publications outlet for yourself and other colleagues
within the field of tissue engineering keeping you
up-to-date with the latest papers and research.
The journal now offers an online version, which
offers convenience and ease of accessibility.
Please take a moment to complete the form and fax
to your librarian today!

Genetic Engineering News (GEN)

In view of your membership with TERMIS a one
year complimentary subscription to Genetic
Engineering News (GEN) has been reserved for you.
Act now to receive 21 free issues of GEN for 2006.
Genetic Engineering News, founded in 1981 was the
first in biotech and is now the biggest and most
widely read biotech publication in the Industry.
By providing an authoritative insider’s perspective
into all aspects of biotechnology, GEN is an
indispensable resource for everyone involved in the
business of translating discoveries at the bench into
solutions that fight disease and improve health,
agriculture and the environment.
Subscribe today to see why over 70,000 biotech
professionals read GEN to keep current in the areas
of drug discovery, translational research, biomarker
discovery,
bioprocessing,
collaborations,
partnerships, business trends and more.
Don’t miss this opportunity to receive GEN at your
office 21 times during 2006.
To sign up for your complimentary subscription to
GEN go to: www.genengnews.com/subscribe.aspx.
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Post Your Job Openings

Members of TERMIS have the opportunity to post job openings on the TERMIS website for one month FREE. If you
are interested in posting a job opening, please send the job description to Sarah Wilburn at swilburn@termis.org.
The TERMIS-SYIS will also post the job openings on the SYIS forum.

Upcoming Meetings Endorsed by TERMIS
October 2006
•

European Society Foundation (ESF) and the European Molecular Biology Organization (EMBO)
28th October 2006– 2nd November 2006- Symposium entitled: “Stem Cells in Tissue Engineering: Isolation,
Culture, Characterisation and Applications"

•

IFATS 2006
October 21-24, 2006 at the Embassy Suites Hotel in Baton Rouge, Louisiana

December 2006
•

4th Annual Commercialisation of Tissue Engineering and Cell Therapy
14-15 December 2006

April 2007
•

PharmaMedDevice – www.PharmaMedDevice.com
April 24-27, 2007 at the Jacob K. Jants Convention Center in New York City, NY
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