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08.45 – 09.15
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Posters
1. Allogeneic stromal cell implantation in brain tissue of immune-competent mice leads to
robust microglial activation and subsequent graft elimination
Bart R. Tambuyzer
Laboratory of Experimental Hematology, Vaccine and Infectious Disease Institute
Bio Imaging Laboratory
Antwerp University Hospital, Belgium
2. Luciferase-expressing stromal derived from Rosa26-L-S-L-Luciferase transgenic mice are
immune-tolerated following implantation in the central nervous system of syngeneic
immune-competent mice
Irene Bergwerf
Laboratory of Experimental Hematology – Vaccine and Infection Disease Institute
Antwerp University Hospital, Belgium
3. In vivo bioluminescence and magnetic resonance imaging of neural stem/ progenitor cells
following implantation in the central nervous system of immune-competent mice
Kristien Reekmans
Laboratory of Experimental Hematology, Vaccine and Infectious Disease Institute,
Centre for Cell Therapy and Regenerative Medicine, Antwerp University Hospital, Belgium
4. Combined real-time bioluminescence and magnetic resonance imaging for monitoring
stromal cell implantation in the central nervous system in mice
Nathalie de Vocht
Laboratory of Experimental Hematology, Vaccine and Infectious Disease Institute,
Bio Imaging Laboratory, Antwerp University Hospital, Belgium
5. TissueFAXS: taking microscopy from image to analysis and immunohistology from
estimation to measurement
Rupert C. Ecker
TissueGnostics GmbH, Vienna , Austria
6. Angiogenic growth factor profile of human amniotic membrane
Simone Hennerbichler
Red Cross Blood Transfusion Service of Upper Austria, Linz, Austria
Austrian Cluster for Tissue Regeneration
7. Cord Blood Banking in Bulgaria
Ludmila Ivanova
8. Mesenchymal stem cells: what potential for Liver Tissue Engineering and Therapy?
Priti Dhareshwar
Novus Sanguis at Newcastle centre for cord blood, Newcastle University, United Kingdom
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Welcome and opening of the 4th ITERA Workshop
Albert Ramon, Chairman ITERA Life-Sciences Forum
University Hospital Antwerp (UZA) dept. Gastroenterohepatology, Belgium
Institute of Genetics and Molecular Biology, Cologne, Germany

About ITERA
ITERA Life-Sciences Forum is an open and unconventional scientific platform founded in March 2004 and
located in Germany Aachen at the ITERTAL Klinik.
ITERA members belong to different scientific disciplines and to all the medical specialism dealing with
Tissue Engineering and Regenerative Medicine, as well as with Transplantation Medicine. Beside this
scientific platform, a very important group of experts in human rights and Bioethical questions belong to
ITERA.
ITERA is now represented in practical every European country, Asia, South-Africa and the USA by local
representatives and volunteers. The organization has members in over fifty Universities and University
Hospitals, five Stem-Cell Institutes, five Research-Institutes ( both public and private ), as well as in
different industries (Pharma, Biotech, ICT etc.). Our members and partners participate in different
European Grants and prepare projects in the Frame-Work 7 proposals.

About the ITERA 4th workshop
The former workshops were dedicated to the different composers and Nobel Prize laureates in Medical
Biology, Immunology and Physiology. This 4th ITERA Life-Sciences workshop, once again organized in
the Vaeshartelt Castle Congress Hotel, is dedicated to the Young Researchers -members of ITERA- and
indeed to the volunteers of the local ITERA offices. The workshop is organized in collaboration with the
NovusSanguis, the international research consortium on cord blood stem cells and adult stem cells for
therapeutic applications. The theme of this year’s workshop is “Stem Cells: From the basic research to
the pre-clinical and clinical applications”.

Albert Ramon
Chairman ITERA Life-Sciences Forum
For more information, please meet us too at: http://www.itera-ls.org
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State-of-the-art lecture
Mechanisms underlying increased potency of somatic stem cells, and possible
uses of cells with extensive differentiation potential
Catherine Verfaillie and colleagues,
Stamcelinstituut, Katholieke Universiteit Leuven, Belgium
We and others have over the last 5-7 years demonstrated that cells can be cultured from bone marrow or
other postnatal tissues that have the ability to differentiate into multiple cell types, including mesoderm,
endoderm and ectoderm. We termed these cells multipotent adult progenitor cells, whereas other groups
named these MIAMI cells, BSSCs, MASC, USSC, pre-MSC, … However, there greater potency is still
less than that of Embryonic Stem Cells (ESC). Transcriptome analysis confirms that MAPCs differ
significantly from other adult multipotent stem cells, such as NSC and MSC, but that MAPCs express a
number, but not all, genes specifically expressed in ESCs and important for their pluripotency, even
though MAPCs also express genes known to be associated with endoderm and mesoderm specification.
Interestingly, MAPC express four of the six factors recently identified to be capable of reprogramming
mouse and human fibroblasts to IPs cells. Studies aimed at further delineating the mechanism underlying
the greater potency of MAPC, whether pre-existing in vivo or induced in culture, will be discussed. Finally
studies will be discussed wherein we start to discuss the possible uses of “pluripotent” cells, including
MAPC, ESC and iPS cells.
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Umbilical cord blood stem cells – sustainable models for therapy and drug
development
Professor Colin P. McGuckin
President, NovusSanguis, charity for responsible regenerative Medicine.www.novussanguis.org
Newcastle Centre for Cord Blood, North East England Stem cell Institute and the Institute of Human
Genetics, Newcastle University, NE1 3BZ. c.mcguckin@conoworld.com
C.P.McGuckin, S.Habibollah, M.Jurga, P.Dhareshwar and N.Forraz
Over 130 million children are born each year, making Umbilical Cord Blood, the largest stem cell source
available on the planet. We believe strongly that this can be of use not only for potential transplants, but
also for the development of defined tissues for making drugs and for toxicity testing, which is increasingly
important for the creation of humanized drugs. Collecting cord blood is ethically acceptable to just about
every religion globally, is non-invasive and gives this stem cell source a clear advantage over any other
stem cells. While embryonic stem cells gain more journalistic attention, no-one has been treated or cured
with human embryonic stem cells, while over 10,000 people have already been successfully treated with
cord blood. We have routine protocols for isolation of defined cell populations from extremely immature
stem cell compartments, through to more mature progenitor cells, which have allowed defined tissue
engineering and regenerative procedures to be advanced. Our research group were first research in the
world to develop a protocol for the production of karyotypically normal Cord Blood-derived Embryonic-like
stem cells (CBE’s), which have the ability to form embryoid body-like structures and to express the
majority of Embryonic Stem Cell markers. It is also possible to subculture these cells for ex vivo
expansion for over 12 weeks, whilst maintaining their immaturity. This is the first production of a clone of
embryonic-like cells from a non-embryonic tissue. Our work has demonstrated that tissues of all three
germ layers can be produced from cord blood. Further confirmation of the pluripotentiality of this stem cell
group was made when we made defined tissues of the neural, hepatic, epithelial and pancreatic tissues
amongst others. In order to further develop these tissues, we have developed models of use to the
pharmaceutical industry and an example of this is the ability to differentiate human cord blood stem cells
into a heterogeneous population of liver cells ranging from hepatocyte stem cells (Ck-19 positive),
bipotent hepatoblast cells (AFP positive), mature hepatocytes (Albumin and ck-18 positive) and mature
biliary epithelial cells (CK-7 and Ck-19 positive) with functional activity including Periodic Acid Schiff
staining, Indocyanine Green Uptake and cytochrome P450 CYP3A4 metabolism of testosterone. Such
models are of great use to demonstrate that cord blood is useful not only for transplant, but also general
drug testing.
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Tumour stem cells: stairway to heaven?
Marc Ramael
Biomedical Research Institute, Hasselt University, 3590 Diepenbeek, Belgium
Dept. Pathology, General Hospital St. Elisabeth, Nederrij 133 B-2200 Herentals, Belgium
Despite progress in the early detection and treatment of malignant disease, existing cancer therapies are
limited in their ability to completely eradicate tumors or to prevent recurrence and progression to
metastasis. Tumors and distant metastases frequently recur, even after completion of therapy. In
addition, existing therapies are relatively non-specific and highly toxic, often killing normally proliferating
cells as well as tumor cells. New cellular and mechanistic insights are required to understand why current
preventive and therapeutic interventions have limited efficacy, and why tumor metastases recur. The
concept of a self-renewing population within the tumor, the tumor stem cells, offers the potential to
provide these insights. Ongoing characterization of tumor stem cells promises to be highly translational,
providing new targets for early detection and for preventive and therapeutic interventions. Although the
concept of a tumor stem cell has been postulated for many years, only in the last decade has the
existence of rare populations of self-renewing cells been demonstrated within hematopoietic and some
epithelial cancers. These cells, referred to by various terms such as “tumor initiating,” “tumor stem,” or
“cancer initiating” cells, may be responsible for driving tumor development, progression, and metastasis.
In many cases, these cells comprise only a small sub-population within the tumor, but have the potential
to propagate the tumor. Thus, human tumor stem cells can recapitulate the complete phenotype of the
original human tumor following serial xenografts into immune-compromised mice. In contrast, the bulk of
the cells in the tumor lack this capacity. Cancers originally develop from normal cells that gain the ability
to proliferate aberrantly and eventually turn malignant. These cancerous cells then grow clonally into
tumors and eventually have the potential to metastasize. A central question in cancer biology is, which
cells can be transformed to form tumors?
Recent studies elucidated the presence of cancer stem cells that have the exclusive ability to regenerate
tumors. These cancer stem cells share many characteristics with normal stem cells, including selfrenewal and differentiation. With the growing evidence that cancer stem cells exist in a wide array of
tumors, it is becoming increasingly important to understand the molecular mechanisms that regulate selfrenewal and differentiation because corruption of genes involved in these pathways likely participates in
tumor growth. This new paradigm of oncogenesis has been validated in a growing list of tumors. Studies
of normal and cancer stem cells from the same tissue have shed light on the ontogeny of tumors. That
signaling pathways such as Bmi1 and Wnt have similar effects in normal and cancer stem cell selfrenewal suggests that common molecular pathways regulate both populations.
Tumor stem cells have been characterized and isolated based on their expression of various cell surface
molecules. These phenotypic markers vary among tumor stem cells of differing origin. Tumor stem cells
were first characterized in acute myeloid leukemia (AML) and found to have the characteristic phenotype
of CD34+, CD38-, CD123+. Subsequently, tumor stem cells have been identified in mammary carcinoma
(CD44+, CD24lo), several brain tumors (CD133+, nestin+), and in colon cancer and melanoma
(CD133+). It is still not clear whether tumor stem cells are present in all tumors. In a transgenic mouse
model, most of the cells of a lymphoma (driven by the oncogene Eµ-myc) had the ability to recapitulate
the tumor in transplantation models. However, the possibility could not be excluded that, in this Eµ-myc
transgenic mouse model, the lymphoma consists of a homogenous population of less differentiated cells
exhibiting a greater proliferative capacity greater than the human models previously examined.
Various questions remain unanswered about the prevalence of tumor stem cells in specific tumor types.
Nonetheless, the already collected data in various models begin to implicate stem cells in the resistance
of tumors to complete eradication by current therapies. Tumor stem cell populations may have inherent
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resistance to chemotherapeutic agents that efficiently target the bulk of tumor cells. In support of this
interpretation, normal stem cells demonstrate a resistance to current chemotherapeutic agents through
the expression of several ATP binding cassette (ABC) transporters. Among these transporters is breast
cancer resistance protein (BCRP), which is expressed in normal hematopoietic CD34+ stem cells. The
presence of BCRP-1 mRNA is associated with a subpopulation of tumor cells that includes tumor stem
cells. These populations are capable of ex vivo expansion and show evidence of asymmetric cell division.
Importantly, these cells have the enhanced capacity to expel cytotoxic drugs. Thus, several aspects of
tumor stem cell biology could be extremely important for understanding the basis for the limitations in
current cancer therapies.
The central feature of tumor stem cells is their relatively unlimited self-renewal capacity and their
asymmetric cell division. These properties can contribute to tumor expansion, as well as account for
tumor metastasis. However, the molecular and biochemical mechanisms providing self-renewal capacity
to tumor cells are incompletely understood. Since “self-renewal” is also a defining characteristic of normal
stem cells, studies with normal cells can provide some insights into tumor stem cell biology. A number of
genes have been implicated in regulating asymmetric division in normal stem cells. Among those genes
are BMI-1, Wnt, ß-catenin, Notch, Hedgehog, and members of the HOX gene family. Interestingly,
alterations in these genes also have been observed in epithelial and hematological malignancies. BMI-1
is a member of the polycomb family of transcriptional repressors that are essential for the silencing of
other families of genes. A deletion of the BMI-1 gene in mice results in the progressive loss of all
hematopoietic lineages due to the inability of BM-1-deficient stem cells to self renew. Introducing genes
known to cause AML into BMI-1-deficient murine hematopoietic cells (i.e., fetal liver cells) induced AML
with normal growth kinetics. However, the BMI-1-deficient leukemic stem cells were unable to produce
AML in secondary transplant recipients. Thus, BMI-1 is required for the self-renewal capacity of these
AML stem cells.
Another example of the similarities between normal and tumor stem cell regulation is the shared
importance of the Wnt/ß-catenin signaling pathway in both types of stem cells. Activation of the Wnt
receptor causes accumulation of ß-catenin in the cytoplasm, which eventually translocates into the
nucleus. The nuclear translocation of ß-catenin drives the expression of genes associated with selfrenewal. In the development of AML, ß-catenin accumulates in the nucleus of granulocyte macrophage
progenitors, as they progress toward leukemia. Therefore, these normally more committed progenitors
can acquire self-renewal properties. A similar accumulation of ß-catenin also has been observed in
multiple myeloma, suggesting that aberrations in this pathway may be more broadly associated with the
acquisition of self-renewal properties. Mutations in the Wnt signaling pathway may maintain stem cell
related genes in the “on” position. Understanding the role of the Wnt signaling pathway in promoting selfrenewal already promises to result in translational applications. A small molecule inhibitor of the Wnt
signaling pathway, PKF 115-584, decreases Wnt target gene expression, induces in vitro cytotoxicity in
myeloma cell lines, and retards growth of multiple myeloma xenograft models in vivo.
Understanding the biology of cancer stem cells will contribute to the identification of molecular targets
important for future therapies.
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Non-invasive imaging of cell transplantation
in the central nervous system of rodents

Dr. Peter Ponsaerts
Laboratory of Experimental Hematology
University of Antwerp
Cell transplantation is likely to become an important therapeutic tool for the treatment of various traumatic
and ischemic injuries to the central nervous system (CNS). While injuries to the CNS have been shown to
trigger neurogenesis from resident neural stem cells, these endogenous self-repair mechanisms are
insufficient to induce full functional recovery. Therefore, it is clear that additional therapies, like cell
transplantation, might be needed to further enhance restoration of brain function following primary (e.g.
impact, stroke) and secondary (e.g. inflammation) injury to the CNS. Although many studies aim to
directly replace necrotic or dysfunctional neural tissue by implantation of stem cells, only modest
functional recovery following injury has been observed until now. A more realistic aim for stem cell
therapy in order to restore injuries to the CNS might be the implantation of genetically modified stem cell
populations in order to produced neurotrophic factors (like BDNF, NT3 or GDNF), which might enhance
survival of existing neurons and endogenous neuroregeneration. This approach is currently well
described by several research groups, including us. However, for these studies, most ideally one should
be able to non-invasively visualise and localise stem cell implants in the brain of living animals at different
time-points. The development of molecular imaging techniques is currently the main research topic of our
laboratory.
This lecture will briefly discuss the following topics:
(i)
(ii)
(iii)
(iv)
(v)
(vi)

Isolation and culture of mesenchymal and neural stem cell populations.
Genetic modification of stem cell populations.
Cell transplantation in the CNS of rodents.
Histological and molecular analysis of cell survival and gene expression.
In vivo bioluminescence imaging of cell transplants in the CNS.
In vivo magnetic resonance imaging of cell transplants in the CNS.
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Determining the structure of single proteins with atomic resolution: a dream?
Dirk van Dijck
University of Antwerp, Belgium
The ultimate goal of imaging methods in nanoscience is to visualise the building blocks of nature i.e. the
constituting atoms. Once individual atoms can be resolved it is in principle possible to refine their
positions quantitatively by model-based fitting with the experimental data. Precise atom positions can
then be used as input data for ab-initio calculations in order to understand the properties and eventually
to design new structures. Furthermore when individual atom can be resolved, imaging methods (real
space) yields the same information as diffraction methods (Fourier space).
Proteins present an important challenge because most of them cannot be crystallised so that classical
diffraction cannot be used. Moreover the number of atoms in a protein is so large that the number of data
per unit area in projection exceeds the information capacity of the imaging device. A possible way out is
combining single-particle imaging from different viewing directions using electrons or X-rays.
Although the newest generation of electron microscopes as well as the recent X-ray lensless diffractive
imaging methods have the potentiality of atomic resolution this goal is far from realised for the imaging of
proteins where radiation damage poses a physical limit on the resolution of the order of 1 nm.
Atomic resolution can thus only be obtained by averaging the images of many identical particles or by
using extremely short X-ray laser pulses from a future X-ray free electron laser (XFELS).
Another approach is to align proteins physically into a 2D array for X-ray diffraction.
In this lecture we will discuss the state of the art and the future prospects.
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In vitro Production of Human Cardiovascular Structures using Autologous Cells
Cora Lüders
Labor für Tissue Engineering, DHZB
Deutsches Herzzentrum Berlin, Germany
Cora Lüders, Roland Hetzer
Many heart valve replacements with currently used prostheses increase the survival of patients,
especially pediatric patients with congenital defects. Nevertheless, all devices are non-living and consist
of foreign body materials which limit the long-term function. Moreover, beside the typical valve related
problems such as thromboembolic complications, structural or non-structural dysfunction and prosthetic
valve endocarditis, all heart valve substitutes lack the potential for growth and remodelling. Therefore
many patients who undergo these types of corrections require re-interventions related to these valveassociated problems. Thus, the search for the ideal heart valve substitute that lasts throughout the
patient’s lifetime and has the potential to grow with the recipient and to remodel is still ongoing. One
approach to potentially reaching that goal is tissue engineering. Several investigators, including our own
group, are using the techniques of tissue engineering to fabricate a living heart valve substitute. The basic
idea is to transplant autologous cells onto a biodegradable scaffold in the shape of a heart valve and thus
generate a cell polymer construct in vitro as a living tissue engineered heart valve.
In this context there are three major questions to investigate: What is the most appropriate cell source?
Which kind of scaffold material is the best? And what kind of in vitro conditioning is necessary? In view of
the lack of heart valve biopsies from living human donors, several potential cell sources for the tissue
engineering of cardiovascular structures have been evaluated, including autologous venous and arterial
cells from small biopsies. In our laboratory we are focusing on specific cell types from human umbilical
cord vessels, which are a rich source of vascular cells for potential clinical applications. Using vascular
cells from umbilical cords as an autologous cell source avoids the excision of pieces of vessels to harvest
vascular cells and therefore the risk of infectious complications. In the field of scaffold materials there is
no “gold standard” available at the moment. Natural matrices of collagen or fibrin are being tested as well
as biological materials such as decellularized heart valves from donor animals or humans or synthetic
materials including solid or degradable polymeric structures. In our studies we are focusing on
polyglycolic acid (PGA) as a matrix material. PGA can be formed into a three-dimensional structure, has
manageable stability and degradation, is non-toxic and has appropriate mechanical properties. The in
vitro conditioning is a dynamic process adjacent to the cell seeding. It is well known that the mechanical
stimuli flow and pressure have a positive effect on the development of tissue. They are inter alia
responsible for the arrangement of cells in the same direction.
Currently, each tissue engineered heart valve is individually fabricated. Standards for fabrication and
production are not available. Our laboratory is developing new dynamic cell seeding devices with an
adjacent in vitro conditioning unit, “bioreactors”, providing reproducible fabricated heart valve constructs.
An associated measurement unit supplies several data via sensors for O2, CO2, pH and temperature to
evaluate parameters for the production of a tissue engineered human autologous heart valve prosthesis.
First promising results suggest the potential benefit of establishing tissue engineered autologous human
heart valves for clinical application in the future.
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Tissue Engineering of Cardiovascular Implants Based on Fibrin Gel Scaffolds
Stefan Jockenhoevel
Helmholtz Institute for Biomedical Engineering,
RWTH, Aachen University, Germany
Jockenhoevel Stefan, Schmitz-Rode Thomas
Cardiovascular tissue engineering is a young discipline, which has grown rapidly during the last decades.
The vision of complete autologous tissue repair comes closer. Nevertheless there still exists an extensive
need of research activities on all levels of tissue engineering.
In tissue engineering the scaffold plays a central role. Beneath the moulding of more complex 3-D
structures like e.g. heart valve conduits, the scaffold is important for the cell-cell-interaction and the
nutrition supply. Fibrin gel combines a number of important properties of an ideal scaffold: The gel can be
produced as an autologous scaffold from patient’s blood without the risk of immunogenic reactions.
Polymerization as well as degradation of the gel is controllable. Cell distribution in gel is homogenous
from the beginning by the fast immobilization of the cells in the gel during the polymerization process.
This spares the time-consuming ingrowth of the seeded cells into the scaffold material. Furthermore the
creation of complex 3-D structures is possible in an injection moulding technique. This concept allows the
production of a complete autologous (scaffold+cells) implants. The presentation will give an overview of
fibrin gel as scaffold material for cardiovascular implants like heart valve prostheses, vascular grafts and
pericardium including the preconditioning in bioreactor systems and the first experiences in animal
studies.
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Studying the Multistep Process of Endothelial Progenitor Cell Homing to the
Tumour Vasculature
Karen Bieback
K. Bieback1, M. Vinci2, S. Elvers-Hornung1, M. Czabanka3, T. Blaske2, H. Klüter1, P. Vajkoczy3
1 Institute of Transfusion Medicine and Immunology; German Red Cross Blood Service of BadenWürttemberg –Hessen; Medical Faculty Mannheim, Heidelberg University
2 Department of Neurosurgery; Medical Faculty Mannheim, Heidelberg University
3 Department of Neurosurgery, Charite-Universitätsmedizin Berlin, Germany
Endothelial progenitor cells (EPC) can specifically home to sites of malignant growth and contribute to
new blood vessel formation. Accordingly they are attractive candidates for cell therapy to target tumour
growth. To define a population with enhanced tumour homing capacity, we aimed at evaluating a
hierarchy of cord blood (CB) derived EPC in experimental models mimicking the multistep process of
homing to the tumour vasculature.
CD34+ mononuclear cells were isolated from fresh CB and either immediately cryopreserved (CD34+
MNC) or cultured under endothelial conditions to derive endothelial colony forming cells (ECFC). Human
umbilical vein derived cells (HUVEC) served as mature endothelial control. In vitro, we compared
expansion capacity as well as endothelial and stem cell marker expression. To address the multistep
nature of homing, we established adhesion, migration and transmigration assays. In vivo, the trafficking of
CD34+ MNC, ECFC as well as HUVEC was analysed using intravital microscopy. Cells were injected into
mice bearing C6 glioma xenografts in skinfold chambers. Their recruitment in terms of adhesion (1-10
minutes post injection), extravasation (1 hour) and incorporation to vascular sprouts (3 days) was
analysed.
CD34+ cells upon endothelial culture yielded in 90% of tested CB units colonies of late-outgrowth cells
displaying a typing endothelial cell morphology (ECFC). Compared to HUVEC, ECFC displayed a higher
proliferative potential, supporting their immature status. FACS analysis revealed a low proportion, up to
6% of CD34+ MNC, expressing endothelial markers such as CD31, VEGFR-2 and CD144. Based on
these markers, ECFC however could not be discriminated from HUVEC. But the expression of stem cell
markers CD34, CD133 as well as VEGFR-2 was significantly higher in ECFC compared to HUVEC. In
vitro, ECFC demonstrated enhanced adhesion to a TNF-alpha stimulated HUVEC monolayer mimicking
activated tumour endothelium. Migration as well as transmigration revealed significantly enhanced tumour
conditioned medium specific tropism of EPC compared to HUVEC. Tube formation as well as sprouting
assays revealed an enhanced differentiation capacity of ECFC compared to HUVEC. Finally, intravital
microscopy dissecting the multistep nature of cell recruitment to the tumour vasculature revealed that
ECFC were the cells of highest activity and recruited to highest numbers to the tumour vasculature in all
steps analysed, followed by HUVEC and finally CD34+ MNC.
Our study supports the notion that EPC have significant higher potential for tumour targeting than noncultivated CD34+ and mature endothelial cells, based on both in vitro and in vivo experiments.
Accordingly, these might be considered for future cell-based therapies to carry an anti-cancer gene to
sites of tumour neo-vascularisation.
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In vitro expansion of human amniotic cells: considerations for cell banking
Martijn van Griensven
S. Wolbank1,2,4, S. Hennerbichler1,4, A. Peterbauer1,4, G. Stadler2,4, A. Lindenmair2,4, G. Leutgöb2,4, A.
Gillich3, J. Grillari3, C. Gabriel1,4, H. Redl2,4, R. Voglauer3, M. van Griensven2,4
1 Red Cross Blood Transfusion Service of Upper Austria, Linz, Austria
2 Ludwig Boltzmann Institute for Experimental and Clinical Traumatology, Linz-Vienna, Austria
3 Institute for Applied Microbiologiy, University of Natural Resources and Applied Life Sciences, Vienna,
Austria
4 Austrian Cluster for Tissue Regeneration
Amniotic membrane is a promising cell source that is abundantly available and contains epithelial and
mesenchymal cells which show stem cell and immunomodulatory characteristics. We have studied their
adipogenic and osteogenic differentiation capacity in various differentiation media. We further
investigated the consequences of in vitro expansion, comparing freshly isolated and cultivated human
amniotic epithelial cells (hAEC) regarding stem cell characteristics including surface antigen expression
profile and their differentiation capacity.
In order to perform long-term analysis and expansion before use in cell-based therapies we tried to keep
cells from entering growth arrest after a limited number of population doublings. After transduction of
hTERT, the catalytic subunit of human telomerase, the phenotype growth characteristics, surface marker
profile, differentiation potential, immunogenic and immunomodulatory properties of the resulting stem cell
lines were monitored.
Another approach to prolong in vitro life span of human amniotic mesenchymal stromal cells (hAMSC)
was the optimisation of expansion media with special regard to the use of culture supplements of human
origin including platelet lysate.
hAMSC and hAEC expressed typical mesenchymal and embryonic stem cell markers. Both populations
were able to differentiate into the osteogenic lineage whereas only hAMSC showed adipogenic
differentiation potential. However, the osteogenic potential of hAEC was decreased upon cultivation. This
was associated with a phenotypic shift.
Our data suggest, that both, telomerase transduction as well as platelet lysate in expansion medium
substantially extended life span and improved growth characteristics of hAMSC. Nevertheless,
differentiation potential and phenotype have to be carefully monitored after exposing cells to altered
culture conditions.
Acknowledgements: HIPPOCRATES (NMP3-CT-2003-505758), EXPERTISSUES (NMP3-CT-2004500283)
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Perivascular origin of mesenchymal stem cells in human organs
Bruno Péault
Mihaela Crisan1, Solomon Yap1, Louis Casteilla1,3, Chien-Wen Chen1, Mirko Corselli1, Tea Soon Park1,
Bin Sun1, Bo Zheng1, Li Zhang6, Cyrille Norotte1, Pang-Ning Teng1, Jeremy Traas5, Rebecca Schugar1,
Bridget M. Deasy1, Gabriella Andriolo2, Steven Badylak6, Hans-Jörg Bűhring4, Jean-Paul Giacobino1,
Lorenza Lazzari2, Johnny Huard1 and Bruno Péault1,6
1 Stem Cell Research Center, Depts of Pediatrics and Orthopaedic Surgery, Children’s Hospital of
Pittsburgh, Pittsburgh, PA 15213, USA
2 Cell Factory, Fondazione Ospedale Maggiore Policlinico, Milan, 20122 Italy
3 UMR 5018 CNRS-UPS, Toulouse, France
4 Universitätsklinikum, Tübingen, 72076 Germany
5 Division of Surgery, Children's Hospital of Philadelphia PA 19104-4318, USA
6 McGowan Institute for Regenerative Medicine, Pittsburgh, PA 15213, USA
We have identified perivascular cells, principally pericytes around smaller blood vessels, in multiple
human organs including skeletal muscle, heart, pancreas, adipose tissue and placenta, according to
CD146, NG2 and PDGF-Rβ expression and absence of hematopoietic, endothelial and myogenic cell
markers. Perivascular cells purified from both skeletal muscle or non-muscle tissues were myogenic in
culture and in vivo, and restored cardiac function after injection into the infarcted mouse myocardium.
Irrespective of their tissue origin, long-term cultured perivascular cells retained myogenic ability, exhibited,
at the clonal level, osteogenic, chondrogenic and adipogenic potentials, expressed known markers of
mesenchymal stem cells and migrated in a culture model of chemotaxis. Strikingly, expression of MSC
markers was also detected at the surface of native, non-cultured perivascular cells. These results suggest
that human capillary and microvessel walls from all studied tissues harbor a reserve of progenitor cells
that are integral to the origin of the elusive mesenchymal stem cells, so far identified only retrospectively
in primary cultures of total tissues.

17

Stem Cells:
From the basic research to the pre-clinical and clinical
applications

CryoCord – umbilical cord tissue cryopreservations: illustrating the “reversed
engineering” principle
Peter De Waele
QC and R&D Director, Cryo-Save AG
Umbilical cord tissue, or the Wharton Jelly derived thereof, can be considered as an ideal source of adult
mesenchymal stem cells. Tissue, relatively rich in stem cells, can be obtained in significant quantities
without any risk whatsoever to the donor, without the need for an invasive procedure. Furthermore, these
cells have not been exposed yet to major environmental challenges in serious contrast to other source
material. Moreover, there is currently no competitive use, as tissue is normally discarded in a controlled
way after birth, in contrast to e.g. the umbilical cord blood.
During the presentation the” reversed engineering” principle will be illustrated, taking into consideration
the final objective of the tissue cryopreservation as source material for the manufacturing of e.g.
Advanced Therapies medicinal Products (ATmP’s), implicating the Good Manufacturing Practices (GMP)
guidelines, as well as the regulatory requirements imposed by the European Cells and Tissue Directives
(EUCTD), both introduced at two previous ITERA meetings. This allowed us to design a stepwise process
in reversed order, starting from the end-stage product criteria backwards to the starting material –
reversed engineered: the procurement, transportation and cryopreservation of umbilical cord tissue based
on a robust process, guaranteeing the isolation of mesenchymal stem cells capable to proliferate and to
generate therapeutic doses of cells, however, without negatively impacting their differentiation potential,
and fully compliant with GMP and EUCTD regulatory restrictions.
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Analysis of Serum-Free Culture of Umbilical Cord Blood-Derived Endothelial Cells
Steffen Zeisberger
Zeisberger SM1, Chen S2, Riegel M, Zoller S4, Mallek A1, Krenning G5, Harmsen M5, Sachinidis A2, and
Zisch AH1
1 Department of Obstetrics, University Hospital Zurich, Zurich, Switzerland
2 Institute of Neurophysiology, University of Cologne, Cologne, Germany
3 Institute of Medical Genetics, University of Zürich, Schwerzenbach, Switzerland.
4 Functional Genomics Center Zurich, UZH/ETH Zurich, Zurich, Switzerland
5 Department of Pathology and Laboratory Medicine, University Medical Center Groningen, Medical
Biology Section, University of Groningen, Groningen, The Netherlands

Correspondence: andreas.zisch@usz.ch and steffen.zeisberger@usz.ch
Prospective cell therapy will require standardised, reproducible, pathogen-free culture conditions. Along
this aim, we sought to elaborate serum-free conditions for expansion and cryo-preservation of two types
of adult human stem/progenitor cells, i.e. multipotent mesenchymal stromal cells from chorionic villi of
term placenta (CV-MSC), and endothelial outgrowth cells from umbilical cord blood (UCB-OEC). Both cell
types proliferated fast under standard culture with serum. A panel of commercial, chemically defined
expansion and preservation media were compared. We report serum-free (but not xeno-free) conditions
for culture as well as cryopreservation of CV-MSCs; these cells proliferate significantly faster in
UltraCulture/Ultroser G than under standard conditions. Flow cytometric monitoring demonstrated that
CV-MSCs in UltraCulture/Ultroser G maintained their MSC surface marker profile over many passages.
However, confluent culture resulted in loss of their MSC surface marker profile. The CV-MSCs could be
cryo-preserved in completely synthetic 'Filoceth' freezing medium as efficiently as in serum/DMSO. For
UCB-OECs, expansion in serum-free chemically defined media was very modest or absent, even upon
supplementation with a battery of endothelial growth factors, for elusive reasons. We performed gene
arrays with UCB-OECs to identify signalling pathways that are activated in serum conditions but not in
chemically defined media. The results are presently analyzed and will be presented.
In summary, we achieved efficient expansion as well as cryo-preservation of human CV-MSCs under
serum-free conditions. Requirements for serum-free OEC expansion are still elusive, but gene-array
analysis may lead to identification of signalling pathways that need to be activated for OEC propagation.
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Markers and methods for the isolation of candidate stem/progenitor cells from
human dermis
Adelheid Elbe-Bürger
Vaculik C., Hainzl P., Schuster C., Meindl S., Elbe-Bürger A.
DIAID, Dept. of Dermatol., Medical University of Vienna, Austria
Numerous adult tissues have been shown to harbour stem and progenitor cells. Given the easy
accessibility of skin, stem cells that reside therein represent interesting candidates for potential
applications in tissue engineering.
Flow cytometric and immunohistochemical analysis revealed that the human dermis contains candidate
stem/progenitor cell populations expressing cell surface markers assigned to mesenchymal or
hematopoietic stem and progenitor cells. We demonstrated that dermis-derived cells isolated by plasticadherence, contain cell populations exhibiting colony-forming fibroblast activity and are capable to
differentiate into various mesenchymal lineages. The phenotype of dermal stem/progenitor cells,
however, is elusive. For analysis of different dermal candidates, we therefore elaborated strategies to
immunoselect dermal cell subsets, which we subjected to in vitro functional assays. Thereby we revealed
that different dermal cell subsets (e.g., CD73+, CD90+) vary with regard to their differentiation potential.
In addition, we detected hematopoietic progenitor cells in the dermis that exhibit colony formation when
allowed to emigrate from dermal explants, but not when cultured as single cell suspensions. When
characterized by flow cytometry, these cells appeared to be CD45+ and expressed CD14 and HLA-DR to
different extents. The isolated cell populations will be further tested in vitro and in vivo for their
differentiation capacity.
The identification of candidate stem/progenitor cells from human dermis and the ability to isolate these
cells will contribute importantly to the biology of tissue-resident stem cells and to the development of
alternatives to conventional stem cell therapies.
Supported by the Austrian Science Fund P17078-B14.
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Mesenchymal cells from healthy adult human liver: an expandable cell source
with hepatogenic differentiation potential for the development of liver based cell
therapies
Mustapha Najimi, PhD
Laboratory of Pediatric Hepatology & Cell Therapy, Brussels, Belgium
It is currently accepted that adult tissues may develop and maintain their own stem/progenitor cell pools.
Because of their proliferation potential and safety profile, mesenchymal stem/progenitor cells may
represent an ideal candidate cell source for liver cell therapies. We therefore evaluated the differentiation
potential of mesenchymal stem/progenitor cells isolated from adult human livers. After in vitro expansion,
cell characterization was performed using flow cytometry, RT-PCR and immunofluorescence whereas the
differentiation potential was evaluated both in vitro after incubation with specific media and in vivo after
intrasplenic transplantation of uPA+/+-SCID and SCID mice. Adult liver mesenchymal stem/progenitor cells
expressed both hepatic and mesenchymal markers among which albumin, CYP3A4, vimentin and alphasmooth muscle actin. In vitro differentiation studies demonstrated that these cells are preferentially
determined to differentiate into hepatocyte-like cells at the morphological, genetic and functional levels.
Ten weeks following intrasplenic transplantation into uPA+/+-SCID mice, recipient livers showed the
presence of human hepatocytic cell nodules positive for human albumin, pre-albumin and alphafetoprotein. In SCID transplanted liver mice, human hepatocyte-like cells were mostly found near vascular
structures 56 days post-transplantation. In conclusion, adult liver mesenchymal stem/progenitor cells
ability to proliferate and differentiate into hepatocyte-like cells leads to propose them as an attractive
expandable cell source for stem cell therapy in human liver diseases. However, it is mandatory to
evaluate their extra-hepatic tropism, their phenotype stability as well as their immunological profile before
investigating the feasibility of their therapeutic use.
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Differentiation properties and migration ability of fetal umbilical cord perivascular
cells: potential use for lung repair
Lorenza Lazzari
T.Montemurro1, G.Andriolo1, E.Montelatici1, M.Crisan3, G.Weissmann2, M.Colnaghi2, R.Giordano1,
P.Rebulla1, F.Mosca2, B. Peault3, L.Lazzari1*.
1 Cell Factory, Department of Regenerative Medicine, Fondazione Ospedale Maggiore Policlinico, Milan,
Italy
2 Unità Operativa di Neonatologia e Terapia Intensiva Neonatale, Fondazione Ospedale Maggiore
Policlinico, Mangiagalli e Regina Elena, Università degli Studi di Milano
3 Stem Cell Research Center, Department of Pediatrics, Children’s Hospital of Pittsburgh, Pittsburgh, PA,
USA
Mesenchymal stem cells (MSC) have been derived from different cultured human tissues, including bone
marrow, adipose tissue, amniotic fluid and umbilical cord blood. Only recently was a close relationship
between MSC and perivascular cells (PC) hypothesized, the latter being as CD146+ NG2+ PDGF-Rbeta+
ALP+ CD34- CD45- vWF- CD144-. Herein we studied the properties of PC from a novel source, the
human umbilical cord (HUC) collected from pre-term newborns. By immunohistochemistry and flow
cytometry we show that fetal/pre-term HUCs contain higher number of PC than their full-term counterparts
(2,5% versus 0,15%). Moreover, fetal/pre-term HUCPC express the embryonic cell markers SSEA4,
Runx1 and Oct-4 and can be long-term cultured. To further confirm the MSC identity of these cultured
PC, we also showed their expression at different passages of antigens that typify MSC on cultured
HUCPC. The multilineage differentiative capacity of HUCPC into osteogenic, adipogenic and myogenic
lineages was demonstrated in culture. In the perspective of a therapeutic application in chronic lung
disease of pre-term newborns, we demonstrated the in vitro ability of HUCPC to migrate towards an
alveolar type II cell line damaged with bleomycin, an anti-cancer agent with known pulmonary toxicity.
Also the secretory profile exhibited by fetal HUCPC in the migration assay suggested a possible paracrine
effect that may be exploited in various clinical settings including lung disorders.
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Preterm babies – patients for stem cell therapy?
Boris W. Kramer, MD, PhD
Pediatrics, Neonatology, Maastricht University Medical Center (MUMC), The Netherlands
The incidence of preterm birth raises in the Western world since decades. In the most recent analysis,
some 10 % of all babies are born before 37 weeks of gestation and are thus considered preterm. If
preterm birth occurs before 32 weeks of gestation, long term consequences of prematurity may occur
such as neurological, pulmonary or developmental sequelae. Approximately 1 % of all births are below 32
weeks of gestation but represent more than 10% of all neonatal complications. Preterm babies face a
general problem. All organs are immature. The future growth and development will take place an
environment that is very different from the natural environment in the uterus. Long term follow-up studies
showed that the growth of the brain, lung and the mental development after preterm birth did not achieve
the genetic potential. Among the risk factors for preterm birth is antenatal inflammation in utero, with
inflammation of the membranes and the amniotic fluid which is called chorioamnionitis. We have
generated a model of prematurity in sheep that allowed us to study the brain and lung pathology after
chorioamnionitis. We are able to reproduce by strict intra-uterine exposure to endotoxin-induced
inflammation the pathology of growth delay of the lung resulting in less surface area for gas exchange
(bronchopulmonary dysplasia) and tissue injury in the brain similar to cerebral palsy. The future growth
and development of the organs is impaired by the adverse events at the beginning of life. The organs of
preterm babies are however primed to growth and development in contrast to organs in adults. A suitable
microenvironment for stem cells to proliferate and to differentiate is thus endogenously provided in all
organs. In addition, cord blood or umbilical cord tissue are readily available after preterm birth to harvest
stem cells for autologous therapy. Preterm babies may therefore be the ideal patients for (autologous)
stem cells since they are taken out of the natural environment but are primed for further growth and
development.
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Human placenta-derived mesenchymal stem cells for osteogeneic tissue
engineering and neural regeneration
Daniel Surbek
Surbek D, Mohr S, Wagner A, Portmann-Lanz B.
Laboratory for Prenatal Medicine, Department of Obstetrics and Gynecology,
Department of Clinical Research, University of Bern, Switzerland
Background: Recently, we identified mesenchymal stem cells (MSC) in different regions of placental
tissue. Here we assessed the osteogeneic and neurogeneic differentiation potential of these cells. The
firtst aim of this study was to manufacture a three dimensional, biodegradable and stem cell-loaded
composite graft from placenta components for site-specific peripartum repair of bone defects in newborns
suffering from genetic skeletal dysplasias. The second aim was to determine the neurogeneic
differentiation.
Methods: We produced a scaffold from human chorion membrane on which we cultured human placental
mesenchymal stem cell (MSC) derived from either first trimester chorionic villi or term chorion membrane.
We induced osteogenic differentiation of the cell-scaffold-construct and investigated outgrowth of cells,
construct assembly and bone formation by light-, scanning- and transmission electron microscopy,
antibody staining, bone specific assays and proof of matrix mineralization. For neurogeneic differentiation,
MSC’s were isolated and cultured in the presence of different growth factors and retinoic acid.
Differentiation was monitored by immunohistichemistry, RT-PCR, and proteomic 2D-PAGE / high
performance liquid chromatography / tandem mass spectrometry.
Results: The extracellular matrix of chorionic reticular layer was completely freed from cells, resulting in a
bare three dimensional fibrous network. Seeded MSCs adhered to the scaffold, densely covered and
even invaded it to build a three dimensional structure. Under specific culture conditions, these constructs
differentiated osteogenically in vitro. In neurogeneic differentiation cultures, we achieved initially nestinexpressing rapidly proliferating neurosphere-like structures. Further differentiation into oligodendrocyte
precursors and neurons.
Conclusion: Construction of a three-dimensional composite graft from human placental tissue is feasible.
This allows a direct transplantation of autologous or allogeneic mesenchymal stem cells to injured sites
by means of a scaffold. We also show that placental MSCs have the potential to differentiate into the
neurogeneic lineage, including mostly oligodendrocyte precursors.
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Isolation of Human Umbilical Cord Wharton’s Jelly Mesenchymal Stem Cells
Wagner A., Portmann-Lanz B, Baumann M, Surbek D.
Laboratory for Prenatal Medicine, Department of Obstetrics and Gynecology and Department of Clinical
Research, University of Bern, Switzerland
Background: Mesenchymal stem cells (MSCs) have the capacity to differentiate into various lineages of
mesenchymal tissue such as cartilage, bone, fat, muscle or neuron-like cells and therefore possess a
considerable therapeutic potential. MSCs are widely distributed in a variety of tissues in the adult human
body and are also present in the fetal environment such as amnion, chorion, placenta and amniotic fluid.
Cells isolated from Wharton’s Jelly referred to as umbilical cord matrix stromal cells (UCMS) are
supposed to feature comparable characteristics. However, so far, isolation methods of UCMS are varying
and inconsistent. In this study, we established a reproducible isolation method of UCMS of term and
preterm umbilical cords and determined a set of important surface markers of these cells.
Methods: Term and preterm UCs were collected immediately after delivery, the vessels were rinsed with
phosphate buffered saline (PBS) containing antibiotics/antimycotics and stored in this buffer at 4°C until
processing the day after. The UCs (15 cm) were cut into 0.5 cm length, the vessels were striped out
manually and the amnion on the exterior peeled off as far as possible .The remaining tissue was sliced
into small fragments, further immersed in an enzyme cocktail for 3 h at 37 °C. After removing undigested
pieces by filtration, the isolated UCMS were pelleted by centrifugation, resuspended and cultured in
DMEM-H/F12 +10% FBS on plastic culture plates.
Results: UCMS could be reproducibly isolated in sufficient amounts from preterm and term umbilical
cords. Expansion was tested for at least for 5 to 10 passages. UCMS demonstrated a typical fibroblastlike phenotype and adhered to tissue-culture plastic substrate. In FACS analysis they expressed classical
MSC markers (CD 105, CD 90, CD 75, CD 13, HLA I) but no haematopoetic lineage markers (CD 14, CD
34 and CD 45) and HLA II. These properties support the notion that UCMS are a member of the MSC
familiy.
Conclusion: MSCs could be reproducibly isolated from preterm and term umbilical cords. Therefore
Wharton’s Jelly should be considered as a valuable resource for potent stem cell based therapies
especially in utero and peripartum interventions. Currently we are exploring the neural differentiation
capacity of cord-derived MSC’s.
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Development of products in tissue engineering: from use of differentiated cell
sources to stem cell based products
Nevenka Kregar Velikonja PhD, Educell Ltd.
University of Ljubljana, Slovenia
Approaches to reach the primary goal of tissue engineering - to restore tissue structure and function as
close as possible to that of normal healthy tissue – are based on selection of appropriate cell source,
biomaterial, cell processing technology, final product preparation and surgical procedure. There are
several options for each of these parameters and pose challenges for development of tissue engineered
products.
Development of products for treatment of cartilage repair are typical example how treatment of single
clinical indication can use several approaches based on use of different biomaterials, but in most cases
the cells are obtained from the same tissue source: autologous articular cartilage. Product generations of
ChondroArtTM technology also developed from 1D-cell suspension, to 2D-cells on collagen spongy
scaffold and 3D-cells embeded in alginate/agarose gel. There are still issues how to design a product that
will enable minimally invasive surgical procedure. Although there are other possible cell sources (elastic
cartilage, allogeneic chondrocytes, mesenchymal stem cells with chondrogenic potential) in case of
articular cartilage repair the arthroscopic diagnostic procedure determinates a biopsy of articular cartilage
from non-load bearing part as optimal cell source.
Chondrocytes can serve also as a heterologous cell source for cell therapies of different pathologic
conditions, where their mayor function is massive production of intercellular matrix (e.g. vesicoureteral
reflux treatment, intervertebral disc NP substitution and prevention of intervertebral disc narrowing). In
these cases, cartilage from easier accessible area is usually selected (ear elastic cartilage).
In case of bone repair there are also several options of osteogenic cells: osteoblasts, isolated from
spongious bone, cells from periosteum, stem cells from different sources (e.g. bone marrow stem cells,
adipose derived stem cells). In most cases surgical procedure itself defines cell source: in case of
periodontal bone repair and maxilofacial surgery alveolar bone or periosteum can serve as a cell source;
however in long bone repair the quantity of needed cells requires use of stem cells that can be
proliferated in vitro in sufficient amount.
Stem cells – due to their multipotent characteristics - are being tested for treatment of several clinical
indications. There are still several challenges regarding characterisation of specific multipotent cell
populations from bone marrow or adipose tissue. Additionally we have significant variation of isolated cell
fractions among different individuals. Therefore we are confronted with the fact that we have to do a lot of
research to define stem cell source and provide appropriate differentiation of cells in a tissue engineered
product.
The most important projects that Educell is involved in last five years:
Prevention of narrowing of intervertebral disk space. (FP5 CRAFT project 1999-71716, 2002-2004)
Development of tissue engineered bone substitutes. (Slovenian research agency L4-6325 , 2004-2007)
Influence of 3D environment on differentiation capacities of chondrocytes ''in vitro'' (Slovenian research
agency L7-7598, 2005-2008)
Development of tissue engineered products for long bone repair (Ministry of defence TP MIR 06/RR/12,
2007-2008)
Potential of regenerative medicine in treatment of severe trauma patients (Ministry of defence TP MIR
07/RR/18, 2007-2009)
GENODISC Collaborative Project (FP7 EC Grant Agreement No. 201626, 2008-2012)
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Umbilical cord blood stem cells for neural tissue-engineering
Marcin Jurga, Hamad Ali, Nicolas Forraz and Colin McGuckin
Newcastle Centre for Cord Blood, North East England Stem cell Institute and the Institute of Human
Genetics, Newcastle University, NE1 3BZ, United Kingdom.
Loss on neurones and their degeneration often follows acute brain injuries (e.g. stroke) which occur more
often in ageing European society. As yet there are no effective clinical therapies to prevent brain
degeneration and to recover neuronal loss and proper brain functions. Mammalian brain plasticity
revealed by adult neurogenesis is not sufficient to restore damaged neuronal circuits. Despite very
optimistic preclinical results there are no standardised procedures for cell-based therapy. Effective
replacement of damaged neural tissue within the central nervous system by stem cells, requires the use
of a artificial tissue transplant preparation which would support proper cell-cell interactions prior to and
after grafting. Cystic cavity usually occurred in damaged brain region is a physical barrier for stem cell
grafted in suspension. Such cells have no proper cell-cell interactions or scaffolding extracellular matrix
proteins to support their survival and differentiation. Our recent studies are focused on isolation of highly
purified subpopulations of immature, pluripotent stem cells from human umbilical cord blood for neural
tissue-engineering. Human cord blood is a safe, clinically approved and easily obtained source of
pluripotent stem cells able to differentiate into functional neurons. What is of great importance that such
pluripotent cells are able to differentiate into tissues originated from 3 germ layers but do not form
teratomas after transplantation into immunodeficient animals. Such stem cells were grown on
biodegradable scaffolds in defined serum-free culture media. Our results described simple 3 step protocol
to differentiate pluripotent stem cells into mature 3D-artificial-neural tissue. Starting population of
pluripotent stem cells (Oct4a+/Sox2+/Nanog+) acquired phenotypes of neuroblasts (Nestin+/GFAP+)
upon 1 week of treatment with media containing EGF and dissolved extracellular matrix proteins (e.g.
laminin). Subsequent sequential introduction of neuromorphogenes (retinoic acid, BDNF and cAMP)
resulted in generation of mature neuronal networks (NeuN+, PSD95+, MAP2+, TUJ1+, S100beta+) and
simultaneously maintaining the pool of proliferating neuroblasts (Nestin+/GFAP+ co-expression).
Immunocytochemical study of 3D-artificial-neural tissue followed by confocal staining revealed their highly
specific structure with neural cell stratification similar to that found in neurogenic niches in the brain. Our
results indicate that cord blood stem cell tissue-engineering might be useful for future neural cell-based
therapies, helping integration of the grafted cells with a recipient’s central nervous system.
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State of the art lecture
Regenerative medicine:
From embryonic stem cells to “adult embryonic-like” stem cells
Philippe Henon, MD
Institut de Recherche en Hématologie et Transplantation - Mulhouse - France
Hematopoietic Stem Cells (HSC) transplantation were already commonly performed since the
end of the seventies as a choice treatment for malignant (and even non-malignant = thalassemia)
haematological diseases. Bone Marrow (BM), peripheral blood (PB) and Cord Blood (CB) were
successively proposed as available sources of HSCs, either in the allogeneic or the autologous setting.
However, the concept of “Regenerative medicine” has only emerged in the last decade, as Thomson et al
demonstrated in 1998 that Embryonic Stem Cells (ESCs) extracted from the inner mass of the blastocyst
can be successfully long term-cultured in vitro, and could hopefully provide unlimited sources of cells
differentiated for transplantation therapies. The expectation that ESCs could be used to cure million of
patients suffering of diseases due to various organ-cells damage (diabetes, chronic heart failure, neurodegenerative diseases,…), who have slightly-efficient or non-efficient treatment options, has generated
among the scientific community and the popular press a dramatic but often excessive enthusiasm.
Indeed, the critical experimental problems which still have to be solved before safely transforming “native”
ESCs into cells really capable to regenerate any organic tissue, as well as the torrid ethical debates – an
embryo must be destroyed to extract ESCs – hamper the rapid development of ESCs engineering and
make utopian their common use for cell therapy in the near future.
During the same decade, a host of papers has suggested that Adult Stem Cells (ASCs) from
various tissues could be reprogrammed and eventually match the versatility of ESCs. Such possibility
would thus challenge the long lasting biological dogma – that a cell, once committed, cannot alter its fate
– and introduces the provocative concept of “cellular plasticity”. If certain ASCs were truly pluripotent,
their potential for life-saving regenerative therapies could be considerably expanded, especially in the
autologous setting. Many investigators have recently suggested that BM might represent an important site
for natural storage of ASCs capable to differentiate (or trans-differentiate?) into lineages other than their
dedicated commitment. While the exact type(s) of such potentially pluripotent ASCs is still hardly
disputed, HSCs have first been proposed as the best candidates among other possibilities for cardiac
repair. Orlic at al. effectively suggested in 2001 that murine HSCs could differentiate in vivo into both
cardiomyocyte and endothelial progenitors, and documented their efficacy for repairing experimental
myocardial infarction. Even if their results have hardly been further disputed, they actually acted as a
trigger for rapid clinical application in patients with acute myocardial infarct (AMI). More than 10 clinical
trials using autologous BM mononuclear cells have now been completed, showing disparate results in
terms of heart function improvement. Our own group has identified in autologous CD34+ cells mobilized
into PB by G-CSF, the presence of small cell subpopulations characterized as endothelial and
cardiomyocyte progenitors. Their direct intra-cardiac reinjection in patients with severe AMI was followed
by a progressive improvement of all heart function parameters associated with very significant clinical
benefits. Even more interesting, different groups have recently identified in murine BM, human CB and
human BM and PB, rare cells presenting morphological, immunophenotypical, molecular and functional
characteristics of ESCs. If it was definitely confirmed, these cells might be considered as “embryonic-like”
cells, maybe deposited in the BM early during development, and passing into the blood under certain
circumstances. They could then represent an easier and ethically irreproachable source of allogenic or
autologous Embryonic-Like Stem Cells usable for regenerative medicine.
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Therapeutic application of autologous stem cell products in cardiovascular
medicine
Christof Stamm
DHZB, Deutsches Herzzentrum Berlin, Germany
Cell therapy for heart disease is currently undergoing extensive clinical evaluation. In the overwhelming
majority of the patients, autologous cell products are being used. Those include freshly isolated bone
marrow mononuclear cells or marrow-derived cells enriched for hematopoietic stem cell markers (CD34,
CD133), marrow cell products that have undergone in vitro cultivation (bone marrow mesenchymal stem
cells - MSC, endothelial progenitor cells, “tissue repair cells”), but also adipose tissue- derived cells with
MSC characteristics or skeletal muscle derived progenitor cells. In addition, numerous autologous cell
products from other sources are currently in the preclinical development stage. For comparison, only one
commercially available allogenic stem cell product is currently being tested in patients with heart disease.
Autologous cells offer the obvious advantage of perfect immunologic compatibility. On the other hand,
they may be affected by the patient’s age, hematologic or extrahematologic diseases, and carry acquired
viral genome. All current autologous cell products that are being used in cardiovascular medicine are
subjected to “non-homologous” use (i.e. bone marrow cells are expected to act in the heart), and their
manufacturing process is therefore governed by medicinal product legislation. At the same time, the
marketability of autologous cell products is limited to the technology needed for preparation, mainly cell
selection and expansion devices. The technologic and monetary input of industry is therefore much
smaller than for conventional medicinal products or medical devices.
The presentation will provide an overview of the current and future autologous cell product applications in
cardiovascular medicine, and will discuss the obstacles that hamper the further development of the
bench-to-bedside translation process.
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State of the art lecture on Regenerative medicine:
Cell-based Approaches for Urinary Incontinence
James J. Yoo (group Dr. Anthony Atala)
Wake Forest Institute for Regenerative Medicine,
Wake Forest University of Health Sciences, North Carolina, USA
Multiple treatment modalities, including surgeries and injection therapies have been tried for urinary
incontinence. However, none of these methods is able to entirely restore normal sphincter muscle
function. Consequently, various investigative efforts have been conducted to achieve ways to restore
urinary sphincter function. Recently, cell-based approaches using regenerative medicine techniques have
been proposed as a method to address this challenge. This method may involve the dissociation of donor
tissue into individual cells, which are either, implanted directly into the host, or expanded in culture,
combined with a carrier matrix, and re-implanted into target tissue region. The strategy which we have
followed to bioengineer sphincter muscle tissues involves the use of autologous progenitor-derived
muscle cells combined with a carrier matrix for functional restoration. Research progress in this area will
be discussed.
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"Cultivated Limbal Stem Cell Transplantation - A New Approach”
Nadia Zakaria
Ophtalmology, Univ. Hospital of Antwerp, Belgium
Dr. N. Zakaria, Prof. Dr. M.J Tassignon, Dr. C. Koppen, Dr. Van Tendaloo, Prof. Dr. Z Berneman
Introduction: A variety of conditions including chemical or thermal burns, Steven Johnson’s Syndrome,
Aniridia, advanced Ocular Cicatricial Pemphigoid, extensive microbial infections etc. may lead to Limbal
stem cell deficiency (LSCD) in the eye. The signs of LSCD include vascularization of the cornea with
persistent epithelial defects and haze, resulting in a considerable loss of visual acuity. Here we take a
look at cultivated limbal stem cell transplantation as new treatment modality to restore functioning limbal
stem cells and improve outcome of any subsequently required keratoplasties.
Methods: Limbal explants taken from cadaveric donor corneas in case of bilateral disease or from the
contralateral good eye in unilateral disease are placed in culture on amniotic membrane that has been
denuded of its epithelium and spongy layer. The limbal stem cells are allowed to grow out of the explant
and onto the amniotic basement membrane over a period of 2 to 3 weeks. The culture medium used is
progenitor cell targeted, cholera toxin free as well as free from any animal derived products. The cultured
cells along with the amniotic membrane are transplanted using an innovative technique which is simple,
quick and requires minimal manipulation of the delicate stem cell graft.
Results: The first patient transplanted with this new technique is showing promising results. Early post
operative results show that the graft is securely in place and free from any sings of inflammation or
rejection. Further follow up is required to establish long term outcome.
Conclusion: Although cultivated limbal stem cell transplantation has been in practice for some time now,
an animal free culture system using processed, standardized amniotic membrane has yet to be described
in a clinical setting. The new surgical technique described herein allows for secure graft placement
without the need for extensive graft manipulation or sutures.
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Strategies to enhance the beta cell mass
Prof. Dr. Raoul Rooman
Diabetes Center for Children and Adolescents, University Hospital Antwerp, Belgium
The available beta cell mass is the result of a continuous generation of cells subtracted by the continuous
loss of beta cells.
Type 1 diabetes mellitus is the consequence of an immune mediated destruction of the insulin-producing
beta cells. Symptoms appear when the beta cell mass is reduced to less than 20 %. In the advanced
stage of type 2 diabetes mellitus beta cell mass is reduced by about 50 % by apoptosis. In both types of
diabetes, the restoration of a sufficiently large beta cell pool could cure the disease. In both types of
diabetes ongoing beta cell loss is detectable many years before it causes clinical symptoms, offering the
opportunity to initiate beta cell therapy even before diabetes onset.
Current strategies to increase the number of beta cells are aimed at stopping beta cell loss or adding beta
cells either through regeneration or by replacement.
In type 1 diabetes, a series of immune-based therapies to stop the auto-immune attack are currently
evaluated including anti CD3 monoclonal antibodies, GAD vaccination, vitamin D3 and autologous cord
blood transfusion. Several trials explore anti-apoptotic agents to to prevent beta cell failure in type 2
diabetes.
Expansion of the beta cell pool can be obtained by whole pancreas or isolated, cadaveric beta cell
transplantation but these approaches are hampered by the shortage of organ donors. Many groups are
therefore trying to produce beta cells for transplantation from embryonic or “ adult” stem cells, or by
transdifferentiation of somatic cells.. Alternatively, molecules that can stimulate the in vivo generation of
beta cells from precursors or that increase in vivo beta cell proliferation are also in early clinical trials.
In the last decade, diabetes research has shifted from finding “better therapies “ to finding a “cure “ and
cell based approaches take a large part in this effort.
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Repair of iatrogenic sphincter damage and urinary incontinence by autologous
skeletal muscle derived cells (MDC)
Thomas Otto
T.Otto 1, 2, C.Eimer 1, 2, H.Gerullis 1, 2, A.Ramon 2
1 Dept of Urology Städtische Kliniken Neuss
2 ITERA International Tissue Engineering Research Association
Background: urinary incontinence by iatrogenic damage of the external sphincter, is not curable
conservatively. We showed initial results of successful repair of sphincter function by implantation of MDC
(J.Urol.179 (4):1415, 2008). Here we present data with a minimum follow up of 12 months after
implantation.
Methods: A biopsy tissue is obtained from the left deltoid muscle. Primary cell culture, expansion and
processing for transplantation were performed in the local tissue engineering center according § 4a
pharmaceutical law ( AMG ). We investigated MDC by immunocytochemistry for the expression of
different markers involved in muscle cell development and differentiation . 49.5% (standard error of mean
SEM 2.8) were positive for a-sarcomeric actin , 7.3% (SEM 1.8) for a-smooth muscle actin, and 32.7%
(SEM 10.1) for desmin. Co-immunostaining demonstrated that 2.8% (SEM 0.5) of the MDC were positive
for both a-sarcomeric actin and a-smooth muscle actin. The myogenic transcription factor MyoD1 was
present in up to 9.1% while no CD34 positive cells were detected. Cells injected into the sphincter were
50% of myogenic origin. Transplantation was performed 61 days (range: 16-122) after biopsy.
Results: Eighty four male patients (mean age:69.7 years, range:56-81) were enrolled. The iatrogenic
sphincter defect had caused refractory grade III incontinence for 42.5 months (range:12-192). Endoscopic
transplantation of 9. 82 million cells (range: 0.21-19.17 million) was performed. After a minimum period of
one year (range:12-60 months), 10 patients were completely continent and 32 patients had an
improvement from incontinence grade III to I. The improvement was observed after 4.7 months (range:29) and remained during follow up. In 42 patients, no improvement was observed. Minor side effects
(grade 1) were observed in 15/84 patients.
Conclusions: Implantation of MDC is safe and successful procedure for the treatment of refractory
urinary grade III incontinence caused by iatrogenic sphincter damage.
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Meniscus Substitution: current concepts
Peter Verdonk
VERDONK PCM, MD, PhD* **; D'HOLLANDER AAD, MD* and VERDONK R, MD, PhD, Professor of
Orthopaedic Surgery*
*Ghent University Hospital, Ghent, Belgium
**Stedelijk Ziekenhuis Roeselare, Belgium
Keywords: Meniscus, transplantation, cartilage, allograft, chondroprotection
Over the last few decades, the understanding of meniscal functions and, consequently, the management
of meniscal injuries, has continued to evolve, with increasing commitment among physicians to
preserving the meniscus whenever possible. The natural history of a meniscus-deficient knee has been
shown to involve poor clinical and radiological outcomes over time, including disruption of load-sharing
and shock absorption, diminution of joint stability, and deterioration of articular cartilage with progression
to arthrosis.
When confronted with an irreparable tear, substitution of the lost tissue with a meniscus allograft or
scaffold is gaining interest.
Meniscus allograft transplantation represents the biological solution for the symptomatic, meniscus
deficient patient who has not developed advanced osteoarthritis. A growing body of evidence suggests
that pain relief and functional improvement may reliably be achieved at short- and medium-term follow-up,
and even, in some cases, at long-term (>10years) follow-up. Progression of further cartilage degeneration
or joint space narrowing was absent in an significant number of cases, indicating a potential
chondroprotective effect.
Future research must address the issue of optimal timing of the procedure and whether meniscal
transplantation results in demonstrable long-term benefits, especially with regard to protection of articular
cartilage.
Since the use of allograft material is associated with potential drawbacks such as disease transmission,
sizung problems and limited availability, future efforts should also focus on the development of tissue
egnineered constructs and scaffolds. In order to improve our understanding of the meniscus, a better
knowledge of the cellular biology of both the normal meniscus as well as the transplanted or tissue
engineered meniscus is mandatory. After all, the biomechanical behaviour of the meniscus (transplant) is
dictated by the cells residing within the tissue. Better understanding the biomechanics and biology of the
meniscus should make us evolve towards a better treatment of the meniscus injury and should ideally halt
secondary articular cartilage degeneration.
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Bioethical dimension of stem cell research and use of umbilical cord blood stem
cells: a human rights approach
Alberto Garcia Gomez
Bioethics and Human Institute, Rome, Italy
Any research and application in the field of stem cells involves a human behaviour and implies an ethical
and social responsibility when human rights are at stake. How to balance the right to freedom (of
conscience, of research, to choose an occupation and to conduct a business) and the right to life, to
integrity, to privacy and the protection of human health are some of the new challenges of new
biotechnologies we should encourage and foster taking into consideration the bioethical duty of
respecting and protecting human dignity. From a human rights perspective it can be argued that parents’
decision about criopreservation of umbilical cord blood stem cells based on familiar solidarity should be
considered rightful. Therefore a legal framework forbidding or limiting such free decision should be
adequately explained, due to the fact that best interest of children and relatives could be unfairly affected
by a public decision. Everyone (parents, researchers, physicians, patients, business managers,
politicians, public decision-maker, etc.) should certainly respond in conscience of his/her decisions and
conduct, while public authorities should also promote a social framework in which only responsible use of
biotechnologies using stem cells should be fostered, taking into consideration that every single State as
well as the International community should guarantee the protection of fundamental rights at stake in
order to contribute to justice and common good.
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Posters
Allogeneic stromal cell implantation in brain tissue of immune-competent mice
leads to robust microglial activation and subsequent graft elimination
Bart R. Tambuyzer (1,2), Irene Bergwerf (1,2), Nathalie De Vocht (1,2), Kristien Reekmans (1,2,5),
Jasmijn Daans (1,2), Dirk K. Ysebaert (3,5), Shyama Chatterjee (4), Eric Van Marck (4), Zwi N. Berneman
(1,2,5), Peter Ponsaerts (1,2,5).
(1) Laboratory of Experimental Hematology - Vaccine and Infectious Disease Institute, (2) BioImaging
Laboratory, (3) Laboratory of Pathology, and (4) Laboratory of Experimental Surgery, University of
Antwerp, Belgium. (5) Centre for Cell Therapy and Regenerative Medicine, Antwerp University Hospital,
Belgium.
AIMS OF THE STUDY: To investigate the immunological aspects of allogeneic bone marrow derived
stromal cell (BM-SC) transplantation in the central nervous system (CNS) of immune-competent mice.
METHODS: (I) In vitro: co-cultures of microglia (FVB) with autologous (FVB) or allogeneic (C57BL/6) BMSC were screened for TNF- and NO production. (II) In vivo: BM-SC were injected intra-cranially followed
by IFN- ELISPOT and histological analysis.
RESULTS: (I) In vitro: Both cell types used in this study were thoroughly characterised: (i) microglia
displayed expression of CD11b, CD45low, F4/80, CXCR3 and CXCR4, and (ii) BM-SC showed uniform
expression of stromal cell markers Sca-1, MHC I and CD106, but not MHC II and CD45. Microglia were
stimulated to produce high amounts of TNF- and NO when stimulated with IFN- /LPS (100U, 500U/ml
and 10 ng, 1 µg/ml) while BM-SC only produced NO. Upon co-cultivation microglia nor BM-SC produced
significant amounts of TNF- or NO. Moreover, if these co-cultures were further stimulated with the IFN/LPS cocktail, no reduction or increase of TNF- production was detected, while NO secretion was only
slightly increased. (II) In vivo: After implantation of allogeneic C57BL/6 BM-SC in the brain of immune
competent FVB mice, we observed vigorous microglial activation up till 4 weeks post-implantation,
demonstrated by CD11b staining. Simultaneously, the BM-SC marker Sca-1 diminished over time
indicating graft elimination. Using CD3 staining, we did not detect significant T-cell infiltration. This finding
was further supported by the absence of systemic immune responses against intra-cranial cell implants.
In contrast, immunological rejection of intra-muscular injected allogeneic BM-SC was detectable by IFNELISPOT.
CONCLUSIONS: (I) Microglia are not activated or inhibited by allogeneic BM-SC in vitro. (II) Rejection of
allogeneic BM-SC implanted in the CNS of immune-competent mice is mainly mediated by activated
microglia without overt T-cell involvement.
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Luciferase-expressing stromal derived from Rosa26-L-S-L-Luciferase transgenic
mice are immune-tolerated following implantation in the central nervous system
of syngeneic immune-competent mice
Irene Bergwerf (1), Nathalie de Vocht (1,2), Bart Tambuyzer (1), Jacob Verschueren (2), Kristien
Reekmans (1,6), Jasmijn Daans (1), Shyama Chatterjee (3), Philippe Jorens (4,6), Dirk Ysebaert (5,6),
Eric Van Marck (3), Annemie Van Der Linden (2), Zwi Berneman (1,6), Peter Ponsaerts (1,6).
(1) Laboratory of Experimental Hematology - Vaccine and Infectious Disease Institute, (2) BioImaging
Laboratory, (3) Laboratory of Pathology, (4) Clinical Pharmacotherapy and (5) Laboratory of Experimental
Surgery, University of Antwerp, Belgium. (6) Centre for Cell Therapy and Regenerative Medicine, Antwerp
University Hospital, Belgium.
OBJECTIVES: To investigate the immunological survival of autologous luciferase- expressing stromal
cells following implantation in the central nervous system of immune-competent and immune-suppressed
mice using in vivo bioluminescence imaging and histological analysis.
RESULTS: First, we expanded stromal cells from bone marrow of two-weeks old ROSA26-L-S-Lluciferase transgenic mice. Cultured cells were then characterised by flow cytometry and found to express
Sca-1, CD106 and MHCI membrane proteins without detectable expression of haematopoietic (c-kit,
CD45, CD34, MHCII), endothelial (CD31), and neural (A2B5) markers. Next, ROSA26-L-S-L-Luc mousederived stromal cells were electroporated with mRNA encoding Cre-recombinase in order to activate
luciferase expression. A polyclonal luciferase-expressing stromal cell line was then further subcloned in
order to obtain a homogenous clonal population expressing high levels of luciferase (in vitro BLI signal:
60.000 f/s) without observable change in growth potential and phenotypic properties. In addition, the
ability of the established luciferase-expressing stromal cell clone (Luc+ SC) to differentiate into adipocytes
(Oil red O staining) further indicated the mesenchymal stem cell identity of our cultured Luc+ SC. This
Luc+ SC line was then implanted (2 x 105 cells by stereotactic injection) in the central nervous system of
ROSA26-L-S-L-Luc mice in the presence (n=5) and absence (n=5) of immune-suppressive therapy (daily
10 mg/kg cyclosporine A). Cell implant survival was monitored weekly during 3-4 weeks by in vivo
bioluminescence imaging, which demonstrated long-term survival of transplanted Luc+ SC in both
immune-competent and immune-suppressed recipients. Post-mortem histological analysis identified cell
implants on haematoxylin-eosin and Sca-1 stained slides, without indication for tumour formation during
the full observation period. In addition, we investigated the migration of inflammatory cells towards the
graft site at different time-points. While cell implants are surrounded by CD11b+ microglial cells at week 1
post-engraftment in both immune-competent and immune-suppressed mice, these inflammatory cells
disappeared by week 3 post-implantation in both groups.
CONCLUSIONS: In this study we show that ROSA26-L-S-L-Luciferase transgenic mice are a powerful
research tool for: (1) derivation of transplantable luciferase-expressing cell populations, and (2) in vivo
bioluminescence imaging following syngeneic cell implantation in the CNS without the need for systemic
immune suppression.
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In vivo bioluminescence and magnetic resonance imaging of neural stem/
progenitor cells following implantation in the central nervous system of immunecompetent mice
Kristien Reekmans (1,6), Nathalie de Vocht (1,2), Bart Tambuyzer (1), Irene Bergwerf (1), Jasmijn
Daans (1), Shyama Chatterjee (3), Philippe Jorens (4,6), Dirk Ysebaert (5,6), Eric Van Marck (3),
Annemie Van Der Linden (2), Zwi Berneman (1,6), Peter Ponsaerts (1,6)
(1) Laboratory of Experimental Hematology - Vaccine and Infectious Disease Institute, (2) BioImaging
Laboratory, (3) Laboratory of Pathology, (4) Clinical Pharmacotherapy and (5) Laboratory of Experimental
Surgery, University of Antwerp, Belgium. (6) Centre for Cell Therapy and Regenerative Medicine, Antwerp
University Hospital, Belgium.
AIMS OF THE STUDY: (I) In vitro characterisation of adherently growing primary cultures of neural
stem/progenitor cells (NSC/NPC) by flow cytometry and immunocytochemistry. (II) In vivo
characterisation of neural stem/progenitor cell grafts in the central nervous system (CNS) of mice by noninvasive bioluminescence imaging (BLI) and magnetic resonance imaging (MRI), and by post-mortem
histological analysis.
RESULTS: * PART I: First, adherently growing NSC/NPC cultures were initiated from embryonic brains
(E14) of ROSA26-L-S-L-Luciferase transgenic mice. Established cultures, which self-renew for up to 3050 passages, were characterized by flow cytometry and found to express A2B5 and NCAM, without
detectable expression of mesenchymal (Sca-1, CD106), haematopoietic (c-kit, CD45) and endothelial
(CD31) markers. In addition, immunocytochemical stainings demonstrated expression of the intracellular
markers GFAP, BLBP and SOX2. Next, ROSA26-L-S-L-Luc mouse-derived NSC/NPC cultures were
lipofected with mRNA encoding Cre-recombinase in order activate expression of the Luciferase reporter
gene (70.000 fotons/s/100.000cells). Moreover, the ability of the established NSC/NPC(LUC+) line to
differentiate in vitro into GFAP+ astrocytes and Tuj1+ neurons, as demonstrated by immunohistochemical
stainings, further indicated the neural stem/progenitor cell identity of our cultured NSC/NPC(LUC+). *
PART II: Second, cultured NSC/NPC(LUC+) were labelled with 0.96µm fluorescent (Dragon Green)
magnetite-containing micron-sized particles (BangsLab particles) and efficiency of uptake was
determined by flow cytometric analysis (>90%). Next, this population of bangslab-labelled
NSC/NPC(LUC+) was implanted (5 x 105 cells by stereotactic injection) in the CNS of immune-competent
ROSA26L-S-L-Luc mice. Cell implant localisation and survival was monitored during 4 weeks by in vivo
BLI and MRI, which demonstrated intrinsic survival of implanted NSC/NPC(LUC+). In addition, our BLI
and MRI observations were validated post-mortem by histological characterisation of the
NSC/NPC(LUC+) grafts.
CONCLUSIONS: We here demonstrate that in vivo localization and survival of grafted NSC/NPC in the
CNS of mice can be monitored by combined BLI and MRI.
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Combined real-time bioluminescence and magnetic resonance imaging for
monitoring stromal cell implantation in the central nervous system in mice
Nathalie de Vocht (1,2), Irene Bergwerf (1), Ruth Vreys (2), Bart Tambuyzer (1), Kristien Reekmans
(1,5), Jasmijn Daans (1), Dirk Ysebaert (3,5), Shyama Chatterjee (4), Eric Van Marck (4), Zwi Berneman
(1,5), Annemie Van Der Linden (2), Peter Ponsaerts (1,5)
(1) Laboratory of Experimental Hematology - Vaccine and Infectious Disease Institute, (2) BioImaging
Laboratory, (3) Laboratory of Experimental Surgery, and (4) Laboratory of Pathology, University of
Antwerp, Belgium. (5) Centre for Cell Therapy and Regenerative Medicine, Antwerp University Hospital,
Belgium.
INTRODUCTION: Bone marrow-derived stromal cells (BM-SC) are expected to become a promising
therapeutic tool for treatment of various traumatic and ischemic injuries to the central nervous system
(CNS). However, for pre-clinical animal studies, real-time visualization of migration and survival of grafted
BM-SC still remains a challenging research topic.
AIMS OF THE STUDY: (I) Optimization of bioluminescence imaging (BLI) and magnetic resonance
imaging (MRI) for BM-SC following implantation in the CNS of mice, and (II) evaluation of BM-SC
migration towards lipopolysaccharide (LPS)-induced inflammation in the CNS of mice by BLI and MRI.
RESULTS: Luciferase-expressing BM-SC (BM-SCLUC) cultured out of bone marrow from ROSA26-L-S-LLuciferase transgenic mice were labelled with 1,63 µm fluorescent (Dragon Green) magnetite-containing
micron-sized particles from Bangs Laboratories (cat number ME03F/8084) and efficiency of uptake was
determined by flow cytometric analyses (>90%). In order to evaluate in vivo survival and migration of BMSCLUC in the CNS of mice, we implanted 2 x 105 MPIOs labelled (n = 8) or unlabelled (n = 6) cells by
stereotactic injection in the right hemisphere and injected a solution containing 2 g LPS in the left
hemisphere (n = 14). Survival of BM-SCLUC implants was monitored during 3 weeks by BLI, which
demonstrated long-term survival of transplanted BM-SCLUC cells. Cell migration was evaluated for 3
weeks by MRI analysis, however no migration of implanted BM-SCLUC was observed towards the site of
LPS injection. In addition, the presence of transplanted BM-SCLUC cells in the brain and the absence of
BM-SCLUC migration towards neurotrauma was confirmed by histology.
CONCLUSIONS: We here demonstrate that in vivo survival and localization of grafted bone marrowderived stromal cells in the CNS of mice can be monitored by combined bioluminescence and magnetic
resonance imaging.
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TissueFAXS: taking microscopy from image to analysis and immunohistology
from estimation to measurement
Rupert C. Ecker, Radu Rogojanu, Sebastian Schmittner, and Georg Steiner
TissueGnostics GmbH, Vienna Austria
BACKGROUND: TissueFAXS is the microscopic equivalent to flow cytometry – applicable to tissue
sections, cell culture monolayers and cell smears/cytospin preparations. An increasing number of
publications demonstrate versatile applications and data reliability. Although the TissueFAXS technology
comprises full microscope hardware control and creation of stitched overviews, the major advantage is
the high performance in automated recognition and cytometric measurement of individual cells within
histological samples by means of image cytometry.
TECHNOLOGY & METHOD: The TissueFAXS system consists of one out of several possible high-end
motorized fluorescence microscopes (certain microscope stands from Zeiss, Leica, Nikon are currently
supported), the TissueFAXS Management & Acquisition Software and two analysis modules –
TissueQuest for fluorescence samples and HistoQuest for brightfield samples. Proprietary algorithms for
recognition of nuclei and cytoplasm allow to measure comparative marker expression in the nucleus
and/or the surrounding cytoplasm. For each cell or cellular compartment up to 14 parameters are
measured and stored in a database. Representation of cellular parameters may be obtained by dot plots
and/or histograms in a FACS-like manner.
DEVELOPMENTS & RESULTS: The basic functionality of TissueFAXS has been demonstrated before
and will be exemplified by studies in tumor and transplantation immunology, oncology, signal transduction
research and functional assays in cell cultures. Recently novel algorithms for handling TMAs and
FISH/CISH were added as well as a method of automated segmentation of prostatic glands for early
detection of malignant transformation in prostate tissue – before morphological changes appear.
Moreover, a variation of the TissueFAXS technology has been introduced just recently, named
HemoFAXS. It is used for automated generation of differential blood pictures in leukaemia diagnosis.
Based on morphological parameters obtained by a chemical stain like “Gimsa” a specifically developed
support vector machine automatically classifies 13 different types of leukocytes, used by haematologists.
DISCUSSION: Using the instruments and methods described above novel approaches in research and
improved data transparency in diagnosis become available. Observer-biased visual estimation in
immunohistological analysis of tissue samples is replaced by observer independent measurements on the
single-cell level, which is especially important in multi-center studies and set-up of clinical studies for the
pharmaceutical industry.
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Angiogenic growth factor profile of human amniotic membrane
Simone Hennerbichler
S. Hennerbichler1,4, S. Wolbank1,2,4, B. Reichl1,3,4, F. Hildner2,4, C. Gabriel1,4, H. Redl2,4, M. van
Griensven2,4
1 Red Cross Blood Transfusion Service of Upper Austria, Linz, Austria
2 Ludwig Boltzmann Institute for Experimental and Clinical Traumatology, Linz-Vienna, Austria
3 Bio-Products & Bio-Engineering AG, Vienna, Austria
4 Austrian Cluster for Tissue Regeneration
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. Therefore we
investigated which growth factors (GF) and cytokines are released from cells in amnion to the culture
medium.
Fresh, glycerol- and cryopreserved amnion was incubated for 48 h in protein free medium and the
medium afterwards screened for GF using a protein array system. Amnion was also tested for viability.
Amniotic membrane was viable under fresh and cryopreserved conditions, whereas in glycerol-preserved
amnion hardly any viable cells could be detected. Of the 20 protein spots on the array, the following
signals could be positively detected – Angiogenin, TIMP-1/2, GRO, IL-6/8, MCP-1, TIMP1/2, IGF-1 upon
incubation with supernatants.
We could demonstrate that the angiogenic growth factor profile of amniotic membrane partly differed in
the three evaluated culture conditions, showing lower amounts of growth factors and cytokines in the
preserved membranes.
Acknowledgements: Lorenz Böhler Fonds
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Mesenchymal stem cells: what potential for Liver Tissue Engineering and
Therapy?
Priti Dhareshwar
Novus Sanguis at Newcastle centre for cord blood, Newcastle University, United Kingdom
Dhareshwar P., Habibollah S., Degoul O., Jurga M., Forraz N., and McGuckin C.P
Mesenchymal stem cells (MSC) are multipotent cells which have the potential to differentiate into different
tissues types of the body. Although mesenchymal stem cells (MSC) from different somatic tissue sources
share many characteristics and generally fulfill common criteria for MSC (eg. plastic adherence; antigen
expression) their ability to differentiate into different tissues of the three germ layers, also varies
according to tissue origin.
The goal and scope of this research has been to examine the differentiation potential of Mesenchymal
like stem cells obtained from the Umbilical cord and adipose tissue into hepatocytes in two and threedimensional (2D and 3D) culture systems. Importantly, it is understood that MSC from neonatal sources
can undergo more cell divisions before they reach senescence than MSC from adult tissue such as bone
marrow or adipose tissue.
The cells were stimulated with exogenous mitogens and morphogens to induce hepatic histogenesis.
Immunofluorescence analysis revealed the expression of markers specific for: hepatoblasts such as
alphafetoprotein (AFP), albumin (Alb) and GATA-4 and mature hepatic and biliary epithelium markers
including, hepatocyte growth factor receptor (HGFr), carbonyl phosphatase synthetase-1 (CPS1),
cytokeratin-18 (CK-18) cytokeratin-8 (CK-8) cytokeratin-19 (CK-19) and cytokeratin-7 (CK-7) respectively.
The differentiated cells in 2D and 3D culture systems displayed several features of hepatic cell kinetics
and metabolic activities, including glycogen synthesis and uptake of green indocyanine dye.
These cells may prove to have potential in developing cellular therapy for various liver disorders and also
provide an adequate in vitro model of parenchymal liver cells in toxicology and in bioartificial liver
research. As we learn more about the differentiation and plasticity of MSC from different sources, health
care providers in the future will use them tailored to different medical indications.
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