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In vitro differentiation of reprogrammed murine somatic cells
into hepatic precursor cells

Tobias Cantz, M. Bleidissel, H.R. Scholer

MPI for Molecular Biomedicine

Background: Recently, a new approach to reprogram somatic cells to pluripotent stem cells
was shown by fusion of somatic cells with embryonic stem cells (ESC), avoiding generation of
totipotent embryos. These fusion hybrids morphologically resemble normal ESCs but have a
tetraploid karyotype. Normal hepatocytes often are polyploid, so we preferentially investigate
the differentiation potential of fusion hybrids into hepatic cells. Methods: Mononuclear bone
marrow cells from C3H and Rosa26 mice were fused with HM-1 (hypoxanthine-phosphoribo-
syltransferase —deficient) or OG2 (Oct4-GFP transgenic) ESC, respectively. Unfused ESCs were
eliminated by selection with hypoxanthine, aminopterine, thymidine (HAT) for C3H/HM-1
hybrids or G418 for Rosa26/0G2 hybrids and fusion-derived colonies could be subcloned.
Results: Tetraploidy of fusion hybrids was confirmed by FACS analysis of DAPI stained cells
and by the presence of the transgenes from both fusion partners in all colonies. The published
hepatic precursor differentiation protocols needed slightly modifications. Briefly, pluripotent
hybrid cells were cultivated in hanging drops for 5 days before plating onto gelatine-coated
dishes for 7 days. Outgrows of these colonies were re-plated on collagen-coated dishes for
additional 9 days in Hepatocyte Culture Medium (HCM) to induce hepatic differentiation.
Gene expression analyses of these cells showed a hepatic precursor-like expression profile, but
weak Oct4-expression still was detectable. In the first set of experiments 3 mice were analyzed
after 6 weeks. Transplanted cells show engraftment distributed in all lobes of the liver and no
teratoma formation was detectable. But in a second set of experiments 5 out of 8 mice show
teratoma formation after 3 -5 weeks after transplantation in the spleen (injection site) and the
liver. Conclusions: Murine bone marrow cells are reprogrammed after PEG-mediated fusion
with mouse embryonic stem cells and resulting hybrids can be cultured like normal ESCs. A
hepatic precursor cell type can be achieved and preliminary transplantation experiments proof
engraftment, but functional integration has to be proven and teratoma formation needs to be
excluded by introducing selection strategies.

Keywords: reprogramming; cell fusion; differentiation; liver cells

E-Mail: t.cantz@mpi-muenster.mpg.de



Epigenetic Modification of Neurosphere Cells Induces Early
Embryonic and Hematopoietic Stem Cell Genes

1David Ruau, Roberto Ensenat-Waser, 1Christine Hacker, 2Carolin Schmittwolf, 3Alexandra Rolletschek,
"Thomas Hieronymus, 3Anna M. Wobus, 2Albrecht Miller, TMartin Zenke

lnstitute for Biomedical Engineering, Department of Cell Biology, RWTH, Aachen, Germany, 2Institute fir
Medizinische Strahlenkunde und Zellforschung (MSZ), University of Wiirzburg, Germany, 3 In vitro
Differentiation Group, Institute of Plant Genetics and Crop Plant Research (IPK), Garterleben, Germany

Treatment with the cytokine granulocyte-colony stimulating factor (G-CSF), alone or in combina-
tion with stem cell factor (SCF), can improve hemodynamic cardiac function after myocardial
infarction. Apart from impairing the pump function myocardial infarction causes an enhanced
vulnerability to ventricular arrhythmias. Therefore, we investigated the electrophysiological
effects of G-CSF/SCF treatment and the underlying cellular events in a murine infarction
model. G-CSF/SCF treatment improved cardiac output after myocardial infarction. Although it
led to a twofold increased, potentially proarrhythmic homing of bone marrow-derived cells to
the area of infarction, less than 1% of these cells adopted a cardial phenotype. Inducibility of
ventricular tachycardias during programmed stimulation was reduced five weeks after G-
CSF/SCF treament. G-CSF/SCF increased cardiomyocyte diameter, arteriogenesis, and
expression of connexin43 in the border zone of the infarction. An enhanced expression of the
G-CSF receptor (G-CSFR) demonstrated in cardiomyocytes and other cell types of the infarcted
myocardium indicates a sensitization of the heart to direct influences of this cytokine. In addi-
tion to paracrine effects, potentially caused by the increased homing of bone marrow-derived
cells, these might contribute to the therapeutic effects of G-CSF.

Keywords: Epigenetic regulation; pluripotency; hematopoietic stem cells; ES cells; neurosphere cells
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Efficient differentiation of adult stem cells into glucose
regulated insulin producing cells using histone deacetylating
agents

Tayaramma Thatava, Hubert Mayer

GBF, German Research Center for Biotechnology, Braunschweig

Histone modification is central for the genomic reprogramming. Histone acetylation is associo-
ted with open DNA conformation (euchromatin) that facilitates transcription of target genes
and conversely, deacetylation is associated with a closed chromatin confirmation (heterochro-
matin) and facilitates repression of transcription. Therefore, inhibition of histone deacetylation
(HDAC) typically leads to derepression of transcription. We evaluated the effects of different
HDAC inhibitors on differentiation of bone marrow stem cells (BMSC) to insulin producing
cells. We report here, that BMSC from mouse, when pretreated for 3 days with inhibitors for
HDAC, differentiate under high glucose into insulin producing cells within 10 days. Trichostatin
A (TSA) a potent HDAC inhibitor induced most efficiently formation of isletlike cell-clusters. The
clustered cells showed endocrine gene expression, specific for pancreatic B-cell development
and function, such as Glut-2, pancreatic duodenal homeobox-1 (PDX-1), SUR-1, Pax-4, and
insulin (I and ll), glucagon, and somatostatin. Immuno-cytochemistry confirmed that the cells
produced various pancreatic hormones such as insulin, and C-peptide, glucagon and somato-
statin. Double immunofluorescence staining for insulin and C-peptide confirmed co-localization
of both proteins and indicates de novo synthesis of insulin in these cells. Western blot analysis
showed further the expression of insulin in the clustered cells. ELISA analysis demonstrated glu-
cose regulated secretion of insulin from differentiated cells. Electron microscopic analysis of
islet like cells revealed vesicles containing insulin granules similar to pancreatic B cells. These
findings suggest that HDAC inhibitors may induce differentiation of BMSC due to chromatin
remodeling into functional insulin producing beta cells in vitro.

Keywords: adult stem cells; histone deacetylation; pancreatic B cells; chromatin remodeling
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Human Fat-Derived Nuclei Code for Expression of Muscle
Proteins after Cell Fusion with defect Myoblasts

1Anton Wernig, 'M. Zweyer, 'R. Schéafer, M. Hans, 'D. Swandulla, 2Z. Li, 3E. Tobiasch

1Physiology, University Bonn, 2University Curie Paris, 3Fachhochschule Rhein-Sie
Y gy ty ty 9

Recent evidence indicates that organotypic stem cells in fat tissue can in culture be treated to
express several different lineage markers (Zuk et al., 2002, Lee et al., 2004; own observo-
tions) including myogenic ones (Mizuna et al., 2002). We co-cultured this stem cell fraction,
defined by their capacity to adhere to plastic surface (Zuk et al., 2001; van den Bogaerdt et
al., 2002), with desmin-deficient mouse myoblasts (from desmin-/- knock-out mice; see Li et al.,
1996 ). Following PEG treatment a total of 102 desmin expressing cells were evaluated in
detail. 90 of these cells were myotube-like as defined from their size, shape, presence of more
than one nucleus and dystrophin (the latter not always tested). 85 of these 90 cells contained
at least one human nucleus (detected from the presence of human specific lamin) in addition to
one or several mouse derived nuclei; besides expressing desmin, all such cells tested for also
expressed human specific NCAM. In contrast, only in 5 of the 90 myotubes we failed to defect
a human nucleus and 12 desmin positive cells contained human nuclei only. We conclude that

nuclei of fat tissue derived cells after fusion with myotubes are re-programmed to express myo-
genic proteins. Supported by BMBF grant 0TGN 0122 provided to AW and HIFF to ET.

Keywords: stem cells; human fat tissue; fusion; desmin-deficient myotubes; re-programming
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DNA Methylation and Collagen Type X Induction in
Mesenchymal Stem Cells and Chondrocytes

Peter Zimmermann, Sandra Bohmer, Wiltrud Richter

Orthopdadische Universitatsklinik Heidelberg

Articular cartilage has only limited potential for the regeneration of defects. By using tissue
engineering new cell therapy methods are in development, which try to treat cartilage dama-
ges by ex vivo culturing of adult mesenchymal stem cells (MSC's) and differentiating them
towards chondrocytes. For the therapeutic use of tissue engineering products from mesenchy-
mal stem cells it is very important that the regenerate is phenotypically stable and functional.
The differentiation process of articular cartilage not only requires the cells to differentiate into
the right direction but also the maturational arrest which locks the tissue in the state of hyaline
articular cartilage preventing terminal hypertrophic differentiation. In current in vitro protocols
of MSC chondrogenesis premature induction of hypertrophic molecules like collagen type X
and MMP13 occurs and ectopic transplants undergo vascularisation, calcification and
microossicle formation in SCID mice. In contrast, similarly treated expanded articular chondro-
cytes form stable ectopic cartilage with no evidence for hypertrophic differentiation. The aim of
this study was to analyse whether the induction of collagen type X and MMP13 in chondrocy-
tes is blocked on the DNA level by CpG methylation which potentially locks the corresponding
DNA regions in an inactive state. Bisulfite treatment of DNA followed by CpG site specific
restriction analysis and DNA sequencing of collagen type X promoter and coding region indi-
cated no differences between MSC’s and chondrocytes. Consistent with these results, the treat-
ment of chondrocytes with 5-Aza-deoxycytidine only slightly enhanced the very low expression
of collagen type X in chondrocytes. These results indicate that the inhibition of hypertrophic
marker gene induction in expanded chondrocytes seems to be independent of the DNA methy-
lation status of collagen type X.

Keywords: tissue engineering; mesenchymal stem cells; chondrocytes; DNA methylation; collagen X

E-Mail: peter.zimmermann@ok.uni-heidelberg.de



Genetic Control and Transcriptional
Regulation of Stem Cell Potency



Pegylated G-CSF (Neulasta) mobilizes a higher proportion of
HSC with increased cycling activity while in G-CSF-mobilized
CD34+ cells a larger fraction undergoes differentiation to
megakaryocyte-erythrocyte progenitors

lIngmar Bruns, 2Ulrich Steidl, 'Sascha Raschke, 3Johannes Fischer, 1Guido Kobbe, Roland Fenk,
1Sabrina Pechtel, 'Rainer Haas, Ralf Kronenwett

Department of Hematology, Oncology and Clinical Immunology University of Disseldorf, 2Harvard Institutes of
Medicine, 3Institute of Transplantation Diagnostics and Cell Therapeutics University of Disseldorf

Current regimens for peripheral blood stem cell (PBSC) mobilization in patients with multiple mye-
loma are based on daily subcutaneous injections of G-CSF starting shortly after cytotoxic therapy.
Recently, a polyethylenglycole (PEG)<onjugated G-CSF (pegfilgrastim) has been introduced which
has a substantially longer halflife than the original formula and therefore provides the basis for conti-
nuous G-CSF serum-levels after a single injection. Here, we compared the stem and progenitor cells
mobilized by pulsatile G-CSF stimulation phenotypically and functionally with those mobilized by
continuous G-CSF stimulation with unconjugated G-CSF and pedfilgrastim, respectively. We exami-
ned immunomagnetically enriched CD34+ cells from leukapheresis products of 9 patients who recei-
ved G-CSF and of 7 patients who were given pegfilgrastim using Affymetrix HG Focus GeneChips
covering 8793 genes. The statistical scripting language ‘R’ was used for data analysis. Significantly
differentially expressed genes were identified with the Significance Analysis of Microarrays (SAM)
algorithm. Key functional genes identified by GeneChips were verified by RT-PCR. Subset analysis
and fluorescence based cell sorting has been conducted to assess the effects of continuous vs. pulsa-
tile G-CSF stimulation on CD34+ subset composition and to obtain HSCs. Cell cycle assays using
BrdU and 7-AAD staining and clonogenic assays were performed for functional corroboration. Gene
expression analysis revealed a higher expression of genes characteristic for erythroid differentiation
in cells mobilized by pulsatile G-CSF stimulation. Utilizing clonogenic assays we were able to functio-
nally corroborate this finding as G-CSF-mobilized cells gave rise to significantly higher numbers of
burst-forming units erythroid compared to colony forming units granulocyte-macrophage. In cells
mobilized by continuous stimulation with pegfilgrastim, early stem cell markers, i.e. HOXA9 and
MEIS1 had a higher expression level. Concordantly, a higher proportion of megakaryocyte-erythro-
cyte progenitors in G-CSF-mobilized cells were seen while hematopoietic stem cells and common
myeloid progenitors prevail in pegfilgrastim-mobilized cells applying cell subset analysis. Looking at
cell cycle regulating genes, human HTm4, which causes cell cycle arrest in hematopoietic cells, was
upregulated in the G-CSF group, as opposed to cell cycle-promoting genes including Cyclin D2 in
pegfilgrastim-mobilized cells. This is emphasized by a significant higher proportion of actively
cycling cells after pegfilgrastim-mobilization and a significant higher proportion of cells in G1 phase
mobilized by G-CSF. Adressing the question, if the differrences observed are due to mobilisation of
different subsets or differential induction of transcription factors in HSCs or both, we performed RT-
PCR analysis of key functional genes in HSCs. We found a higher expression level of HOXA?9,
MEIST and PBX3 in cells mobilized by continuous G-CSF stimulation by pegfilgrastim, whereas
erythropoiesis-related genes HBB, KLF1 and the myelopoiesis-related transcription factor C/EBP delta
were not differentially expressed or could not be detected in HSCs. Conclusively, despite the similar
active component G-CSF we found a miscellaneous effect on blood stem and progenitor cell biology.



This may be due to the different pharmacodynamics of continuous and pulsatile G-CSF stimulation by
pegfilgrastim and unconjugated G-CSF injections, respectively.
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Use of transgenic UTF1 hES cell lines in differentiation studies
and compound screening

Peter Droege, Tan Shen Mynn

School of Biological Sciences, Singapore

Undifferentiated transcription factor 1 (UTF1) was identified first in the mouse as a marker for
pluripotent embryonic stem (ES) cells. Subsequent analyses demonstrated that the gene was
also expressed in human ES (hES) cells where it seemed to be under the control of transcription
factors OCT3/4 and SOX2. We generated transgenic hES cell lines which expressed a neo-
mycin resistance marker placed under the control of the human UTF1 promoter/enhancer. Our
analysis of these cell lines showed that the endogenous UTF1 gene as well as the neo trans-
gene were co-expressed in undifferentiated hES cells and that both genes were quickly down-
regulated upon induction of differentiation by DMSO. Treatment of transgenic cell lines with
both DMSO and G418 leads to the induction of massive apoptosis. However, a treatment with
another differentiation-inducing compound, retinoic acid (RA), in the presence of G418 did not
result in massive cell death, and expression of both endogenous UTF1 and neo transgene was
unaffected. Our results indicate that the regulation of UTF1 expression is tightly coupled to the
commitment of hES cells to particular cell lineages and that our transgenic cell lines emerged
as powerful tools in studying hES cell differentiation. These cell lines show also great potential
in identifying new compounds which direct hES cell differentiation into particular cell lineages.
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Gene Regulation of Tenascin C and its Isoforms in Neural
Stem Cells of the Developing Mouse Central Nervous System

Ursula Egbers, Alexander von Holst, Andreas Faissner

Dept. Cell Morphology and Molecular Neurobiology, Bochum

We are interested in the regulation and function(s) of the extracellular matrix glycoprotein Tena-
scin C (Tnc) during central nervous system development. Tnc occurs in the adult neural stem
cell niche and in the ventricular zone of the developing brain, where it is thought to control
neural stem cell (NSC) development. Studies in Tnc knockout mice revealed its involvement in
neural progenitor maintenance and maturation. Structurally, Tnc consists of several protein
domains including 8 constitutive fibronectin type-lll (FNIII) domains. By independent alternative
splicing of six additional FNIII domains, theoretically, up to 64 different Tnc isoforms could be
generated, and in cerebellum 27 different Tnc isoforms have been detected. The analysis of
the complexity of Tnc isoform expression in NSCs, which were grown as freefloating neuros-
pheres, revealed 20 different Tnc isoforms to be present. The isoform pattern was comparable
to the one documented in P6 cerebellum that contains mostly Tnc expressing progenitor cells.
One novel Tnc isoform could be identified that might be neural stem cell specific. Its expression
could only be detected in neurospheres, but not in embryonic brain tissues. In order to study
the regulation of Tnc and its isoforms in neurospheres grown from the embryonic brain cell
suspensions we transfected different plasmids coding for the transcriptional regulators Pax6,
Otx2 and Tlx, which resulted in the overexpression of these factors. When Paxé was overex-
pressed the large Tnc isoforms containing four, five and six additional alternatively spliced
FNIII domains were upregulated whereas the small isoforms without any or with one additional
domain were downregulated. We also analysed the Tnc isoform complexity after Pax6 overex-
pression, but to our surprise we did not observe any significant change in the combinatorial
code of Tnc isoform expression after the analysis of several hundred clones. Neurospheres
were cultured in the presence of different growth factors, which were thought to have different
impact on the expression level of Tnc. Epidermal growth factor and basic fibroblast growth fac-
tor upregulated the expression of Tnc and had a differential influence on the transcription of
Tnc splice variants. Transforming growth factor beta showed no regulatory effect on Tnc in
neurosphere cultures, which differs form the situation found in primary cortical rat astrocytes.
These findings show that the expression of the extracellular matrix molecule Tnc and its iso-
forms is regulated by defined intrinsic and extrinsic factors. We conclude that the differential
expression of Tnc isoforms is controlled by transcriptional regulators and growth factors, both
in the developing central nervous system and in neural stem cells.
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Regulation of human and mouse blastocyst inner cell mass and
embryonic stem cell pluripotency and differentiation

Aisha El-Bareg, Janet Razavi, Daniel R. Brison, Susan J. Kimber

The University of Manchester

Galanin (GA) is a secreted neuropeptide found abundantly in the CNS and highly conserved
between species. SAGE libraries in the mouse embryonic stem (ES) cells and embryonic carci-
noma (EC) cells revealed that high expression of GAL is characteristic of pluripotent stem cell
lines (Anisimov et al., 2002). This project addresses the role of GAL within human and mouse
embryos and human EC and ES cells. The expression of GAL was examined in relation to
other pluripotency related genes thought to have a function in murine ES cells such as Nanog
and FoxD3 in human and mouse embryos as well as ES cells. GAL, Nanog, and FoxD3 are
expressed from 8-cell stage of preimplantation human embryo and there was no change in
their expression with the addition of Growth factors such as Leukaemia Inhibitory Factor (LIF),
Insulin like Growth Factor-1 (IGF-1), Heparin binding-Epidermal Growth Factor (HB-EGF). In the
mouse embryo, GAL is expressed throughout the preimplantation developmental stages; from
oocyte to blastocyst. In Ntera2/D1 EC cell line, GAL, Nanog, and FoxD3 are expressed in
undifferentiated cells and their expression is down regulated upon Retinoic Acid (RA) induced
differentiation. GAL, Nanog and FoxD3 are also expressed in undifferentiated mouse and
human ES cells. These date suggest a role for GAL in maintenance of the ES cell phenotype.
We are currently examining the effect of GAL knockdown on cell phenotype in mouse and
human ES cells.
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Gene expression trees for modeling differentiation during
hematopoiesis

Ivan Gesteira Costa Filho, Stefan Roepcke, Alexander Schliep

Max Planck Institute for Molecular Genetics, Berlin

The regulatory processes that govern cell proliferation and differentiation are central to deve-
lopmental biology. Particularly well studied in this respect is the hematopoietic system. Gene
expression data of cells of various distinguishable developmental stages fosters the elucidation
of the underlying molecular processes, which change gradually over time and lock cells in cer-
tain lineages. Large-scale analysis of this data requires a computational framework for tasks
ranging from visualization, querying, and finding clusters of similar genes, to answering detai-
led question about the functional roles of individual genes and their similarities and differen-
ces. We present a statistical framework designed to analyze gene expression and further
heterogeneous data such as microRNA binding as it is collected during the course of develop-
ment. We extend conditional trees to continuous variates. These trees model differentiation with
their inherent dependencies naturally, and enable data visualization and querying. Several
trees are combined in a mixture model to allow inference of potentially overlapping groups of
co-expressed genes. Computational results for a wide range of data from the hematopoietic
system demonstrates the large biological relevance of our framework. We recover well-known
biological facts and also identify putative but convincing regulatory elements, genes and func-
tional assignments. Additionally,we include microRNA target prediction in our framework.
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Planarian neoblasts as a model system to study toti- and
pluripotency

Luca Gentile, 1Vittorio Sebastiano, 2Enrique Fernandez Taboda, 2Emili Salé, 'Claudia Ortmaier

IMax-Planck-Institute for Molecular Biomedicine, Minster, 2University of Barcelona - Department of Genetics

Freshwater planarians have prodigious regenerative abilities that enable them to form a com-
plete organism from tiny body fragments. Planarian regeneration in the adult body relies on
the presence of specific cells, named neoblasts, which are capable of differentiating into all
cell types of the adult body, including germ cells. This makes Planaria a unique model for stu-
dying the complex events involved in both maintenance of toti- and/or pluripotency as well as
cell differentiation. The principles underlying regeneration in planarians have been explored
for over 100 years through surgical manipulations and morphological observations. However,
the molecular pathways responsible of neoblasts’ proliferation and differentiation still need to
be determined. MicroRNAs (miRs) are untranslated RNAs about 22 nucleotides long and were
first identified in the nematode Caenorhabditis elegans. In C. elegans, they regulate the acti-
vity of specific genes by binding to messenger RNAs (mRNAs), preventing their translation into
proteins. MiRs are highly conserved throughout evolution, suggesting an essential role in the
biochemical pathways directing cell homeostasis, while the expression of unique sets of miRs
in undifferentiated and differentiating Embryonic Stem Cells (ESCs) insinuates a role in plastic
regulation of cell differentiative events. Here we present the first study on miR expression in the
planaria Schmidtea mediterranea intended to characterize putative regulatory pathways for
neoblast proliferation, differentiation and cell homeostasis. Down-regulation of SmPiwi2, enco-
ding for a protein that belongs to the Argonaute/PIWI family, was shown to block Planaria
regeneration by inhibiting the neoblast capacity to proliferate and differentiate. We used this
approach to derive a miR expression profile in animals with impaired neoblast trim. Several
miRs confirmed high homology with mammalian ones and, among those, some showed up- or
down-regulation in SmPiwi2 RNAi animals. Interestingly, almost all of them have been found to
be specifically expressed in undifferentiated ESCs or to be involved in Central Nervous System
(CNS) development and/or differentiation. These findings suggest that miRs are potentially
implicated in governing the potency of neoblasts, as they play important roles in maintaining
the plasticity that permits these cells to correctly regenerate a whole animal. Our results repre-
sent a first attempt to elucidate the molecular mechanisms at the basis of “stemness” and cellu-
lar differentiation during regeneration in Planaria. Given the high homology of S.mediterranea
genome with those of vertebrates (~70% of coding sequences), this study might provide us
with basic knowledge of post-transcriptional mechanisms involved in ES cells proliferation,
differentiation and cell commitment during early mammalian embryogenesis.
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