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Somatic stem cells and development

The SOUrcCes

«regeneration

Somatic stem cells are the driving force for growth and
regeneration. When there is deterioration and injury,
they replenish the body with new cells. Germany has a
strong tradition in developmental biology and biomedical
science specialized in the study of tissue stem cells. Using
model organisms, researchers explore molecular and
cellular processes that provide the body with remarkable
self-healing abilities. A large number of specialists in Ger-
many are dedicated to improving our understanding of
the complex nature of blood stem cells. The GSCN working
group is aimed at ensuring that this expertise continues
to grow together.

ve for tissues and organs, making them of major

interest to developmental biologists. Traditionally,
Germany has a strong tradition in this discipline; inclu-
ding a Nobel prize for the pioneering work of German
developmental biologists Hans Spemann and Christiane
Niisslein-Vollhard. The field is institutionally anchored in
research organizations such as the Max Planck Society,
the Helmholtz Association, the Leibniz Association, the
Fraunhofer Society, and numerous universities. German
laboratories have been a major source of our understan-
ding of regeneration processes and the biology of soma-
tic stem cells. This was emphasized at the first annual
conference of the German Stem Cell Network (GSCN),
where the majority of presentations came from scien-
tists in this field of research. Another factor has been the
legislative situation, which only permits work involving
human embryonic stem (ES) cells to be carried out using

Adult stem cells represent an indispensable reser-

imported lines, leading many researchers to focus on so-
matic stem cells instead.

Shedding light on fundamental mechanisms of regen-
eration requires a detailed understanding of their nat-
ural functions. Here, researchers have focused on nu-
merous animal species with incredible regeneration
abilities, namely flatworms, fruit flies, fish, amphibians
and mice, all of which are common model organisms
for developmental biologists working in Germany. Elly
Tanaka uses the Mexican axolotl salamander, which is
renowned for its ability to regrow fully functional limbs.
Tanaka works at the DFG Research Center for Regener-
ative Therapies Dresden (CRTD) and is one of the initia-
tors of the GSCN working group ‘Somatic stem cells and
development’. Tanaka and her laboratory have already
uncovered some of the reasons for the axolotl’s regen-
erative abilities.

Model organisms with fascinating abilities

One finding: In contrast to previous assumptions, an
amputation site does not give rise to a clump of pluri-
potent stem cells but a mixture of progenitor cells. They
can divide despite the fact that their developmental
potential is already restricted. “Both stem cell activa-
tion and dedifferentiation play a role in the regrowth of
limbs,” says Tanaka. How are stem cells activated in the
tissue following an injury, and how are specialized cells
reprogrammed to become progenitor cells? To answer
these questions, Tanaka and her team are searching for
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Maintenance and Differentiation of Stem Cells

The Collaborative Research Center SFB 873
“Maintenance and Differentiation of Stem Cells
in Development and Disease” at Heidelberg
University works towards defining the regulatory
principles underlying the balance between main-
tenance, expansion and differentiation of stem
cells in diverse systems on a mechanistic level.
To this end the SFB873 studies a wide spectrum
of experimental models ranging from plants to
human to elucidate the inherent properties of
specific stem cell systems, but also to unco-

ver common and divergent principles behind
regulatory regimes and molecular signatures.

Our consortium brings together internationally
recognized researchers, with unique scientific
strengths in cell biology, biophysics, developmental
biology, molecular medicine or modeling. With our
research we hope to advance our understanding of
principles underlying stem cell function and lay the
foundation for translational approaches.

Centre fiir Organismal Studies (COS)
Im Neuenheimer Feld 230

69120 Heidelberg

www.sfb873.de
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key molecules that give the starting signal for the re-
generation process. The Dresden-based developmental
biologists are also taking a detailed look at other mech-
anisms and aim to clarify the commands that cause pro-
genitor cells to form a specific cell type.

Setting sights on muscle stem cells

Basic researchers also want to understand how to in-
duce, facilitate and regulate regenerative processes.
The experiments are motivated by the assumption that
the molecules that are responsible have close relatives
in humans that might also be subject to activation. This
is the goal of Thomas Braun, Director of the Max Planck
Institute for Heart and Lung Research in Bad Nauheim.
Braun, co-initiator of the GSCN working group, is con-
centrating on satellite cells: adult stem cells in skeletal
muscle tissue. “We have found important factors that
regulate and activate the self-renewal of these stem
cells,” says Braun. A particular focus of the Max Planck
researchers is a muscle that is typically known for low
regeneration abilities: the heart. Braun’s team has
identified a population of stem cells in mice that can
contribute to the renewal of heart muscle cells. Some
evidence suggests that in stressful situations, new heart
muscle cells can “rewind” their development program
and thus regain the ability to divide. These ‘dedifferen-
tiated’ heart muscle cells are similar in several respects
to somatic stem cells. Now the Max Planck researchers
have succeeded in identifying the genes required for
this process. “In principle, the mammalian heart is in
a position to initiate regeneration processes, although
under normal circumstances it is not sufficient to cure
heart damage,” says Braun. The objective now is to find
means of stimulating the formation of new heart muscle
cells using cardiac stem cells.

The German research landscape
Researchers in Germany are actively exploring the

biology of stem cells in almost all tissue types in animals,
humans, and even plants. The Deutsche Forschungs-

Fraunhofer EMB

Transporting living cells safely and securely

gemeinschaft (DFG, German Re-
search Foundation) is supporting
specific collaborative projects
for basic research into stem
cells, for example as part of the
activities of the special research
fields SFB 655 in Dresden and
SFB 873 in Heidelberg. Fund-
ing from the Federal Ministry of
Education and Research (BMBF)
is particularly aimed at applica-
tion-oriented research. At the Eu-
ropean level, German stem cell re-
searchers are involved in consortia that
are financially supported by the European
Commission. The progress of these projects to
date are a testament to the dynamism and exper-
tise of stem cell research in Germany.

The following overview highlights just a few of the core
areas.
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Stem cells in the blood

The blood - a rich source of somatic stem cells - is
an important topic of stem cell research. A number of
working groups across Germany focus on mesenchymal
stem cells (MSCs) and hematopoietic stem cells (HSCs).
These efforts are aimed at tapping the high potential of
such cells for clinical applications (see the section ‘Stem
Cells in Regenerative Therapies’).

Research teams headed by Anthony Ho and Andreas
Trumpp in Heidelberg and Albrecht Miiller from the
University of Wiirzburg are studying the genetic and
epigenetic profiles of MSCs and exploring their unique
properties for regenerative therapies. Work by Claudia
Waskow from the Center for Regenerative Medicine in
Dresden CRTD led to the discovery of several different
forms of blood stem cells, and the role of DNA repair in
HSCs is under scrutiny by Andreas Trumpp and Michael
Milsom in Heidelberg. Researchers led by Gerd Klein
at the University Hospital Tiibingen and Cornelia Lee
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Scientists often have to exchange cell cultures with
colleagues at other institutions, with their partners
in industry or other clients. Frequently, the material
is transported in a frozen state. Yet when freezing
it — which may take several hours - this procedure
could inflict irreparable damage to the cells. But
even when eventually thawed, there is still the risk
that the cells will die off. Then a new cell culture
has to be ordered and transported again, before the
researchers can begin the scheduled experiments
and analyses - a good one to two weeks later. So
that living cells can be transported under optimal
conditions an autonomous transportation box has

been developed at the
Fraunhofer Research
Institution for Marine
Biotechnology (EMB) in

L i Liibeck with which living
cells can be transported under their optimal culture
conditions - such as at 37 degrees (Celsius) and with
a carbon dioxide (CO,) content of 5 percent, for up
to 48 hours long. This novel mini-incubator (patent
pending) is lightweight and no bigger than a parcel
box. An internal Lithium Iron battery operates the
electronically regulated heating and the CO, supply.
Integrated sensors monitor and store these parame-

ters that are variably adjustable as well. The built-in
CO, cartouche can be re-filled from the outside. As
from now the engineers and researchers completed
their scientific work of the prototype development
and now the cell transport box is ready for serial
production.

Fraunhofer Research Institution

for Marine Biotechnology EMB

Paul-Ehrlich-StraRe 1-3, 23562 Liibeck, Germany
www.emb.fraunhofer.de
hans-peter.spengler@emb.fraunhofer.de
sandra.schumann@emb.fraunhofer.de
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Thedieck from the Karlsruhe Institute of
Technology focus on mechanisms at work
in the hematopoietic stem cell niche. This
niche is also the subject of investigation
of a dedicated DFG Research Group (FOR
2033)coordinated by researchers in Mu-
nich. Cord blood also exhibits great po-
tential as an alternative source of HSCs.
In a BMBF joint project, researchers at
RWTH Aachen University, the University of
Wiirzburg and MHH Hannover are working
on ways to improve the expansion of these
versatile cells in the laboratory. At the Institute
for Transfusion Medicine at the University of Es-
sen, several research groups have joined together in
a larger team under the direction of Peter Horn. Groups
led by Hannes Klump and Bernd Giebel are focused on
the molecular basis of HSCs and other stem cell popu-
lations.

Regeneration in organs

Heiko Lickert and his team at the Helmholtz Center Mu-
nich are studying regulators that play a key role in the
formation of pancreatic (3-cells. Such factors are essen-
tial for the production of insulin-producing cells and
thus aim to provide a basis for a future cell replacement
therapy for diabetes. These regulators are likewise a
priority for Francesca Spagnoli at the Max Delbriick
Center for Molecular Medicine (MDC) in Berlin-Buch.
She is investigating how liver cells can be repro-
grammed into f-cells. The laboratories of Walter and
Carmen Birchmeier at the Berlin MDC are specialized in
the development biology of skin- and muscle stem cells
and other topics.
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Numerous neurobiologists in Germany are investigat-
ing adult stem cells in the brain. In recent years, they
have made vital contributions to the understanding
of cellular plasticity of the brain - the ability to form
new neurons in the adult organ. Magdalena Gotz, at the
Helmholtz Center Munich, is studying neural stem cells

Photo: Wiki
Konstanz, F

Chair Tissue Engineering and Regenerative Medicine (TERM)

Artificial Vascularized Tissues

Implants with autologous cells are engi-
neered by Tissue Engineering methods which
minimize the body’s own implant rejection.
The hereby activated self-healing mechanisms
result in tissue regeneration (Regenerative
Medicine).

We develop human test systems as alternative
tissue models to animal trials. Tissue specific
bioreactors providing culture conditions of the
cell’s natural microenvironment in the body
are created to ensure in vitro functionality

of the used cells. A biological vascularized
scaffold, the BioVaSc, is applied to generate

successfully been set up.

Medicine (TERM)
Réntgenring 11

97070 Wiirzburg
www.term.ukw.de
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vascularized tissue in vitro. Tissue models as well
as models for cancer or (infectious) diseases have

Chair Tissue Engineering and Regenerative

Universtiy Hospital Wiirzburg
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in the forebrain that are known to play a role in so-called
adult neurogenesis. Likewise, Ana Martin-Villalba at the
Heidelberg DKFZ is occupied with neural stem cells in
the brain and how they are locally reactivated after inju-
ry. A research focus for Gerd Kempermann at the CRTD
in Dresden is adult neurogenesis and how this is influ-
enced and triggered by behavior patterns.

How stem cells age

Even stem cells age, meaning that a tissue’s ability to
regenerate gradually declines over time. The phenome-
non of stem cell aging is the specialized subject for a
number of research groups in Germany. The team of
Karl Lenhard Rudolph at the Leibniz Institute for Age
Research in Jena is studying the genetic defects that
cause ageing in stem cells of the hematopoietic system.
A related theme is the molecular mechanisms of stem
cell aging, which are thought to promote tumor de-
velopment. Hartmut Geiger and his team at Universi-
ty Hospital Ulm are exploring signaling pathways and
molecular mechanisms that lead to aging in blood stem
cells. If stem cells could be rejuvenated, it could boost
the regeneration process.

Ideas for joint research projects

Research activities in the field of somatic stem cells in
Germany are extremely multifaceted. The GSCN working
group has been established with the objective of de-
fining common interests and facilitating information
exchange through improved networking opportunities.
“A number of people in the working group have already
come together to form a new joint research project,”
says developmental biologist Thomas Braun. Although
the researchers are interested primarily in fundamen-
tal mechanisms of stem cell biology, their insights will
clearly improve know-how in the handling of cells in the
laboratory. Learning to optimize recipes for the genera-
tion of specialized cell types in cell culture will provide
a decisive impetus for the cell replacement therapies of
tomorrow. Text: Philipp Graf

Tissue-specific bioreactors and incubators.

Universitatsklinikum Wirzburg

Lehrstuhl fur Tissue Engineering und Regenerative Medizin\,l/





