Insulin-Producing Beta Cells from Stem Cells: Scientists
Decipher Early Molecular Mechanisms of Differentiation
Neuherberg, January 23, 2014. The Wnt/β-catenin signaling pathway and microRNA 335 are
instrumental in helping form differentiated progenitor cells from stem cells. These are
organized in germ layers and are thus the origin of different tissue types, including the
pancreas and its insulin-producing beta cells. With these findings, Helmholtz Zentrum München
scientists have discovered key molecular functions of stem cell differentiation which could be
used for beta cell replacement therapy in diabetes. The results of the two studies were
published in the renowned journal Development.
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The findings of the scientists of the Institute of Diabetes and Regeneration Research (IDR) at
Helmholtz Zentrum München (HMGU) provide new insights into the molecular regulation of
stem cell differentiation. These results reveal important target structures for regenerative
therapy approaches to chronic diseases such as diabetes.
During embryonic development, organ-specific cell types are formed from pluripotent stem
cells, which can differentiate into all cell types of the human body. The pluripotent cells of the
embryo organize themselves at an early stage in germ layers: the endoderm, mesoderm and
ectoderm. From these three cell populations different functional tissue cells arise, such as skin
cells, muscle cells, and specific organ cells.
Various signaling pathways are important for this germ layer organization, including the
Wnt/β-catenin signaling pathway. The cells of the pancreas, such as the beta cells, originate
from the endoderm, the germ layer from which the gastrointestinal tract, the liver and the lungs
also arise. Professor Heiko Lickert, director of the IDR, in collaboration with Professor Gunnar
Schotta of LMU München, showed that the Wnt/β-catenin signaling pathway regulates Sox17,
which in turn regulates molecular programs that assign pluripotent cells to the endoderm, thus
inducing an initial differentiation of the stem cells.
In another project Professor Lickert and his colleague Professor Fabian Theis, director of the
Institute of Computational Biology (ICB) at Helmholtz Zentrum München, discovered an

additional mechanism that influences the progenitor cells. miRNA-335, a messenger nucleic
acid, regulates the endodermal transcription factors Sox17 and Foxa2 and is essential for the
differentiation of cells within this germ layer and their demarcation from the adjacent
mesoderm. The concentrations of the transcription factors determine here whether these cells
develop into lung, liver or pancreas cells. To achieve these results, the scientists combined their
expertise in experimental research with mathematical modeling.
“Our findings represent two key processes of stem cell differentiation,” said Lickert. “With an
improved understanding of cell formation we can succeed in generating functional specialized
cells from stem cells. These could be used for a variety of therapeutic approaches. In diabetes,
we may be able to replace the defective beta cells, but regenerative medicine also offers new
therapeutic options for other organ defects and diseases.”
Diabetes is characterized by a dysfunction of the insulin-producing beta cells of the pancreas.
Regenerative treatment approaches aim to renew or replace these cells. An EU-funded research
project (‘HumEn’), in which Lickert and his team are participating, shall provide further insights
in the field of beta-cell replacement therapy.
The aim of research at Helmholtz Zentrum München, a partner in the German Center for
Diabetes Research (DZD), is to develop new approaches for the diagnosis, treatment and
prevention of major common diseases such as diabetes mellitus.
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As German Research Center for Environmental Health, Helmholtz Zentrum Münchenpursues the
goal of developing personalized medical approaches for the prevention and therapy of major
common diseases such as diabetes mellitus and lung diseases. To achieve this, it investigates
the interaction of genetics, environmental factors and lifestyle. The Helmholtz Zentrum
München has about 2,200 staff members and is headquartered in Neuherberg in the north of
Munich. Helmholtz Zentrum München is a member of the Helmholtz Association, a community

of 18 scientific-technical and medical-biological research centers with a total of about 34,000
staff members.
The German Center for Diabetes Research (DZD) brings together experts in the field of diabetes
research and interlinks basic research, epidemiology and clinical applications. Members are the
German Diabetes Center in Düsseldorf, the German Institute of Human Nutrition (DIfE) in
Potsdam-Rehbrücke, Helmholtz Zentrum München – German Research Center for
Environmental Health, the Paul Langerhans Institutes of the University Hospital Carl Gustav
Carus in Dresden and the University of Tübingen, as well as the Gottfried Wilhelm Leibniz
Association and the Helmholtz Association of German Research Centres. The objective of the
DZD is to find answers to open questions in diabetes research by means of a novel, integrative
research approach and to make a significant contribution to improving the prevention,
diagnosis and treatment of diabetes mellitus.
The research activities of the Institute of Diabetes and Regeneration Research (IDR)focus on the
biological and physiological study of the pancreas and/or the insulin producing beta cells. Thus,
the IDR contributes to the elucidation of the development of diabetes and the discovery of new
risk genes of the disease. Experts from the fields of stem cell research and metabolic diseases
work together on solutions for regenerative therapy approaches of diabetes. The IDR is part of
the Helmholtz Diabetes Center (HDC).
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