
 

New insight into stem cell development

May 22 2014

The world has great expectations that stem cell research one day will
revolutionize medicine. But in order to exploit the potential of stem
cells, we need to understand how their development is regulated. Now
researchers from University of Southern Denmark offer new insight.

Stem cells are cells that are able to develop into different specialized cell
types with specific functions in the body. In adult humans these cells
play an important role in tissue regeneration. The potential to act as 
repair cells can be exploited for disease control of e.g. Parkinson's or
diabetes, which are diseases caused by the death of specialized cells. By
manipulating the stem cells, they can be directed to develop into various
specialized cell types. This however, requires knowledge of the
processes that regulate their development.

Now Danish researchers from University of Southern Denmark report a
new discovery that provides valuable insight into basic mechanisms of 
stem cell differentiation. The discovery could lead to new ways of
making stem cells develop into exactly the type of cells that a physician
may need for treating a disease.

"We have discovered that proteins called transcription factors work
together in a new and complex way to reprogram the DNA strand when a
stem cell develops into a specific cell type. Until now we thought that
only a few transcription factors were responsible for this
reprogramming, but that is not the case", explain postdoc Rasmus
Siersbaek, Professor Susanne Mandrup and ph.d. Atefeh Rabiee from
Department of Biochemistry and Molecular Biology at the University of
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Southern Denmark.

"An incredibly complex and previously unknown interplay between
transcription factors takes place at specific locations in the cell's DNA,
which we call 'hotspots'. This interplay at 'hotspots' appears to be of
great importance for the development of stem cells. In the future it will
therefore be very important to explore these 'hotspots' and the interplay
between transcription factors in these regions in order to better
understand the mechanisms that control the development of stem cells",
explains Rasmus Siersbaek.

"When we understand these mechanisms, we have much better tools to
make a stem cell develop in the direction we wish", he says.

Siersbaek, Mandrup and their colleagues made the discovery while
studying how stem cells develop into fat cells. The Mandrup research
group is interested in this differentiation process, because fundamental
understanding of this will allow researchers to manipulate fat cell
formation.

"We know that there are two types of fat cells; brown and white. The
white fat cells store fat, while brown fat cells actually increase
combustion of fat. Brown fat cells are found in especially infants, but
adults also have varying amounts of these cells.

"If we manage to find ways to make stem cells develop into brown rather
than white fat cells, it may be possible to reduce the development of
obesity. Our findings open new possibilities to do this by focusing on the
specific sites on the DNA where proteins work together", the researchers
explain.

Details of the study
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The researchers worked with a well-known cell line that can be induced
to develop into fat cells in about a week in the laboratory using a specific
cocktail of hormones. It has been known for many years that this process
is regulated by proteins in the cells called transcription factors that
control which genes are turned on and off during development of the fat
cell.

So far it has been unclear how all these proteins work together to create
a fat cell. In this paper, the researchers report that transcription factors
bind together to special places in the cell's genome called 'hotspots' .
Here transcription factors 'talk' to each other and cooperate in
controlling which genes are switched on and off. 'Hotspots' therefore act
as key hubs in the genome where different signals are integrated on a
small piece of DNA.

The researchers further showed that there are often several of these
'hotspots' close to each other and that they work together to form large
so-called 'super-enhancers' . These 'super-enhancers' seem to be extra
important in order to activate the right genes during fat cell
development.

This study thus shows an extremely high degree of cooperativity between
transcription factors at the level of DNA, which seems to be very
important for directing the development of stem cells.

  More information: Cell Reports, May 22 2014: Molecular
Architecture of Transcription Factor Hotspots in Early Adipogenesis.
Rasmus Siersbæk, Songjoon Baek, Atefeh Rabiee, Ronni Nielsen, Sofie
Traynor, Nicholas Clark, Albin Sandelin, Ole N. Jensen, Myong-Hee
Sung, Gordon L. Hager and Susanne Mandrup. 
dx.doi.org/10.1016/j.celrep.2014.04.043 

Cell Reports, May 22 2014: Transcription Factor Cooperativity in Early
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Adipogenic Hotspots and Super-Enhancers. Rasmus Siersbæk, Atefeh
Rabiee, Ronni Nielsen, Simone Sidoli, Sofie Traynor, Anne Loft, Lars
La Cour Poulsen, Adelina Rogowska-Wrzesinska, Ole N. Jensen, and
Susanne Mandrup. dx.doi.org/10.1016/j.celrep.2014.04.042
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