
 

Conditions that promote proliferation of
blood-forming cells in fetal liver
11 January 2016

A study directed by Paul Frenette, M.D., is featured
on the cover of today's print edition of Science. In
experiments involving mice, Dr. Frenette and his
colleagues have solved a mystery surrounding the
development of hematopoietic stem cells in utero.
Dr. Frenette is professor of medicine and of cell
biology and chair and director of Einstein's
Gottesman Institute for Stem Cell and
Regenerative Medicine Research. 

Researchers have long known that fetal 
hematopoietic stem cells (HSCs)—which ultimately
give rise to adult blood cells—migrate during
development from the dorsal aorta and placenta to
the fetal liver, and later travel from there to the
bone marrow. The Science article describes for the
first time the conditions that promote HSC
proliferation in the fetal liver.

Dr. Frenette collaborated in this study with Aviv
Bergman, Ph.D., professor and founding chair of
systems and computational biology. It provides
evidence that pericytes (contractile cells that wrap
around capillaries and venules) associate with the
liver's portal vessels (tributaries of the umbilical
vein) to form a niche, or microenvironment, that
promotes HSC proliferation in the fetal liver. This
rapid expansion of HSCs contrasts sharply with
their quiescence when HSCs later reside in bone
marrow. Insights into this HSC fetal liver niche may
lead to new ways of cultivating stem cells for
transplantation. Their findings suggest that the
expansion of HSCs during fetal development is
governed by fractal geometries (repeating patterns
that display at every scale) associated with the
growing surface area of the portal vessel niche.

The study was led by an M.D./Ph.D. student Jalal
Khan. Other authors include Avital Mendelson,
Ph.D., Yuya Kunisaki , M.D., Alexander Birbrair,
Ph.D., Anna Arnal-Estapé, Ph.D., Sandra Pinho,
Ph.D., Paul Ciero, M.S., Fumio Nakahara, M.D.,
Ph.D., all at the Gottesman Institute for Stem Cell
and Regenerative Medicine Research , and

collaborators Yan Kou, Ph.D., Avi Ma'ayan, Ph.D.,
and Miriam Merad, M.D., Ph.D., at the Icahn School
of Medicine at Mount Sinai.

A leading stem cell and vascular biology
researcher, Dr. Frenette joined Einstein from Mt.
Sinai School of Medicine in July 2010, when he
was named the first director of the Gottesman
Institute. In studies published in Nature in 2010 and
2013, Dr. Frenette showed that HSCs pair up in the
bone marrow with another type of stem cells,
known as mesenchymal stem cells, which give rise
to bone, cartilage, fat and other tissues, and that
subsets of these cells are found in distinct blood
vessels (arterioles and sinusoids) of the bone
marrow where they differentially regulate HSC
quiescence.

Dr. Frenette and colleagues showed in a 2013 
Nature Medicine paper that macrophages in the
bone marrow and spleen nurture the production of
new red blood cells while they simultaneously clear
aging red blood cells from the circulation—a finding
that may lead to new therapies for conditions that
cause abnormal red cell counts (e.g., hemolytic
anemia and acute blood loss) and may aid recovery
from chemotherapy and bone marrow
transplantation. And in research on sickle cell
disease published last September in Nature, Dr.
Frenette found that using antibiotics to deplete the
body's microbiome may prevent acute sickle cell
crisis and could offer the first effective strategy for
warding off the disease's long-term complications,
such as organ failure. 

  More information: J. A. Khan et al. Fetal liver
hematopoietic stem cell niches associate with
portal vessels, Science (2015). DOI:
10.1126/science.aad0084
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