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Blood-Forming Stem Cells' Balancing Act
How does the body keep replenishing the supply of blood
cells all our lives? Two pathways must work together

Also in: Life Sciences, Cancer

When you cut your 溾nger and bleed, the clotting that begins right away prevents blood
loss and infection. At the same time, rare blood-forming stem cells far o鋾 in your bone
marrow are called upon to replace the lost blood cells and provide healing immune cells.
Recent Weizmann Institute research (http://www.nature.com/nm/journal/vaop/nc
urrent/full/nm.3960.html) into this phenomenon led to the discovery of a new two-
part system that regulates the way in which blood-forming stem cells replace billions of
our short-lived mature blood cells on a daily basis. Their 溾ndings appeared in Nature
Medicine. Learning to manipulate this system may, in the future, keep cancers of the
blood from recurring or enhance the process of clinical bone marrow transplantation.  
 
Even when there is no injury, blood cells have one of the highest turnover rates in the
body – white and red cells are continuously created and released into the bloodstream.
These are generated from the rare blood-forming stem cells that lie dormant, hiding out
in special niches in the bone marrow. Signals from cuts, bacterial and viral infections, or
the natural death of blood cells coax these stem cells out of their niches and into the
bloodstream, to produce new mature blood cells.   
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Dr. Shiri Gur Cohen, then a research student in the group of Prof. Tsvee Lapidot (htt
p://www.weizmann.ac.il/immunology/Lapidot/)in the Weizmann Institute’s
Immunology Department, wanted to explore the signals that are exchanged between
the remote injury site and the bone marrow niches. This series of signals is thought of as
the “coagulant” pathway because it is traditionally believed to be involved in sending out
the sticky proteins that stanch the blood 溓즔ow. What happens when this pathway is
activated?
 
Not just for cuts
 
Gur Cohen and Lapidot, together with the teams of Prof. Irit Sagi (http://www.weizma
nn.ac.il/Biological_Regulation/IritSagi/) and Dr. Ayelet Erez (http://www.weizmann.
ac.il/Biological_Regulation/Erez/) of the Weizmann Institute’s Biological Regulation
Department, and Prof. Charles Esmon and Prof. Wolfram Ruf, coagulation experts from
the USA and Germany, discovered that two pathways that had traditionally been viewed
as coagulation- and in溓즔ammation-related actually have an independent function. They
soon realized that the coagulant pathway was really two pathways – the procoagulant
pathway and another, named the anticoagulant pathway. And these two pathways were
active all the time, not just when there was an injury to heal. This implied that both are
intrinsic to the process in which blood-producing stem cells are retained in or released

Bone marrow EPCR+ hematopoietic (blood-forming) stem cell in an anticoagulant niche
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from the bone marrow. 
 

Why are there two pathways in this system? Further
investigation revealed that the procoagulant
pathway, though its name implies adhesiveness, is
actually needed to “unstick” the stem cells from
their protected niches so they can go forth into the
blood stream. The anticoagulant pathway, in
contrast, keeps the stem cells 溾xed in place in their
bone marrow niches, where they are protected
from damage or injury.
 
The body apparently needs to keep both pathways
active in order to maintain a balance, replacing
worn-out blood and immune cells while conserving
the store of durable stem cells for future use
throughout life. When the anticoagulant pathway

was suppressed in mice, their supply of blood-forming stem cells in the bone marrow
ran out. Further testing in mice suggested, however, that suppressing the anticoagulant
pathway to coax the stem cells out of their protective niches might make these cells
more sensitive to chemotherapy. 
 
One of the team’s more surprising 溾ndings was that the blood-forming stem cells
produce extremely low levels of nitrous oxide (NO), a free radical that is used
throughout the body for signaling. The low NO levels are initiated by the anticoagulant
pathway. This increases stem cell retention as it facilitates their adhesive interactions
with the surrounding bone marrow. Procoagulant signaling, in contrast, increases NO
production, so the low levels appear to be protective. 
 
Changing cell fates
 
Next, the team asked whether they could use this information to a鋾ect the fate of these
blood stem cells. This is especially relevant to clinical bone marrow transplantation and
cancer of the blood – leukemia. The stem cell transplants that are often used to treat the
disease depend on the migrating stem cells in the bloodstream homing into the bone
marrow and settling in there. In this process, the anticoagulant pathway, with its low
levels of NO, could be crucial for establishing a viable supply of stem cells and continued
blood production. When the researchers reduced the NO levels in mice’s bone marrow,
they indeed found that larger amounts of stem cells managed to repopulate in those
receiving transplants.
 

Prof. Tsvee Lapidot and Dr. Shiri
Gur Cohen discovered a new
system for regulating blood cell
turnover
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Sometimes, however, cancerous stem cells can remain in their protective bone marrow
niches, causing the cancer to return long after chemotherapy has wiped out the disease
in the bloodstream. Working with mice that had inhibited anticoagulant systems, the
researchers discovered a possible mechanism that limits NO levels in the bone marrow,
thus enabling leukemic stem cells hiding there to escape chemotherapy. This insight
may lead to new ways to remove their protection and eliminate such cancerous cells.
 
Completely new to scientists
 
Lapidot: “These two stem-cell-regulating pathways are completely new to scientists.
Among other things, this research bene溾tted from the great synergy we have here at the
Weizmann Institute – Prof. Sagi’s lab is the only one in the world to produce the
molecules that block one of the pathways leading to NO generation; Dr. Erez is an expert
on NO signaling; and the highly advanced equipment available in the Biological Services,
with the help of Dr. Ziv Porat, enabled us to trace the actions of individual stem cells and
proteins involved in the system.”
 
Gur Cohen: “What started out as a question about how the periphery and center of our
blood system communicate after injury turned into a revelation about the way in which
our blood system continues to function throughout our lives. We hope that the
discoveries we made will eventually help to develop better bone marrow transplantation
protocols and, hopefully, will be exploited in future studies to prevent leukemia
relapse.” 
 
Prof. Tsvee Lapidot's research is supported by the Helen and Martin Kimmel Institute for
Stem Cell Research, which he heads; the Leona M. and Harry B. Helmsley Charitable
Trust; the Adelis Foundation; Pascal and Ilana Mantoux, Israel/France; and the Dr. Beth
Rom-Rymer Stem Cell Research Fund. Prof. Lapidot is the incumbent of the Edith Arno鋾
Stein Professorial Chair in Stem Cell Research. 
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