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Sealed Vessel Walls Protect Stem Cells
In the bone marrow, location is the key
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At any one time, some of the blood-forming stem cells in the bone marrow are living
quiet, sheltered lives, while others are busy di䖭蝟erentiating into blood cells and moving
into the bloodstream. How does the bone marrow o䖭蝟er protection to some of its stem
cells while at the same time shoving others out of the door? The answer, according to
Weizmann Institute of Science research (http://www.nature.com/nature/journal/v
aop/ncurrent/full/nature17624.html) conducted in the lab of Prof. Tsvee Lapidot (ht
tp://www.weizmann.ac.il/immunology/Lapidot/) of the Institute's Immunology
Department in collaboration with Harvard Medical School, the Max-Plank Institute and
the Weizmann Institute group of Prof. Guy Shakhar, lies in distinct types of blood vessels
that run through the bone marrow.
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Lapidot and postdoctoral research student Dr. Tomer Itkin knew that the special niches
the blood-forming stem cells occupy are clustered around the bone marrow blood
vessels. But no one had yet asked which blood vessels these were.  In their study, the
researchers found that the two major types of small vessel in the marrow, arterioles and
sinusoids, have their own spaces: Arterioles stick mainly to the outer ring near the bone,
while sinusoids run all over the marrow. Further investigation revealed that stem cells
residing in niches near the aterioles had low metabolic states, while those near the
sinusoids had varying levels of molecules called reactive oxygen species (ROS), which
among other things cause the cells to di䖭蝟erentiate and migrate into the bloodstream.

The scientists further discovered that arterioles tended to be well sealed whereas the
sinusoid walls had leaky pores, and the team found these to be the exclusive sites for
cellular tra鶐踜cking. Why is this important? Along with the cell movement, blood plasma
can penetrate from the peripheral blood into the marrow. When the team exposed
quiescent stem cells to plasma, these began to di䖭蝟erentiate and even to die as their ROS
levels rose. “The sleepy stem cells don’t like blood plasma,” says Itkin. “A little plasma
irritates them into di䖭蝟erentiating and enhances their motility, but we found that too
much can lead to their death.”

The sleepy stem cells don’t like blood plasma

Architecture and appearance of distinct types of bone marrow blood
vessels near the bone. Confocal microscope image of mouse bone
marrow: arteries (green and white) branch into arterioles (gr... See more
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Using genetic and biochemical methods on mouse blood vessels, the scientists altered
the permeability of the vessel wall to see if they could a䖭蝟ect the fate of the stem cells
residing in the bone marrow. Indeed, when blood vessel pores closed up, the pool of
stem cells increased, as the cells divided without di䖭蝟erentiating. When pores were
opened, the bone marrow pool of stem cells was depleted as they either di䖭蝟erentiated
and moved into the bloodstream or died.

These 樸ndings have crucial implications for stem-cell transplantation. For example, they
point to ways of helping donor stem cells to move into the bloodstream to increase the
harvest yield for transplantation or for ensuring that the transplanted cells make it all
the way and engraft to the proper niches in the bone marrow. “Ideally, you would
increase the vessel permeability just long enough for the cells to go from the blood into
the bone marrow, and then close things up before the cells can get out again or die,”
says Lapidot.

The team noted that the other stem cells in the bone marrow – bone-forming stem cells
– are also regulated by the blood vessels’ permeability. Since many adult stem cells are
found near blood vessels in other organs, the researchers think that the blood-vessel-
barrier system may be common in our bodies, keeping the stem cell pools safe while

Architecture and appearance of distinct types of bone marrow blood
vessels, captured from a multiphoton intravital video, showing bone
marrow blood vessels (red), among them are arterioles (g... See more
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enabling new mature cells to replace the old and damaged ones. 

Prof. Tsvee Lapidot's research is supported by the Helen and Martin Kimmel Institute for
Stem Cell Research, which he heads; the Benoziyo Endowment Fund for the
Advancement of Science; the Leona M. and Harry B. Helmsley Charitable Trust;
the Adelis Foundation; and the Dr. Beth Rom-Rymer Stem Cell Research Fund. Prof.
Lapidot is the incumbent of the Edith Arno䖭蝟 Stein Professorial Chair in Stem Cell
Research.
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