
robust, and simplified enough to be acceptable
for clinical development.5,6 This is where the
fact that the academia-industry interface
has been present in this work since its
inception can prove extremely useful.
Second, this iterative process will benefit
from the methodological advances of others,
for example, recent use of ZFNs for
integration of corrective DNA into the
interleukin 2 receptor g gene in HSCs
from an individual with X-linked severe
combined immunodeficiency.7 Third, gene
therapy technology needs to be developed
simultaneously with protocols to sustain and
maintain autologous HSCs through the
collection and transgenesis steps and with
a clinical transplantation trial to mediate
their significant and permanent engraftment.8

Hematopoietic cell transplantation (HCT)
was the first gene therapy.9 It has been used
as a life-saving measure for multiple genetic
disorders (in some individuals with SCA,
for example, or in mucopolysaccharidosis
type I, Fanconi anemia, dyskeratosis congenita,
genetic forms of immune deficiencies,
adrenoleukodystrophy, epidermolysis bullosa,
etc). Viral-mediated gene therapy is already
in clinical trials (or in preclinical development)
for a majority of them. Gene editing has the
potential to be the next conceptual step in gene
therapy. Critically, even partial gene correction
is likely to be clinically meaningful, as SCA
heterozygotes are typically free of disease
symptoms, and recipients of HCT with
mixed chimerism can derive significant clinical
benefits from as little as one-fifth donor
hematopoietic cells.

With a quarter of a million new cases
each year, SCA is a tremendous health care
challenge worldwide. It results in massive
human suffering, from pain caused by
capricious and sometimes intractable vaso-
occlusive or sequestration crises to the chronic
stress of dealing with infections, chronic
hemolysis, and progressive multiorgan system
complications. The current hope is that
editing out the one SCA-causing genomic
misprint—along with other treatment
measures—will relieve those living with it from
numerous sources of pain, among them
spleen sequestration. Xavier Bichat said that
human disease is “a revolt of organs,” and
health is “their silence.”10 If this is true, gene
editing may give SCA sufferers symptom-
free internal organs, including a “silent
spleen,” and, by removing the cause of the

disease, give them fuller, longer, more
complete lives.
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Osteoblast ablation burns
out functional stem cells
-----------------------------------------------------------------------------------------------------

Meng Zhao1 and Linheng Li1,2 1STOWERS INSTITUTE FOR MEDICAL RESEARCH; 2UNIVERSITY OF KANSAS MEDICAL
CENTER

In this issue of Blood, Bowers et al report that osteoblasts maintain a subset of
quiescent stem cells and that osteoblast ablation converts bone marrow into
a proliferation-promoting environment for both normal and malignant stem cells.1

Hematopoietic stem cells (HSCs) are
thought to localize in a discrete bone

marrow microenvironment, or niche,
which is critical for their maintenance and
regulation. In the long-standing search for
HSC supporting stromal cells, osteoblasts
and bone-lining cells in the endosteal zone
of trabecular bone were initially identified
through functional genetic studies.2,3

Subsequent studies have shown that large
numbers of HSCs often localize near
endothelial and/or perivascular cells in the
central marrow, which together constitute
the perivascular niche.4-6 Functionally,
deleting critical HSC regulation factors from
the perivascular niche dramatically reduces
HSC abundance in the bone marrow; however,
significant HSC function is still maintained,
as determined by a bonemarrow transplantation
assay.7 Other studies have reported that a rare
HSC subpopulation with deep quiescence and
long-term self-renewal potential is located in
the trabecular bone area and has a robust

capacity for recovering hematopoiesis.8,9 This
indicates the possible existence of a reserve
HSC population, which is maintained in
the endosteal zone instead of the perivascular
niche.

By using a collagen a1 type 1 promoter-
mediated long-term ablation system, Bowers
et al investigated the role of osteoblasts from
the endosteal zone in HSC maintenance and
in leukemia development. Osteoblast ablation
did not lead to a significant reduction of the
HSC (defined by CD1501FLk2–CD48–LSK)
pool size. Instead, there was a slight increase
in HSC and progenitor numbers. Although
this is largely consistent with a previous study
which found that the bulk of the HSC pool
localizes in the perivascular niche, deleting
HSC regulation factors from osteoblasts may
not have significant effects on overall HSC
number.7 The increase in HSCs and
progenitors can be explained by osteoblast
ablation causing a subset of HSCs to lose
quiescence and enter into cell cycle for
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proliferation and differentiation. Indeed,
through careful and detailed characterization
of HSC subpopulations, Bowers et al observed
that a rare CD49b–CD229–-marked quiescent
HSC subpopulation was significantly reduced
after osteoblast ablation. Losing this subset
of HSCs resulted in reduced stem cell
engraftment, particularly over the long term,
which is consistent with the concept that
a reserve HSC subpopulation is critical for
long-term hematopoiesis maintenance.10

Overall, this study sheds light on a controversy
in HSC niche studies: whether and how the
osteoblastic niche regulates HSCs. Feasibly,
the osteoblasts in the endosteal zone either
directly or indirectly maintain a reserve HSC
subpopulation, which is low in number but
significantly contributes to HSC long-term
function.

Bowers et al further investigated the
consequences of osteoblast ablation in the
context of leukemogenesis. In the tested
chronic myelogenous leukemia model,
osteoblast ablation resulted in increased
malignant proliferation and accelerated
leukemia development, suggesting a
conversion in bone marrow into a
proliferation-promoting microenvironment.
However, leukemic cells from this
converted microenvironment had impaired
leukemogenesis capacity in the secondary
transplantation recipients, which suggests
the osteoblastic niche may also contribute to
preserving leukemia stem cells (LSCs). In the
future, both whether and how the endosteal
zone directly contributes to LSC maintenance
and drug resistance will need to be studied.
Consistent with a previous study,9 Bowers et al
also show that Jagged-1, which is highly

expressed in the endosteal zone of trabecular
bone area, facilitates the maintenance of
both normal and malignant stem cells in vitro.

In conclusion, Bowers et al provide strong
evidence to verify the role of the osteoblastic
niche in the endosteal zone in maintaining
the quiescence and long-term self-renewal
potential of normal HSCs and preserving
LSCs in the leukemia model. This study also
supports the concept that different HSC
subpopulations are maintained in different
niches in bone marrow (see figure).
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Comment on Magwenzi et al, page 2693

Disabling the platelet’s brakes
to promote thrombosis
-----------------------------------------------------------------------------------------------------

Roy L. Silverstein MEDICAL COLLEGE OF WISCONSIN

In this issue of Blood, Magwenzi et al from the University of Hull report a novel
mechanistic connection between oxidized low-density lipoprotein (oxLDL)-
induced prothrombotic platelet signaling and the inhibition of endogenous platelet
anti-activating signaling mediated by the nitric oxide (NO)/guanosine 39,59-cyclic
monophosphate (cGMP)/protein kinase G (PKG) pathway.1

Different stem cells are maintained in different niche zones in bone marrow. After osteoblast ablation, the quiescent HSC subset is lost, and bone marrow is converted into

a proliferation-promoting microenvironment.
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