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A stressed niche not Wnted

Emma K. Baker and Louise E. Purton ST VINCENT’S INSTITUTE OF MEDICAL RESEARCH

In this issue of Blood, Schaniel and colleagues demonstrate that combined disrup-
tion of canonical and noncanonical Wnt signaling in the hematopoietic stem cell
(HSC) niche results in a loss of quiescent HSCs and exhaustion of their self-
renewal capacity in young adult mice under conditions of systemic stress.!

TCXCHZ

TJag1, Cdh2, Cxcl12, Bmp4, Shh

Osteoblastic overexpression of Wif1 alters HSC potential in a context-dependent manner. (A) In Wif1 Tg mice in
homeostatic conditions, osteoblasts have increased expression of HSC regulatory molecules such as Jag 1,
Cdh2, Cxcl12, Bmp4, and Shh. HSCs have elevated expression of Wnt3a, Gli1, and Ptch1. Increased numbers of
cycling HSCs are observed but the HSCs have normal serial transplantation potential. (B) In stress situations
(such as 5-FU), osteoblastic expression of HSC-regulatory molecules is reduced in Wif1 Tg mice compared with
that expressed in homeostasis (with the exception of Cxcl12, which is maintained). Wif1 Tg HSCs maintain high
expression of Wnt3a, but down-regulate Gli1 and Ptch1 and up-regulate expression of Notch1, Hes1, and Cxcr4.
The cell-cycle status of the HSCs was not determined, but HSCs lose their serial transplantation ability.

H ematopoietic stem cells give rise to our this balance.? The Wnt signaling pathway has

entire blood cell repertoire throughout
adult life, and hence the balance of self-
renewal and differentiation of HSCs needs to
be tightly controlled. Intrinsic signals and sig-
nals from the HSC niche microenvironment,
including osteoblasts, are key to maintaining
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been repeatedly implicated in HSC fate deci-
sions; however, its role remains controversial.
The Wnt system involves a large network
of proteins that mediate signaling through
canonical or noncanonical pathways. Wifl is
an antagonist of both pathways, acting to se-
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quester secreted Wnt proteins in the extracel-
lular space, preventing their binding to
Frizzled receptors.’ Here, Schaniel and col-
leagues identified that Wnt signaling mol-
ecules were enriched in the HSC-supporting
stromal cell line, AF'T'024, compared with
nonsupporting stromal cell lines. They there-
fore overexpressed Wifl in AF'T024 cells,
which resulted in a significant impairment in
their potential to support cobblestone area
forming cells (CAFCs), which are a surrogate
measure of HSCs.

To further investigate the role of Wifl in
the HSC niche, Schaniel et al generated trans-
genic ('T'g) mice in which Wif1 was overex-
pressed specifically in a relatively mature
population of osteoblasts. Wifl T'g mice
showed no change in bone length, diaphysis
width, or cortical bone thickness. It was un-
clear, however, if trabecular bone parameters
or the numbers or activities of cells involved in
regulating bone formation (in particular osteo-
blasts and osteoclasts) were altered in Wifl T'g
mice compared with wild-type (W'T) mice.

Wifl Tg mice had normal content of ma-
ture hematopoietic cells in their bone marrow.
In contrast, significant increases in immuno-
phenotypical populations of primitive HSCs
and progenitor cells were evident in the bone
marrow and spleen of 8- to 12-week-old Wif1
Tg mice. Interestingly, however, the differ-
ences were only obvious when particular cell
immunophenotypes were used (LSK, CD48,
CD34, and F1k2) and lost when CD150 was
used for additional analysis. Analysis of cell-
cycle status of the LSKCD48 cells revealed
that there were significantly fewer of these
cells in the quiescent GO phase, accompanied
by increased numbers of cycling G1 cells in
Wifl Tg mice compared with W'T mice. Sur-
prisingly, however, HSCs obtained from Wif1l
T'g mice had similar serial transplantation po-
tential compared with those obtained from
W mice (see figure panel A).

The most dramatic effects on HSCs were
observed in the context of stress situations,
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when Wifl Tg mice were subjected to myelo-
ablative therapies. Control mice, but not Wifl
Tg mice, survived repeated rounds of treat-
ment with the chemotherapeutic agent
5-fluorouracil (5-FU), which kills dividing
cells. Furthermore, WT' HSCs harvested

4 months after transplantation into lethally
irradiated Wif1 T'g mice had reduced capacity
to repopulate secondary W'T recipients com-
pared with HSCs obtained from W' primary
recipients (see figure panel B). Whether a lon-
ger exposure of HSCs to a Wifl T'g environ-
ment under homeostatic conditions impacts
on HSC repopulating potential remains to be
determined. Alternatively, the Wifl T'g mi-
croenvironment may have an altered response
to stress situations such as irradiation and
5-FU, which in turn may have caused the
HSC defects observed. Both of these possibili-
ties are worthy of further exploration.

Interestingly, inhibition of the Wnt path-
way in osteoblasts significantly altered expres-
sion of other signaling pathways in osteoblasts
and HSCs. Furthermore, this response was
significantly impaired after 5-FU treatment.
Molecules known to play roles in the microen-
vironmental control of HSC quiescence, re-
tention, and homing activities (Bmp4, Cdh2,
Jag 1, Cxcll12, and Shh) were up-regulated in
osteoblasts isolated from Wifl T'g mice,
leading Schaniel et al to hypothesize the osteo-
blastic HSC niche was trying to compensate
for the Wifl-mediated loss of HSC quies-
cence. Furthermore, HSC populations ob-
tained from Wifl T'g mice had elevated tran-
script expression of the Shh pathway
transcripts Glil and Ptchl. Strikingly, Wifl
overexpression in the osteoblasts activated
autocrine Wnt signaling in HSCs, likely be-
cause of elevated expression of Wnt3a in these
cells.

Interestingly, the up-regulated expression
of HSC niche-associated transcripts (Jagl,
Cdh2, Bmp4, and especially Shh) was mark-
edly reduced in osteoblasts obtained from
Wifl Tg mice after 5-FU treatment, further
indicating that Wifl T'g osteoblasts may have
an altered response to stress signals. Interest-
ingly, the expression of Wnt3a in HSCs iso-
lated from 5-FU-treated Wifl T'g mice did not
change compared with HSCs obtained from
nontreated Wifl T'g mice. In contrast, 5-FU
treatment resulted in down-regulation of Glil
and Ptchl, although expression of these re-
mained higher than those obtained from
5-FU-treated W'T mice. Furthermore, ex-
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pression of Cxcr4, Notchl, and its target Hes1
were significantly up-regulated in HSCs iso-
lated from 5-FU-treated Wif1 Tg mice.

The deregulated expression of Shh path-
way targets in Wif1 Tg HSCs is interesting. A
series of studies has indicated that Shh signal-
ing increases proliferation of HSCs, which
may account for the HSC phenotype observed
in homeostatic Wifl Tg mice. In this regard it
is of interest to determine whether HSCs from
5-FU-treated Wifl T'g mice had similar cell-
cycle kinetics to those in homeostasis. Further
studies will be required to delineate the in-
volvement of Shh (and other deregulated
pathways) in the osteoblast (and in turn) HSC
phenotypes in these mice, especially in stress
situations.

This report by Schaniel and colleagues
adds to the complexity of the roles of the Wnt
signaling pathway in regulating hematopoi-
esis. Overexpression of the canonical Wnt-
signaling antagonist Dkk1 in osteoblasts di-
minished quiescent HSCs and inhibited their
self-renewal capacity.* Unlike the HSCs from
Wif1 Tg mice, the long-term repopulation and
serial transplantation capacity of Dkk1 Tg
HSCs was not maintained. The HSCs from
Dkk1 Tg mice also showed reduced Wnt sig-
naling, in direct contrast to HSCs obtained
from Wifl Tg mice, which had elevated Wnt
signaling. However, Dkk1 Tg mice also had a
distinct bone phenotype, which may have con-
tributed to the HSC defects observed in these
mice. Sfrp1 is another member of the Wnt
pathway that acts to sequester Wnts, and can
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activate Frizzled receptors in a noncanonical
manner.>’ Interestingly, mice deficient in
Sfrp1 had increased numbers of quiescent
HSCs, and this was mediated by the
microenvironment.®

Schaniel et al have provided us with new
insight into Wnt signaling in the osteoblastic
HSC niche and its effects on HSCs. In light of
previous publications on Wnt signaling and
hematopoiesis, it is interesting to note that
molecules within the same signaling pathway
can have varying effects on the HSC microen-
vironment and in turn HSCs, and highlights
the necessity to dissect the role of all compo-
nents within a signaling pathway.
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RIC alloSCT in MM: a long way to go

Philippe Moreau uNIVERSITY HOSPITAL, NANTES

The prognosis of multiple myeloma (MM) has improved markedly over the past
decade and the majority of younger patients are likely to benefit from high-quality
remissions for a median of 3 to 4 years, largely because of the introduction of novel
agents within the context of high-dose therapy and autologous stem cell transplan-

tation (ASCT).!

Ithough the introduction of reduced-
Aintensity conditioning (RIC) has de-
creased treatment-related mortality associated
with myeloablative conditioning, it is cur-
rently being actively debated whether patients
should be treated with RIC allogeneic stem

cell transplantation (RIC alloSCT) with its
substantial morbidity and risk of mortality as
part of first-line therapy, even if a late survival
benefit can be demonstrated. A recent consen-
sus report on alloSCT in MM concluded that
new strategies are needed to improve the
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