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A double-edged sword for hematopoietic stem cells
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The phosphotidylinositol 3-kinase (PI3K)/
Akt signaling pathway is dysregulated in a
wide range of malignancies, including leu-
kemia, and several members of this path-
way are attractive therapeutic targets in
oncology.! Although Akt is constitutively
phosphorylated in up to 90% of cases of
acute myeloid leukemia (AML), its role
in AML has been unclear.? In some cases,
Akt activation is attributed to activation
of tyrosine kinases, such as BCR-ABL or
FLT3-ITD, but in many cases the mecha-
nism of Akt phosphorylation and its sig-
nificance is unknown. Is AKT activation
simply a marker of leukemic transforma-
tion, or is it a driver of leukemogenesis?
The hematopoietic system has been
the primary system for interrogating the
cancer stem cell hypothesis, and pioneer-
ing work from Bonnet, Dick and oth-
ers has demonstrated that leukemic stem
cells can arise from the transformation
of hematopoietic stem cells (HSCs) or
myeloid progenitors.>” So what effect does
Akt activation have on these primitive cell
populations? There are some insights into
the roles of PI3K/Akt signaling in HSCs
from mouse models in which members of
this pathway are knocked out. Conditional
deletion in HSCs of Pren, a phosphatase
which antagonizes PI3K signaling, or the
Akt targets FOXO transcription factors
and TSCI, all result in a myeloprolifera-
tive phenotype with depletion of the stem
cell pool through accelerated cycling of
HSCs% (Fig. 1A). However, only mice

with homozygous Pren deletion progress
to AML or T-cell lymphoblastic leuke-
mia (T-ALL) (Fig. 1B). Since Akt is the
most commonly dysregulated member of
the PI3K pathway in human AML, it is
important to directly examine the role of
Akt in HSCs and in leukemogenesis.
Given that hematopoietic growth fac-
tors such as erythropoietin, thrombopoi-
etin, c-kit and Flt3 all activate the PI3K/
Akt pathway, it seems likely that Aktacti
vation would have important effects on
hematopoiesis. It has been reported that
high Akt activity promotes neutrophil and
monocyte development, and augments
erythropoietin-induced erythrocyte devel-
opment.'” However, the role of Akt acti-
vation in HSCs has been poorly defined.
Using a bone marrow transplant (BMT)
system in which wild-type bone marrow
cells were transduced with a retrovirus
expressing myristoylated Akel fused to
GFP (myr-Akt-GFP) and transplanted
into lethally irradiated recipients, we
found that Akt activation in hematopoi-
etic cells can induce myeloproliferative
disease and T-ALL, as well as AML at a
lower frequency." Mice with Pten deletion
in HSCs develop AML at a much higher
rate, highlighting the likely importance
of additional downstream targets of Pten
loss in addition to Akt. Interestingly,
there were notable differences in down-
stream target activation between different
cell types in myr-Ake mice. For example,
while increased FOXO1 phosphorylation
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was observed in both thymocytes and
splenocytes of diseased myr-Akt mice,
there were much greater levels of phospho-
rylated ribosomal protein S6, an mTOR
target, in thymocytes than in splenocytes.
Interestingly, this correlates with the
response to the mTOR inhibitor rapamy-
cin—there was a dramatic decrease in the
incidence of T cell lymphoma in myr-Akt
transplant recipients leading to increased
overall survival, but no change in the
incidence of MPD or AML. These results
underscore the importance of dissecting
specific targets of signaling pathways in
each disease cell population. An inhibi-
tor that works on one cell type may not
be as effective in a different disease cell
type, even if those cells harbor the same
upstream molecular lesion.

The myr-Akt BMT system has also
revealed the effects of Akt activation
on HSCs and myeloid progenitors. Akt
decreased the proportion of GFP-positive
Lin-Scal*c-kit* (LSK) cells, which include
the HSCs, and progenitors in myr-Akt
mice. LSK cells were driven into the S/
G,/M stages of the cell cycle, initially
causing an expansion of the LSK compart-
ment, then leading to an increase in apop-
tosis, and finally to depletion of the LSK
and progenitor populations. Akt activa-
tion was associated with impaired engraft-
ment in vivo and cobblestone formation
in vitro. Rapamycin could partially rescue
cobblestone formation, suggesting that
the mTOR axis is particularly important
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AML. mut, mutated; RTK, receptor tyrosine kinase.

Figure 1. Schematic of PI3K signaling in hematopoietic stem cells (HSCs) (A) and in leukemic cells (B). (A) Activation of Akt or inactivation of Pten, FOXO
or TSC1 in HSCs all lead to increased HSC cycling and depletion. (B) Activation of Akt or inactivation of Pten in hematopoietic cells leads to myelopro-
liferative disease (MPD), AML and T-ALL, likely through cooperation with additional hits. Loss of Pten may also activate additional targets, leading to

in HSCs. A similar dependence of HSC
homeostasis on mTOR was also observed
in mice with Pten deletion and 7SCI dele-
tion.®® Given what we know about leu-
kemic stem cells, it is surprising that the
putative target cell populations for leuke-
mic transformation are the very popula-
tions that are depleted by Akt activation.
Thisisdifficult to reconcile, butitis tempt-
ing to speculate that additional mutations
may be required in the stem and progeni-
tor populations in order to overcome the
deleterious effects of Akt on these cells
and to allow for transformation to occur
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(Fig. 1B). This could potentially explain
the low frequency of AML (10%) that was
observed in the myr-Akt model. One pos-
sibility is that a second hit may select for
the ability to tolerate higher levels of Akt
activation, allowing these cells to survive
long enough to become transformed. It
remains to be seen what additional per-
turbations can play this role in HSCs and
progenitors. Whether Akt is acting by
itself or in concert with other pathways, it
clearly appears to be a key perpetrator in
the pathogenesis of AML, and not just an
innocent bystander.
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