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JAKing up AML1-ETO
----------------------------------------------------------------------------------------------------------------

John D. Crispino NORTHWESTERN UNIVERSITY

In this issue of Blood, Chou et al1 and Pulikkan et al2 reveal that the (8;21)(q22;q22)
translocation product AML1-ETO (RUNX1-RUNX1T1) leads to enhanced
JAK/STAT signaling downstream of myeloproliferative leukemia (MPL) virus,
which in turn contributes to increased survival of tumor cells. Hijacking of the
JAK/STAT pathway through up-regulation of wild-type MPL is a new paradigm
for hematologic malignancies.

P ioneering work by Janet Rowley and col-
leagues conclusively demonstrated that

recurring chromosomal translocations are not
merely the byproduct of cancer, but rather are
initiating events. In particular, the (8;21)
translocation, which was described as the first
translocation in acute myeloid leukemia
(AML) by Rowley in 1973,3 leads to expres-
sion of RUNX1-RUNX1T1 and suppression
of endogenous RUNX1 function. t(8;21) is

present in 5% to 8% of AML and in 15% to
20% of M2 AML cases and is now recognized
by the World Health Organization classifica-
tion scheme as its own subtype of AML. Pre-
vious studies have demonstrated that
RUNX1-RUNX1T1 promotes self-renewal,
disrupts terminal differentiation of myeloid
cells, and increases DNA damage.4 However,
expression of the fusion protein alone is not
sufficient to promote leukemia from either

human or murine hematopoietic progenitors
and the pathways that it activates have been
incompletely defined.

In an effort to better characterize the activ-
ity of RUNX1-RUNX1T1, Chou and col-
leagues expressed the fusion protein in human
CD34� cord blood progenitors, evaluated
changes in gene expression, and then assayed
self-renewal and survival of cells in vitro and
in vivo.1 In the gene expression comparison,
they noticed that RUNX1-RUNX1T1 led to
increased expression of the antiapoptotic gene
Bcl-xL. By knocking down Bcl-xL with
shRNA, they discovered that persistent el-
evated expression is required for growth and
survival of RUNX1-RUNX1T1 cells both ex
vivo and in vivo. They also found that Bcl-xL
is needed for sustaining the long-term culture
potential of primitive clonogenic cells. Next,
in the course of studying how Bcl-xL is up-
regulated by RUNX1-RUNX1T1, they made
the crucial observation that the fusion protein
directly up-regulates expression of the throm-
bopoietin receptor MPL (see figure):
RUNX1-RUNX1T1 expression led to a
15-fold increase in MPL mRNA and to notice-
able increases in MPL and Bcl-xL protein
levels. Consistent with a role for THPO sig-
naling in survival and clonogenic expansion of
RUNX1-RUNX1T1 cells, THPO with-
drawal, MPL knockdown, or treatment with
MPL-neutralizing antibodies led to increased
apoptosis and decreased self-renewal. Fur-
thermore, although RUNX1-RUNX1T1 cells
engineered to overexpress Bcl-2 survived in
the absence of THPO, they failed to expand
in culture.

How do these results translate to human
leukemia? Importantly, Chou et al found that
t(8;21) leukemic blasts display significant up-
regulation of MPL compared with non-t(8;21)
blasts. They also witnessed higher MPL levels
in blasts with t(8;21) than in those with a nor-
mal cytogenetic pattern. Finally, there was a
positive correlation between MPL and Bcl-xL
expression in t(8;21) blasts, but no correlation
in blasts with normal karyotype. Overall, this

Expression of the RUNX1-RUNX1T1 fusion protein leads to up-regulation of MPL and Bcl-xL in AML with t(8;21).
Whether the fusion protein directly binds and up-regulates expression of MPL and Bcl-xL or whether it
suppresses expression of transcriptional repressors is unclear. Note that t(8;21) AML, unlike myeloproliferative
neoplasms, requires THPO for enhanced JAK/STAT and PI3K/AKT signaling through wild-type MPL.
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study demonstrates that THPO/MPL/Bcl-xL
signaling is required for RUNX1-RUNX1T1
cells to maintain a steady growth rate.

In a closely related paper, Pulikkan and
colleagues identified THPO/MPL signaling
as a key cooperating pathway in RUNX1-
RUNX1T1–mediated leukemia.2 Beginning
with the observation that MPL is up-regulated
in human AML cells that harbor the RUNX1-
RUNX1T1 fusion, they assessed the effects of
overexpression of MPL alone or MPL with
RUNX1-RUNX1T1 in murine hematopoi-
etic progenitor cells. While MPL alone caused
a transient expansion in hematopoietic pro-
genitors and expression of RUNX1-
RUNX1T1 alone led to leukemia in recipient
mice with a median latency of 140 days, co-
expression of the 2 genes induced a fully pen-
etrant myeloid leukemia with a mean latency
of 50 days. Leukemia cells were found to be
hypersensitive to THPO and were character-
ized by enhanced PI3K/AKT, ERK, and
JAK/STAT signaling. Subsequent experi-
ments revealed that JAK2 and PI3K activities
are required for survival of the cells in vitro,
and that the PI3K pathway in particular is
crucial for leukemia progression in vivo. Thus,
this study demonstrates that wild-type MPL
cooperates with RUNX1-RUNX1T1 to in-
crease survival and tumorigenesis of hemato-
poietic cells and that the JAK2/PI3K/AKT
signaling axis is critical for this effect.

In comparing the 2 studies, there is an
interesting difference. Chou and colleagues
observed coordinate expression of RUNX1-
RUNX1T1 and MPL in both human umbili-
cal cord progenitors and murine fetal liver
cells, whereas Pulikkan et al did not detect
up-regulation of MPL gene expression on
RUNX1-RUNX1T1 expression in hemato-
poietic progenitor cells. Nevertheless, human
AML cells with the t(8;21) indeed appear to
express higher levels of MPL compared with
other subtypes. Precisely how RUNX1-
RUNX1T1 leads to increased MPL is thus an
open question. Does the fusion protein di-
rectly bind to the MPL gene and up-regulate
expression or does it repress a critical negative
regulator of MPL transcription (see figure)?
Or are there both transcriptional and posttran-
scriptional mechanisms at work?

Together, these exciting papers demon-
strate that increased signaling through wild-
type MPL is a crucial cooperating event in
RUNX1-RUNX1T1–induced leukemogen-
esis. Although the MPL/THPO axis is pri-

marily associated with megakaryopoiesis,
MPL is expressed on hematopoietic stem cells
and these cells may thus depend on JAK/
STAT signaling.5,6 Activation of the JAK/
STAT pathway through mutagenesis of
JAK2, MPL, or LNK is associated with sev-
eral hematologic malignancies, most notably
the myeloproliferative neoplasms.7 Although
activation of STAT3 is common in de novo
AML, mutations in JAK2, MPL, and other
genes in the pathway are rare.8 The observa-
tions provided in these reports by Chou et al
and Pulikkan et al provide a mechanism by
which increased expression of wild-type MPL
can increase self-renewal and proliferation
along with enhanced downstream signaling.
These studies therefore provide incentives for
rational testing of JAK, Bcl-xL, and PI3K/
AKT inhibitors in AML cases with the
t(8;21). These reports also beg the question of
whether increased expression of wild-type
MPL may contribute to myeloproliferative
neoplasms that lack activating mutations in
JAK2 or MPL.
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● ● ● CLINICAL TRIALS

Comment on Josephson et al, page 748

PLADO and kids: earlier/increased
bleeding after HSCT
----------------------------------------------------------------------------------------------------------------

Christopher C. Silliman BONFILS BLOOD CENTER

In this issue of Blood, Josephson et al report age group analyses of patients enrolled
in the prophylactic platelet dose trial (PLADO) that evaluated the relationship
between platelet dose per transfusion and bleeding in hospitalized patients with
treatment-induced hypoproliferative thrombocytopenia.1

Patients, both pediatric and adult, who
receive hematopoietic stem cell trans-

plants (HSCTs) and/or chemotherapy for
leukemia or other malignancies experience
hypoproliferative thrombocytopenia render-
ing them at risk for bleeding. Although there is
evidence that prophylactic platelet transfu-
sions reduce the incidence of bleeding in these
patients, there is a paucity of available infor-
mation with regard to adequate platelet dosing
per transfusion as well as a general lack of data
that could be compared with current treat-
ment and supportive care regimens. To this
end, a secondary analysis of the PLADO clini-

cal trial was conducted to determine whether
bleeding outcomes differed among 4 distinct
age groups: 3 pediatric (0-5 years, 6-12 years,
and 13-18 years) and adults (� 18 years). Hos-
pitalized patients were randomized to 1 of
3 platelet doses: 1.1 � 1011, 2.2 � 1011, or
4.4 � 1011 platelet/m2/transfusion, adminis-
tered for morning platelet counts of
� 10 000/�L, and daily hemostatic assess-
ments were performed. The primary end
point was the percentage of patients who de-
veloped grade 2 or higher bleeding based on
the World Health Organization scale, and
a total of 198 children (0-18 years) and
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