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Acute Myeloid Leukemia (AML) is a malignant disease of the blood which is fatal in over half of adults
diagnosed with the disease. It is hypothesized that dysregulated growth signaling may contribute to
the pathogenesis of AML but the mechanism of growth dysregulation is poorly understood. Signal
transducer and activator of transcription 5 (STAT5) is a transcription factor that regulates many as-
pects of cell growth, survival and differentiation. STAT5 protein has two different forms, STAT5A and
STAT5B, which are encoded by two distinct, yet closely related genes. Constitutive activation of STAT5
has been identified in a number of hematopoietic malignancies including AML. However, it is unclear
whether STAT5 activation in AML suggests the activation of STAT5A or STATS5B or both. In this study,
activation status of both STAT5A and STAT5B proteins are examined respectively in AML cell lines and
primary patient samples, by using co-immunoprecipitation with anti-STAT5A, STAT5B, and p-STAT5
(Tyr694/699) antibodies. Results show that all AML cells contain constitutively phosphorylated STAT5A
except one line as well as constitutively phosphorylated STAT5B. To further determine the functional
significance of the constitutive activation of STAT5A and STAT5B, knockdown strategy was employed
to deplete STAT5A and STAT5B by using siRNA. Depleted expression of STAT5A/B in AML resulted in
decreased survival and growth in liquid culture assays and colony forming cells (CFCs) assay. These
results demonstrate that both STAT5A and STAT5B are required for AML cell growth and survival. Un-
derstanding the role of STAT5A/B should lead to novel therapies for AML and, likely, other malignan-
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cies that also contain constitutive activation of STAT5A/B.

Introduction

Leukemias are blood neoplasms that
can be broadly classified into four main
types based on their cell of origin and
their natural progression (1). These ma-
lignancies involve the proliferation of
the hematopoietic cells derived from
either the lymphoid or myeloid lineage
and can present in either an acute or
a chronic phase (2-3). Thus, the four
main types of leukemia are acute and
chronic myelogenous leukemia (AML
and CML), and acute and chronic lym-
phocytic leukemia (ALL and CLL).
Acute leukemias are characterized by
the accumulation of immature (or poor-
ly differentiated) cells, known as blast
cells, and tend to proliferate rapidly, are
very aggressive and usually progress to
a chemo refractory state (the recurrence
of disease after 12 months from the last
dose of chemotherapy) fairly quickly
(4). Alternatively, chronic phase leuke-
mias accumulate more mature cells of a

particular lineage, tend to have long la-
tencies and have been described as slow
growing, smoldering diseases. Howev-
er, as chronic leukemias progress, they
acquire additional genetic mutations
that increase their rate of division and
block differentiation, resulting in tran-
sition into an acute phase or blast crisis
(5). AMLs are fast growing, highly ag-
gressive, and refractory to chemothera-
py hematological malignancies that ac-
counts for approximately one third of
all new leukemia cases. Presently, in-
duction therapies are capable of achiev-
ing complete remission in 50-70% of
patients (6). However, long-term sur-
vival rates remain low (<20%) due to
a high frequency of relapse (6). Conse-
quently, the development of more effec-
tive therapeutic strategies is essential.

STATs (signal transducers and ac-
tivators of transcription) are members
of the ubiquitously expressed family
of transcription factors activated in re-
sponse to growth factors and cytokines

(7-10). Activation of STATs requires
phosphorylation of their tyrosine resi-
dues by either the receptors that often
display an intrinsic tyrosine kinase ac-
tivity or by receptor associated kinase.
The activated STATs form dimers that
translocate into the nucleus and initiate
transcription of the growth factor/cy-
tokine responsive genes. STATs play a
critical role in promoting cell prolifera-
tion and survival, both normal and ma-
lignant. Several members of the STAT
family have been identified and desig-
nated STAT1 to STAT6. Numerous bio-
chemical and genetic studies have dem-
onstrated that constitutive activation
(activation with or without cytokine in-
duction) of STATs, such as STATS3 and
STATS, is essential for cellular transfor-
mation and oncogenesis. Constitutive
STAT activation might be due either to
the constitutive activation of cytokine
receptors activated by autocrine growth
factors or due to mutations in specific
upstream tyrosine kinases resulting in
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constitutive activity of these kinases.

STATS5 comprises two closely re-
lated but distinct STATs designated
STATS5A and STATSB. Despite the ex-
tensive similarity (94% identical at the
protein level) between STATS proteins
(11), gene knock-out mouse models
clearly demonstrated that STATSA and
STAT5Bpossessomedistinct, non-over-
lapping functional properties (11,12).
Although the constitutive activation of
STATS has been reported in AML, the
exact role of STATSA versus STATSB
in malignant cell transformation is at
present much less understood (13).

The lack of clear distinction of the
role of STATSA versus STAT5SB in the
cell biology and pathology partly stems
from the broad usage for the activation
status analysis of a phospho-specific
antibody that reacts with both STATSA
and STATSB. Here, we report that both
STATS5A and STATSB become consti-
tutive phosphorylated in AML. Fur-
thermore, the activation of STATSA
and STATSB is required for AML cell
growth and survival. Understanding
the role of STATSA/B should lead to
novel therapies for AML and, likely,
other malignancies that also contain
constitutive activation of STAT5A/B.

Materials and Method

Cell line culture and primary cell
isolation

Human AML and CML cells were
grown in RPMI-1640 medium (Bio-
Whittaker; Walkersville, MD, USA)
with 10% fetal bovine serum (Cellgro,
Mediatech). Stock cultures were main-
tained at 37°C in a humidified 5% CO2
incubator. Primary leukemia samples
were obtained from the Stem Cell and
Leukemia Core Facility at the Univer-
sity of Pennsylvania. Samples were
obtained from patients presenting with
acute leukemia seen at the Hospital of
the University of Pennsylvania after
informed consent in accordance with
institutional guidelines. Bone marrow
or peripheral blood samples were col-
lected, and samples were prepared by
Ficoll gradient centrifugation. Mono-
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nuclear cells were frozen as vi- A
able cells in fetal calf serum and
10% dimethyl sulfoxide (DMSO)
and stored in liquid nitrogen.
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Cells were lysed for 30 min
in ice-cold lysis buffer (10x ly-
sis buffer, Cell Signaling), then B
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the supernatant were pre-cleared
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Biotechnology) were added into
500 pg of protein and incubated
for 90 min on ice. Then the pro-
tein A-agarose was added to pre-
cipitate the immune complexes
for 2 hr or overnight at 4°C. The
immunoprecipitates were washed,
boiled, suspended in reducing
SDS loading buffer, separated on a
10% polyacrylamide SDS gel, and
transferred electrophoretically to
hybridization transfer membranes.
The membranes were blocked
with 5% milk in TBST buffer (10 mM
Tris HCI, pH 7.4/75 mM NaCl/l1 mM
EDTA/0.1% Tween 20) for at least 1 hr
at room temperature or overnight in a
cold room, incubated with the relevant
primary antibody, washed, incubated
with peroxidase-conjugated second-
ary antibody, and washed again. Blots
were developed using the ECL chemi-
luminescence reagents (Amersham).

Short interfering RNA (siRNA)

STAT5 siRNA was designed
based upon 50% GC contents and
asymmetry of siRNA sequence.
STATS5 siRNA has the sequence:
sense strand 5’-GCAAGUGGUC-
CCUGAGUUUATAT-3", antisense
strand 5’-AAACUCAGGGACCAC-
UUGCdTdT-3’. Scramble siRNA has
the sequence: sense strand 5’-AUGGA-
CAACUUUCAGACCCATdT-3’, anti-
sensestrand5’-GGGUCUGAAAGUU-
GUCCAU-3’.  Fluorescence-labeled
siRNA has the same sequence as
siRNA, tagged with Cy3 at 5 end.

Figure 1. Constitutive phosphorylation
of STAT5A and STAT5B in AML cell lines.
A)Constitutive phosphorylation of STATS5A
in AML cell lines, including KG1a, NB4,
Molm14 and U937, and CML cell line K562.
They were immunoprecipitated with anti-
STAT5A antibody and then were blotted with
anti-p-Stat5 (Tyr 694/699) antibody. B) Con-
stitutive phosphorylation of STAT5B in ALM
cell lines. Same experiment was performed
with same cell lines using anti-STAT5B anti-
body for immunoprecipitation.

Transfection and siRNA knock-
down

Transfection of siRNA was carried
out by nucleofection using an AMAXA
Nucleofector device (AMAXA, Gaith-
ersburg, MD) under conditions suggest-
ed by the manufacturer. 2 x 106 prima-
ry AML cells were suspended in 100ul
of cell line Nucleofector Kit V solution
with 10ug of siRNA and transferred to
an AMAXA certified cuvette. The cu-
vette was inserted into the Nucleofec-
tor and processed with program U-15.

Quantitative real-time PCR

Target gene expression is investi-
gated by quantitative real-time PCR
(q-PCR). STATSA primer sequence:
sense strand 5’-GCCGGCTGTGTAT-
GGTCTAT- 3’, sense strand 5’-AAG-
TAGTGCCGGACCTCGAT-3".
STAT5B primer sequence: sense strand
5’-GTAAACCATGGCTGTGTG-
GA-3’, antisense strand 5’-AAATAAT-
GCCGCACCTCAAT-3". For Q-PCR,
total RNA was isolated from AML
cells using the Rneasy kit from Qiagen
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(Venlo, the Netherlands) according to
the manufacturer’s recommendations.
RNA was reverse transcribed with
iScript cDNA Synthesis Kit (Bio-Rad).
For real time PCR, 1ul of cDNA was
amplified in a total volume of 25ul us-
ing Applied Biosystems Power SYBR
Green PCR Master Mix on an Applied
Biosystems 7500 thermocycler. Data
was quantified using ABI software.

Colony Forming Cells Assay/
Methylcellulose Assay

1x104 transfected cells were plated
into complete methylcellulose media
supplemented with cytokines (MethoC-
ult GF H4434 media, Stem Cell Technol-
ogies). Plates were incubated in 35-mm

cells, we examined phosphorylation of
STATSA and STATSB in the myeloid
leukemia derived T cell lines using co-
immunoprecipitation assay. The exper-
iment was performed with four AML
(KGla, NB4, Molm14, and U937) and
one CML (K562) cell lines. The STA-
T5A and STATS5B proteins from the cell
lines were first immunoprecipitaed with
anti-STATSA and STATSB antibod-
ies respectably and then p-STATS (Tyr
694/699) antibody was used to detect
the immunoprecipitated phosphorylat-
ed STATSA and STAT5B. As shown in
Figure 1A, a strong band corresponding
to phosphorylated Stst5a was detected
in four of five cell lines except Molm14

line, whereas the phosphorylated
STAT5B band was detected in all five
cell lines (Fig. 1B). This result suggests
that the AML cell lines constitutively
express STATSA as well as STATSB.

Constitutive phosphorylation of
STATS5A and STATSB in primary
AML cells

To determine if constitutive activa-
tion of the STATSA and STATSB ob-
served in the AML-derived malignant
cell line is also present in primary AML
cells, we tested phosphorylation of
STATSA and STATSB proteins in five
primary AML cells. We can see from
Figure 2 that peripheral blood sample

from 5 AML patients showed

Petri dishes in triplicate for 3 weeks at A constitutive phosphorylation
37°C in a humidified atmosphere of 5% of both STATS5A and STATSB.
CO2. Number of colonies was count- 12 In addition, to exclude the
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Results . STATSA and STATS5B in
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lines o activation of STATSA and
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Figure 2. Constitutive phosphorylation
of STAT5A and STAT5B in primary AML
cells. A) Constitutive phosphorylation of
STAT5A in AML primary cells. The primary
cells from five AML patients were studied
using the same experimental setup as
described in Figure 1A. B) Constitutive
phosphorylation of STATSB in AML primary
cells. Same experiment was performed
with same primary cells using anti-STAT5B
antibody for immunoprecipitation.
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presses growth of the AML cells.A)

Knockdown of STAT5A/B. U937 cells were

transfected with STAT5A/B siRNA- or
control, non-targeting scramble (SCR) siRNA
and analyzed at 72 hr for post-transfection

efficiency.B) Colony Forming Cells (CFCs) as-

say. The primary cells from five AML patients
were transfected with STAT5A/B siRNA or
control, non-targeting scramble (SCR) siRNA
and analyzed in the colony formation assay
after 3 weeks. The results are depicted as
percentage with reference to the number of
colonies formed by untreated cells.

knockdown. The efficiency
of STAT5A/B siRNA trans-
fection was evaluated by
performing quantitative real-
time RT-PCR. As shown
in Figure 3A, STATSA/B
expression was  signifi-
cantly diminished from the
siRNA knockdown. After
determining the specific-
ity of STATS siRNA, four
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AML primary cells were transfected
with STAT5A/B siRNA and evaluate
the effects of STATSA/B depletion on
the proliferation of the primary AML
cells. As shown Figure 3B, all four
representative AML primary samples
show that STAT5A/B siRNA treatment
reduced colony number about 50% -
90% compared with both the control-
transfected and wild type cultures.
This result indicates that constitutive
phosphorylation of STAT5A/B con-
tributes to AML cell transformation.

Discussion

STATS is well recognized as onco-
protein and its persistent activation has
been identified in a large spectrum of
lymphoid and nonlymphoid malignan-
cies (9). It promotes oncogenesis by
modulating several key functions of the
malignant cells such as survival, prolif-
eration, migration, invasion, induction
of angiogenesis, and evasion of the im-
mune response. Whereas previous stud-
ies from numerous laboratories includ-
ing ours detected STATS activation by
using a phospho-STATS5 antibody that
reacts with both STAT5A and STAT5B,
in this study we examined the func-
tional status of STATSA and STATSB
involved in malignant AML cells by
using co-immnoprecipitation method.
Four of AML cell lines and one CML
express activated STATSA and all five
lines express activated STATSB. In ad-
dition, all primary cells from 5 AML
patients showed constitutive phospho-
rylation of both STATSA and STATSB.
We also observed that the level of
STATS5A and STAT5B phosphorylation
among the cell lines and primary cells
varies. This discrepancy may be grade-
dependent and may represent biological
differences. Moreover, we found that
the depletion of STATSA/B through
siRNA knockdown affects the AML
cell proliferation and survival. This in-
dicated that both STAT5A and STATSB
contribute to the AML transformation
by promoting cell growth and surviv-
al. This is suggesting that STATSA/B
targeted genes and their down stream

effectors possibly play roles in cell
cycle or cell division. These possible
target genes could also contribute sig-
nificantly to unknown kinases or phos-
phatases that can become important
therapeutic targets in AML patients.

Our findings also have potential
therapeutic implications for AML,
CML and, possibly, other malignan-
cies that express constitutive phos-
phorylation of STATSA/B. Future
studies will include the identification
of STATSA/B target genes and their
biological effects in AML cells. In con-
clusion, our data indicate that consti-
tutive phosphorylation of STATSA/B
expression is required for the growth
and proliferation of AML cells.
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