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Cell proliferation and differentiation are under the control of cytokines and growth factors.
Different signaling pathways are involved in the transmission of a specific signal through suc-
cessive phosphorylation and dephosphorylation of proteins leading to gene transcription nec-
essary for growth and differentiation. The cytokines and growth factors activate the Stat
family of transcription factors. The Jak-Stat pathway is essential for cytokine signal transduc-
tion. Dysregulation of this cascade might lead to uncontrolled hematopoiesis. Studies have
been carried out to examine the functionality of this pathway in cells from patients with acute
leukemia. Members of the Stat protein family (Statl, Stat3 and Stat5) are constitutively acti-
vated in cells collected from some acute leukemias suggesting dysregulation of the Jak-Stat
pathway. Evidence of the existence of constitutively activated spliced variants of Stat3 and
Stat5 proteins are described. The mechanisms of such activation remain to be clarified.
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INTRODUCTION

Stat proteins (Signal Transducer and Activator of
Transcription) are transcription factors involved in
cytokines, growth factors and hormones signaling
pathway. To date, seven different members of the Stat
protein family have been cloned.!""'%! The general
mechanism leading to Stat activation is now well
described. Cytokine binding to its receptor leads to the
tyrosine phosphorylation of the associated protein
tyrosine kinases of the Jak family. Activated Jak

kinases induce the phosphorylation of cytoplasmic
Stat molecules that subsequently dimerize and are
translocated to the cell nucleus where they bind to spe-
cific DNA sequences and activate the transcription of
target genes.!!171!

Members of the Stat family vary in size from 734 to
851 amino acids. Sequence comparison of Stat identi-
fied homology boxes that led to the hallmarks for
members of this family of proteins. The most highly
conserved region is the SH2 (Src Homology 2) domain
that is localized in the carboxyl half part of the protein.

*Corresponding author. Tel.: (33)3 22 66 84 99. Fax: (33)3 22 66 84 94.
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SH2 domains are involved in the binding of phospho-
tyrosine residue interaction between the SH2 domain
of one molecule and the phosphorylated site of another
molecule. This mechanism participate to homo or het-
erodimerization of the Stat molecules."®!”! The SH2
domain is also involved in the recruitment of the Stat
proteins to cytokine receptor complexes.!*!$!"! The
conserved amino-terminal domain of Stat proteins is
required for cooperative DNA binding (tetramerization
of the Stat molecules). Cooperative binding interac-
tions enabled the Stat proteins to recognize variations
of the consensus site.””) Between this domain and the
SH2 domain is localized a region that carries the DNA
binding specificity of the Stat molecules. This DNA
binding region does not share any homology with
known DNA binding domain.*"! Another interesting
region within amino acid sequences of Stat proteins is
located at the carboxyl terminal end of the protein. This
region varies in length and in amino acid composition
among Stat family members. Spliced variants of Statl,
Stat3 (respectively referred as Statlf}, Stat3f3), Stat5a
and Stat5b that lack the carboxyl-terminal amino acids
have been cloned from different tissues and cells.*?**
Stat1f binds to DNA but is unable to activate inter-
feron-induced Statl dependent genes."**! Deletion of
the carboxyl-terminal transactivation domain of Stat5a
and Stat5b results in sustained DNA-binding and in a
dominant negative phenotype.”! Similar results have
been reported for StatSa and Stat5Sb natural spliced
variants.'”’! These data indicate that the carboxyl-ter-
minal region of Stat molecules contains an important
domain for the modulation of the transcriptional and
DNA binding activities of Stat proteins.

Stat protein activation has been described in a wide
range of models including cell proliferation and differ-
entiation processes. It has also been involved in activa-
tion of immunocompetent cells. For example, the
activation of Stat signaling pathway has been studied in
a primary T-cell response,”* in the inhibition of IFNy-
induced transcription of the FcyRI gene in human
monocytes by IgG immune complexes>”! or in the dif-
ferentiation of Th1 and Th2 like helper T-cells.!*s! The
crucial role of the Jak-Stat pathway in proliferation,
differentiation and activation has been pointed out in
the development of various diseases. Several studies

have been performed showing the activation of Stat
proteins in pathologies related or not to cytokine over-
expression. Activation of Stat proteins was found in
cells from joint effusion of patients with inflammatory
arthritis,””*! in neuronal injury,®” in allergic reactions
in skin diseases®' and in carcinoma or leukemia.?>3!

STAT PROTEINS AND ACUTE LEUKEMIA

The production of cytokines and growth factors by
leukemic cells and their proliferation without exoge-
nous cytokines suggest a probable implication of a
paracrine and/or autocrine growth regulation. Cyto-
kines and growth factors have been shown to activate
the Jak-Stat pathway and aberrations in this mechanism
might play a role in leukemogenesis. The observation
that Stat proteins are constitutively phosphorylated in
cells transformed by the various oncoproteins such as
v-src, v-abl or v-mpl suggests that Stat proteins could
play a role in cell transformation.**=°! The involve-
ment of the Jak-Stat pathway was also described in the
leukemia like hematopoietic defect caused by an amino
acid substitution in the Drosophila homolog of the Jak
kinase. Overactivity of the mutated protein is responsi-
ble for the malignant neoplasia.***!

Constitutively Activated Stat Proteins in
Acute Leukemia

Nuclear extracts derived from patients with acute lym-
phoblastic leukemia (ALL) and acute myeloid leu-
kemia (AML) were examined for their content in
Stat-DNA binding activity by using specific oligonu-
cleotide probes and antibodies for Stat protein studies
in bandshift assays. Stat-DNA binding complexes
were detected with oligonucleotide probes including
the y-activation sequence (GAS) present in the IRF-1
gene promoter or with the MGF(mammary gland
factor)/Stat5 binding site of the B-casein gene pro-
moter.**! The formation of the complexes occured
without in vitro cytokine cell stimulation before
nuclear protein extraction (Fig. 1). Stat proteins need
to be phosphorylated before they translocate to the
nucleus and bind to DNA. This implied that the Stat
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FIGURE 1

Bandshift analysis of nuclear extracts from cells isolated from peripheral blood of patients with ALL, AML (lanes 1-2) with

CML (lanes 3-5) and with CLL (lanes 6-8). 10 ug of proteins were introduced into each binding reaction and incubated with the B-casein

oligonucleotide probe.

proteins detected in nuclear extracts from ALL and
AML cells were constitutively phosphorylated.

Statl, Stat3 and Stat5 are Activated
in Leukemic Cells

The results obtained with MGF/Stat5 binding site
sequence present in B-casein gene promoter and the
GAS of the IRF-1 gene as probes for bandshifts sug-
gested that Statl, Stat3 and Stat5 related proteins were
possibly involved in the formation of the complexes.
These data were confirmed by supershift experiments
using specific antibodies directed against different
members of the Stat protein family.

Two parallel studies performed on nuclear protein
extracts from primary cells of patients with acute
leukemia show that Stat1, Stat3 and Stat5 can be consti-
tutively activated.**%) Stat3 and Statl activated pro-
teins are preferentially detected in AML while Stat5 is
mainly activated in ALL. However Stat3 and Statl can
also be activated in some ALL and Stat5 in some AML.
It would be of interest to study each profile of Stat pro-
tein activation with regard to cytogenetic abnormalities
and/or immunological marker expression.

Constitutive phosphorylation of Stat5 was shown in
ALL by immunoprecipitation of tyrosine phosphory-
lated proteins with anti phospho-tyrosine antibody fol-
lowed by Western blot analysis with anti-Stat5
antibody. Confocal microscopy localized the Stat5
protein to the nucleus of the leukemic cells from
patients with ALL.”* This particular localization of
the protein supports the previous demonstration of the
presence of activated Stat proteins in leukemic cells.

Mechanisms Possibly Involved in Stat Protein
Activation in Leukemia

The mechanisms by which the Stat proteins are acti-
vated in ALL and AML remain to be clarified.
Cytokine overproduction, some viral infections, chro-
mosomal translocation can be evoked for Stat activa-
tion in leukemia. BCR/abl protein arises from t(9,22)
translocation and is present in chronic myelogenous
leukemia (CML) as a 210 kDa form of BCR/abl and in
some ALL as a 190 kDa form of BCR/abl. K562 cell
line is derived from patient with CML and expresses
the BCR/abl translocation. In this cell line, Stat5 is
constitutively activated.** We investigated the Stat-



86 V. GOUILLEUX-GRUART et al.

DNA binding activity in nuclear cell extracts from dif-
ferent patients with CML. The protein extracts formed
complexes with oligonucleotide probes containing the
MGF/Stat5 binding site of the -casein gene promoter
(Fig. 1). In our previous study, the strongest Stat5 con-
stitutive activation was observed in nuclear extracts
from an ALL with t(9,22) translocation. Using
hematopoietic cell lines transformed with BCR/abl, it
has been established that BCR/abl strong kinase activ-
ity leads to phosphorylation of Statl and Stat5 pro-
teins.*>*! All together, these data show that BCR/abl
protein can participate to Stat protein activation.
Constitutively activated Stat proteins are also
observed in nuclear extracts from patients with
chronic lymphoblastic leukemia (CLL) (Fig. 1). These
cells do not exhibit BCR/abl protein. Alternative path-
way for Stat activation in CLL is probable.

The participation of viral infection in basal activity
is hypothesized by different studies. T-cells trans-
formed with human T-cell lymphotropic virus-1
(HTLV-1) exhibit constitutive activation of the Jak-
Stat pathway. IL-2-independent growth acquired by
cells transformed with HTLV-1 correlates to acquisi-
tion of the constitutively activated JAK-Stat path-
way . Whether this constitutive activation is a
cause or a consequence of the pathology is not clear
but acquisition of cytokine independent growth may
participate to leukemogenesis.

The activation through phosphorylation can happen
at different level of the cascad of the signaling path-
way. Meydan et al. have shown that leukemic cells
from patients with ALL in relapse have constitutively
activated Jak2 protein tyrosine kinase. They demon-
strated that the AG490 specific tyrosine kinase
blocker selectively inhibits in vitro cell proliferation
of leukemic cells.*®! Overactivity of the tyrosine
kinase might be responsible for Stat activation in some
leukemia.

Biochemistry of the Stat Proteins Constitutively
Activated in Acute Leukemia

In our previous paper, we suspected the existence of a
shorter form of the Stat3 protein constitutively acti-
vated in leukemic cells. Because Stat3 related proteins

were recognized by an antibody directed against amino
acids 688 to 727 but not by an antibody raised against
amino acids 750 to 769 of the carboxyl-terminal
domain, we concluded for the existence of Stat3
related factors with truncated or modified carboxyl-
terminal region.®>! Recently, Chakraborty et al. have
reported the presence of Stat3o. (p92) and its spliced
form Stat3f (p83) in AML derived cell lines by using
the Stat3 antibody (Transduction
Laboratories, Lexington, KY) recognizing the N-
terminal part of the protein.*”) By studying the effect
of G-CSF on the activation of Stat3 isoform proteins,
they have shown that G-CSF did not activate Stat3c. in
CD34+ bone marrow normal cells and HL60 cells,
both reported to differentiate in response to G-CSF. In
contrast, Stat3o. is activated by G-CSF in all AML cell
lines tested and in 2 out of 5 uncultured AML patients
samples. They suggest that the balance of the two
Stat3 isoforms in myeloid cells may influence the cel-
lular pattern of gene activation and differentiation in
response to G-CSF.*”! We analysed whole cell
extracts from 8 AML in Western blot, with the Stat3
monoclonal antibody (Transduction Laboratories,
Lexington, KY). Stat3c. and Stat3f were detected in
all the samples tested. However, the level of the two
proteins varies from patients to patients (Fig. 2).
Whether this pattern is associated with the degree of
cell differentiation or with characteristic immunologi-
cal profiles of leukemia has still to be clarified with
higher number of samples.

Constitutively activated Stat5 related proteins have
been detected in nuclear extracts of cells collected
from some patients with ALL.P*31 The complexes
formed with the extracts were supershifted by an anti-
body directed against the amino-terminal part of
Stat5.1%) Experiments performed with antibodies
directed against the carboxyl-terminal domain of
StatSa and Stat5b were inefficient to supershift the
complexes. These data are consistent with the possible
existence of Stat5 variants in acute leukemic cells.
Further studies are needed to characterize these mole-
cules. Naturally existing spliced variants of StatSa and
Stat5b have been described and cloned from different
cell populations.”*#¥! These variants are also phos-
phorylated in response to cytokines. However, their

monoclonal
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FIGURE 2 Protein extracts were derived from cells isolated from patients with AML. The French-American-British classification of the
AML samples included MO, M1 and M4. Whole cell extracts (100 ng) were separated by SDS-PAGE, blotted onto nitrocellulose and
developed with the Stat3 monoclonal antibody (Transduction Laboratories, Lexington, KY). This antibody recognizes both Stat3o. and Stat3f3.
Immunoreactive bands were visualized using a chemiluminescence (ECL) Western blotting kit (Amersham).

dephosphorylation is delayed compared to the non
spliced proteins. Delayed dephosphorylation might
explain the detection of short forms of Stat proteins in
the DNA binding complexes of leukemic cells.

The spliced variants have dominant negative pheno-
type on gene transcription. Inappropriate activation of
Stat protein variants in acute leukemic cells might
inhibit some genes important in cell cycle regulation
or differentiation. Stat proteins and their variants are
expressed in normal cells as well as in leukemic cells.
However, the conditions of activation of both protein
isoforms in leukemic cells might differ from normal
cells and contribute to leukemogenesis.
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