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ABSTRACT Human T cell leukemiaylymphotropic virus
type I (HTLV-I) induces adult T cell leukemiaylymphoma
(ATLL). The mechanism of HTLV-I oncogenesis in T cells
remains partly elusive. In vitro, HTLV-I induces ligand-
independent transformation of human CD41 T cells, an event
that correlates with acquisition of constitutive phosphoryla-
tion of Janus kinases (JAK) and signal transducers and
activators of transcription (STAT) proteins. However, it is
unclear whether the in vitro model of HTLV-I transformation
has relevance to viral leukemogenesis in vivo. Here we tested
the status of JAKySTAT phosphorylation and DNA-binding
activity of STAT proteins in cell extracts of uncultured leu-
kemic cells from 12 patients with ATLL by either DNA-binding
assays, using DNA oligonucleotides specific for STAT-1 and
STAT-3, STAT-5 and STAT-6 or, more directly, by immuno-
precipitation and immunoblotting with anti-phosphotyrosine
antibody for JAK and STAT proteins. Leukemic cells from 8
of 12 patients studied displayed constitutive DNA-binding
activity of one or more STAT proteins, and the constitutive
activation of the JAKySTAT pathway was found to persist over
time in the 2 patients followed longitudinally. Furthermore, an
association between JAK3 and STAT-1, STAT-3, and STAT-5
activation and cell-cycle progression was demonstrated by
both propidium iodide staining and bromodeoxyuridine in-
corporation in cells of four patients tested. These results imply
that JAKySTAT activation is associated with replication of
leukemic cells and that therapeutic approaches aimed at
JAKySTAT inhibition may be considered to halt neoplastic
growth.

In a small percentage of infected individuals, human T cell
leukemiaylymphotropic virus type-I (HTLV-I) causes adult T
cell leukemiaylymphoma (ATLL), an aggressive and often
fatal disease (1–3). The epidemiology of ATLL suggests that
cumulative genetic defects may be responsible for the acqui-
sition of the neoplastic phenotype in a given T cell clone (4).
T cell proliferation and selection following HTLV-I infection
are dynamic processes that can be followed in vivo (5, 6) and
in vitro (7) and generally result in the generation of clonal
populations of mature CD41, CD82, and CD251yCD72 T
cells (8–10). In HTLV-I infection the time-dependent emer-
gence of infected T cell clones is well documented, and ATLL
results from the uncontrolled growth of a single clone.

In vitro, T cell immortalization (ligand-dependent) by
HTLV-I occurs within a few months of culture, whereas T cell

transformation (ligand-independent) requires more time and
typically results in T cell lines that display constitutive activa-
tion of the JAKySTAT signaling pathway (11, 12). In physio-
logical conditions, activation of the JAKySTAT pathway is
triggered by cytokines through cell surface receptors (13). In
the case of interferon and type I cytokines, the JAK family
tyrosine kinases transduce the signal by phosphorylating the
STAT proteins, which in turn dimerize and translocate to the
nucleus to activate the expression of genes necessary for cell
proliferation or differentiation (14). To ascertain whether the
in vitro model of HTLV-I transformation has any bearing to the
in vivo leukemogenesis, we investigated the JAKySTAT acti-
vation status in uncultured ex vivo leukemic cells from 12
HTLV-I seropositive patients with ATLL.

METHODS

Electrophoretic Mobility-Shift Assay (EMSA). In the case
of EMSA with the FcgR1 probe (59-TGTATTTCCCA-
GAAAAGGAATCG-39), cellular extracts were prepared and
EMSAs were performed, as previously described (11).

In the case of the sis-inducible element (SIE), b-casein, and
I« probes, the binding reaction was performed by preincubat-
ing 5 mg of cell extracts with 1 mg of poly(dI-dC) in the same
buffer on ice for 20 min. 32P-labeled probe (20,000 cpm)
corresponding to the mammary gland factor binding site in the
b-casein gene promoter (59-TAGATTTCTAGGAATTCG-
39), 100,000 cpm of 32P-labeled HA-SIE probe (59-GATCG-
TCGACATTTCCCGTAAATC-39), and I« probe (GATCT-
AACTTCCCAAGAACAG) (15) were added to the reaction
mixture and incubated on ice for 30 min. In the supershift
assay, antibodies were incubated with nuclear extracts on ice
for 20 min after the addition of radiolabeled probe. Complexes
were resolved on 4.5% polyacrylamide gels. The antibody
anti-STAT-1 (N terminus) was purchased from Transduction
Laboratory (Lexington, KY); antibodies C-20 and N-20, which
recognize the C terminus of STAT-3 and N terminus of
STAT-5, were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA); and anti-STAT-6 was a generous gift from
William J. LaRochelle (National Cancer Institute, Bethesda,
MD).

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked ‘‘advertisement’’ in
accordance with 18 U.S.C. §1734 solely to indicate this fact.

© 1997 by The National Academy of Sciences 0027-8424y97y9413897-6$2.00y0
PNAS is available online at http:yywww.pnas.org.

Abbreviations: JAK, Janus kinases; STAT, signal transduceryactivator
of transcription; SIE, sis-inducible element; ATLL, adult T cell
leukemiaylymphoma; HTLV-I, human T cell leukemiaylymphotropic
virus type-I; EMSA, electrophoretic mobility-shift assay; IL, interleu-
kin; PBMC, peripheral blood mononuclear cells; FACS, fluorescence-
activated cell sorter.
**To whom reprint requests should be addressed at: Basic Research

Laboratory, Division of Basic Sciences, National Cancer Institute,
37 Convent Drive, Bldg. 37, Room 6A11 Bethesda, MD 20892-4255.
E-mail: veffa@helix.nih.gov.

13897



Immunoprecipitation and Immunoblotting. Cells were lysed
at 80 3 106yml in 10 mM Tris (pH 7.4), 150 mM NaCl, 0.5%
Nonidet P-40, 1% Triton X-100, 1 mM Na3VO4, 1 mM DTT,
1 mM AEBSF, 20 mgyml aprotinin, and 20 mgyml leupeptin.
Immunoprecipitations of each lysate were performed at 4°C
overnight with antibodies directed against phosphotyrosine
(4G10, Upstate Biotechnology, Lake Placid, NY) or JAK3
(C-21, Santa Cruz Biotechnology). Immunoprecipitated pro-
teins were separated by SDSyPAGE and transferred to Pro-
tran membranes (Schleicher & Schuell, Keene, NH). Immu-
noblotting was performed with antibodies against the STAT
and JAK proteins as follows: anti-phosphotyrosine (4G10),
anti-STAT-3 (K-15, Santa Cruz Biotechnology, or N terminus,
Transduction Laboratory), anti-STAT-5 (C-17, N-20, and N-
49, Santa Cruz Biotechnology), anti-JAK3 (C-21), anti-JAK1
(kinase 1, Transduction Laboratory).

Blots were developed using the ECL detection kit (Amer-
sham), and stripping and probing were performed following
the manufacturer’s directions.

Flow Cytometry [Fluorescence-Activated Cell Sorter
(FACS) Analysis] and Bromodeoxyuridine (BrdU) Staining.
Cells (5 3 106) were washed twice in PBS. Cells were fixed in
1 ml of 75% ethanol and incubated on ice for 30 min. The cells
were then washed twice in PBS and treated with 3.5 mg of
RNase, DNase free (Boehringer Mannheim) for 30 min at
37°C. Finally, cells were pelleted and resuspended in 0.5 ml of
50 mgyml of propidium iodide (Sigma). DNA profiles were
analyzed with a Becton Dickinson (Mountain View, CA)
FACScan using CELL FIT software.

For BrdU staining, cells were resuspended in complete
media containing 10% FBS at a concentration of 106 cellsyml
with 10 mM BrdU (Boehringer Mannheim) for 30 min, washed
two times in PBS, and mounted on slides by using cytospin
funnels. Cells were fixed for 10 min in 2% paraformaldehyde
and washed with PBS, and DNA was denatured by the addition
of 4 M HCl for 10 min at room temperature. The acid was
neutralized by the addition of 0.1 M borate buffer, pH 8.5,
added twice for 10 min each. Cells were washed three times in
PBS, and anti-BrdU-FITC antibody (Boehringer Mannheim)
was added at a final concentration of 25 mgyml. Slides were
placed in a humidified chamber at room temperature for 1 hr,
washed four times with PBS containing 0.02% Tween 20, and
visualized with a Nikon fluorescent microscope.

RESULTS

Activated STAT-1-, STAT-3-, and STAT-5-Related Proteins
in ATLL. Twelve patients, nine with acute ATLL and three
with chronic ATLL (16), were included in the study. All had
a previous history of HTLV-I infection and scored positive for
HTLV-I provirus (data not shown). Each patient had more
than 60% leukemic cells in the blood at the time of analysis,

as inferred by the phenotypic markers characteristic of ATLL
cells (Table 1). Blood samples were obtained after patient
consent according to the National Institutes of Health Office
of Human Subject Research. Each patient’s peripheral blood
mononuclear cells (PBMC) were either lysed without any
stimulation or, in some cases, were exposed first to a 15-min
pulse with recombinant interleukin 2 (IL-2).

The activation status of the STAT proteins in the cell
extracts of the 10 patients was assessed by using oligonucleo-
tide probes corresponding to the interferon g-activation site
(GAS) motifs from the FcgR1 promoter. Protein lysates were
analyzed by EMSA. In 10 of 12 patients, no constitutive
activation of STAT proteins was observed. Thus, by the use of
the FcgR1 DNA sequence it appeared that only 2 out of 10
patients displayed constitutive STAT protein activation in the
DNA-binding assay.

Identification of Activated STAT Proteins Bound to the SIE,
b-Casein, and I« Oligonucleotides. To increase the sensitivity
of the DNA-binding assay and to test the binding specificity of
the STAT proteins present in the ATLL cells, the DNA motifs
SIE, b-casein, and I« (15, 18, 19) were used in conjunction with
antibodies that recognize each of the STAT proteins. These
probes bind with high affinity to STAT-1 and STAT-3,
STAT-5, and STAT-6, respectively. In both patients 7 and 10,
the SIE probe generated three bands in EMSA (Fig. 1A, lanes
7 and 10), and two of the bands were supershifted by anti-
STAT-1 (Fig. 1 A, lanes 5, 8, and 11). The lower band likely was
composed of STAT-1 homodimers because it was completely
shifted by the anti-STAT-1 antibody, whereas the middle band
may have contained STAT-1 heterodimers. The addition of
STAT-3 antibodies shifted the upper band in both patients’
extracts, but the supershifted band migrated faster than the
STAT-3 containing complexes identified by the same antibody
(even at higher concentration) in the extract from phytohe-
magglutinin (PHA)-PBMC (compare lanes 6, 9, and 12 of Fig.
1A). Because the anti-STAT-3 antibody used is directed
against the C terminus of STAT-3, it is unlikely that the
aberrant DNA shift observed is a result of the presence in the
extracts of the b STAT-3 isoform (20), which lacks the epitope
recognized by this antibody.

STAT-5 constitutive activation was detected in the extract
from patient 7 but not patient 10 (data not shown), as
demonstrated by the ability of the antibody directed against the
amino terminus of STAT5a and STAT5b to supershift part of
the DNA complex (Fig. 1B, lanes 12 and 14) in extracts of
untreated cells.

The cellular extract from patients 3, 8, 11, and 12 bound to
the SIE probe in absence of IL-2 stimulation (Fig. 1 A, lanes
13–18, 23–25, 29–31 and Fig. 2B), but of these extracts, only
those from patient 11 reacted with the b-casein probe (com-
pare lanes 6–11, 21, and 22 of Fig. 1B and Fig. 2B). Finally,
patients 4 and 5 displayed constitutive STAT-5 DNA-binding

Table 1. Clinical diagnosis and phenotypic features of ATLL cells

Patient
designation Diagnosis WBCymm3 CD31, % CD41, % CD81, % CD251

CD72y
CD251 CD72 STAT binding activity

1 Acute ATL 77,000 100 97 0 98 97 None detected
2 Acute ATL 62,000 93 97 2 86 84 None detected
3 Acute ATLyTSP-HAM 35,000 94 93 2 96 88 STAT1ySTAT3
4 Acute ATL 34,700 95 93 5 61 7 STAT5
5 Acute ATL 10,000 92 89 4 68 87 STAT5
6 Acute ATL 7,600 5 97 3 90 97 None detected
7 Acute ATL 13,800 92 95 3 83 92 STAT1ySTAT3ySTAT5
8 Chronic ATL 36,900 90 70 8 69 79 STAT3
9 Chronic ATL 17,900 94 90 5 85 84 None detected

10 Chronic ATL 6,000 83 70 14 63 73 STAT1ySTAT3
11 ATLL 18,300 96 76 12 77 72 STAT3ySTAT5
12 Acute ATL 19,000 94 92 2 93 89 STAT1ySTAT3

WBC, white blood cell; TSP-HAM, tropical spastic paraparesis–HTLV-I-associated myelopathy.
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activity (Fig. 1B, lanes 15–20) but did not appear to have
activated STAT-1 and STAT-3 (data not shown). None of the
patients’ extracts displayed binding activity to the I« oligonu-
cleotide (a representative example for patients 1, 4, and 5 is
given in Fig. 1C, lanes 3–8), suggesting the absence of STAT-6
(21).

In summary, 6 of 12 patients’ extracts had STAT-3 binding
activity, and among these 6, 4 displayed STAT-1 binding
activity as well. Activated STAT-5 was demonstrated in 4 of 12
patients, and all patients lacked activated STAT-6 (Table 1).

Persistence of STAT Activation in ATLL. To ascertain
whether the constitutive activation of STAT proteins found in
the blood cells represented a temporary status of activation
rather than being an intrinsic characteristic of the leukemic
cells, two ATLL patients were followed longitudinally. One
patient (patient 12) was followed in the last 26 days of hisyher
life and another patient (patient 3) at a 6-month interval.

PBMC from patient 12 were obtained at three separate
intervals: the first sample was collected before the last ther-
apeutic intervention; the second sample was obtained during
relapse; and the third sample was obtained 2 days before the
death of the patient. As indicated in Fig. 2 A and Table 1, at the
first sampling time 19,000 white blood cells (WBC)ymm3 were
present. The latter two samples had twice the amount of
leukemic cells, and more than 90% of them displayed the
characteristic phenotype of CD41, CD82, and CD251 leuke-
mic cells.

Cell extracts from patient 12, at all three sampling points,
formed DNA complexes with the SIE DNA sequence, and the
mobility of the DNA complexes was altered by the addition of
anti-STAT-1 and -STAT-3 antibodies (Fig. 2B, lanes 5, 6, 17,
18, 29, and 30) consistent with the presence of activated
STAT-1 and STAT-3 proteins at all sampling points. As in
most of the other patients studied, the extracts of patient 12 did
not form DNA complexes with either the b-casein probe,
before IL-2 triggering (Fig. 2B, lanes 9, 10, 21, 22, 33, and 34),
or I« oligonucleotides (data not shown), suggesting the ab-

sence in all the extracts of activated STAT-5 and STAT-6
proteins.

In the case of patient 3, STAT-1 and STAT-3 binding activity
was demonstrated at the time of the first sampling (Fig. 1 A,
lanes 29–31) as well as in the cells obtained 6 months later (Fig.
2B, lanes 40–42). Thus, STAT activation does not appear to be
a transient status in ATLL patients but rather an intrinsic
feature of ATLL cells.

JAK3 Activation in ATLL. Phosphorylated STAT proteins
are found to be associated with phosphorylated JAK proteins
in cells triggered with cytokines (13, 21–23). To identify which
JAKs were phosphorylated and associated with STAT proteins
in ATLL samples, cellular extracts, available in sufficient
amounts from patients 3, 8, and 12, were first immunoprecipi-
tated with anti-phosphotyrosine antibody (4G10) and immu-
noblotted with 4G10 antibody or with antibodies against JAK1,
JAK2, JAK3, Tyk2, STAT-1, STAT-3, and STAT-5 (13, 22).

Immunoblotting with 4G10 revealed several phosphorylated
protein bands in IL-2-treated PHA-PBMC as well as in
patients 3, 8, and 12 (Fig. 3a). Immunoblotting with antibodies
against JAK3 demonstrated the presence of phosphorylated
JAK3 in the extracts of all three patients (Fig. 3 a and d),
whereas JAK1, STAT-3, and STAT-5 were clearly detected
only in IL-2-treated PHA-PBMC and in patient 8 (Fig. 3 a–e).
None of the patients scored positive for JAK2 or Tyk2 (data
not shown).

Because the 4G10 antibody could also precipitate nonphos-
phorylated protein bound to phosphorylated proteins, the
extracts from patients 3 and 12 were first immunoprecipitated
with anti-JAK3 antibody, and immunoblotting was performed
with 4G10 antibody, anti-STAT-3 antibody, and anti-JAK3.
STAT-3 coprecipitated with JAK3 in both cases (Fig. 3f ). In
addition, JAK3 was detected by the 4G10 antibody in both
immunoprecipitates as well as by the anti-JAK3 antibody (Fig.
3 g and h), demonstrating its activation in both patients’
extracts. Altogether, these results demonstrate that JAK3 is
phosphorylated and associated with STAT-3, at least in the

FIG. 1. EMSA with b-casein, SIE, and I« DNA oligonucleotides. EMSA obtained with SIE (A), b-casein (B), and I« (C) probes. The specificity
of the antibodies added to the DNA–protein complexes is indicated on the top of each panel. In some patients’ extracts the addition of the antibodies
increased the signal, and in others a decrease binding was observed: in the case of STAT-5, compare lanes 6–8 and 12–14 of B, and in the case
of STAT-1, compare lanes 25 and 28 of A. The reasons for this variability are unclear at present and do not appear to be related to the loading
of different amounts of proteins or labeled DNA.
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leukemic cells of patients 3 and 12. Sufficient cell extracts were
not available from the remaining patients to perform similar
analyses.

Constitutive JAKySTAT Activation Is Associated with Leu-
kemic Cell Proliferation. To determine whether the constitu-
tive activation of STAT proteins was coupled with cell prolif-
eration, the PBMC from patients 2, 3, 11, and 12 were stained
with propidium iodide (PI) and analyzed for DNA content by
FACS cytofluorometry. In addition, the cells from patients 3
and 12 were also incubated with BrdU and stained with a
monoclonal antibody against BrdU to identify morphologically
the cells in S phase.

The leukemic cells from patient 12 were cycling at all three
time points (data not shown for sample 1) as demonstrated by
PI staining and BrdU incorporation (Fig. 4A). Consistent with
the ongoing DNA replication, which occurs during the S phase
of the cell cycle, the multinucleated flower-like leukemic cells
from patient 12 were also stained with anti-BrdU antibody
(Fig. 4A). Both analyses performed on the cells of patient 3,
at the second sampling time, revealed that DNA synthesis was
occurring in the large, multinucleated cycling leukemic cells, as
well (Fig. 4B). Also, in the case of patient 11, whose cell
extracts, similar to patients 3 and 12, contained activated
STATs, the PI staining was consistent with a cycling cell
population. In contrast, 95% of the cells from patient 2, whose
extracts lacked DNA-binding activity for all the STAT proteins
tested (data not shown), were arrested at the G0yG1 phase of
the cell cycle (Fig. 4B Upper). Altogether, these results dem-
onstrated that the cells of three patients, whose extracts
revealed constitutive activation of STAT proteins, actively
synthesized DNA, whereas in the case of patient 2, the absence
of STAT activation was consistent with a much lower percent-
age of cells in S phase and 94% of cells arrested in G0yG1.

FIG. 2. Persistence of STAT activation in cell extracts of patients
3 and 12. (A) White blood cell (WBC) counts over time in patient 12.
The arrows indicate the times of sample collection. (B) EMSA on cell

FIG. 3. Association of JAKySTAT proteins. Immunoprecipitation
(IP) was performed with the anti-phosphotyrosine antibody 4G10, and
immunoblotting was performed with antibodies specific for various
STAT or JAK proteins (as indicated in a–e). In the case of patient 3,
protein extracts from the first sampling were used for the 4G10 IP, and
those from the second sampling were used for the JAK3 IP. The
amount of protein in sample 1 of patient 3 was half of that in sample
2. IP with anti-JAK3 antibodies was followed by immunoblotting with
anti-STAT-3 antibody ( f), anti-phosphotyrosine antibody (g), or anti-
JAK3 antibody (h).

extracts from patient 12 at different sampling times (first 3 panels).
The last panel represents the EMSA on patient 3 at the second
sampling time.
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DISCUSSION

In this study, we analyzed the functional status of the JAKy
STAT pathway in uncultured leukemic cells from several cases
of ATLL. In 8 of the 12 patients, STAT protein’s DNA-binding
activity was detected by EMSA in the leukemic cell extracts. Six
of the eight samples that were positive showed activated
STAT-3, and two of these six also had active STAT-5. The
remaining two positive samples showed activation of STAT-5
alone. None of the patients’ samples scored positive for
STAT-6, as measured by the GAS element of the I« promoter.
Importantly, the identity of the shifted bands was confirmed by
supershifting by using specific anti-STAT antibodies. In most
of the patients’ extracts, the DNA–protein complex super-
shifted by the STAT-3 antibody migrated faster than the
complex observed in IL-2-stimulated PBMC, suggesting that
the STAT involved could either be a STAT-3 isoform, different
from b STAT-3, or a STAT-3-related protein. DNA affinity
purification of the activated STAT proteins present in the
leukemic cells’ extracts followed by Western blotting will
presumably help the precise identification of these proteins.

Constitutive activation of STAT protein correlated with
phosphorylation of JAK3 (but not with that of JAK1, JAK2,
and Tyk-2) and at least in three cases with proliferation of
leukemic cells. The finding of JAK3 activation in ATLL
suggests an involvement of the gc receptor, which is known to
mediate the signal for IL-2, IL-4, IL-7, IL-9, and IL-15 (24).

STAT-3 and, more peripherally, STAT-1 are phosphorylated
in response to all of these cytokines, and, with the exception
of IL-4, which activates STAT-6 (19), all of the other cytokines
activate STAT-5 as well (22, 23).

STAT protein activation in ATLL may be a response to an
autocrine or paracrine cytokine stimulation or may result from
activation of one or more proteins involved in the signaling
cascade. In uncultured ATLL cells, the expression of mRNA
as assessed by Northern blotting for cytokines that signal
through the gc receptor, including IL-15, IL-2, and IL-4
(25–29), appear to be absent, and the expression of the
remaining known gc users, IL-7 and IL-9, has not been studied.
HTLV-I-infected cultures produce a large number of cytokines
including granulocyteymacrophage colony-stimulating factor,
TNFa, IL-6, IL-9, and oncostatin-M. In the case of the
HTLV-I-infected T cell line HuT-102, IL-15 has been dem-
onstrated to be expressed at high levels (30).

HTLV-I-infected cultures become, with time, IL-2-
independent and acquire a constitutive activation of JAKy
STAT proteins (11, 12). Antibodies against IL-2 and IL-15
(unpublished observation) do not abolish the JAKySTAT
pathway activation, suggesting that the activation may not be
dependent on cytokine stimulation. In fact, in the Hut102 T
cell line, which expresses high levels of IL-15, antibodies
against IL-15 do not substantially decrease the activation level
of JAKySTAT proteins (unpublished observation). However,
as in the case of ATLL cells, the expression of other users of
the gc receptor, namely IL-7, IL-9, and IL-4, has not been
thoroughly investigated. Thus, at present, an autocrine mech-
anism in vivo and in vitro cannot be rigorously excluded.

Constitutive activation of JAKs andyor STATs has been
correlated with cell transformation in other models of viral
transformation. In murine pre-B lymphocytes transformed by
the Abelson murine leukemia virus, constitutive JAK1, JAK3,
and STAT activation (31) has been shown and transformation
of human B cells by Epstein–Barr virus has been correlated
with STAT-1 and STAT-3 phosphorylation (32). In mice, the
erythroleukemia, induced by the spleen focus-forming virus, is
also associated with constitutive STAT activation (33).

In human hematopoietic malignancies, JAK2 has been
found activated in a few cases of childhood acute B cell
lymphocytic leukemia (ALL) (34, 35). STAT-1 and STAT-5,
and STAT-3 and STAT-5 activation have also been demon-
strated in adult ALL patients and in acute myeloblastic
leukemia (AML) patients, respectively (32, 35). In Sézary
syndrome, a disease of CD41 T cells similar to ATLL, activa-
tion of JAK3 (36) was found in 10 of 14 patients and was
associated with activated STAT-5 in 9 patients and activated
STAT-3 in 4 patients. Thus, the participation of the JAKy
STAT pathway in tumorigenesis is a definite possibility, and
the identification of the JAK kinase involved in different
hematopoietic malignancies may be instrumental in targeting
specific kinases for therapy.

JAK3 is activated by the cytokines that use the gc receptor
chain, including IL-2, IL-4, IL-7, IL-9, and IL-15 (22), but it is
nonessential for signaling by other cytokines. JAK3 is defective
in an autosomal form of severe combined immunodeficiency
disease (SCID) in humans (37–39). Of the JAK family mem-
bers, JAK-3 is restricted in its pattern of expression, which is
mainly confined to hematopoietic cells (22). In fact, JAK3
knock-out mice, although deficient in natural killer, T cell, and
B cell function, do not have disorders in nonimmunological
systems (40–42).

Thus, drugs that inhibit JAK3 activation may be of value as
immunosuppressive and antileukemic agents, and the activa-
tion of JAK3, in HTLV-I infection in vivo as well as in vitro,
suggests that HTLV-I-transformed T cell lines may be an
appropriate tool to assess the efficacy of anti-JAK3 agents for
use in ATLL.

FIG. 4. Analysis of DNA synthesis and DNA content in leukemic
cells. (A) PI staining and FACS analysis (Upper) and BrdU staining of
cells from patient 12 obtained at the second and third sampling times.
(B) PI staining and FACS analysis of the cells from patients 2, 11, and
3 (second sampling time). BrdU staining of the cells from patient 3 at
the second sampling time.
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