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The mechanisms of malignant cell transformation mediated by the
oncogenic, chimeric nucleophosmin�anaplastic lymphoma kinase
(NPM�ALK) tyrosine kinase remain only partially understood. Here
we report that the NPM�ALK-carrying T cell lymphoma (ALK�TCL)
cells secrete IL-10 and TGF-� and express FoxP3, indicating their T
regulatory (Treg) cell phenotype. The secreted IL-10 suppresses
proliferation of normal immune, CD3�CD28-stimulated peripheral
blood mononuclear cells and enhances viability of the ALK�TCL
cells. The Treg phenotype of the affected cells is strictly dependent
on NPM�ALK expression and function as demonstrated by trans-
fection of the kinase into BaF3 cells and inhibition of its enzymatic
activity and expression in ALK�TCL cells. NPM�ALK, in turn, in-
duces the phenotype through activation of its key signal transmit-
ter, signal transducer and activator of transcription 3 (STAT3).
These findings identify a mechanism of NPM�ALK-mediated onco-
genesis based on induction of the Treg phenotype of the trans-
formed CD4� T cells. These results also provide an additional
rationale to therapeutically target the chimeric kinase and�or
STAT3 in ALK�TCL.

cell signaling � immune response evasion � oncogenesis

T cell lymphomas (TCL) that express anaplastic lymphoma
kinase (ALK) represent a distinct lymphoma category. Ectopic

expression of ALK in the affected CD4� T lymphocytes results
from various chromosomal translocations involving ALK gene and
several different partners, most frequently the nucleophosmin
(NPM) gene (1). The NPM�ALK chimeric protein is constitutively
active (2, 3) and displays cell-transforming properties as demon-
strated both in vitro (4, 5) and in vivo (6, 7). NPM�ALK mediates
its oncogenic function by activating a number of key cell-signaling
proteins including signal transducer and activator of transcription 3
(STAT3) (8–10).

Interleukin 10 (IL-10) is a well-characterized cytokine with
multiple, primarily immunosuppressive activities (11). IL-10 seems
to exert its immunosuppressive effect on several levels, mainly by
inhibiting function of antigen-presenting cells (12) and T lympho-
cytes including CD4� T helper cells from the type 1 (Th1) subcat-
egory (13). IL-10 does so, among other mechanisms, by interfering
with expression of MHC class II and costimulatory proteins, as well
as synthesis and activity of several cytokines and chemokines.
IL-10-mediated inhibition of immune response toward malignant
cells seems to play the key role in carcinogenesis (14).

T regulatory (Treg) lymphocytes capable of down-regulating
immune response have gained considerable attention in the recent
years (15, 16). This functional subset of CD4� T cells strongly
expresses � chain (CD25) of the receptor for IL-2. Whereas some
of the Treg cells develop during maturation process in the thymus,
the other acquire the Treg phenotype as postthymic, fully mature
cells because of an antigenic stimulation (15, 16). Besides secreting
IL-10, a hallmark feature of the antigen-induced Treg lymphocytes
(17), these immunoregulatory T cells secrete TGF-� (18) and, in the
case of the preselected ‘‘natural’’ Treg cells, characteristically
express FoxP3 protein (15, 16). The FoxP3 expression may, how-

ever, be induced also in the mature T cells by either TGF-� (19) or
CD3�CD28 (20) stimulation. The wealth of experimental evidence
indicates that Treg lymphocytes play a role in cancer by suppressing
immune response toward the malignant cells. An increased fre-
quency of Treg cells in the peripheral blood, draining lymph nodes,
and tumor tissues, as well as the enhanced functional activity of
Treg cells, has been observed in tumors as diverse as colorectal
carcinoma, melanoma, ovarian carcinoma, and Hodgkin lymphoma
(21–25). Malignant CD4� T lymphocytes can also display features
of Treg cells, either constitutively, as is the case in the human T cell
lymphotropic virus (HTLV)-related adult-type lymphoma�
leukemia (ATLL) (26, 27), or after in vitro cell stimulation, as
demonstrated in cutaneous T cell lymphoma (CTCL) (28).

Here we report that ALK�TCL cells secrete IL-10 and TGF-�
and express FoxP3 mRNA. The expression of IL-10, TGF-�, and

Conflict of interest statement: No conflicts declared.

Abbreviations: ALK, anaplastic lymphoma kinase; ATLL, adult-type lymphoma�leukemia;
CTCL, cutaneous T cell lymphoma; EIA, enzyme immunoassay; IL-10, interleukin 10; NPM,
nucleophosmin; PBMCs, peripheral blood mononuclear cells; siRNA, small interfering RNA;
STAT3, signal transducer and activator of transcription 3; TCL, T cell lymphoma; Treg, T
regulatory.

‡To whom correspondence should be addressed at: Department of Pathology and Labo-
ratory Medicine, University of Pennsylvania School of Medicine, 3400 Spruce Street, 7.106
Founders Pavilion, Philadelphia, PA 19104-4283. E-mail: wasik@mail.med.upenn.edu.

© 2006 by The National Academy of Sciences of the USA

Fig. 1. IL-10 expression by ALK�TCL cells. IL-10 expression in ALK�TCL cell
lines (JB6, Karpas299, SUDHL-1, and SUP-M2), T cell lymphoma cell lines
derived from lymphomas involving skin (2A, 2B, and MyLa2056), and T cell
lymphoblastic lymphoma (Jurkat) detected at the mRNA level by RT-PCR (A)
and the protein level by EIA (B).
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FoxP3 is induced by the chimeric NPM�ALK tyrosine kinase itself
through activation of STAT3. These findings identify a function of
NPM�ALK and STAT3. They also provide a rationale to target
therapeutically both these molecules in ALK�TCL.

Results
ALK�TCL Cells Express IL-10. IL-10 has been suggested to play a key
role in inhibition of immune response against malignant cells (13,
14). To determine whether ALK�TCL cells produce this cytokine,
we examined by RT-PCR expression of IL-10 mRNA in four
ALK�TCL-derived cell lines. As shown in Fig. 1A, all of the cell
lines expressed the IL-10 message, albeit the signal generated by
one of the cell lines, SUDHL-1, was reproducibly weaker than in the
remaining cell lines, suggesting lower concentration of the mRNA.
No IL-10 mRNA could be detected in four other ALK�TCL cell
lines, indicating correlation between the expression of ALK and
IL-10.

To determine whether the ALK�TCL cells synthesize and
secrete the IL-10 protein, we examined by enzyme immunoassay
(EIA) the cell line supernatants. As depicted in Fig. 1B, the
supernatants from three ALK�TCL cell lines contained as much
as 1,000 pg�ml of IL-10; SUDHL-1 also secreted IL-10, although in
the �10-fold lower amount. No IL-10 protein was detected in the
supernatant from any of the four ALK�TCL cell lines examined.

ALK�TCL-Derived IL-10 Displays Immunosuppressive Properties and
Enhances Viability of the ALK�TCL Cells. To determine whether the
IL-10 secreted by the ALK�TCL cells is immunosuppressive, we

examined the effect of the IL-10-containing supernatants on pro-
liferation of the normal, T cell rich peripheral blood mononuclear
cells (PBMCs) activated by the combination of bead-immobilized
anti-CD3 and anti-CD28 antibodies that potently activate T lym-
phocytes. As shown in Fig. 2A, recombinant IL-10, as well as the
supernatants from two ALK�TCL cell lines that secreted high
amounts of IL-10, inhibited by �45% proliferation of the CD3�
CD28 antibody-stimulated PBMCs. In contrast, the IL-10-free
supernatant from the control 2A CTCL cell line had no inhibitory
effect. Pretreatment of the supernatants with a blocking anti-IL-10
antibody completely inhibited the immunosuppressive activity of
the recombinant IL-10 and markedly, but not completely, inhibited
the immunosuppressive activity of the ALK�TCL cell superna-
tants. These findings indicate that IL-10 is the main, but not the only
immunosuppressive, factor present in the supernatants.

To provide additional evidence that IL-10 is the key immuno-
suppressive component of the ALK�TCL-derived supernatants,
we inhibited IL-10 expression in one of the high IL-10 secreting cell
lines, Karpas299, by using IL-10-specific small interfering RNA
(siRNA). The treatment decreased the amount of the secreted
IL-10 by �80% as determined by measuring concentration of the
cytokine in the supernatants as compared with untreated cells or
cells treated with a nonspecific siRNA (data not presented). As
shown in Fig. 2B Right, the supernatants of the IL-10 siRNA-treated
cells were also much less effective as compared with the nonspecific
siRNA-treated cells in inhibiting proliferation of the normal, CD3�
CD28 antibody-stimulated PBMCs.

Fig. 2. ALK�TCL-derived IL-10 is immunosuppressive and enhances survival of the ALK�TCL cells. (A) Anti-IL-10 antibody inhibits immunosuppressive activity
of the ALK�TCL cell supernatants. Inhibitory effect of the ALK�TCL cell line (JB6 and Karpas299) supernatants pretreated with the anti-IL-10 antibody or the
isotype-matched antibody on proliferation of the T cell rich PBMCs stimulated by the anti-CD3�anti-CD28 antibody tandem. Medium alone, medium with added
recombinant IL-10, and a supernatant from the IL-10 nonsecreting 2A ALK�TCL cell line served as additional controls. (B) siRNA-mediated depletion of IL-10
inhibits immunosuppressive activity of the ALK�TCL cell supernatants. Inhibitory effect of the supernatant from the IL-10 siRNA- vs. nonsense siRNA-treated
Karpas299 cells on proliferation of the anti-CD3�anti-CD28 antibody-stimulated PBMCs. (C) Proapoptotic effect of the anti-IL-10 antibody on the ALK�TCL cells.
Viability of the Karpas299 and JB6 cell lines cultured in the presence of the anti-IL-10 or isotype-matched antibody was determined by the DNA fragmentation
(TUNEL) assay. ALK�TCL 2A cell line served as an additional control. (D) Proapoptotic effect of the IL-10 siRNA on the ALK�TCL cells. Viability of the Karpas299
cell line treated with IL-10-specific or nonsense siRNA as determined by the TUNEL assay.
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Apart from its well-established immunosuppressive role, IL-10
displays a plethora of other biological functions (11). One of them
is the ability to protect T lymphocytes from apoptotic cell death
(29). We decided, therefore, to examine whether the secreted IL-10
has a direct beneficial impact on the ALK�TCL cells, given their
T cell derivation. We addressed this question by determining first
whether the ALK�TCL cells express on their surface IL-10 re-
ceptor. All seven TCL cell lines examined, both ALK� and ALK�,
expressed IL-10 receptor (data not presented), suggesting that
IL-10 may impact on malignant T cells and, in the case of
ALK�TCL, may do so by creating an autocrine loop. Furthermore,

addition of the anti-IL-10 antibody to the ALK�TCL cell cultures
roughly doubled the spontaneous apoptotic cell rate as compared
with the isotype-matched control antibody (Fig. 2C). A similar, if
not even more pronounced, effect was observed in the ALK�TCL
Karpas299 cells upon their transfection with IL-10 siRNA (Fig. 2D),
supporting the conclusion that the endogeneous IL-10 enhances
survival of the ALK�TCL cells. In contrast to the cell viability, no
clear impact of IL-10 suppression on proliferation of the
ALK�TCL cells could be appreciated (data not presented).

ALK�TCL Cells Display Treg Phenotype. Because expression of IL-10
is characteristic for Treg lymphocytes, we examined the ALK�TCL
cells for other hallmarks of this T cell subset. We began with flow
cytometry analysis of CD4 and CD25 expression. Whereas we could
detect CD4 in only two of the four ALK�TCL cell lines (Karpas299
and SUP-M2), all expressed CD25 with two expressing the protein
very strongly (SUDHL-1 and SUP-M2; data not presented). As
shown in Fig. 3A, all four ALK�TCL cell lines expressed mRNA
coding for FoxP3 and TGF-� with Karpas299 expressing the latter
message rather weakly. We also confirmed expression of FoxP3 and
TGF-� on the protein level by Western blotting (Fig. 3B) and EIA
(Fig. 3C), respectively.

Expression of IL-10, TGF-�, and FoxP3 Is Induced by NPM�ALK. One
could argue that ALK�TCL cells gained the ability to express IL-10
and the other features of the Treg phenotype prior or, alternatively,
as a result of transformation by the NPM�ALK oncoprotein. To
address the potential role of NPM�ALK in induction of the Treg
phenotype, we examined lymphoid BaF3 cells transfected with a
vector containing the NPM�ALK gene or the control, an empty
vector (8). Although the parental BaF3 cells expressed TGF-�, they
were negative for IL-10 (data not presented). As shown in Fig. 4A,
transfection with NPM�ALK, but not vector alone, induced ex-
pression of the IL-10 mRNA. Notably, treatment of the NPM�
ALK-expressing BaF3 cells with the small-molecule kinase inhib-
itor WHI-P154, recently identified by us as being able to suppress
enzymatic activity of ALK (10), abrogated the expression of the
IL-10 mRNA confirming the key role of NPM�ALK in promoting
activation of the IL-10 gene.

To determine whether blocking NPM�ALK activity suppresses
the Treg phenotype also in the ALK�TCL cells, we used the ALK

Fig. 3. ALK�TCL cells display Treg cell phenotype. Expression of mRNA coding
for FoxP3 and TGF-� (A) and FoxP3 protein (B) and the secreted TGF-� protein (C)
by the ALK�TCL lines.

Fig. 4. Expression of IL-10, FoxP3, and TFG-� are induced by NPM�ALK expression and enzymatic activity. (A) Expression of IL-10 mRNA in BaF3 cells transfected
with empty vector and NPM�ALK before and after treatment with an ALK inhibitor WHI-P154 (10). (B) Expression of IL-10, FoxP3, and TGF-� mRNA in the depicted
ALK�TCL cell lines before and after treatment with the ALK inhibitor. (C) Expression of FoxP3 protein in the ALK�TCL cell lines before and after treatment with
the ALK inhibitor. (D) Concentration of IL-10 in the ALK�TCL cell line supernatant before and after cell treatment with the ALK inhibitor. (E) Concentration of
TGF-� in the ALK�TCL cell line supernatant before and after cell treatment with the ALK inhibitor.
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inhibitor in three different ALK�TCL cell lines. As shown in Fig.
4B, inhibition of the NPM�ALK function suppressed expression of
not only the IL-10 gene but also of the FoxP3 and TGF-� genes. In
addition, we demonstrated the ALK inhibitor-mediated suppres-
sion of the FoxP3, IL-10, and TGF-� expression also on the protein
level (Fig. 4 C–E, respectively).

To provide the third independent piece of evidence that the Treg
phenotype is induced by NPM�ALK, we performed siRNA-
mediated depletion of NPM�ALK in two ALK�TCL cell lines,
Karpas299 and SUP-M2. As shown in Fig. 5A, we achieved marked
decrease in the NPM�ALK mRNA expression by this approach.
The NPM�ALK depletion was associated with loss of IL-10, FoxP3,
and TGF-� mRNA (Fig. 5B), as well as the IL-10 protein (Fig. 5C).

Induction of IL-10 Expression by NPM�ALK Is Mediated by STAT3.
Because the NPM�ALK oncogenic kinase activates several signal-
ing pathways (1, 30), we decided to examine which of these pathways
is directly responsible for activation of transcription of the Treg
phenotype-related genes. It has been shown by other investigators
that STAT3 binds to a specific motif in the IL-10 gene promoter and
is critical for activation of the gene by LPS (31) and IFN-� (32).
Because NPM�ALK activates STAT3 (8, 10), we examined whether
STAT3 is involved in activation of IL-10 gene in the ALK�TCL
cells. Using a chromatin immunoprecipitation (ChIP) assay, we
demonstrated that STAT3 binds very strongly to the IL-10 gene
promoter in the IL-10 expressing ALK�TCL-derived Karpas299
cells but very weakly in the IL-10 nonexpressing CTCL-derived 2A
cells (Fig. 6A). To demonstrate that STAT3 is functionally critical
for the IL-10 expression, we depleted STAT3 (Fig. 6B) with the
specific siRNA. STAT3 depletion resulted in the profoundly di-
minished expression of not only IL-10 mRNA (Fig. 6C) and protein
(Fig. 6D) but also inhibited expression of the genes coding for
FoxP3 and TGF-� (Fig. 6C). These findings identify STAT3 as the
key effector of the NPM�ALK-mediated induction of the Treg
phenotype in the T cells transformed by the kinase.

Discussion
Here we report that ALK�TCL cells secrete IL-10 and TGF-� and
express FoxP3. These features combined with derivation of the
ALK�TCL cells from CD4� T lymphocytes and expression of
CD25, are hallmarks of Treg cells. Further, multifaceted analysis
revealed that the Treg phenotype is conferred on the malignant
cells by the chimeric NPM�ALK tyrosine kinase, whose expression
resulting from the chromosomal translocation represents the crit-
ical event in the lymphoma pathogenesis (4–7, 10). Finally, we
showed that NPM�ALK induces the Treg phenotype by activating
its key effector, STAT3. These findings identify a function for
NPM�ALK as an inducer of evasion of the immune response,
document the central role of STAT3 in conferring on the
ALK�TCL cells the Treg phenotype, and provide a rationale to
therapeutically target NPM�ALK and STAT3.

Expression of the Treg phenotype has been recently postulated
for two other malignancies derived from the mature CD4� T cells:
human T cell lymphotropic virus (HTLV)-related ATLL and
CTCL. Accordingly, ATLL cells are nonresponsive to a mitogenic
(ConA) stimulation and suppress proliferation of the normal T cells

Fig. 5. siRNA-mediated NPM�ALK depletion results in loss of the Treg
phenotype. Two ALK�TCL cell lines, Karpas299 and JB6, were treated with the
NPM�ALK-specific or control, nonsense siRNA and evaluated for expression of
NPM�ALK (A), IL-10, FoxP3, and TGF-� (B), and the secreted IL-10 protein (C).

Fig. 6. NPM�ALK induces the Treg phenotype through STAT3. (A) Binding of
STAT3 to the IL-10 gene promoter. Protein cell lysates from the IL-10-expressing,
ALK�TCL cell line Karpas299 and ALK�TCL cell line 2A were analyzed in the
chromatin immunoprecipitation (ChIP) assay by using an anti-STAT3 antibody
and primer pairs specific for promoter (P) and 3� end (3�) of the IL-10 gene.
Nonimmunoprecipitated lysates (input) served as positive controls. (B) Effect of
the STAT3 siRNA on STAT3 expression. Two ALK�TCL cell lines, Karpas299 and
SUP-M2, were treated with STAT3-specific and control, nonspecific siRNA and
evaluated for expression of the STAT3 protein. (C) Effect of the siRNA-mediated
STAT3 depletion on the Treg phenotype. Karpas299 (Left) and SUP-M2 (Right)
were treated with STAT3-specific and nonspecific siRNA and evaluated for ex-
pression of the IL-10, FoxP3, and TGF-� mRNA. (D) Effect of the siRNA-mediated
STAT3 depletion on expression of the secreted IL-10. Supernatants form the
Karpas299 and SUP-M2 pretreated with STAT3 and nonspecific siRNA were
analyzed for IL-10 concentration in an EIA assay.
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(26). They also universally and strongly express CD25 and fre-
quently and relatively weakly express FoxP3 (33). HTLV-1 is likely
responsible for induction of the Treg phenotype in the ATLL cells
because prolonged exposure to the virus induced in the normal
CD4� T cells expression of CD25, FoxP3, and TGF-� (34). In turn,
induction of the Treg phenotype in CTCL cells requires in vitro
stimulation by the autologous dendritic cells loaded with apoptotic
CTCL cells in the presence of four different cytokines GM-CSF,
IL-2, IL-7, and IL-4 (28). This requirement indicates that the Treg
phenotype is acquired rather than intrinsic to the CTCL cells.
Furthermore, the exact mechanisms of the Treg phenotype induc-
tion in the CTCL and ATLL cells remain undefined.

Our findings indicate that ALK�TCL cells also display the Treg
phenotype. Importantly, the phenotype is induced by the cell-
transforming NPM�ALK tyrosine kinase. It seems remarkable that
NPM�ALK is able to induce the Treg phenotype because, under
physiological conditions, expression of ALK is expressed only by
neural cells (1). This finding suggests that in the affected T cells, the
aberrant NPM�ALK hybrid protein is capable of activating the
intracellular cell signaling pathways that normally are involved in
induction of the Treg differentiation. Considering that STAT3
which, as we show here, is instrumental for the Treg phenotype can
be activated by a variety of quite diverse tyrosine kinases (35), it is
perhaps less surprising that NPM�ALK is able to promote the Treg
skewing. One might also argue that by the virtue of secreting IL-10,
the ALK�TCL cells resemble more the induced, postthymic CD4�

T cell-derived Tregs rather than the thymus-programmed natural
Tregs (15, 16, 17). Their ability to express FoxP3 does not contradict
this conclusion because FoxP3 can be induced in the postthymic,
fully mature CD4� T cells by various stimuli (19, 20). It is also
interesting that IL-10 secreted by the ALK�TCL cells simulta-
neously displays immunosuppressive (Fig. 2 A and B) and anti-apo-
ptotic (Fig. 2 D and E) effects. This double activity is in agreement
with the pleiotropic properties of the cytokine, including the ability
to protect T lymphocytes from apoptotic cell death by up-regulating
bcl-2 (29). Our data indicate that IL-10 synthesis benefits
ALK�TCL cells both directly by enhancing their viability and
indirectly by suppressing the immune response.

Our findings that the constitutively active NPM�ALK tyrosine
kinase induces the Treg phenotype provide a rationale for thera-
peutically targeting the kinase (10, 36). As we show, depletion or
inactivation of NPM�ALK inhibits expression of IL-10, TGF-�, and
FoxP3, indicating the reversal of the Treg phenotype. It is inter-
esting in this regard, that some degree of anti-lymphoma immune
response, both humoral (37) and cellular (38), does develop in
ALK�TCL patients with the NPM�ALK protein representing the
stimulating antigen. One can only speculate that pharmacologic
inhibition of NPM�ALK activity and the resulting abrogation of the
Treg phenotype may boost the immune response and, possibly,
open the door for an effective immunotherapy in ALK�TCL.

Our findings also define a role of STAT3 in the pathogenesis of
ALK�TCL and, possibly, other malignancies. Persistently acti-
vated STAT3 has been identified in a large spectrum of cancers
(35). The critical role of STAT3 in oncogenesis has recently been
recently documented in vivo in the mouse models of cancers of skin
(39) and breast (40) and, notably in the context of this report,
ALK�TCL (41). STAT3 mediates its tumor-promoting function by
regulating expression of key proteins involved in cancer cell sur-
vival, proliferation, and induction of angiogenesis. Interestingly,
STAT3 has also been implicated in down-regulation of immune
response in solid tumors by indirectly inhibiting activation of
tumor-infiltrating antigen-presenting cells (42) and directly induct-
ing anergy in such cells (43). However, the exact molecular mech-
anisms of this down-regulation remain undefined. Here we show
that STAT3 is capable of inducing the Treg phenotype in the
malignant CD4� T lymphocytes by activating expression of genes
that encode such Treg effector proteins as IL-10 and TGF-�.
Whether similar immunosuppressive factors are produced in the

other types of tumors in which STAT3 is persistently activated and
oncogenic remains to be determined.

Finally, one could argue that STAT3 also represents in
ALK�TCL cells an attractive therapeutic target (44). Although
progress in development of inhibitors that interfere with protein-
protein interactions has been rather slow, peptidomimetic small-
molecule STAT3 inhibitors that impair STAT3 dimerization have
been synthesized (45), suggesting that clinically suitable anti-
STAT3 compound(s) might also be developed.

Materials and Methods
Malignant and Normal Cell Populations. Most cell lines used in this
study were described (8, 10, 29). In brief, PB-1, 2A, and 2B cell lines
were established from a patient with a progressive CTCL.
MyLa2056 was derived from advanced CTCL. SUDHL-1, JB6,
Karpas299, and SUP-M2 lines were derived from ALK�TCL.
Jurkat was developed from lymphoblastic T cell lymphoma. PB-
MCs from healthy individuals were obtained by centrifugation on
Ficoll�Paque gradient. HH cell line was established form normal
PBMCs by infection with an Epstein–Barr virus. BaF3 is an
IL-3-dependent murine pro-B-cell lymphoblastic cell line.

ALK Inhibitor Treatment. Cells were treated with 14 �M of WHI-
P154 (Calbiochem) for the time periods indicated in Results.

RT-PCR. Total RNA was isolated by using RNeasy Mini kit (Qiagen),
treated with DNase I (Invitrogen), and reverse-transcribed by using
Thermoscript RT-PCR system (Invitrogen) with random hexamers
as cDNA synthesis primers. The following primer pairs were used
for the cDNA amplification: �-actin, 5�ACCATTGGCAAT-
GAGCGGT and 5�GTCTTTGCGGATGTCCACGT; NPM�
ALK, 5�GACAGGCCCAACTTTGCCAT-CATT and 5�TGTT-
TCTGGATCCGTGGACCTTG; human IL-10, 5�GACAACT-
T-GTTGTTAAAGGAG and 5�CTAATTTATGTCCTAGA-
GTCT; human TGF-�, 5�GACCAGTGGGGAACACTACTG
and 5�GTAGCTGGGACCACAGGTGTA; human FoxP3,
5�TCTTCAGAAACCATCCTGCCACCT and 5�AGGCAAGA-
CAGT-GGAAACCTCACT; mouse IL-10, 5�CATGCTCCTA-
GAGCTGCGGAC and 5�CAGACTCAATACAGACTGCAG;
mouse TGF-�, 5�TGATACGCCTGAGTGGC-TGTCTTT and
5�TGTACTGTGTGTCCAGGCTCCAAA; and mouse FOXP3,
5�TCAAAGAGCCCTC-ACAACCAGCTA and 5�TTGT-
GAAGGTTCCAGTGCT-GTTGC. PCR was performed by using
Platium TaqDNA polymerase (Invitrogen) for 25 (�-actin) and 30
cycles (NPM�ALK, IL-10, TGF-�, and FoxP3) comprised of the
denaturation step for 20 s at 94°C, annealing for 30 s at 58°C and
elongation for 30 s at 72°C. The PCR products were visualized by
ethium bromide staining in 2% agarose gel.

Human IL-10 EIA. Concentration of IL-10 in culture supernatants was
evaluated by using Quantikine Human IL-10 kit (R & D Systems).
In brief, 200 �l per well of sample or standard was added to a plate
precoated with IL-10 antibody. After 2-h incubation and washing,
200 �l of the IL-10 conjugate was added to each well. After 1-h
incubation and washing, the concentration of IL-10 was determined
by colorimetric conversion of the substrate and optical density
(OD) determination using the EIA plate reader.

Human TGF-� EIA. Cells were cultured in an RPMI medium 1640
supplemented with 2% of BSA for 4 h. Concentration of TGF-� in
the harvested supernatants was evaluated by using Quantikine
human TGF-� kit (R & D Systems). In brief, the latent TGF-� was
activated to immunoreactive form by incubating 0.5 ml of super-
natant with 0.1 ml of 1 M HCl. After 10 s, the samples were
neutralized with 0.1 ml of 1.2 M NaOH�0.5 M Hepes. Next, 200 �l
per well of the samples or standard were added to a plate precoated
with the TGF-� antibody. After 3-h incubation and washing, 200 �l
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per well of TGF-� conjugate were to each well for 1.5 h. The
concentration of TGF-� was determined by the OD determination.

Immunofluorescence Staining. Cell surface protein expression was
performed by using the conjugated antibodies CD25-FITC, CD4-
PE, and IL-10R-PE (BD PharMingen) and flow cytometry (FAC-
Sort; BD Biosciences) by using CELLQUEST PRO software.

Western Blot. These experiments were performed as described (8,
10). In brief, the cells were lysed in a buffer supplemented with
phenylmethylsulfonyl fluoride, phosphatase inhibitor cocktails I
and II (Sigma), and protease inhibitor mixture (Roche). For
normalization of the gel loading, the protein extracts were assayed
with Lowry method (Bio-Rad Dc protein assay). Cell lysates were
separated on a 10% polyacrylamide�SDS gel, and transferred to
poly(vinylidene difluoride) (Amersham Pharmacia) membranes.
Proteins were detected with antibodies against ALK, �-actin, Stat3
(Santa Cruz Biotechnology), FoxP3 (eBioscience, San Diego, CA)
and the secondary, peroxidase-conjugated antibodies (Santa Cruz
Biotechnology). Blots were developed by using the SuperSignal
West Dura nylon membranes (Pierce) and exposed to x-ray film
(Kodak).

siRNA. SUP-M2 and Karpas299 cell lines were transfected with 100
nM siRNA specific for STAT3 or nontargeting control twice at 24-h
intervals and with NPM�ALK siRNA (all siRNA were from
Dharmacon) either twice (SUP-M2) or three times (Karpas299)
using lipofectamine (DMRIE-C; Invitrogen). Efficiency of the
NPM�ALK and STAT3 suppression was assessed by Western
blotting or RT-PCR (NPM�ALK).

In Vitro Proliferation Assay. Bromodeoxyuridine (BrdUrd) incorpo-
ration was determined by using the Cell Proliferation ELISA kit
(Roche) based on the colorimetric method as described (10). In the
case of the CD3�CD28 stimulation, PBMCs from healthy blood
donors were stimulated with beads coated with anti-CD3 and
-CD28 antibodies.

Apoptotic Cell Death Assay. Tunel staining was performed by
using the ApoAlert DNA fragmentation assay kit from BD
Biosciences (10). In brief, 3–5 � 106 cells were fixed with 1%
formaldehyde�PBS, permeabilized with 70% ethanol, and
incubated in the TdT buffer for 1 h at 37°C. After stopping the
reaction with 20 mM EDTA, the cells were analyzed by f low
cytometry.

Chromatin Immunoprecipitation (ChIP) Assay. Soluble chromatin-
containing lysates obtained from formaldehyde-fixed and sonicated
cells were incubated with STAT3 antibody (Santa Cruz Biotech-
nology). DNA-protein immunocomplexes were precipitated with
protein A-agarose beads and treated with RNase A and proteinase
K; the DNA samples were extracted with phenol�chloroform,
precipitated with ethanol, and PCR amplified using primers specific
for IL-10 gene promoter (5�TGCTTACGATGCAAAAATTGA
and 5�CTCAGGGAGGCCTCTTCAT) and, as a control, the 3�
end of the IL-10 gene (5�CCTCAGCCTCCCAAGTAGCTG and
5�ATCACTTGAGGCCAGGAGTTC3�).
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