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The mechanisms of malignant cell transformation caused by the
oncogenic, chimeric nucleophosmin (NPM)/anaplastic lymphoma
kinase (ALK) remain only partially understood, with most of the
previous studies focusing mainly on the impact of NPM/ALK on cell
survival and proliferation. Here we report that the NPM/ALK-
carrying T cell lymphoma (ALK�TCL) cells strongly express the
immunosuppressive cell-surface protein CD274 (PD-L1, B7-H1), as
determined on the mRNA and protein level. The CD274 expression
is strictly dependent on the expression and enzymatic activity of
NPM/ALK, as demonstrated by inhibition of the NPM/ALK function
in ALK�TCL cells by the small molecule ALK inhibitor CEP-14083
and by documenting CD274 expression in IL-3-depleted BaF3 cells
transfected with the wild-type NPM/ALK, but not the kinase-
inactive NPM/ALK K210R mutant or empty vector alone. NPM/ALK
induces CD274 expression by activating its key signal transmitter,
transcription factor STAT3. STAT3 binds to the CD274 gene pro-
moter in vitro and in vivo, as shown in the gel electromobility shift
and chromatin immunoprecipitation assays, and is required for the
PD-L1 gene expression, as demonstrated by siRNA-mediated STAT3
depletion. These findings identify an additional cell-transforming
property of NPM/ALK and describe a direct link between an
oncoprotein and an immunosuppressive cell-surface protein. These
results also provide an additional rationale to therapeutically
target NPM/ALK and STAT3 in ALK�TCL. Finally, they suggest that
future immunotherapeutic protocols for this type of lymphoma
may need to include the inhibition of NPM/ALK and STAT3 to
achieve optimal clinical efficacy.

T cell lymphomas (TCL) that express the anaplastic large cell
lymphoma tyrosine kinase (ALK) comprise a distinct cate-

gory of lymphomas (1, 2). Ectopic expression of ALK results in
the affected CD4� T lymphocytes from chromosomal translo-
cations involving the ALK gene and several different partners,
most frequently the nucleophosmin (NPM) gene (3, 4). The
NPM/ALK chimeric protein is not only constitutively expressed
but is also chronically activated through autophosphorylation (4,
5). NPM/ALK displays potent cell-transforming properties as
demonstrated both in vitro (6, 7) and in vivo (8, 9). NPM/ALK
mediates its oncogenicity by activating a number of signal
transduction proteins, including STAT3 (1, 2, 10). The contin-
uous activation of these signal transmitters leads to the persistent
expression of genes and the protein products of which are
involved in key cell functions, such as the promotion of cell
proliferation and protection from apoptosis.

CD279, or programmed cell death 1 (PD-1), is an immuno-
suppressive cell-surface receptor expressed by a subset of nor-
mal, activated CD4� and CD8� T lymphocytes (11–13). CD279
transduces the inhibitory signal when engaged simultaneously
with the antigen T-cell receptor (TCR)-CD3 complex. CD279
has two known ligands: CD274 (also called PD-L1 or B7-H1) and
CD273 (PD-L2 or B7-DC). Interactions between CD279 and its
ligands control the induction and maintenance of peripheral
T-cell tolerance during normal immune responses. They are also

involved in immune evasion in malignancy, as cells of various
tumor types have been shown to aberrantly express CD274 and,
seemingly to a lesser degree, CD273.

Here we report that ALK�TCL cells universally express
CD274. The CD274 expression is induced in these malignant
cells by the NPM/ALK tyrosine kinase. NPM/ALK triggers the
expression by activating STAT3, which in turn acts as a
transcriptional activator of the CD274 gene. These findings
identify a unique role of NPM/ALK and STAT3 in inducing
tumor immune evasion, and demonstrate the direct role of an
oncogenic protein in controlling the expression of an immu-
nosuppressive cell-surface protein. These observations also
provide a different rationale to therapeutically target NPM/
ALK and STAT3 in ALK�TCL, and suggest that NPM/ALK
inhibition may become a part of future vaccination-based
therapies.

Results
ALK�TCL Cells Express CD274. To better understand the mecha-
nisms of NPM/ALK-induced malignant cell transformation,
we screened ALK�TCL cells for changes in gene expression
in response to a unique small molecule ALK inhibitor, CEP-
14083 (14), using DNA oligonucleotide array-based genome-
scale gene-expression profiling. When two well-characterized
ALK�TCL-derived cell lines, SUDHL-1 and SUP-M2, (10,
15–19) were analyzed, one of the most strongly suppressed
genes was the CD274/PD-L1 gene (11- and 9-fold decrease in
the mRNA expression as compared to the drug vehicle-treated
cells) (Fig. 1A). No CD274 mRNA expression could be
detected in the control, IL-2-dependent and ALK-negative
Sez-4 cell line derived from a cutaneous T-cell lymphoma
(CTCL), either in the presence or absence of IL-2. In contrast
to CD274, no modulation or, for that matter, expression of the
CD274 receptor CD279/PD-1 and the CD274-related ligand
CD273/PD-L2, was detected in the ALK�TCL cell lines
SUDHL-1 and SUP-M2 cells, either treated or untreated with
the ALK inhibitor. The CTCL cell line Sez-4 cells also did not
express CD279 and CD273, regardless of the IL-2 stimulation
status.

To confirm and expand our finding of CD274 expression by
ALK�TCL cells using a different method, we performed RT-
PCR using primers specific for the CD274 cDNA. As shown in
Fig. 1B, all five examined ALK�TCL cell lines strongly ex-
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pressed CD274 mRNA, with only traces of the message seen in
the two control ALK- and CTCL-derived cell lines. CD274 was
also strongly expressed by the ALK�TCL but not CTCL cell
lines on the protein level, as demonstrated by flow cytometry
analysis (Fig. 1C, a diagram). The primary results are depicted
in supporting information (SI) Fig. S1. Of note, none of the cell
populations expressed CD279 (Fig. 1D). This finding excludes a

potential, autocrine CD279-CD274 receptor-ligand interaction
within the ALK�TCL cell population. To demonstrate that
CD274 expression also occurs in the uncultured, primary
ALK�TCL cells, we examined tissue samples from 18 cases of
ALK�TCL by immunohistochemistry. Results of this evaluation
from a representative case are shown in Fig. 2. In all cases
examined, the malignant anaplastic lymphoma cells (see Fig. 2 A)

Fig. 1. CD274 expression by ALK�TCL cells. (A) Expression of CD274 (PD-L1) and the functionally-related CD273 (PD-L2) and CD279 (PD-1) as determined by
cDNA oligonucleotide hybridization in ALK�TCL cell lines (SUDHL-1 and SUP-M2), exposed for 6 h to 175 nM of an ALK inhibitor, CEP-14083 or the compound’s
vehicle. IL-2-dependent, CTCL-derived Sez-4 cell line depleted of IL-2 for 16 h and subsequently exposed for 4 h to IL-2 or medium (20), served as an additional
control. The results are depicted as a fold change in the hybridization signal upon cell treatment with the ALK inhibitor or IL-2, as compared to the untreated
cells. (B) Expression of CD274 mRNA in the depicted five ALK�TCL and two CTCL cell lines detected by RT-PCR. Expression of actin served as a positive control.
Expression of CD274 protein (C) and CD279 (D) at the cell surface of the ALK�TCL and CTCL cell lines detected by flow cytometry. Staining with an isotype-matched
antibody of unrelated specificity served as a negative control. Jurkat cell line served as a positive control of CD279 expression.

Fig. 2. Expression of CD274 in ALK�TCL tissues. Section of lymph nodes were examined microscopically using an intermediate (100�, large images) and high
(500 and 400�, insets) power magnification. (A) H&E showed a predominance of large, frequently highly atypical cells. Immunohistochemical examination
revealed strong, selective staining of the atypical cells by both anti-ALK (B) and anti-CD274 antibodies (C). The depicted images are representative for the 18
ALK�TCL cases examined.
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strongly expressed not only the ALK kinase (see Fig. 2B) but also
CD274 (see Fig. 2C).

Expression of CD274 is Induced by NPM/ALK. Our observation that
CEP-14083, the highly specific inhibitor of ALK (14), suppressed
CD274 mRNA expression in the ALK�TCL cells, as deter-
mined by the DNA oligonucleotide array analysis (see Fig. 1 A),
indicated that NPM/ALK is responsible for induction of the
CD274 expression. To confirm this finding by a more standard
method, we performed RT-PCR using cDNA extracted from
cells treated with CEP-14083, a structurally closely related
derivative of CEP-14083, designated CEP-11988, which is devoid
of ALK-inhibitory activity (14), or the drug vehicle alone.
Treatment of the ALK�TCL SUDHL-1 cell line with CEP-
14083 at a preselected low, yet strongly ALK-inhibitory dose of
175 nM (data not presented), profoundly suppressed the expres-
sion of CD274 mRNA (Fig. 3A). In contrast, treatment with the
same dose of CEP-11988 had no effect on CD274 expression.
The suppression of CD274 expression in SUDHL-1 cells by
CEP-14083 but not CEP-11988 was also detected on the protein
level (Fig. 3B). Not surprisingly, CEP-14083 was also effective in
inhibiting CD274 protein expression in two other ALK�TCL
cell lines, JB6 and SUP-M2.

Because even the most specific kinase domain inhibitors tend
to inactivate more than one kinase, we next determined if
induction of NPM/ALK expression, similar to inhibition of its
enzymatic activity, also promotes CD274 expression. To achieve
this goal, we examined an IL-3-dependent lymphoid BaF3 cell

line after its transfection, with a vector containing either the
intact NPM/ALK gene, NPM/ALK kinase activity-deficient
K210R mutant, or no insert (10, 17, 18). Only the BaF3 cells
carrying the intact NPM/ALK gene strongly expressed CD274 in
the presence of IL-3 or after depletion of the cytokine for either
48 h (Fig. 3C) or 24 h (Fig. S2). In contrast, BaF3 cells
transfected with either empty vector or the kinase-inactive
NPM/ALK mutant displayed essentially no expression of
CD274, regardless of the presence or absence of IL-3.

Induction of CD274 Expression by NPM/ALK is Mediated by STAT3.
Because NPM/ALK transforms cells by activating several key
signal transducing pathways (1, 2), we decided to examine next
which of these cell-signaling pathways is directly responsible for
the induction of CD274 gene transcription. Treatment of
ALK�TCL SUDHL-1 cells with inhibitors of several kinases
known to be down-stream of NPM/ALK—rapamycin (mTORC1
inhibitor), wortmanin (PI-3K), U0126 (MEK1/2), or Jak3 inhib-
itor—all used at the preselected profoundly inhibitory doses, as
shown by us previously (15, 16, 18, 20), had no detectable impact
on CD274 expression either on the protein or mRNA level (Fig.
S3). Faced with this outcome, we focused next on the other
potent effectors of the NPM/ALK oncogenicity, STAT3 and
STAT5, using the siRNA depletion strategy, given the current
lack of small molecule inhibitors genuinely selective for STAT3
or STAT5. Depletion in the SUDHL-1 cells of STAT3 but not
STAT5, or more specifically STAT5B, because SUDHL-1 and
other ALK� TCL cells do not express STAT5A (19), profoundly

Fig. 3. Expression of CD274 is induced by NPM/ALK. (A) Expression of CD274 mRNA in the ALK�TCL SUDHL-1 cell line before and after treatment with 175 nM
of the ALK inhibitor CEP-14083 or its structural analog, CEP-11988, noninhibitory for ALK (ALK non-inh) (14). (B) Expression of CD274 protein in the depicted
ALK�TCL cell lines before and after treatment with the ALK inhibitor CEP-14083. Treatment of the SUDHL-1 cell line with the ALK noninhibitory analog
CEP-11988 served as a control (lane two). (C) Expression of CD274 examined by flow cytometry in the IL-3-dependent BaF3 cells transfected with the intact,
enzymatically active NPM/ALK, kinase-activity negative K210R NPM/ALK mutant (ALK-KN), or empty vector after culture for 48 h in medium with IL-3 or
without IL-3 (-).
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diminished CD274 expression on both the mRNA (Fig. 4A) and
protein (Fig. 4B) levels.

To document that STAT3 acts as a direct activator of CD274
gene transcription, we performed three types of experiments.
First, in silico analysis of the CD274 gene promoter identified
four potential STAT3 binding sites (data not shown). Second,
using two labeled (‘‘hot’’) DNA oligonuleotide probes corre-
sponding to the promoter domains containing two of the sites,
we documented STAT3 binding in the gel electromobility shift
assay (EMSA) (Fig. 4C). The specificity of binding of both
probes was confirmed by inhibition of their binding by excess of
unlabeled, ‘‘cold’’ corresponding probes. Of note, two closely
located bands were identified, indicating binding of both fast and
slow migrating forms of STAT3 (21). Finally, to demonstrate
STAT3 binding to the CD274 gene promoter in vivo, we per-
formed a chromatin immunoprecititation (ChIP) assay using the
PCR primer set capable of amplifying the promoter’s region
containing the STAT3 binding sites. As shown in Fig. 4D, STAT3
did indeed demonstrate strong binding to the CD274 gene
promoter.

Discussion
Here we report that ALK�TCL cells express a highly immuno-
suppressive protein, CD274. Further multifaceted analysis re-
vealed that CD274 expression is induced in malignant cells by the
chimeric NPM/ALK tyrosine kinase, whose expression resulting
from a chromosomal translocation represents the critical onco-
genic event in the pathogenesis of ALK�TCL (1–9). We also
showed that NPM/ALK induces the CD274 gene activation by
activating its well-known key signal-transduction transmitter, the
transcription factor STAT3. These findings identify a unique
function for NPM/ALK as a promoter of evasion of immune
response by inducing CD274 expression and documenting the
central role of STAT3 in the induction of the immunosuppressive
phenotype. These observations also provide a different rationale
to therapeutically target NPM/ALK and STAT3, and suggest
that potential future therapy aimed at boosting immune response
against ALK� TCL cells may require inhibition of NPM/ALK
or STAT3.

CD274 plays a key role in induction and maintenance of
immune tolerance to self-antigens and limits normal immune

Fig. 4. NPM/ALK induces CD274 expression through STAT3. (A) The effect of siRNA-mediated STAT3 and STAT5B depletion on CD274 mRNA expression. The
ALK�TCL cell line SUDHL-1 was treated with siRNA specific for STAT3 or STAT5, STAT3/STAT5 siRNA combination, or control nonspecific siRNA and evaluated
by RT-PCR for expression of mRNA coding for CD274 and the depicted other molecules serving as controls. (B) The effect of the siRNA-mediated STAT3 depletion
on expression of the CD274 protein. SUDHL-1 cells treated with the STAT3, STAT5, STAT3/STAT5, or control siRNA were examined for CD274 protein expression
by flow cytometry. (C) Binding of STAT3 to the CD274 gene promoter in vitro. The nuclear protein extracts from SUDHL-1 cells were incubated with the hot,
biotin-labeled oligonucleotide probes corresponding to either of the two STAT3 binding sites identified within the CD274 gene promoter and analyzed in EMSA.
The extract of the SUDHL-1 cells preincubated with the corresponding unlabeled cold probes served as control. (D) Binding of STAT3 to the CD274 gene promoter
in vivo. Protein cell lysates from the SUDHL-1 cell line were analyzed in the ChIP assay using an anti-STAT3 rabbit polyclonal antibody and primer pairs specific
for CD274 gene promoter. Non-immunoprecipitated lysates (input) and immunoprecipitates obtained with the STAT3 nonimmune entire IgG rabbit serum
fraction served as a positive and negative control, respectively.
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response against microorganisms, to protect the involved tissues
from excessive damage incurred during such a response and to
prevent its potential autoimmune complications (11, 12). While
CD274 has been identified in the whole spectrum of normal
hematopoietic and nonhematopoietic cells, including macro-
phages, dendritic cells, activated T and B lymphocytes, endo-
thelial, muscle, and glial cells, as well as a large variety of
epithelial cells, its expression in such cells is transient and tightly
controlled in regard to the exact localization, timing, and extent.
Several different cytokines produced by immune cells, including
IFN-�, -�, and -�, TNF�, IL-2, and IL-17 have been shown to
induce or enhance CD274 expression. CD274 is also very
commonly expressed by a multitude of malignant cell types of
epithelial and hemaptopoietic cell origin but, in contrast to the
normal cells, malignant cells express CD274 in a persistent
fashion. Abundant indirect and less plentiful direct evidence
indicate that CD274 plays a key role in the induction and
maintenance of tolerance toward the malignant cells (11–13).
However, the mechanisms of CD274 induction in such cells
remain essentially unknown, including the lack of any links to
genetic changes underlying the very nature of malignant cell
transformation.

Our finding that NPM/ALK oncoprotein induces CD274
expression represents a unique example of such a direct link. By
its feature of being constitutively expressed and activated, NPM/
ALK secures a persistent, steady expression of the CD274
protein by the ALK�TCL cells. Considering our previous
findings that NPM/ALK also induces expression of IL-10 and
TGF-� (17), although not FoxP3, as we have clarified recently
(22), these combined observations indicate that inhibition of
immune response against ALK�TCL cells is an important
component of the NPM/ALK-mediated oncogenicity. It is also
very interesting that NPM/ALK induces expression of these
immunosuppressive proteins through STAT3. Given that STAT3
can be activated by a variety of quite diverse tyrosine kinases
(23), that it is persistently activated in a large spectrum of
malignancies and, finally, that the STAT3 activation plays a key
role in oncogenesis (24–26), it is likely that STAT3 is involved
in inducing immune evasion of a substantial number of tumors.
Of note, STAT3 has also been implicated in down-regulation of
immune response in tumors by indirectly inhibiting activation of
tumor-infiltrating antigen-presenting cells (27) and directly in-
ducting anergy in such cells (28). However, the exact molecular
mechanisms of this immunosuppression are currently unknown
and the potential role of CD274, IL-10, and TGF-� in the process
remains to be determined.

A few different signaling pathways have recently been impli-
cated in the control of CD274 expression in various types of cells.
Accordingly, the PI3K/AKT pathway has been found to induce
CD274 in the glioma cells by activating mTOR/S6K1 signaling
(29). However, neither we (see Fig. S3) nor Lee et al. (30), who
studied lung and hepatocellular carcinoma cell lines, were able
to document the effect of PI3K or mTOR, as well as of
MEK/ERK inhibition on the expression of CD274. These find-
ings suggest the existence of alternative signaling pathways,
possibly receptor- and tissue-type specific, involved in the con-
trol of this important and broadly expressed immunosuppressive
protein. The observation that INF� and Toll-like receptors
enhance persistent expression of CD274 in malignant plasma
cells by acting via the MyD88, TRAF6, and MAPK signaling
pathways (31) supports this conclusion. Finally, the IRS-1 tran-
scription factor has been found to activate the CD274 gene in the
lung carcinoma cell line (30). Whether IRS-1 and STAT3 act
independently or can cooperate in inducing CD274 expression in
at least some types of normal and malignant cells remains to be
determined.

Our findings that NPM/ALK induces via STAT3 the expres-
sion of the CD274, as well as of the immunosuppressive cyto-

kines IL-10 and TGFß (17), provide new rationale for thera-
peutic inhibition of the kinase or the transcription factor, with
the former being currently a much more attractive target, given
the proven effectiveness of kinase inhibitors in general and the
beneficial effects of NPM/ALK inhibition already documented
in the preclinical models (14, 15, 32). Of note, ALK�TCL
patients develop rudimentary humoral (33) and cellular (34)
immune responses against NPM/ALK, but they are clearly
insufficient per se to control tumor growth. In the NPM/ALK-
transgene syngeneic mouse transplant model, DNA vaccination
with plasmids encoding portions of the cytoplasmic domain of
ALK displayed protective effect and significantly enhanced the
impact of chemotherapy on the survival of the recipient mice
(35). Therefore, it can be argued that pharmacological targeting
of NPM/ALK or STAT3 may drastically increase immunogenic-
ity of the ALK�TCL cells and, hence, markedly boost the host
immune response against the lymphoma cells. Moreover, it may
dramatically improve the efficacy of any vaccination protocols
targeting ALK or other lymphoma-related antigens. It seems
relevant in this context that in the mouse model of renal cell
carcinoma, the irradiated cancer-cell vaccine combined with an
antibody-induced blockade of CD274, and depletion of regula-
tory cell-rich CD4� T cells resulted in complete tumor regression
(36). This outcome indicates that combination therapy may be
required to achieve long-lasting therapeutic effects in human
malignancies including ALK�TCL.

Materials and Methods
ALK�ALCL and CTCL Cell Lines and Patients. NPM/ALK-expressing SUDHL-1,
JB6, SUP-M2, Karpas 299, and L-82 cell lines were derived from ALK�TCL
patients (10, 15–18). IL-2-dependent T cell line Sez-4 and IL-2-independent
MyLa3675 were derived from a CTCL patient (21, 22). Jurkat was developed
from lymphoblastic T-cell lymphoma. The IL-3-dependent B-cell line was BaF3
transfected with an empty vector or vector containing NPM/ALK, either wild
type or K210R kinase-deficient mutant (10, 18). The cell lines were cultured at
37 °C and 5% CO2 in RPMI medium 1640, supplemented with 2-mM L-
glutamine, 10% heat-inactivated FBS (FBS), 1% penicillin/streptomycin/
fungizone mixture and, where applicable, 200 units of IL-2 (Sez-4) or IL-3
(BaF3).

Microarray Analysis. The ALK�TCL SUDHL-1 and SUP-M2 cell lines were
treated in triplicates with the CEP-14083 ALK inhibitor or the compound’s
solvent for 4 h. The isolated RNA was reverse-transcribed, biotin-labeled, and
hybridized to the U133 Plus 2.0 array chips (Affymetrix) as described (20).
Microarray data were normalized using MAS5 algorithm and analyzed using
the Partek GS (Partek). Differentially expressed genes were identified using
ANOVA. A gene list that was estimated to have a 5% false discovery rate
(FDR � 0.05) was used for identification of the NPM/ALK target genes.

RT-PCR. Total RNA was isolated 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�AC-
CATTGGCAATGAGCGGT and 5� GTCTTTGCGGATGTCCACGT; CD274, 5�
CCTACTGGCATTTGCTGAACGCAT and 5� ACCATAGCTGATCATGCAGCGGTA.
PCR was performed by using Platium TaqDNA polymerase (Invitrogen) for 21
cycles 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 1.5% agarose gel.

Immunohistochemical Analysis. Formalin-fixed paraffin-embedded ALK�TCL
tissue specimen slides were heat-treated for antigen retrieval in 10-mM citrate
buffer. The sections were blocked with the peroxidase blocking system and
incubated at room temperature with the rabbit CD274 (B7-H1) antibody
(Lifespan Biosciences) at 1:200 dilution for 30 min and an anti-rabbit-HRP
polymer for 30 min, washed, exposed to the DABplus chromagen (Dako) for
5 min and counterstained with hematoxylin.

Flow Cytometry. Cells (0.5 � 106) were washed and stained for 20 min with
murine antibodies against CD274 (dilution 1:10, clone MIH1, FITC) or CD279
(dilution 1:10, clone MIH4, APC) or FITC- or APC-labeled mouse IgG1 isotype
controls. All antibodies were purchased from BD PharMingen. The stained
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cells were applied to the flow cytometer (FACSCalibur; Becton Dickinson), and
20,000 events were analyzed. Results of the cell staining are presented as
histograms, with cell number on the vertical axis and relative fluorescence on
the logarithmic horizontal axis.

Kinase Inhibitors. A potent ALK inhibitor CEP-14083 and its structurally-related
ALK noninhibitory counterpart CEP-11988, both used at the dose of 175 nM,
have been described in detail previously (14). Inhibitors of PI3K, wortmannin
(Calbiochem) used at 20 nM; MEK1/2, U0126 (Promega) used at 15 �M;
mTORC1, rapamycin (Cell Signaling Technology) used at 300 nM; and Jak3
used at 1 �M have also been described in great detail (15, 16, 18, 20).

siRNA Assay. A mixture of four STAT3- or STAT5B-specific siRNA or nontar-
geting siRNA (all purchased from Dharmacon) was introduced into cells at 100
nM by lipofection with the new generation Lipofectamine (DMRIE-C; Invitro-
gen). The procedure was repeated after 24 h and the cells were cultured for
an additional 24 h. The cells were harvested at one time-point 48 h after first
transfection. The extent of the protein knock-down was examined by flow
cytometry and RT-PCR.

Electrophoretic Mobility Shift Assay. Nuclear proteins were extracted and
incubated with biotin-labeled DNA probes, gel-separated, and transferred to
nylon membranes as described (10, 19). We used the 5�- CTTTTTTTATTA-
ATAACA-3� and 5�-CGATTTCACCGAAGGTCAG-3� probes that correspond to
the putative STAT3 binding sites. The blots were developed using the HPR
system (Pierce).

Chromatin Immunoprecipitation Assays. Soluble chromatin-containing ly-
sates obtained from formaldehyde-fixed and sonicated cells were incu-
bated with STAT3 antibody (Santa Cruz) as described (17, 19). Next, the
DNA-protein immunocomplexes were precipitated with protein A-agarose
beads and the DNA was extracted with phenol/chloroform, precipitated
with ethanol and PCR-amplified (17, 19), using primers specific for the
CD274 gene promoter: 5�- CAAGGTGCGTTCAGATGTTG -3� and 5�- GGCGT-
TGGACTTTCCTGA- 3�.
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