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Recent studies in genetically deficient mice indicate that numerous
components of both the innate and adaptive immune systems can act
as extrinsic tumor suppressors1,2. However, the immune system is gen-
erally tolerant of established cancers3,4. It has been proposed that den-
dritic cells play a central role in immunologic decisions5,6. In the
absence of inflammation, dendritic cells do not become fully activated
and induce tolerance rather than immunity5,6. Evidence has also been
emerging that tumor cells can secrete factors that inhibit dendritic cell
maturation7,8. Here we evaluate the role of Stat-3 activity in blocking
the initiation of antitumor immunity. Stat-3 is a potential negative
regulator of inflammatory responses, as mice devoid of the Stat-3 gene
in macrophages and neutrophils have enhanced inflammatory activity,
leading to the development of chronic enterocolitis9. Recently, Stat3–/–

macrophages have been shown to produce increased amounts of
interleukin-12 (IL-12) and RANTES, which are involved in restoring
the responsiveness of tolerant CD4+ T cells as well as in reversal of sys-
temic tolerance10. Stat-3 is commonly constitutively activated in
diverse cancers of both hematopoietic and epithelial origin.
Constitutively activated Stat-3 enhances tumor cell proliferation and
prevents apoptosis11–13. We show here that constitutive Stat-3 activity
in tumors inhibits the production of multiple proinflammatory
cytokines and chemokines while inducing the release of factors that
inhibit dendritic cell maturation through activation of Stat-3 in den-
dritic cells. These results indicate that Stat-3 activation in tumors neg-
atively regulates induction of adaptive immunity.

RESULTS
Tumor Stat-3 activity and inflammatory mediators
To investigate whether constitutive activation of Stat-3 in cancer cells
might negatively regulate the cells’ ability to express inflammatory
mediators, we disrupted Stat-3 signaling in tumor cell lines by trans-
fecting either a dominant-negative variant of Stat-3, designated Stat-
3β12, or a Stat-3 antisense oligonucleotide14. Like human tumors,
many murine tumor cell lines show constitutively activated Stat-3
(refs. 14–16). An electrophoretic mobility shift assay (EMSA) showed
that Stat-3 is constitutively activated in B16, SCK-1 and CT26 mouse
tumor cells (Fig. 1a, top). As blocking Stat-3 signaling in the tumor
cells results in apoptosis14,16, we carried out transient transfection of
these tumor cell lines with Stat-3β or the Stat-3 antisense oligonu-
cleotide. Because Stat-3β expression is coexpressed with fluorescent
protein (GFP)14, we used either FACS or fluorescence microscopy to
quantify in vitro transfection efficiency. Transfection efficiencies were
20–40% for B16 cells and 5–15% for SCK-1 and CT26 cells. Western
blot analyses showed that transient transfection of Stat-3β resulted in
the expression of Stat-3β protein (Fig. 1a, middle), which has higher
DNA-binding activity than Stat-3α and thus is expected to displace
Stat-3α DNA binding12. Transient transfection of a Stat-3 antisense
oligonucleotide reduces the expression of Stat-3 but not Stat-1 
(Fig. 1a, bottom). We initially evaluated the effects of the proinflam-
matory cytokines on expression using RNase protection assays (RPAs)
with multitemplate RNA probes. We found that interferon-β (IFN-β),
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Although tumor progression involves processes such as tissue invasion that can activate inflammatory responses, the immune system
largely ignores or tolerates disseminated cancers. The mechanisms that block initiation of immune responses during cancer
development are poorly understood. We report here that constitutive activation of Stat-3, a common oncogenic signaling pathway,
suppresses tumor expression of proinflammatory mediators. Blocking Stat-3 in tumor cells increases expression of proinflammatory
cytokines and chemokines that activate innate immunity and dendritic cells, leading to tumor-specific T-cell responses. In addition,
constitutive Stat-3 activity induces production of pleiotropic factors that inhibit dendritic cell functional maturation. Tumor-derived
factors inhibit dendritic cell maturation through Stat-3 activation in progenitor cells. Thus, inhibition of antitumor immunity involves
a cascade of Stat-3 activation propagating from tumor to dendritic cells. We propose that tumor Stat-3 activity can mediate immune
evasion by blocking both the production and sensing of inflammatory signals by multiple components of the immune system.
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tumor necrosis factor-α (TNF-α), IL-6 and the chemokines RANTES
and IP-10 were elevated in B16 melanoma cells transiently transfected
with either Stat-3β (data not shown) or the antisense Stat-3 oligonu-
cleotide (Fig. 1b). The upregulation of these proinflammatory media-
tors was selective, as we detected no increases in the expression of
many other genes, including IL-4 and IL-10 (see Methods for cytokine
and chemokine RNAs tested). Because interrupting Stat-3 signaling
induces growth arrest and apoptosis of B16 cells17, we prepared RNA
before the initiation of any apoptotic changes. In addition, we exam-
ined the effects of apoptosis-inducing doses of UV irradiation on
cytokine and chemokine RNA expression. UV irradiation had no
detectable effects on expression of the indicated cytokines and
chemokines (data not shown), indicating that their induction after
Stat-3 blockade was not a general response to an apoptotic stimulus.

The expression of proinflammatory mediators is not specific to B16
melanoma cells. Interruption of Stat-3 signaling in the CT26 mouse
colon carcinoma line and the SCK-1 breast carcinoma cell line, each of
which shows constitutive Stat-3 activity (Fig. 1a), similarly induced
expression of these cytokines and chemokines (Fig. 1c,d). We con-
firmed these results at the protein level by ELISA, which showed that
Stat-3 blockade induced the proinflammatory mediators IL-6,
RANTES and IP-10 in each tumor cell type (Fig. 1e).

To further verify the role of Stat-3 in downregulating the expression
of inflammatory mediators, we asked whether constitutive Stat-3
activity could inhibit induced expression of proinflammatory
cytokines and chemokines. Treatment of normal BALB/c 3T3 fibrob-
lasts, which lack constitutively activated Stat-3, with IFN-γ (50 U/ml)
and lipopolysaccharide (LPS; 2.5 µg/ml) resulted in upregulation of
IL-6 and RANTES (data not shown). We induced Stat-3 activation in
BALB/c 3T3 cells by two independent approaches—transformation
with v-Src, which induces constitutive Stat-3 activation and enforced
expression of a constitutively activated Stat-3 mutant, Stat-3C11. v-Src
transformation resulted in Stat-3 activation and inhibition of cytokine
and chemokine induction by IFN-γ and LPS in 3T3 fibroblasts 
(Fig. 2a). Similarly, Stat-3C-transfected 3T3 cells showed higher Stat-3
DNA-binding activity and lower IFN-γ- and LPS-induced IL-6 and
RANTES RNA expression than did 3T3 cells transfected with a control
empty vector (pcDNA3) (Fig. 2b). These results show that Stat-3 acti-
vation can inhibit expression of cytokines and chemokines induced by
IFN-γand LPS.

Stat-3 blockade activates components of innate immunity
We next evaluated how the inflammatory factors (both defined and
undefined) from Stat-3-disrupted tumor cells might affect the innate
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Figure 1 Blocking Stat-3 in tumor cells increases proinflammatory cytokine and chemokine expression. (a) Stat-3 activity and expression in tumor cells. Top,
Stat-3 activation in tumor cells, as detected by EMSA. 3/3, Stat-3 homodimer; 3/1, Stat-3/Stat-1 heterodimer; 1/1, Stat-1 homodimer. Middle, Stat-3β
protein expression after transient transfection detected by western blot. Bottom, western blot showing specificity of a Stat-3 antisense oligonucleotide (ASO)
as compared to its control (CO). NIH3T3/EGF, NIH3t3 cells stimulated with EGF as markers of activated Stat-1 and Stat-3; MethA, mouse sarcoma tumor
cells. (b) Histograms representing the means of three RPA experiments with oligonucleotides normalized to RNA expression of L32 and GAPDH (internal
controls). Data are presented as fold difference relative to control-transfected B16 cells. (c,d) RPA analysis of RNA from CT26 (c) and SCK-1 (d) tumor cells
transfected with the indicated vectors or oligonucleotides. Autoradiograms are representative of two or three independent experiments. (e) Detection of
cytokines and chemokines by ELISA in transiently transfected tumor cells. Results are presented as the mean ± s.e.m., n = 3, for each ELISA. WT,
untransfected tumor cells. Both GFP- and Stat-3β-transfected cells were sorted before ELISA analysis.
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immune response. Resident peritoneal macrophages treated with
supernatant from Stat-3β-transfected B16 cells showed strong induc-
tion of nitric oxide release and RANTES expression (Fig. 3a,b). In
addition, the supernatant derived from Stat-3β-transfected B16 cells
stimulated TNF-α production by neutrophils (Fig. 3c). These results
indicate that the proinflammatory mediators, including cytokines and
chemokines induced by interrupting Stat-3 signaling in tumor cells,
initiate an amplifying cascade of proinflammatory signals within the
innate immune system. We also examined whether disrupting Stat-3
signaling in tumor cells could activate innate immune cells in vivo.
Gene transfer of Stat-3β into established B16 tumors resulted in infil-
tration of a pleiotropic nature, including macrophages and neu-
trophils (Fig. 3d,e).

Blocking Stat-3 activates dendritic cells and adaptive immunity
Innate immunity critically affects the development of adaptive
immune responses18–20. An important mechanism of linkage involves
enhancement of the antigen-presenting capacity of dendritic cells
induced in part by proinflammatory cytokines21,22. Exposure of den-
dritic cells to conditioned medium containing supernatant from Stat-
3β-transfected B16 cells resulted in greater expression of IL-12 (Fig.
4a), MHC class II and CD40 (Fig. 4b). No increase in dendritic cell
maturation markers was seen when supernatant from UV-irradiated
B16 cells was added to dendritic cell culture, indicating that the matu-
ration induced by supernatant from Stat-3β-transduced tumor cells
was not simply the result of apoptosis (data not shown). A fivefold
induction of IL-12 production by dendritic cells treated with Stat-3β-
transfected CT26 tumor cells was also observed (see Supplementary
Fig. 1 on line).

Because dendritic cells are the cell type responsible for regulating
adaptive immunity5,6, we next investigated whether interrupting Stat-

3 signaling in tumor cells might result in activation of T cells, particu-
larly tumor antigen-specific T cells, both in vitro and in vivo. Dendritic
cells exposed to supernatants derived from Stat-3-interrupted tumor
cells were more potent than control supernatant–treated dendritic
cells in activating naive antigen-specific T cells to proliferate and pro-
duce IL-2 and IFN-γ (Fig. 4c). Blocking Stat-3 signaling in the B16
tumors in vivo by Stat-3β gene therapy leads to tumor infiltration of T
cells (Fig. 4d). The MHC class I H2-Kb–restricted tyrosinase-related
protein-2(181–188) peptide (TRP2(181–188)) is recognized by B16-
specific CD8+ T cells23. To determine whether interrupting Stat-3 sig-
naling in tumor cells could lead to activation of tumor-specific CD8+

T cells in vivo, we subcutaneously injected irradiated Stat-3β-
transfected or control GFP-transfected B16 cells (transfection efficien-
cies were 20–40%) into C57BL/6 mice. We carried out both ELISPOT
assays and intracellular cytokine staining to detect TRP2-specific, IFN-
γ-producing CD8+ T cells using splenocytes isolated from these mice.
We detected larger numbers of antigen-independent IFN-γ spots after
injection of either GFP- or Stat-3β-transfected cells, probably as a
result of the effects of immunostimulatory CpG sequences in the plas-
mid. However, substantially higher TRP2-specific IFN-γ production
was seen only in splenocytes from mice injected with irradiated Stat-
3β-transfected B16 cells (Fig. 4e). Intracellular staining of IFN-γ in
splenocytes cultured in the presence and absence of TRP-2 indicated
that immunization with Stat-3β-transfected B16 cells resulted in
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Figure 2 Constitutive Stat-3 activity inhibits cytokine and chemokine gene
expression. (a) v-Src transformation activated Stat-3 signaling and inhibits
IFN-γ- and LPS-induced expression of IL-6 and RANTES RNA. Histograms
represent the means of three RPA experiments normalized to RNA expression
of L32 and GAPDH. Data are presented as percentage RNA expression from
IFN-γ- and LPS-stimulated 3T3 wild-type cells normalized to untreated
controls. Black bars indicate RNA levels of v-Src-transformed 3T3 cells
compared with those of WT untransformed 3T3 cells (grey bars). At right,
EMSA shows increased Stat-3 DNA-binding in v-Src-expressing 3T3 cells as
compared to control untransfected 3T3 cells. (b) Expression of Stat-3C (black
bars) suppressed IFN-γ- and LPS-induced RNA expression of IL-6 and
RANTES as compared to control 3T3 cells transfected with the empty
pcDNA3 vector (grey bars). Data presented as in a. Right, EMSA data.
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greater numbers of activated TRP-2-specific CD8+ T cells. In addition,
injection of Stat-3β-transduced CT26 cells resulted in an increase in
IFN-γ-producing CD8+ T cells specific for the CT26-specific tumor
peptide antigen AH1 (ref. 24) (Supplementary Fig. 1 on line). These
results indicate that disrupting constitutive Stat-3 signaling in tumor
cells leads to activation of tumor antigen–specific T cells in vivo.

Tumor Stat-3 activity and dendritic cell maturation
Our results so far show that blocking Stat-3 signaling in tumor cells
leads to expression of inflammatory mediators necessary for activating
innate immune cells as well as dendritic cells. Another mechanism
whereby transformed cells negatively modulate immune responses is
by secreting factors that inhibit dendritic cell maturation7,8. We there-
fore assessed the potential role of constitutive Stat-3 activity in increas-
ing the production of factors that inhibit dendritic cell maturation.
For these experiments, supernatants from v-Src-transformed BALB/c
3T3 fibroblasts, with or without Stat-3 signaling, or control untrans-

formed, untreated cells were added to cultures of bone marrow pro-
genitor cells (BMPCs) for a standard 6-d culture period in medium
containing GM-CSF, then activated with LPS for an additional 2 d.
v-Src-transformed BALB/c 3T3 cells indeed produced soluble factors
that inhibited dendritic cell maturation, as indicated by a reduced pro-
portion of CD11c+MHC class IIhi and CD11c+CD86hi cells (Fig. 5a)
and diminished IL-12 secretion (data not shown). Interrupting Stat-3
signaling in v-Src-transformed 3T3 cells by expressing a Stat-3 
dominant-negative protein (Stat-3D)25 inhibited Stat-3 DNA-binding
activity (data not shown) and blocked the release of factors that inhib-
ited dendritic cell maturation (Fig. 5a). Inhibition of dendritic cell
maturation, as assessed by surface markers and IL-12 production, cor-
related with T-cell stimulatory capacity (Fig. 5b). LPS-treated den-
dritic cells matured in the presence of supernatant from
v-Src-transformed 3T3 cells had reduced ability to activate antigen-
specific T cells; however, blocking Stat-3 signaling in v-Src transfor-
mants completely reversed this effect (Fig. 5b).

The ability of constitutively activated Stat-3 to promote the produc-
tion of factors that inhibit dendritic cell functional maturation was
further demonstrated by enforcing expression of the constitutively
activated Stat-3 mutant, Stat-3C. Expression of Stat-3C in 3T3 fibrob-
lasts induced factors that inhibited dendritic cell maturation, as
demonstrated by a reduction in CD11c+CD86hi and CD11c+MHC
class IIhi dendritic cells as well as lower IL-12 production (Fig. 5c). The
inverse correlation between Stat-3 activity and dendritic cell func-
tional maturation was also demonstrated with the B16 tumor model,
which has moderate endogenous Stat-3 activity (Fig. 1a). Culture of
BMPCs with supernatants from B16 tumor cells reduced dendritic cell
production of IL-12 (Fig. 5d). Supernatant from B16 cells transfected
with a Stat-3C expression vector, which increased Stat-3 activity14,
caused stronger inhibition of dendritic cell production of IL-12 
(Fig. 5d).

Inhibition of dendritic cell maturation by Stat-3 signaling
An attempt to ascertain the identity of the Stat-3-induced factors that
inhibited dendritic cell maturation showed that they were diverse and
distinct in different circumstances. For example, vascular endothelial
growth factor (VEGF), which has been reported to inhibit dendritic
cell maturation and whose gene is a direct target of Stat-3 (ref. 14),
seems to have a role in dendritic cell inhibition by B16 supernatant, as
antibodies to VEGF neutralize the supernatants inhibitory effects
(data not shown) of B16 supernatant (data not shown). However, neu-
tralizing VEGF in v-Src-transformed 3T3 cells, which secrete more
VEGF than their nontransformed counterparts, did not reverse the
inhibitory effects on dendritic cell maturation (data not shown).
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Figure 4 Stat-3-interrupted tumor cells activated dendritic cells and naive
antigen-specific T cells. (a) ELISA of IL-12 production by mature dendritic
cells incubated with the indicated B16 tumor supernatants; n = 3. Fold
increase as compared to untransfected wild-type (WT) is shown. 
(b) Detection of MHC class II and CD40 expression on CD11c+ cells by FACS
analysis of dendritic cells cultured with supernatants of WT untransfected
(shaded area), GFP- (thin line) or Stat-3β-transfected (thick line) B16 cells.
Data shown represent one of three experiments. (c) Purified CD4+ T cells
were incubated with dendritic cells cultured in media containing untreated
(�), GFP-transfected (�) and Stat-3β-transfected (�) B16 cells, with
increasing concentrations of HA(110–120) peptide. �, T cells incubated
with dendritic cells without tumor supernatant. Data shown are mean ±
s.e.m. of three experiments. (d) T-cell infiltration at the B16 tumor site after
Stat-3β gene transfer. (e) Activation of TRP2-specific CD8+ T cells in vivo.
IFN-γ ELISPOT assay (top, n = 8) and intracellular staining (bottom) of
splenocytes from mice vaccinated with the indicated tumor cells and
cultured in the presence (solid bar) or absence (open bars) of TRP2; n = 3.
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IL-10, which is secreted by many tumors, has also been reported to
inhibit dendritic cell maturation26. Increasing Stat-3 activity in 3T3
fibroblasts by v-Src transformation led to higher IL-10 expression,
which was abrogated when Stat-3 signaling was blocked by a Stat-3
dominant-negative mutant (see Supplementary Table 1 online). These
data indicate that there are diverse factors produced by each tumor
capable of inhibiting dendritic cell maturation and that tumor Stat-3
signaling contributes to their production. Because the IL-10 receptor27

and VEGF receptor28 signal through Stat-3, we analyzed whether acti-

vation of Stat-3 in dendritic cells represented a common pathway of
maturation inhibition by the pleiotropic factors produced by different
tumors. Indeed, supernatants from tumors showing high constitutive
Stat-3 activity (CT26 and SCK-1, Fig. 1a) and v-Src-transformed 3T3
cells, as well as IL-10, strongly activate Stat-3 in dendritic cells 
(Fig. 6a). Recombinant VEGF weakly but reproducibly induces Stat-3
activity in BMPCs (data not shown). The central role of Stat-3 activa-
tion in inhibiting dendritic cell maturation was demonstrated in two
different ways. First, we showed that a phosphopeptide inhibitor of
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Stat-3 (ref. 29), which reduced Stat-3 DNA-binding in bone mar-
row–derived progenitor cells (Fig. 6a), reversed the inhibition of den-
dritic cell maturation by CT26 supernatants (Fig. 6b). In a second
approach, we evaluated the ability of CT26 tumor supernatant and IL-
10 to inhibit dendritic cell maturation in wild-type and Stat3-null
BMPCs. Dendritic cell maturation in Stat3-null BMPCs is completely
unaffected by either tumor supernatants or IL-10, whereas maturation
of Stat3+/+ dendritic cells is similarly and substantially inhibited by
both (Fig. 6c).

DISCUSSION
Taken together, these findings support the notion that Stat-3 signaling
in tumors negatively regulates inflammation, dendritic cell activity
and T-cell immunity. Although constitutive activation of Stat-3 in
tumor cells has been shown to upregulate cell cycle regulatory and
antiapoptotic genes crucial to the transformation process11–13,15, its
role in modulating interactions between tumor cells and the immune
system has not been previously recognized. It is logical that successful
development of invasive, metastatic cancer would require the modula-
tion of genes in a manner that inhibits activation of both innate and
adaptive elements of the immune surveillance system. The Stat-3 sig-
naling pathway in tumor cells seems to accomplish this by both
inhibiting the production of proinflammatory danger signals and
inducing expression of factors that inhibit dendritic cell functional
maturation. In a previous study we showed that Stat-3β gene therapy
of B16 tumors resulted in growth inhibition and regression of tumors,
although in vivo gene transfection efficiency was only about 15% (ref.
16). Infiltration of immune cells may contribute to the ‘bystander’
effects associated with Stat-3β gene therapy16. Although we cannot
formally rule out the possibility that some of the immune infiltration
is a result of apoptosis after Stat-3 blockade, detection of inflamma-
tory cytokines and chemokines in cultured tumor cells in the absence
of apoptosis indicates that in vivo targeting of Stat-3 may contribute to
leukocyte infiltration.

It is noteworthy that disruption of Stat-3 signaling in tumor cells
results in the activation of proinflammatory cytokine and chemokine
genes without any exogenous inductive stimuli. We hypothesize that
this is because tumors represent tissue with a constitutively disrupted
architecture—the pathologic hallmark of cancer. It is well established
that wounding, which causes disruption of cell-cell interactions and
tissue architecture, induces release of proinflammatory cytokines30. In
fact, Stat-3 activation has been shown to be crucial to wound healing,
and defective wound healing in mice with selective disruption of Stat-
3 in keratinocytes is associated with increased inflammatory infiltrates
at wound sites31. Thus, as with other aspects of cancer biology, the
ability of Stat-3 activation to evade the immune system probably
reflects a natural function of Stat-3 in normal physiology. As well as
inhibiting expression of proinflammatory mediators, our data show
that Stat-3 activation drives the secretion of factors that suppress the
activity of immune cells by inhibiting dendritic cell maturation. The
most likely role for this Stat-3-dependent effect relates to the fact that
disruption of tissues by invading tumor would probably induce release
of inflammatory cytokines from the nontransformed cells in the
stroma. In addition, disruption of integumental barriers in organs
such as the colon would expose the immune system to inflammatory
bacterial products. Production of inhibitors of dendritic cell matura-
tion would block immune activation by this non-cell-autonomous
mechanism.

Although most previously described mechanisms whereby estab-
lished tumors evade immune recognition involve various components
of the antigen processing and presentation machinery critical for

effector T cells32–34, our findings underscore a crucial role of onco-
genic signaling pathways within tumor cells in promoting immuno-
logic tolerance. Our studies also provide an alternative mechanism to
that proposed by Ochsenbein et al.35, who suggested that tumors evade
immune recognition by either failing to enter lymph nodes or walling
themselves off from T cells in lymph nodes. This model ignores any
role of dendritic cells in immune response decisions, whereas our
model places dendritic cells as a crucial intermediary between the
tumor and the resultant T-cell response. Our results here also have
obvious therapeutic implications. Interrupting Stat-3 signaling with
selective inhibitors would not only have direct antitumor effects
through growth suppression and apoptosis induction, but could also
activate innate and adaptive antitumor immunity.

METHODS
In vivo experiments. Existing B16 tumors were subjected to Stat-3β gene ther-
apy as previously reported16. Tissue sections from treated tumors were stained
with antibody to CD3e or Mac-3 (Transduction Laboratories). Standard
Giemsa staining was used to detect neutrophils. To test whether Stat-3-
interrupted tumor cells could activate tumor antigen–specific T cells in vivo,
B16 or CT26 tumor cells were transiently transfected with vectors expressing
either GFP or Stat-3β. Untransfected B16 tumor cells (denoted as WT) were
also included as controls. Various groups of tumor cells were then irradiated
(4,000 rad) and injected subcutaneously into C57BL/6 mice (B16 cells) or
BALB/c mice (CT26 cells) (1 × 106/mouse) twice a week for 2 weeks. Two weeks
after the final injection, splenocytes were prepared from these mice for IFN-γ
ELISPOT assays or intracellular staining. Stat3–/– BMPCs were generated using
the loxP–Cre recombinase system as previously described36. Deletion of the
Stat3 gene was verified by PCR, using primer sets that distinguish Stat3, loxP-
flanked Stat3 (Stat3flox) and Stat3-deleted alleles36 and by EMSA. Mouse care
and experimental procedures were performed under approval from the Animal
Care Committees of the University of South Florida and Johns Hopkins
University.

Transfection. Tumor cells were transiently transfected with either plasmid
expression vectors or oligonucleotides using Lipofectamine (Invitrogen) as pre-
viously described14.

Electrophoretic mobility shift assays (EMSA) and western blot analysis. EMSA
and western blot analyses to detect Stat-3 DNA-binding activity and protein
abundance, respectively, were done as previously described14,37.

ELISAs for cytokine and chemokine detection. GFP+ B16, SCK-1 and CT26
tumor cells transfected with pIRES-EGFP or pIRES-Stat-3β were sorted by
FACSVantage. GFP+ cells were cultured at 5 × 105/ml for 36 h, then super-
natants were analyzed by ELISA using kits from R&D Systems.

Retroviral transduction of BALB/c 3T3 and BALB/c 3T3 v-Src cells.
Supernatants from stable cell lines producing high-titer murine stem cell virus
(MSCV) encoding Stat-3C or Stat-3D25 were used to infect nontransfected
(early-passage) or v-Src-transfected BALB/c 3T3 cells. Stat-3C or Stat-3D
expression was detected on the basis of fluorescence, as both Stat-3C and Stat-
3D were linked to GFP, and confirmed by EMSA Stat-3 DNA-binding assays.

RNase protection assays (RPAs). Total RNA isolation and RPAs were carried
out as previously described17. For B16 cells, mCK-1b, mCK-2b, mCK-3b and
mCK-5 multitemplate probes (PharMingen) were used. For SCK-1, CT26,
BALB/c 3T3 cells and its derivatives, only mCK-3b and mCK-5 templates were
used in the RPAs. IP-10 RNA degradation under these experimental conditions
is expected in the CT26 tumor cells, the gene encoding IP-10 (Cxcl10) as in
BALB/c mice contains a nucleotide substitution resulting in incomplete RNA-
RNA hybridization.

Enzyme-linked immunospot (ELISPOT) assays. ELISPOT assays were carried
out essentially as described38, except different antigen peptides were used.
Splenocytes prepared from mice receiving irradiated, transfected tumor cells
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were incubated at 37 °C for 24 h in medium with or without 10 µg/ml of either
TRP2(181–188) (TYDFFVWL) or AH-1 (SPSYVYHQF).

Intracellular staining. IFN-γ intracellular staining was carried out according to
the manufacturer’s protocol using the Cytofix/Cytoperm Plus Kit
(PharMingen). Briefly, fresh splenocytes were cultured at 6 × 106/ml in 24-well
plates with 50 U/ml IL-2 with or without TRP-2 peptide (10 µg/ml) for 3 d.

Bone marrow progenitor cells and functional assays. BMPCs were prepared
and bone marrow–derived mature dendritic cells were derived according to a
previously described protocol38. Day 6 dendritic cells were then incubated in
dendritic cell medium supplemented with 1:1 tumor cell supernatants.

For dendritic cell maturation inhibition experiments, BMPCs were cultured
in standard dendritic cell medium supplemented with 5–20% tumor cell super-
natants from day 0 or day 2. Fresh medium supplemented with supernatants
was added to the culture every other day until day 6, at which point LPS was
added. In some experiments, 375 µM of Stat-3 (PY*LKTK) inhibitor and con-
trol (PYLKTK) peptides29 were added to the BMPC cultures on day 0. On day 7
or 8, cultures were processed for FACS and/or IL-12 ELISA. To examine the
effects of the supernatants on dendritic cell functional maturation, the same
day 7 (or day 8) dendritic cells were incubated overnight with 1 mg/ml ovalbu-
min (OVA; Sigma) and used to stimulate naive T cells isolated from lymph
nodes of syngeneic mice. T-cell proliferation was assessed by measuring
[3H]thymidine incorporation over 18 h.

Enrichment of CD4+ T cells for antigen-specific T-cell assays. Enrichment of
CD4+ T cells was done as described38. TCR-transgenic mice expressing an α/β
TCR specific for amino acids 110–120 of the influenza hemagglutinin (HA)
protein, presented by I–Ed (6.5), were used for these experiments38. T-cell pro-
liferation assays and IL-2 and IFN-γ ELISAs in response to HA(110–120) pep-
tide, SFERFEIFPKE, were carried out as previously reported38.

Note: Supplementary information is available on the Nature Medicine website.
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