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CD4� T cells producing IL-17 [T helper (Th)17], as distinct from Th1
or Th2 cells, have recently been shown to be associated with
autoimmunity, but it is not entirely clear how Th17 cells are
generated from naı̈ve T cells. We demonstrate here that IL-6, but
not TNF-� or IL-1�, can, in combination with TGF-�, induce Th17 cell
generation from naı̈ve T cells and inhibit TGF-�-induced Foxp3
expression. Moreover, conditioned medium from lipopolysaccharide-
stimulated bone marrow-derived dendritic cells (DCCM) can induce
IL-17 production in naı̈ve T cells. Interestingly, IL-17 was produced
by DCCM even with the addition of anti-gp130 antibody or
DCCM from IL-6 KO mice. The combination of IL-6 and TGF-�
could maintain activation of signal transducer and activator of
transcription (Stat)3, but not of Stat1. IL-27 or IFN-� suppressed the
induction of Th17 cells by TGF-� plus IL-6 and maintained Stat1
activation under these conditions. In contrast, both Stat1 and Stat3
remained to be activated in naı̈ve T cells cultured with DCCM. These
findings represent a different basis for Th17 differentiation from
naı̈ve T cells.

STAT � TGF-� � retinoid-related orphan receptor �t � regulatory T cells

CD4� T cells [T helper (Th)] are essential regulators of
immune responses and inflammatory diseases. They can be

divided into different subsets such as Th1, Th2, and regulatory
T (Treg) cells, whose development is dictated by the transcrip-
tion factors T-bet, GATA3, and Foxp3, respectively (1–3).
Development of Th1 cells, which evolved to enhance the defense
against intracellular pathogens, is linked to the sequential actions
of IFN-� and IL-12 (4, 5). Th2 cells, whose differentiation is
driven by IL-4, are important for clearing extracellular organisms
(6–8). Besides these effector subsets, CD4� T cells can differ-
entiate into distinct regulatory subsets (Treg), which express the
forkhead/winged helix transcription factor Foxp3. It is well
known that TGF-�1 is an important cytokine for promotion of
the differentiation of Treg cells, which suppress adaptive T cell
responses and prevent autoimmunity (9, 10).

Recently, a subset of IL-17-producing Th cells (Th17) has been
identified and shown to play a crucial part in the induction of
autoimmune diseases such as rheumatoid arthritis and experi-
mental autoimmune encephalomyelitis (EAE) as well as aller-
gen-specific responses (11–13). Although some reports claim
that IL-23 is required for the generation of Th17 cells from naı̈ve
T cells (12, 14), others indicate that IL-23 is not required for
Th17 commitment and that Th17 cell differentiation is driven by
the combination of IL-6 and TGF-� (15–17). It has also been
demonstrated that IFN-� and IL-27 inhibit Th17 development,
which depends on signal transducer and activator of transcrip-
tion (Stat)1 (14, 18–20). Furthermore, the orphan nuclear
receptor, retinoid-related orphan receptor �t (ROR�t), has been
identified as the key transcription factor that determines the
differentiation of Th17 lineage (21). Although these findings all
pertain to the differentiation mechanisms of Th17 cells, it is not
entirely clear how Th17 cells are generated from naı̈ve T cells.

In this study, we demonstrate the existence of a previously
uncharacterized mechanism in Th17 differentiation.

Results
IL-6 Combined with TGF-� Is Required for the Generation of Th17
Lineage from Naı̈ve T Cells. We used flow cytometry (FACS) to
detect IL-17-producing T cells and that costimulation of IL-6 and
TGF-� generated the Th17 lineage from naı̈ve T cells, as
previously reported (15–17) (Fig. 1A). The addition of anti-
gp130 antibody or anti-IL-6 receptor antibody, MR16-1, to the
combination of IL-6 and TGF-� to neutralize gp130 or IL-6R-
mediated activity resulted in a drastic reduction in the number
of IL-17-producing T cells (Fig. 1 A). IL-27 is a heterodimeric
cytokine, whose receptor consists of the IL-27R� and gp130, a
common receptor chain also used by several other cytokines,
including IL-6. As reported elsewhere (18–20), IL-27 as well as
IFN-� suppress the generation of IL-17-producing T cells by IL-6
and TGF-� (Fig. 1B).

We next used FACS to investigate the expression of Foxp3.
Naı̈ve T cells stimulated by TGF-� expressed Foxp3, and this
expression was inhibited by IL-6 (Fig. 1C). As shown in Fig. 1B,
IL-27 as well as IFN-� inhibited the induction of Th17 cells by
IL-6 and TGF-�, whereas neither IL-27 nor IFN-� had any effect
on the pattern of Foxp3 expression by IL-6 and TGF-� (Fig. 1C).

Neither TNF-� nor IL-1� Participates in Th17 Cell Differentiation in the
Presence of TGF-�. Because IL-17 itself has been implicated in the
induction of TNF-� and IL-1� as well as IL-6 (12, 22), we next
investigated whether TNF-� and IL-1� are involved in Th17
differentiation. We found that the combination of IL-6 and
TGF-� controlled the differentiation of naı̈ve T cells into
IL-17-producing T cells, whereas TNF-� or IL-1� did not
participate in Th17 commitment in the presence of TGF-� (Fig.
2A). Although IL-6 inhibited the expression of Foxp3 by TGF-�
(Fig. 1C), TNF-� and IL-1� did not suppress TGF-�-mediated
Foxp3 expression (Fig. 2B).

ROR�t Is Induced by IL-6 and TGF-� also in the Presence of IL-27 or
IFN-�. It has been reported recently that ROR�t is required for
the induction of IL-17 in Th cells (21). To understand how IL-27
or IFN-� inhibits Th17 differentiation driven by IL-6 and TGF-�,
we assessed the expression of ROR�t during stimulation by IL-6
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and TGF-� with the addition of IL-27 or IFN-�. Consistent with
the finding of a previous study, ROR�t was induced by IL-6 and
TGF-�. Although IL-27 and IFN-� almost completely sup-

pressed the generation of Th17 cells by IL-6 and TGF-� (Fig. 1),
these cytokines only partially inhibited the expression of ROR�t
by IL-6 and TGF-� (Fig. 3). Therefore, ROR�t is required for

Fig. 1. The combination of IL-6 and TGF-� induces the development of Th17 cells. Isolated naı̈ve T cells were cultured with anti-CD3/CD28 beads and the
indicated cytokines for 3 days. (A and B) Naı̈ve T cells were stimulated with the indicated cytokines in the presence or absence of anti-mouse gp130 antibody
or anti-mIL-6R monoclonal antibody MR16-1. After stimulation, cells were restimulated with PMA and ionomycin for 5 h and with GolgiStop (last 2 h) and were
then subjected to intracellular cytokine staining. Dot plots show intracellular staining for IFN-� and IL-17. (C) Foxp3 expression was determined by staining with
anti-mouse Foxp3 antibody. These results are representative of three independent experiments.

Fig. 2. TNF-� or IL-1� in combination with TGF-� has no effect on the differentiation of Th17 cells. (A) MACS-sorted naı̈ve T cells were cultured with
anti-CD3/CD28 beads. Cells were stimulated with IL-6 or TGF-� alone and with IL-6, TNF-�, or IL-1� combined with TGF-�. After 3 days, cells were restimulated
with PMA and ionomycin before intracellular cytokine staining for IFN-� and IL-17 and analysis by flow cytometry. Dot plots show intracellular staining for IFN-�
and IL-17. (B) Isolated naı̈ve T cells were activated with anti-CD3/CD28 beads and cultured with TGF-� alone and with IL-6, TNF-�, or IL-1� combined with TGF-�.
Foxp3 expression was determined by staining with anti-mouse Foxp3 antibody. These results are representative of three independent experiments.
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the differentiation of Th17 cells but may not be sufficient for the
induction of IL-17 expression in naı̈ve T cells.

Possibility of Participation of Factors Other Than IL-6 in Differentia-
tion of IL-17-Producing T Cells. IL-6 performs a critical role in the
commitment of Th17 cells from naı̈ve T cells. To test whether
factors other than IL-6 are involved in generating IL-17-
producing T cells, we first generated conditioned medium from
lipopolysaccharide (LPS)-stimulated bone marrow-derived den-
dritic cells (DCCM). Naı̈ve T cells were stimulated by DCCM,
and IL-17 production was measured by means of ELISA. Cul-
turing of naı̈ve T cells with DCCM, but not LPS, resulted in the
production of IL-17 to the same extent as that generated by the
combination of IL-6 and TGF-� (Fig. 4A).

To examine whether IL-17 is produced by DCCM without
IL-6-mediated activity, we added anti-gp130 or anti-MR16-1
antibody to DCCM. IL-17 production by IL-6, and TGF-� was
substantially inhibited in the presence of either neutralizing
antibody, which was consistent with the flow cytometry data
(Fig. 1 A). Interestingly, production of IL-17 by DCCM was not
inhibited by the addition of anti-gp130 or MR16-1 antibody. In
addition, secretion of IL-17 was also observed in DCCM from
IL-6 KO mice (Fig. 4B). We further confirmed that DCCM could
induce IL-17 production also in the presence of anti-IL23 or
anti-TGF-� antibody (Fig. 4B). Next, we investigated whether
IL-27 suppressed the production of IL-17 by DCCM. Consistent
with the previously obtained result (Fig. 1B), IL-27 completely
suppressed IL-17 production by TGF-� plus IL-6, whereas IL-17
was produced by DCCM in the presence of IL-27 (Fig. 4B).
These findings indicate that other distinct factors regulate the
differentiation of Th17 cells independently of IL-6, IL-23, or
TGF-�.

To identify the factors other than IL-6 in the development of
Th17 cells, we tried several cytokines or chemokines including
IL-21, TNF-�, LIF, KC, or MIP-1�, which were nominated by a
DNA microarray analyzed to examine the profile of genes
induced by DCCM in naı̈ve T cells (data not shown). However,
these factors alone or together with TGF-� could not induce the
differentiation of IL-17-producing T cells (Fig. 4C).

Distinct Patterns of Activation Between Stat1 and Stat3 in Generating
Th17 Cells from Naı̈ve T Cells. Because it is well known that IL-6
activates Stat1 and Stat3 through gp130 (23), we examined the
activation of Stat1 and Stat3 in the generation of Th17 cells by
IL-6 and TGF-�. Both Stat1 and Stat3 were activated in naı̈ve T
cells 30 min after IL-6 and TGF-� stimulation (Fig. 5A). Stat3
remained activated at the same intensity 24 h after IL-6 and
TGF-� stimulation, whereas Stat1 activation was not maintained
24 h after stimulation, compared with that at 30 min after
stimulation (Fig. 5A).

As already shown (Fig. 1B), IL-27 or IFN-� suppresses the
differentiation of Th17 cells by IL-6 and TGF-�. Previous
reports have suggested that the inhibition of Th17 cell generation
by IL-27 depends on Stat1 (19, 20). Next, we examined the
activation of Stat1 and Stat3 24 h after IL-6 and TGF-�

stimulation in the presence or absence of IL-27 or IFN-�. Stat1
activation could be restored after this stimulation in the presence
of IL-27 or IFN-� (Fig. 5B). In addition, we confirmed that
IL-17-producing T cells were not induced immediately after
stimulation by IL-6 and TGF-� (data not shown). Taken to-
gether, these findings suggest that Th17 cell generation from

Fig. 3. ROR�t mRNA expression by IL-6 and TGF-� with or without IL-27 or
IFN-�. Isolated naı̈ve T cells were stimulated with anti-CD3/CD28 beads and the
indicated cytokines, followed by total RNA and cDNA prepared as described in
Materials and Methods. ROR�t induction was examined by using RT-PCR.

Fig. 4. IL-17 is produced by DCCM without IL-6-mediated activity in naı̈ve T
cells. (A) Purified naı̈ve T cells were cultured with anti-CD3/CD28 beads and the
indicated cytokines, LPS, or CM from DCs stimulated with LPS. (B) Naı̈ve T cells
were stimulated with TGF-� plus IL-6, DCCM, or DCCM from IL-6 KO mice in the
presence or absence of IL-27 or neutralizing antibodies for IL-6. Supernatants
were collected 2 days after stimulation, and IL-17 production was measured by
means of ELISA. Data show means � SE of three independent experiments. (C)
MACS-sorted naı̈ve T cells were activated with anti-CD3/CD28 beads. Cells
were cultured with the indicated stimulators. After 3 days, cells were restim-
ulated with PMA and ionomycin before intracellular cytokine staining for
IFN-� and IL-17 and analysis by flow cytometry. Dot plots show intracellular
staining for IFN-� and IL-17.
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naı̈ve T cells stimulated by TGF-� plus IL-6 requires different
patterns of activation between Stat1 and Stat3.

In contrast to the IL-6-dependent induction, DCCM maintained
the activation of both Stat1 and Stat3 with or without IL-27 (Fig.
5C), again suggesting that the mechanism of Th17 differentiation by
DCCM is different from that of TGF-� and IL-6.

Discussion
The IL-17 cytokine family is a recently discovered group of
cytokines. Now, this family has six members and appears to have
a very distinct biological role (11). IL-17 (also known as IL-17A)
has the ability to induce other cytokines, such as IL-6, IL-8, and
GM-CSF as well as chemokines from epithelial and vascular
endothelial cells (24, 25).

Recently, IL-17-producing T cells have been identified as a
new subset of T helper cells. It was previously suggested that
IL-23 is the differentiation factor for Th17 cells (12, 26).
However, recent data suggests that IL-23 is not the differenti-
ation factor but TGF-� plus IL-6 induce Th17 cell development
from naı̈ve T cells (15–17). IL-23 may expand or stabilize
previously differentiated Th17 cells. The orphan nuclear recep-
tor ROR�t has been recently identified as the key transcription
factor in the regulation of Th17 cell differentiation. The involve-
ment of IL-6 in Th17 differentiation has been clarified, but it is
still not completely clear how IL-17 induction is regulated in
naı̈ve T cells.

In our study reported here, we showed that IL-6 combined
with TGF-� directs the differentiation of IL-17-producing T cells
from naı̈ve T cells, but not other inflammatory cytokines, such
as TNF-� or IL-1�. Although IL-6 suppressed the expression of
Foxp3 by TGF-�, TNF-� or IL-1� had no effect. Recently, it has

been reported that the number of Th17 cells induced by IL-6 and
TGF-� increased in the presence of TNF-� and IL-1� (17).
Taken together, these findings indicate that IL-6 participates in
the generation of Th17 cells from naı̈ve T cells and that TNF-�
or IL-1� expands the Th17 cell pool in combination with TGF-�.
Anti-IL-6 receptor antibody therapy has been found to have a
significant therapeutic effect in the treatment of systemic-onset
juvenile idiopathic arthritis (sJIA) (27), whereas anti-TNF ther-
apy is not so effective as anti-IL-6 receptor antibody therapy. Our
data seem to suggest one of the reasons for the difference
between anti-IL-6 receptor antibody therapy and anti-TNF
therapy in the treatment of sJIA.

It has been reported that the participation of ROR�t is crucial
for the development of IL-17-producing T cells (21). We found
that ROR�t was induced by IL-6 and TGF-� even with the
addition of IL-27 or IFN-�, with partial reduction. This suggests
that ROR�t is necessary, but it alone may not be sufficient for
the regulation of IL-17 transcription in naı̈ve T cells because the
partial reduction of its expression by IL-27 or IFN-� cannot
explain drastic suppression of Th17 cell differentiation by IL-6
and TGF-�. ROR�t may be required for some ligand binding to
it or for forming a complex with other transcriptional factors
such as Stats to generate Th17 cells from naı̈ve T cells.

To assess whether factors other than IL-6 participate in Th17
differentiation from naı̈ve T cells, we cultured them with DCCM
in the presence or absence of anti-gp130 or anti-MR16-1 anti-
body. Although naı̈ve T cells secreted IL-17 when stimulated by
TGF-� plus IL-6 or DCCM, IL-17 production by TGF-� plus
IL-6 was almost completely inhibited in the presence of anti-
gp130 or anti-MR16-1 antibody. In contrast, DCCM with anti-
gp130 or anti-MR16-1 antibody permit the secretion of IL-17 in

Fig. 5. Activation of Stat1 and Stat3 by stimulation to produce IL-17 in naı̈ve T cells. MACS-sorted naı̈ve T cells were cultured with anti-CD3/CD28 beads. (A)
Naı̈ve T cells were stimulated with TGF-� alone or TGF-� plus IL-6 for 30 min or 24 h. (B) Naı̈ve T cells were stimulated with TGF-� alone or TGF-� plus IL-6 in the
presence or absence of IL-27 or IFN-� for 24 h. (C) Naı̈ve T cells were cultured with DCCM with or without IL-27. Cells were fixed and permeabilized in 90%
methanol, followed by staining with Alexa Fluor 488-conjugated phospho-Stat1 and phycoerythrin-conjugated phospho-Stat3. Intracellular phospho-Stat1 and
-Stat3 were measured by flow cytometry. These results are representative of three independent experiments.
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naı̈ve T cells. Congruent with this finding, DCCM from IL-6 KO
mice also induced IL-17 production from naı̈ve T cells. Further-
more, we were able to show that IL-23 or TGF-� is not required
for the development of Th17 cells by DCCM and that Th17
differentiation by DCCM is not repressed by IL-27. This makes
it likely that there are pathways as yet unknown for the gener-
ation of Th17 cells. In this study, we could not identify other
factors that are involved in the differentiation of Th17 cells. We
found that Th17 development was induced by conditioned
medium from LPS or CpG-DNA-stimulated bone marrow-
derived dendritic cells, but not conditioned medium from
Poly(I:C)-stimulated bone marrow-derived dendritic cells (data
not shown). The comparison of factors among these conditioned
media is required to define precisely which factors participate in
Th17 differentiation.

We also analyzed the activation of Stat1 and Stat3 with the
stimulation already described here. As expected, IL-6 and TGF-�
activated Stat1 and Stat3 in 30 min. Interestingly, although Stat3
remained activated after 24 h, Stat1 activation was barely main-
tained. In addition, Stat1 activation by IL-6 and TGF-� after 24 h
was restored in the presence of IL-27 or IFN-�. These data are
consistent with the previously reported findings that IL-27-
mediated suppression of Th17 cell development depends on Stat1
activation and that Stat3 is required for its differentiation (19, 20,
28). Although IL-6 and IL-27 are closely related cytokines and
share gp130-mediated signaling (29), it was shown that there is a
difference in Stat1 activation between IL-6 and IL-27 when gen-
erating Th17 cells. Although this difference may have disparate
effects on Th17 differentiation between IL-6 and IL-27 combined
with TGF-�, it is not yet known how Stat1 activation is regulated
between IL-6 and IL-27 signalings with TGF-�. Stat5, like Stat1 but
in contrast to Stat3, functions as a suppressor of Th17 generation
(30). Furthermore, it was found that these Stat family transcription
factors bound IL-17 promoter (30). Because the actions of these
Stats may take place via ROR�t, it will be important to clarify the
relation between ROR�t and Stat family members. Interestingly,
both Stat1 and Stat3 activation have been maintained in naı̈ve T
cells stimulated by DCCM. These data suggest that there is a
different pathway for Th17 development that is not interfered with
by Stat1 activation.

In summary, our findings indicate that mechanisms other than
IL-6-dependent pathways are involved in the induction of IL-17 in
naı̈ve T cells in which Stat1 activation is maintained. Further
analysis is expected to disclose more details of the mechanism for
Th17 cell differentiation and to provide information for a more
efficient approach to the treatment of several autoimmune diseases.

Materials and Methods
Mice. C57BL/6 wild-type mice were obtained from CLEA (To-
kyo, Japan), and IL-6 KO mice were provided by Dr. Manfred
Kopf (Institute of Integrative Biology, Eidgenössische Tech-
nische Hochschule, Zurich, Switzerland). All animal experi-
ments were performed in accordance with protocols approved
by the Institutional Animal Care and Use Committees of the
Graduate School of Frontier Bioscience, Osaka University.

Isolation of Naı̈ve T Cells and Culture Conditions. Naı̈ve T cells were
purified from spleens of C57BL/6 female mice by using the
CD4� T cell Isolation kit, and CD62L MicroBeads (Miltenyi
Biotec, Bergisch-Gladbach, Germany). Purified naı̈ve T cells
were cultured in RPMI medium 1640 with 10% FCS, 100 �g/ml
streptomycin, 100 units/ml penicillin G, 1� nonessential amino
acids, 1 �M sodium pyruvate, and 2.5 �M �-mercaptoethanol at
37°C and in 5% CO2. Naı̈ve T cells were stimulated with the
Dynabeads Mouse CD3/CD28 T Cell Expander (Invitrogen,
Carlsbad, CA) for 3 days. As indicated, cultures were supple-
mented with recombinant mouse IL-6 (20 ng/ml; R & D Systems,
Minneapolis, MN) or recombinant human TGF-�1 (2 ng/ml; R

& D Systems), alone or combined. Additionally, recombinant
mouse IL-27 (20 ng/ml), recombinant mouse IFN-� (100 ng/ml),
recombinant mouse TNF-� (100 ng/ml), or recombinant mouse
IL-1� (20 ng/ml; all from R & D Systems) was added to some
samples. IL-6 was neutralized by anti-mouse gp130 antibody (4
�g/ml; R & D Systems) and anti-mIL-6R monoclonal antibody
MR16-1 (1 �g/ml; kindly donated by Yoshiyuki Ohsugi, Chugai
Pharmaceutical Co., Shizuoka, Japan).

Intracellular Cytokines and Foxp3 Staining. T cells were stimulated
with 50 ng/ml phorbol 12-myristate 13-acetate (PMA) (Calbio-
chem, Darmstadt, Germany), 800 ng/ml ionomycin (Calbio-
chem) for 5 h and GolgiStop (BD Pharmingen, San Diego, CA)
for the last 2 h, followed by fixation and permeabilization with
Cytofix/Cytoperb (BD PharMingen). Cells were stained intra-
cellularly with PE-conjugated anti-IL-17 (TC11–18H10.1) (BD
PharMingen) and FITC-labeled anti-IFN-� (XMG1.2) (eBio-
science, San Diego, CA). For Foxp3 staining, T cells were fixed
and permeabilized with the Fixation/Permeabilization buffer
(eBioscience) for 30 min at 4°C before intracellular staining with
FITC-conjugated anti-Foxp3 (eBioscience). Flow cytometric
analysis was performed with a Cytomics FC500 (Beckman
Coulter, Fullerton, CA).

RT-PCR. Total RNA was prepared by using RNeasy (Qiagen,
Germantown, MD), and cDNA was prepared as described (31).
Reaction conditions consisted of a 45-s denaturation step at
94°C, a 30-s annealing step at 58°C, and a 30-s extension step at
72°C for 25 cycles (G3PDH) or 35 cycles (ROR�t). The specific
primers were as follows: ROR�t, sense 5�-GCGGAGCAGA-
CACACTTACA-3� and antisense 5�-TTGGCAAACTCCAC-
CACATA-3�; G3PDH, sense 5�-TCCACCACCCTGTTGCT-
GTA-3� and antisense 5�-ACCACAGTCCATGCCATCAC-3�.

Preparation of DCCM. Bone marrow dendritic cells (DCs) (BM-
DCs) were generated from WT mice or IL-6 KO mice as follows.
Briefly, bone marrow cells were flushed from tibiae and femurs
of 7- to 10-week-old female C57BL/6 mice or IL-6 KO mice and
seeded at 1 � 107 cells in cell culture dishes (150-mm diameter;
Corning, Corning, NY) in a volume of 30 ml of RPMI medium
1640 containing 10 ng/ml GM-CSF (R & D Systems). On day 3,
30 ml of this medium was added to the dishes, and on day 6, 30
ml of the cultures was removed and centrifuged. The pellet was
resuspended in 30 ml of fresh RPMI medium 1640 containing 10
ng/ml GM-CSF and returned to the same dish. On day 9, DCs
were isolated from nonadherent and loosely adherent cells by
using the CD11c MicroBeads (Miltenyi Biotec). 3 � 107 BMDCs
were seeded in 40 ml of RPMI medium 1640 and stimulated with
1 �g/ml Escherichia coli LPS (Sigma, St. Louis, MO). After 12 h,
supernatants were collected and used as DCCM.

IL-17 ELISA. The cells were stimulated with indicated cytokines or
with DCCM in the presence or absence of neutralizing antibod-
ies for IL-6. After 48 h, mouse IL-17 from the supernatants was
measured by means of ELISA according to the manufacture’s
instructions (R & D Systems).

Flow Cytometric Analysis of Phospho-Stat1 (Y701) and Phospho-Stat3
(Y705). Naı̈ve T cells were cultured with indicated cytokines or
with DCCM for 30 min or 24 h. Cells were fixed with Fixation
Buffer (BD PharMingen) for 10 min at 37°C and then perme-
abilized in 90% methanol for 30 min on ice. Cells were then
washed twice in Stain Buffer (BD PharMingen), and stained
with Alexa Fluor 488-conjugated phospho-Stat1 (Y701) anti-
body or PE-conjugated phospho-Stat3 (Y705) antibody for 1 h
at room temperature (BD PharMingen). Flow cytometric anal-
ysis was performed with a Cytomics FC500 (Beckman Coulter).
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