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Ectopic T-bet Expression Licenses Dendritic Cells for
IL-12-Independent Priming of Type 1 T Cells In Vitro1

Michael W. Lipscomb,* Lu Chen,* Jennifer L. Taylor,† Christina Goldbach,‡ Simon C. Watkins,‡

Pawel Kalinski,*§� Lisa H. Butterfield,*§¶� Amy K. Wesa,2*† and Walter J. Storkus2,3*†�

T-bet (TBX21) is a transcription factor required for the optimal development of type 1 immune responses. Although initially charac-
terized for its intrinsic role in T cell functional polarization, endogenous T-bet may also be critical to the licensing of type 1-biasing APCs.
Here, we investigated whether human dendritic cells (DC) genetically engineered to express high levels of T-bet (i.e., DC.Tbet) promote
superior type 1 T cell responses in vitro. We observed that DC.Tbet were selective activators of type 1 effector T cells developed from
the naive pool of responder cells, whereas DC.Tbet and control DC promoted type 1 responses equitably from the memory pool of
responder cells. Naive T cells primed by (staphylococcal enterotoxin B or tumor-associated protein-loaded) DC.Tbet exhibited an
enhancement in type 1- and a concomitant reduction in Th2- and regulatory T cell-associated phenotype/function. Surprisingly, DC.
Tbets were impaired in their production of IL-12 family member cytokines (IL-12p70, IL-23, and IL-27) when compared with control
DC, and the capacity of DC.Tbet to preferentially prime type 1 T cell responses was only minimally inhibited by cytokine (IL-12p70,
IL-23, IFN-�) neutralization or receptor (IL-12R�2, IL-27R) blockade during T cell priming. The results of transwell assays suggested
the DC.Tbet-mediated effects are predominantly the result of direct DC-T cell contact or their close proximity, thereby implicating a
novel, IL-12-independent mechanism by which DC.Tbets promote improved type 1 functional polarization from naive T cell responders.
Given their superior type 1 polarizing capacity, DC.Tbet may be suitable for use in vaccines designed to prevent/treat cancer or
infectious disease. The Journal of Immunology, 2009, 183: 7250–7258.

D endritic cells (DC)4 are professional APCs that capture,
process, and present Ags to T cells in the form of pep-
tides complexed with MHC molecules (1, 2). DCs sup-

port the activation and functional maturation of Th1, Th2, Th17,
and regulatory CD4� T cells, as well as CD8� T cells, NK cells,
and innate myeloid immune cells (3–6).

In a diverse array of infectious disease states and in the cancer
setting, host protection is largely afforded via the generation of
type 1 immunity (7). Type 1 T cell induction is believed to require
DC presentation of cognate Ag, in addition to costimulator mole-
cules, such as B7 and TNF family member molecules, and polar-
izing cytokines, such as IL-12, IL-23, and IL-27 (8, 9). Functional
polarization of type 1 T cells can be augmented by IL-12 and
IL-27, which act through STAT4 and STAT1, respectively, to pro-

mote IFN-� and type 1-associated accessory molecules (10, 11).
However, IL-12/STAT-4-independent mechanisms of type 1 T cell
induction have also been reported (12, 13). In such cases, type 1
polarization requires intrinsic expression of the T-bet transcription
factor in T cells which is regulated in a TCR- and STAT1-depen-
dent manner (14–16). Silencing of T-bet in T cells suppresses
IFN-� and STAT1 expression levels during Ag-specific T cell dif-
ferentiation, resulting in the unbalanced development of IL-4-se-
creting Th2 cells (17, 18). Conversely, T-bet expression suppresses
Th2 differentiation by interfering with the type 2 trans activator
GATA-3 (19, 20).

Intrinsic, low-level expression of T-bet in (at least a subset
of) DC also appears crucial to the generation of type 1 immu-
nity (15, 21–23). Our results suggest that human DCs, engi-
neered using recombinant adenovirus to express high levels of
T-bet protein in a high percentage of DC, selectively prime and
expand type 1 T cells from naive precursors in vitro, while
concomitantly restricting Th2 and regulatory T cell (Treg) po-
larization profiles. Human DCs genetically engineered to ex-
press high levels of T-bet (i.e., DC.Tbet) pulsed with tumor Ag-
derived protein or peptide epitopes proved to be superior activators of
melanoma Ag-specific Th1 and Tc1 effector cells in vitro, thereby
supporting the potential utility of these APCs in vaccines against in-
fectious disease or cancer.

Materials and Methods
Preparation of DC and T cells

DCs (�98% CD11c�CD14�) were generated from normal donors with
written consent under an Institutional Review Board-approved protocol,
as previously described (24). Where indicated, day 5 immature DCs
were activated for 24 h by incubation with inflammatory stimuli in-
cluding 1) IL-1� (25 ng/ml; Sigma-Aldrich) plus TNF-� (50 ng/ml;
Sigma-Aldrich) plus IFN-� (3000 U/ml; intron A-IFN�2b; Schering-
Plough) plus IFN-� (1000 U/ml; Endogen) plus polyinosinic-polycyti-
dylic acid (20 �g/ml; Sigma-Aldrich) yielding �DC1 (25); 2) LPS (250
ng/ml; Sigma-Aldrich) yielding DC.LPS; 3) LPS (250 ng/ml) plus
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IFN-� (1000 U/ml) yielding DC.LPS/IFN; or 4) 1 nM bryostatin-1 (Sigma-
Aldrich) yielding DC.BS1 (26).

Plastic-nonadherent cells, enriched in T cells, were collected and stored
at �80°C for 5–7 days during the DC culture period. After thawing, naive
or memory T cells were negatively isolated using CD45RO or CD45RA
MACS microbeads (Miltenyi Biotec), respectively, per the manufacturer’s
protocols. Isolated cell populations were �98% pure based on corollary
flow cytometry analyses. In some cases, CD4� or CD8� naive or memory
T cell subsets could then be further isolated by positive selection using
specific MACS beads as indicated. In additional experiments, CD45RO�

and/or CD45RA� cells were depleted of CD56� cells, or they were sep-
arated into their CCR7� vs CCR7� subpopulations using specific MACS
beads (Miltenyi), as indicated.

Recombinant adenoviruses

Human T-bet (hT-bet) was PCR cloned from PBLs using the following
primers: hT-bet: forward (Fwd) 5�-GTCGACGACGGCTACGGGAAG
GTG-3�; reverse (Rev) 5�-GGATCCTTAGTCGGTGTCCTCCAACC-3�.
The product was then digested with the restriction enzymes SalI and
BamHI and the 1.7-kb fragment containing full-length hT-bet was ligated
into the adenoviral-Cre-Lox (Ad.lox) vector. After sequence validation,
recombinant adenoviruses were generated, as previously described (27).
The mock (empty) adenoviral vector Ad.�5 and/or Ad.EGFP (encoding
the enhanced GFP) were used as negative controls, as indicated. Ad-
enoviral vectors encoding full-length human IL-12p70 or MART-1 pro-
tein (Ad.MART1) have been previously described (27, 28). All adeno-
viruses were expanded, purified, and provided by the University of
Pittsburgh Vector Core Facility (Shared Resource).

Adenoviral infection of cells

Day 5 immature DC were infected with adenoviruses at a multiplicity of
infection (MOI) of 300 at 37°C for 48 h as previously described (27). 293T
human kidney epithelial cells (American Type Culture Collection; ATCC)
were infected with Ad.MART1 or Ad.�5 at an MOI of 20 for 48 h before
being used to generate freeze-thaw cell lysates.

Abs

Abs reactive against T-bet (Santa Cruz Biotechnology), CCR7, CD3, CD4,
CD8, CD25, CD45RA, CD45RO, CD54, CD70, CTLA-4, IFN-�, IL-17A,
MHC class I, MHC class II (BD Biosciences), CD80, CD86, B7-H1,
CXCR3, granzyme B, Foxp3, IL-4 (eBioscience), CD212, Jagged-1, TGF-
�RII (R&D Systems), IFN-�, IL-4, IL-10 (Miltenyi Biotec), CD11c,
GITR, GITR-L (BioLegend), DLL4 (Novus Biologicals), MART-1 (Vec-
tor Laboratories), or �-actin (Invitrogen) were used in flow cytometry,
immunofluorescence microscopy, and Western blot experiments, as indi-
cated. Anti-HLA-A2 mAbs BB7.2 and MA2.1 (ATCC) and anti-HLA-DR4
mAb 359-13F10 (a gift from Dr. Janice Blum (Indiana University, Bloom-
ington, IN) were used to determine the HLA phenotype of normal donors
and melanoma patients based on flow cytometry analysis of PBMCs. Neu-
tralizing/blocking anti-human (h) IL-12p70 polyclonal Ab (pAb; R&D
Systems), anti-IL12R�2 pAb (R&D Systems), anti-hIL-23 pAb (R&D Sys-
tems), anti-IL-27R pAb (TCCR/WSX-1; R&D Systems), anti-hIFN-� pAb
(R&D Systems), anti-hIFN-�R1 mAb (R&D Systems), anti-CD70 (An-
cell), and recombinant human (rh) Notch-1/Fc chimera (R&D Systems)
were used at final concentrations of 10 �g/ml, per the manufacturers’
recommendations.

Flow cytometry and fluorescence microscopy analyses

Cell surface and intracellular staining of cells was performed and moni-
tored by flow cytometry, as previously described (24). For immunofluo-
rescence microscopy, 1 � 105 DCs were cytospun and fixed onto slides.
Cells were permeabilized and stained with T-bet primary Ab (Santa Cruz
Biotechnology) and conjugated with goat anti-mouse Alexa Fluor 488 sec-
ondary Ab (Invitrogen). The counterstains used included Hoechst nuclear
dye (Sigma-Aldrich) and F-actin-binding rhodamine phalloidin (Invitro-
gen). Fluorescence images were then captured using an Olympus BX51
microscope (Olympus America).

RT-PCR

For mRNA analysis, DCs were harvested on day 2 (48 h posttransduction),
and MACS-isolated naive or memory CD4� T cells were harvested on day
3 after initial priming by DCs. RNA was isolated with Trizol (Invitrogen).
Reverse transcription was performed using Moloney murine leukemia vi-
rus reverse transcriptase (Applied Biosystems) and random hexamers (Ap-
plied Biosystems). Semiquantitative PCR was used to amplify cDNA for
expression of gene-specific products. Specific primers were used for IL-

12p35, IL-12/23p40, IL-23p19, IL-27p28, EBI-3, IL-15, IL-18, IL-10,
TGF-�, IFN-�, and IFN-� as previously described (24). Additional primer
sequences included: T-bet, Fwd 5�-CCACCAGCCACTACAGGATG-3�
and Rev 5�-GGACGCCCCCTTGTTGTTT-3�; GATA-3, Fwd 5�-GT
GCTTTTTAACATCGACGGTC-3� and Rev 5�-AGGGGCTGAGATTC
CAGGG-3�; Foxp3, Fwd 5�-GCACCTTCCCAAATCCCAGT-3� and Rev
5�-TAGGGTTGGAACACCTGCTG-3�; and ROR�t, Fwd 5�-AAATCT
GTGGGGACAAGTCG-3� and Rev 5�-TGAGGGTATCTGCTCCTTGG-
3�. �-Actin primers were used as an internal positive control (24).

Analysis of cytokine production from DCs

To estimate the profile of cytokines produced by DCs after cognate DC-T
cell interaction, 6 � 104 DCs were cocultured with J558 CD40L (i.e.,
CD40L contributes signals normally provided by newly activated T cells;
Ref. 29) expressing fibroblasts for 24 h at a DC:J558 ratio of 1:2 in 96-well
flat-bottom plates in 200 �l of AIM-V culture medium. Supernatants were
collected and stored at �80°C before analysis using commercial ELISAs
for human IL-12p70, IL-23, TNF-�, and IL-10 (BD Biosciences, except for
IL-23 ELISA from BenderMedSystems). Additional studies included DC
stimulation for 24 h using agonists to TLR2 (HKLM; Invivogen) TLR3
(polyinosinic-polycytidylic acid; Sigma-Aldrich), TLR4 (LPS; Sigma-
Aldrich), TLR5 (flagellin; Invivogen), TLR7 (imiquimod; Invivogen), as
well as a trimeric form of CD40L (a gift from Dr. Andrea Gambotto,
University of Pittsburgh, Pittsburgh, PA), as indicated.

Responder T cell proliferation studies (CSFE)

The superantigen staphylococcus enterotoxin B (SEB) model for prim-
ing autologous T cells was used in these studies (6, 30). Briefly, DC.
Tbet (ectopic T-bet-expressing DC) or control DC were pulsed with
SEB (Sigma-Aldrich) at 0.1–10 ng/ml (with a standard dose of 1 ng/ml
selected for standard use based on preliminary studies; supplemental
Fig. 1)5 in AIM-V media (Invitrogen) for 3 h at 37°C prior to washing
and the addition of 104 DCs to 96-well round-bottom plates. Sorted
CD45RO� (naive) or CD45RA� (memory) T cells were labeled with
0.5 �M CFSE (Invitrogen) in PBS for 15 min at 37°C, before being
washed twice, with 105 T cells (resuspended in TcMEM (IMDM sup-
plemented with 10% heat-inactivated human AB serum, L-glutamine,
penicillin/streptomycin, and nonessential amino acids); all reagents
from Invitrogen with the exception of serum (Sigma-Aldrich) added to
wells containing DCs along with 100 U/ml rhIL-2 (Peprotech). Re-
sponder T cells were evaluated for CSFE dilution by flow cytometry on
day 3 of cocultures.

Responder T cell polarization studies

T cells were plated with SEB-pulsed DC.Tbet or control DC at an E:T ratio
of 1:10 in TcMEM. Supernatant of DC-T cell cocultures were collected on
day 3 and analyzed for hIFN-� production using a commercial ELISA (BD
Biosciences). Additionally, on day 3, CD4� T cells were MACS isolated
from DC cocultures. Total RNA was isolated for RT-PCR analysis or T
cells were costained with mAbs to CD4, CD212 (IL-12R�2), and T-bet for
flow cytometric analysis. In additional studies, T cells cultured with SEB-
pulsed DC.Tbet or control DC on day 0 were restimulated on day 5 with
identically prepared DC and supplemented with 20 U/ml rhIL-2 (Pepro-
tech) and 5 ng/ml rhIL-7 (Sigma-Aldrich) every other day. On day 12 or 14
of coculture, T cells were collected and assayed for cytokine (IFN-�, IL-4,
IL-17A, and IL-10), cell surface (CXCR3), and intracellular (Foxp3 and
granzyme B) protein expression by flow cytometry. To evaluate intracel-
lular cytokine expression, T cells were stimulated with PMA (1 �g/ml) and
ionomycin (50 ng/ml) for 4 h, with 2 �M monensin (all from Sigma-
Aldrich) added over the final 2 h of culture. Where indicated, cell culture
supernatants were analyzed for secreted levels of hIFN-�, hIL-4, hIL-10
(all from BD Biosciences), and hIL-17A (BioLegend) using commercial
ELISAs.

Neutralizing/blocking studies

Briefly, DC.Tbet or control DCs were plated with T cells at a DC:T cell
ratio of 1:10 in triplicate in 96-well flat-bottom plates, in the presence or
absence of neutralizing/blocking Abs or recombinant fusion protein. On
day 3, cell-free supernatants were collected and evaluated using a hIFN-
�-specific ELISA. Alternatively, T cells were restimulated on day 5 with
SEB-pulsed DC and supplemented with rhIL-2, rhIL-7, and neutralizing
Abs, with T cells harvested on day 14 for analysis of intracellular IFN-�
production by flow cytometry.

5 The on-line version of this article contains supplemental material.
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Transwell assays

DC.Tbet or control DC (5 � 105) were plated in the bottom chamber of a
24-well transwell plate in 400 �l of TcMEM. After 24 h, 1 � 106 naive T
cells along with 1 � 105 SEB pulsed-immature DC or 3 � 105 anti-CD3/
CD28 microbeads (Invitrogen) were placed in the upper chamber of the
transwell plate bringing total volume to 600 �l of TcMEM. Cell superna-
tants were collected from the upper chamber on day 3 for IFN-� ELISA
analyses.

Generation of lysates containing rMART-1 protein

293T human kidney epithelial cells (ATCC) were infected with
Ad.MART1 at an MOI of 20 for 48 h, at which time freeze-thaw lysates
were generated as previously described (31). 293T cells infected with
Ad.�5 (MOI 20) were used to generate a negative control lysate. Expres-
sion of MART-1 mRNA/protein in transduced 293T cells was determined
using RT-PCR and immunohistochemistry, and MART-1 protein in lysates
confirmed by Western blot, as previously described (28). Total lysate pro-
tein content was estimated by OD280 (1.2 mg � 1.0 OD units full scale at
280 nm), and lysates were stored at �80°C until being used to load DCs
for T cell induction and recognition assays.

Analysis of DC processing of recombinant MART-1 protein for
recognition by specific CD4� T cells

MACS-isolated, naive CD4� T cells were isolated from HLA-DR4�

(based on monocyte staining with anti-HLA-DR4 mAb 359-13F10 as mon-
itored by flow cytometry) normal donors as outlined above, and stimulated
twice on a weekly basis with control DC (DC.null) pulsed with the MART-
151–73 peptide (10 mM). On day 14 of culture, T cells were harvested and
assessed for their ability to recognize (in IFN-� ELISPOT assays) auto-
logous DC.null, DC�5, or DC.Tbet cells prepulsed for 48 h with freeze-
thaw lysates (50 �g/ml) generated from Ad.MART-1- vs Ad.�5-infected
293T cells.

Ag-specific T cell responses

PBMCs were isolated from healthy, normal donors with written consent
under an Institutional Review Board-approved protocol. For CD8� T cell
responses, DCs were generated from HLA-A2� normal donors (i.e., lym-
phocytes staining with both the anti-HLA-A2 mAbs BB7.2 and MA2.1 as
monitored by flow cytometry), as outlined above, and DC.Tbet or control
DC were pulsed with HLA-A2-restricted peptide epitopes (EphA2883–891,
gp100209–217; 10 �M each; Refs. 25 and 32) for 3 h at 37°C before cul-
turing with MACS-isolated naive CD8� T cells at a 10:1 T cell:DC ratio
in the presence of 5 ng/ml rhIL-7. CD8� T cell cultures were expanded by
a second stimulation on day 7 with identically prepared DCs or with
peptide-pulsed autologous, irradiated PBMCs. Restimulated cultures
were supplemented with 20 U/ml rhIL-2 and 5 ng/ml rhIL-7, with cy-
tokines replenished every other day. On day 14, the frequency of pep-
tide-specific CD8� T cells was analyzed in IFN-� ELISPOT assays
(Mabtech) using HLA-A2� T2 cells as APCs that were performed as
previously described (32). The HLA-A2-presented HIV-nef190 –198 pep-
tide (32) served as a (negative) specificity control in these assays. For
CD4� T cell responses, DCs were generated from HLA-DR4� normal
donors (based on monocyte staining with anti-HLA-DR4 mAb 359-
13F10 as monitored by flow cytometry) as outlined above. DC.Tbets or
control DCs were pulsed with 50 �g/ml freeze-thaw lysate generated
from 293T cells infected with Ad.MART1 vs Ad.�5 for 24 h, 37°C and
used to stimulate autologous MACS-isolated, naive CD4� T cells, as outlined
above for CD8� T cell responses. On day 7 of cultures, responder CD4� T
cells were restimulated with identically prepared, Ag-loaded DCs, and cultures
were supplemented with rIL-2 and rIL-7 as noted above. On day 14, the fre-
quency of MART-1-specific CD4� T cells was analyzed in IFN-� and IL-5
ELISPOT assays (Mabtech) using autologous control DC pulsed with the
MART-151–73 vs the HIV-nef192–204 (negative) control HLA-DR4-presented
peptide epitopes as target cells (33).

Statistical analyses

A two-tailed Student t test was used for data analysis. Null hypothesis was
rejected, and differences were assumed to be significant at a value of
p � 0.05.

Results
In vitro modulation of T-bet expression in human DCs

Human DCs were generated from peripheral blood monocytes and
transduced with recombinant adenovirus encoding human T-bet

(DC.Tbet) or control Ad.�5 (DC.�5) for 48 h. DCs were also
generated using known type 1 polarizing culture conditions, yield-
ing DC1. Harvested DCs were analyzed for T-bet mRNA (via
RT-PCR; Fig. 1A) and protein expression (via Western blot and
flow cytometry; Fig. 1, B and C). As shown in Fig. 1, A–C, T-bet
expression in untreated immature DC (DC.null) and DC.�5 was
very low (at both the transcript and protein levels), with expression
levels augmented in DC.null cells by 24 h of culture in the pres-
ence of inflammatory stimuli (24–27). However, in marked con-
trast to the �1% frequency of T-bet�, DCs developed using non-
viral culture methods, DC.Tbet were 63 � 18% T-bet� over 15
independent experiments as determined by intracellular staining,
as exemplified in Fig. 1C. Immunofluorescence microscopy re-
vealed that T-bet protein was expressed predominantly in the nu-
cleus of DC.Tbet cells (Fig. 1D).

DC.Tbet selectively prime CD45RO� (naive) T cells toward
type 1 polarization in vitro

Given previous reports that intrinsic (low-level) expression of T-
bet in DC is crucial to the ability of these APC to promote type 1
T cell responses (15, 21–23), we hypothesized that DC.Tbet cells
might be enhanced in this capacity. We used a superantigen (SEB)

FIGURE 1. Generation and characterization of DC.Tbets. Immature DC
were generated from peripheral blood monocytes by culturing with IL-4 and
GM-CSF for 5–6 days. DC were left untransduced (DC.null) or transduced
with recombinant adenoviral vectors containing an empty cassette (Ad.�5),
human T-bet (Ad.Tbet), or hIL-12p70 (Ad.IL12), yielding DC.�5, DC.Tbet
and DC.IL12 cells, respectively. A, DC.null, DC.�5, DC.Tbet, and DC.IL12,
as well as DCsactivated for 24 h in the presence of inflammatory stimuli (i.e.,
yielding �DC1, DC-LPS/IFN, and DC.BS1 as described in Materials and
Methods) were analyzed for T-bet vs control �-actin mRNA expression by
RT-PCR. In B and C, the indicated DC populations were analyzed for T-bet
protein expression by Western blotting and intracellular immunofluorescence
staining monitored by flow cytometry, respectively. D, Confocal immunofluo-
recence microscopic images of the indicated DC populations stained for ex-
pression of T-bet (green), phalloidin (red), and 4�,6�-diamidino-2-phenylindole
(DAPI; blue). Data are representative of at least three independent assays per-
formed for each panel.
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model to investigate DC.Tbet-induced specific responses from na-
ive vs memory T cell populations in vitro. Briefly, DC.Tbet or
control DCs were pulsed with 1 ng/ml SEB before coculture with
autologous naive (MACS-isolated CD45RO� cells) or memory

(MACS-isolated CD45RA�) bulk (CD4� and CD8�) T cells at a
DC:T cell ratio of 1:10 for 72 h. These conditions were chosen
based on dilutional analyses (supplemental Fig. 1) in which opti-
mal IFN-� was observed from responder T cells within both the
control DC- and DC.Tbet-stimulated cohorts at an SEB dose of
1 ng/ml.

As shown in Fig. 2A, IFN-� production from activated naive,
but not memory, bulk (CD4� and CD8�) T cells was significantly
up-regulated when primed by SEB-pulsed DC.Tbet vs SEB-
pulsed control DC ( p � 0.004). Macroscopically, DC.Tbet-ac-
tivated cultures developed from naive, bulk T cell precursors
contained very large cellular clusters (Fig. 2B), suggestive of
differentially enhanced T cell proliferation within such cultures.
However, a repeated series of assays implementing bulk
CD45RO� vs CD45RA� T cells that were prelabeled with 0.5
�M CFSE before coculture with control DCs or DC.Tbet, re-
vealed no significant changes in the frequencies of daughter cell
generations (CD45RO� T cells; Fig. 2, C and D) or T cell yields
on day 3 or 7 of culture (Fig. 2C), although the enhanced ability of
daughter T cells to produce IFN-� in DC.Tbet (� CD45RO � bulk
T cell) cocultures was readily apparent (Fig. 2D). This latter in-
crease was evident in both the percentage of IFN-��CSFElow�

events (Fig. 2D) and the approximate doubling in mean fluores-
cence intensity levels for IFN-� expression in responder T cells
(157 for DC.Tbet cultures vs 73 or 71 for DC.null or DC.�5 cul-
tures, respectively; data not shown). These data strongly suggest
that DC.Tbets enhance type 1 responses from bulk, CD45RO� T
cells via differential polarizing, rather than proliferative, signals.

Since our initial bulk CD45ROneg responder cell population also
contained a subpopulation of 	15–18% CD4�CD56� NK/NK T
cells (Fig. 3A), which could serve as a direct source of IFN-�
and/or act as an intermediary for DC-induced type 1 T cell func-
tion (34), we MACS-isolated CD45RO�CD56� T cells (Fig. 3A)
and repeated our in vitro stimulation assays using autologous SEB-
pulsed DC.Tbets vs control DCs as APCs. As shown in Fig. 3B,
depletion of CD56� cells from CD45RO�, bulk T cell responders
did not inhibit the ability of DC.Tbets to promote superior IFN-�

FIGURE 2. When compared with control DCs, DC.Tbets uniquely pro-
mote IFN-� responses from naive, but not memory, bulk T cells in vitro.
Bulk, naive (CD45RO�), or memory (CD45RA�) T cells were isolated by
negative selection and cultured with autologous, SEB-pulsed DC.Tbets or
control DCs at a ratio of 10:1, respectively. After 72 h, supernatants were
collected for analysis using IFN-� ELISA (A; �, p � 0.05 vs DC.null or
DC.�5), and the cocultures were assessed under bright-field microscopy
(�10; B). Identical cultures using CFSE-labeled T cells (gated on CD3�

cell populations) were analyzed for CFSE dilution based on daughter-cell
generation by flow cytometry and quantitated for cell yield (on days 3 and
7 of culture) in C. D, Intracellular expression of IFN-� in CFSE-labeled T
cells was evaluated after 72 h of coculture with DC.Tbets vs control DCs.
All data are representative of three independent assays performed.

FIGURE 3. DC.Tbets promote type
1 (IFN-�) responses from CD45RO�

CD56� and CD45RO�CD4�T cells
in vitro. Cultures were established
as outlined in Fig. 2A using bulk
CD45RO� cells or CD45RO� cells
depleted of contaminant CD56� cells
using MACS (A) as responders. Culture
supernatants were evaluated for IFN-�
production after 72 h of coculture using
a specific ELISA (B). Alternatively,
MACS-isolated CD45RO�CD4� and
CD45RA�CD4� T cells (C) were used
as responders, with day 3 culture super-
natants evaluated for IFN-� levels (D).
�, p � 0.05 for DC.Tbets vs DC.nulls
or DC.�5. All data are representative of
two independent assays performed.
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production. This was further corroborated for CD4� T responder
cells positively isolated from the CD45RO� and CD45RA� bulk
populations of cells (Fig. 3C), wherein SEB-pulsed, autologous
DC.Tbets elicited superior IFN-� production only from CD4�

CD45RO� responder T cells (Fig. 3D).
Having discounted the importance of contaminant NK cells as

a source of IFN-� resulting from DC.Tbet priming of bulk,
CD45RO� responder cells, we next considered differential respon-
siveness of the various T cell functional subsets to DC.Tbet-based
stimulation. Because T cell functional subsets may be discrimi-
nated into naive (CD45RO�CCR7�CD62L�), effector (TE;
CD45RO�CCR7�CD62Ldim� or CD45RA�CCR7�CD62Ldim�),
central memory (TCM; CD45RA�CCR7�CD62L�) and effector
memory (TEM; CD45RA�CCR7�CD62Ldim�) subpopulations
based on their composite phenotypes (35), we performed CCR7-
MACS selection after first isolating CD45RO� and CD45RA�

cells (Fig. 4A). These populations, enriched in the various T cell
functional subsets, were then stimulated with autologous SEB-
pulsed DC.Tbets vs control DCs for 72 h, and culture supernatants
were analyzed for IFN-� levels (Fig. 4B). Despite the lack of ab-
solute purity for each of the T cell functional subsets, only naive
T cells that were highly enriched (	90% pure) for the CCR7�

CD62L� phenotype exhibited differential responsiveness to DC.
Tbets (vs control DCs) based on a substantial up-regulation in their
production of IFN-� (Fig. 4B).

To further assess responder T cell polarization status, we iso-
lated CD3� T cells from DC-bulk T cell cocultures after 72 h and
analyzed these cells for their comparative expression of mRNAs
encoding trans activator proteins (i.e., T-bet (Th1), GATA-3

(Th2), ROR�t (Th17), and Foxp3, as Treg) linked to T cell func-
tion (Fig. 5A). We observed that naive T cells stimulated with
DC.Tbet cells were enriched (	5-fold as assessed by densitometry
analysis of gel bands; data not shown) in T-bet, and reduced in
GATA-3 (	4-fold), ROR�t (�2-fold) and Foxp3 (	5-fold) tran-
scripts when compared with T cells stimulated with control DCs
(Fig. 5A). Furthermore, because T-bet directly binds to the IL-
12R�2 promoter and enhances its expression in Th subsets (8), we
performed flow cytometry analyses on CD4� T cells harvested
from DC.Tbet-driven cultures established with naive T cell re-
sponders. These analyses revealed that responder T cells were en-
riched in cells bearing the IL-12R�2�T-bet� phenotype in DC.
Tbet (vs control DC)-driven cultures (supplemental Fig. 2A). Cor-
ollary studies revealed that DC.Tbet differentially (vs control DC)
induced naive (supplemental Fig. 2B), but not memory (supple-
mental Fig. 2C) Tc1 cell responses, based on CD8� T cell expres-
sion of IFN-� and granzyme B. Responder CD4� and CD8� T cell
expression of the CXCR3 chemokine receptor (associated with type 1
T cell recruitment into (inflammatory) tumor sites; Ref. 37) was also
increased 	2-fold (based on mean fluorescence intensity levels) if
these T cells had been activated by DC.Tbets vs control DCs (sup-
plemental Fig. 2A and data not shown).

FIGURE 4. DC.Tbet selectively prime type 1 (IFN-�) responses from
CD45RO�CCR7�CD62L� naive T cells in vitro. CD45RO� or
CD45RA� cells were subsequently subdivided into CCR7� and CCR7�

subpopulations using specific MACS beads and evaluated for their pheno-
types by flow cytometry using mAbs against CCR7 and CD62L (A). These
four cell populations were then used as responders against autologous,
SEB-pulsed DC.Tbet or control DC as described in Fig. 2A. Day 3 cocul-
ture supernatants were evaluated for IFN-� content by ELISA (B). �, p �
0.05 for DC.Tbet vs DC.null or DC.�5. All data are representative of two
independent assays performed. TE, Effector T cell; TCM, central memory T
cell; TEM, effector memory T cell.

FIGURE 5. DC.Tbets selectively prime naive, bulk T cells toward
type 1 polarization in vitro. Bulk CD45RO� or CD45RA� T cells were
stimulated with autologous, SEB-pulsed DC.Tbets vs control DCs as
described in Fig. 2A. A, CD3� T cells were MACS isolated from the
CD45RO� cocultures and RT-PCR performed to analyze relative Tbet,
GATA-3, Foxp3, ROR�t, and �-actin transcript levels. B, Day 3 co-
culture supernatants harvested from bulk T cell-DC cocultures were
analyzed for levels of IL-4, IL-17A, and IL-10 by specific ELISA. �,
p � 0.05 for DC.Tbet vs DC.null or DC.�5. C, Day 3 responder CD3�

T cells MAC isolated from cocultures initiated using CD45RO� re-
sponder cells were analyzed for intracellular IFN-�, IL-4, IL-17A, and
IL-10 by flow cytometry as outlined in Materials and Methods. D,
Cocultures were restimulated on day 5 with DC.Tbets or control DCs
(as outlined in Materials and Methods) and CD4� T cells MACS iso-
lated for analysis of intracellular expression of Foxp3 by flow cytom-
etry on day 14 (when Foxp3 expression is expected to be retained only
in Treg and nonactivated, non-Treg cells; Ref. 36). All data are repre-
sentative of three independent assays performed.
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DC.Tbet priming suppresses the generation of type 2 and Tregs
from naive precursors

Our preliminary analyses support large decreases in GATA-3 and
Foxp3 (and little to no change in ROR-�t) mRNA expression lev-
els in naive, bulk T cells primed using DC.Tbets vs control DCs
(Fig. 5A). To corroborate these findings at the protein level, we
assessed the polarization state of responding CD4� T cells by an-
alyzing their cytokine production profiles. We confirmed reduc-
tions in the levels of IL-4 and IL-10 produced by naive (but not
memory) T cells stimulated with autologous SEB-pulsed DC.Tbet
(vs control DC; p � 0.05) as analyzed in ELISA and intracellular
staining protocols (bulk cells analyzed in Fig. 5B and CD3� T
cells assessed in Fig. 5C, respectively). Also, the frequency of
responder CD4�Foxp3� T cells was reduced after activation of
naive (but not memory T cells) with SEB-pulsed DC.Tbets vs con-
trol DCs (Fig. 5D). In slight contradiction to the RT-PCR data
reported for ROR-�t in Fig. 5A, we noted a modest increase in
IL-17A protein production from naive T cells primed using DC.T-
bets vs control DCs (Fig. 5, B and C).

DC.Tbet induces type 1 polarization of naive T cells via a
mechanism that is independent of IL-12 cytokine family
members and requires DC-T cell contact/proximity

The ability of DC.Tbets to selectively augment type 1 responses
from naive T cells initially suggested the likely involvement of
DC-produced IL-12 family members such as IL-12p70, IL-23, and
IL-27 (8, 10, 11). We found that although DC.Tbets expressed
reduced levels of IL-27p28 mRNA, transcript levels for all other
IL-12- and IL-23-associated mRNAs, as well as a number of al-
ternate DC-associated cytokines were unchanged in DC.Tbets vs
control DCs (Fig. 6A). Strikingly, despite DC.Tbet exhibiting an
essentially control DC cytokine mRNA profile, these APCs were
profoundly suppressed (vs control DCs) in their capacity to secrete
any cytokine evaluated (i.e., IL-12p70, IL-23, TNF-�, and IL-10)
either spontaneously or in response to CD40 ligation or TLR stim-
ulation (Fig. 6B and supplemental Fig. 3). Consistent with the lack
of expression of IFN-� mRNA in any DC population analyzed in
Fig. 6A, IFN-� was not produced at detectable levels by any of the
DC cohorts (i.e., �4.7 pg/ml as determined by specific ELISA;
data not shown). Additional analyses suggest that the inability of
DC.Tbets to produce these cytokines was not the result of reduced
DC vitality or enhanced sensitivity of these APCs to apoptosis vs
control DC (supplemental Fig. 4).

Despite low levels of cytokine production by DC.Tbets, we
evaluated whether IL-12 family member cytokines (or IFN-� it-
self) were involved in the priming of type 1-polarized T cell re-
sponses by SEB-pulsed DC.Tbets vs control DCs. In vitro stimu-
lations of naive, bulk T cells were recapitulated in the absence or
presence of neutralizing/blocking Abs reactive against IL-12p70,
IL-23, IL12R�2, IL27R, and/or IFN-� (Fig. 7, A–C). IFN-� pro-
duction by T cells primed by all control DC populations (including
DC/IFN, DC/IFN plus LPS, and anti-DC1) was clearly dependent
on IL-12p70 and/or IFN-� itself, as well as a functional IL-12R�2-
dependent signaling pathway. However, this was not the case for
naive, bulk T cells activated using DC.Tbet cells. Indeed, antag-
onism of these cytokines/cytokine receptors did not significantly
affect the ability of DC.Tbets to prime type 1 T cell responses in
vitro (Fig. 7, A–C).

FIGURE 6. Impact of T-bet gene insertion on DC expression of cyto-
kine mRNA and secreted cytokine levels. DC.Tbet vs control DC were
analyzed for levels of the indicated cytokine mRNA (using RT-PCR in A)
and secreted cytokines (using specific ELISA in B) after CD40 ligation as
outlined in Materials and Methods. �, p � 0.05 vs DC.null and DC.�5
controls. All data are representative of three independent assays performed.

FIGURE 7. DC.Tbet induction of type 1 immunity
from naive T cell responders is independent of IL-12
family member cytokines and requires DC.Tbet-T cell
contact or their close proximity. DC-naive T cell cocul-
tures were established as outlined in Fig. 2 using SEB-
pulsed, autologous DC.Tbet, culture-conditioned DC
(i.e., DC.IFN, DC.IFN/LPS or �DC1 as described in
Fig. 1 and Materials and Methods) or control DC as
APC. Cocultures were developed in the absence or pres-
ence of control IgG or neutralizing/blocking anti-
IL12p70 (A), anti-IL-12p70, anti-IL23 or anti-IL-27R
pAbs (B), or anti-IL12p70, anti-IL12R�2 and/or anti-
IFN-� pAbs (C). In A–C experiments, cell-free super-
natants were harvested after 72 h of DC-T cell coculture
and levels of IFN-� determined using a specific ELISA.
�, p � 0.05 vs control IgG. D, Transwell assays were
performed as described in Materials and Methods, with
culture supernatants analyzed for levels of IFN-� via
ELISA. All data are reported as the mean � SD of trip-
licate well determinations and are representative of at
least three independent assays performed using different
donors.
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Because RT-PCR and ELISA analyses suggested the coordinate
silencing of cytokine secretion by DC.Tbet, this implicated the
likely dominant involvement of cell membrane interactions rather
than soluble mediators in the differential ability of DC.Tbet to
drive type 1 T cell responses in vitro. We confirmed this hypoth-
esis by coculturing CD45RO�, bulk T cells with anti-CD3/CD28
mAb-coated beads or with SEB-pulsed control DC in the upper
chambers of transwell plates, with DC.Tbets or control DCs placed
in the lower chambers. After 72 h of culture, supernatants har-
vested from the various T cell cultures were all found to contain
comparable levels of IFN-� (Fig. 7D), suggesting that physical
separation of DC.Tbets from responder T cells mitigates their ca-
pacity to promote superior type 1 immunity in vitro.

DC.Tbet promotes superior tumor Ag-specific, type 1 CD4� and
CD8� T cell responses in vitro

To determine whether DC.Tbets were capable of promoting en-
hanced Tc1 immunity against tumor Ags (such as EphA2, as in
Ref. 32, and gp100. as in Ref. 25), naive CD8� T cells were
isolated from HLA-A2� normal donors and then cocultured with
autologous DC.Tbets or control DCs pulsed with an equimolar
mixture of the EphA2883–891 and gp100209–217(2M) peptides. T
cells were restimulated after 7 days of culture and then assessed for
populational frequencies of peptide-specific, IFN-�-producing
CD8� T cells on day 14. We observed that T cell cultures primed
using DC.Tbets (vs control DCs) contained significant increases in
their frequencies of type 1 CD8� T cells reactive against both the
EphA2 and gp100 peptides, but not a negative control HIV-nef
peptide epitope (Fig. 8A). We observed elevated Ag-specific re-
sponses for the DC.Tbet-primed cohort of CD8� T cells regardless
of whether peptide-pulsed autologous DC.Tbets or PBMCs were
used as APCs in the restimulation phase of this experiment (Fig.
8A). This supports the likelihood that the dominant impact of
DC.Tbet on specific Tc1 responses occurs during the priming
phase.

To address whether DC.Tbet were similarly capable of promot-
ing improved TH1 responses against a tumor Ag, we initially
showed that these APCs were fully competent to uptake and pro-
cess exogenous recombinant MART-1 protein (in the form of a
freeze-thaw lysate of 293T previously transduced with a recombi-
nant adenovirus encoding hMART-1; supplemental Fig. 5) and
then present the derivative HLA-DR4-presented MART-151–73

epitope (38) to a peptide-specific CD4� T cell line (supplemental
Fig. 6). To determine whether MART-1 protein-pulsed DC.Tbet
cells were competent to preferentially prime type 1 responses from
naive CD4� T cell responders, DC.Tbets and control DCs were
loaded with 293T.MART1 lysate for 24h and then used to prime
and boost (on day 7 of culture) autologous, naive CD4� T cells
isolated from normal HLA-DR4� donors. As shown in Fig. 8B,
CD4� T cells analyzed on day 14 of culture displayed superior
levels of reactivity against the MART-151–73 peptide epitope in
IFN-� (and reduced specific responses in IL-5) ELISPOT assays
using autologous DC.nulls as APCs if they had been developed
using MART-1� lysate-pulsed DC.Tbet vs control DC ( p � 0.05).

Discussion
The transcription factor T-bet was originally identified as a master
regulator of Th1 development but has since been found to differ-
entially regulate genes in CD8� effector T cells, B cells, and NK
and NKT cells (39–41). In particular, Glimcher et al. (22, 23, 41)
have shown that endogenous expression of T-bet in DCs is nec-
essary for optimal induction of type 1 T cell responses. A major
finding in the current studies is that ectopic (over)expression of
T-bet (as a result of recombinant adenoviral T-bet cDNA delivery)

to license DC to preferentially support the in vitro development of
type 1 (over type 2 and Treg) polarized responses from naive
(CD45RO�CCR7�CD62L�), but not memory, T cell precursors.
Preferential enhancement in type 1 T cell development was re-
flected at the level of differential trans activator molecule mRNA
expressed (with T-bet increased and GATA-3, as well as Foxp3
being decreased) and cytokines secreted (with IFN-� increased,
and IL-4 as well as IL-10 being decreased). Furthermore, levels of
cell surface (CXCR3, IL-12R�2) and effector (granzyme B,
IFN-�) molecules associated with type 1 functionality were in-
creased in naive T cells after specific activation with DC.Tbets vs
control DCs. Although, ROR-�t mRNA transcripts appeared un-
affected or, in some cases, somewhat reduced in naive T cells
primed with DC.Tbets vs control DCs, we found that the level of
IL-17A secreted by these responder T cells tended to be modestly
increased ( p � 0.05 vs control DC-stimulated T cells). This may
not be too surprising due to the mutual functional exclusivity be-
tween Foxp3� Treg (suppressed after DC.Tbet stimulation) and
Th17 T cells (potential compensatory enhancement), as previously
reported by others (42). Furthermore, we did not detect Th17 cells
coproducing both IFN-� and IL-17A (Fig. 5C), suggesting that

FIGURE 8. DC.Tbet promotes superior tumor Ag-specific priming of type
1 T cell responses from naive CD8� T cell precursors in vitro. A, HLA-A2�

DC.Tbet or control (untreated of DC.�5) DC were pulsed with the HLA-A2-
presented tumor-associated peptides EphA2883–891 and gp100209–217(2M) and
used to stimulate autologous, MACS-isolated, naive CD8� T cells. Responder
T cell cultures were restimulated with identically prepared (peptide-pulsed,
autologous) DC or control PBMC on day 7, with restimulated cultures sup-
plemented with rhIL-2 and rhIL-7 (as outlined in Materials and Methods). On
day 14 of culture, Ag-specific TC1 responses were assessed in IFN-�
ELISPOT assays using HLA-A2� T2 cells as APC for relevant (EphA2,
gp100) vs irrelevant (HIV-nef190 –198 negative control) peptides. Data
are representative of one of three independent normal HLA-A2� donors
evaluated. B, Naive, CD4� T cells were isolated from the peripheral
blood of HLA-DR4� normal donors and stimulated on days 0 and 7
with autologous DC.Tbet or control DC that had been pre-pulsed for
24 h with a freeze-thaw lysate generated from HLA-DR4�MART-1�

293T human kidney epithelial cells infected with either Ad.MART-1 or
Ad.�5 control virus (MOI 20 for 24 h at 37°C). On day 14 of cultures,
responder CD4� T cells were analyzed in 24-h IFN-� ELISPOT assays
for reactivity against autologous DC.null cells pulsed with either the
HLA-DR4-presented MART-151–73 peptide epitope or the negative con-
trol HLA-DR4-presented HIV-nef192–204 peptide epitope. Representa-
tive data is depicted for 1 of 2 independent normal HLA-DR4� donors
evaluated. In both A and B, data are reported as the mean � SD of
triplicate assay determinations; �, p � 0.05 vs DC.null or DC.�5.
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IFN-� analyzed in our studies is stringently associated with bona
fide type 1 T cell responses.

A second major finding in our work relates to the IL-12 cytokine
family-independent mechanism(s) involved in DC.Tbet activation
of type 1 CD4� and CD8� effector cells from naive T cells. In-
deed, we noted that 1) production of IL-12p70, IL-23, and IL-27,
as well as all other cytokines evaluated, was suppressed in DC.
Tbets vs control DCs and 2) neutralizing Abs against IL-12p70,
IL-23p19, IL-12R�2, and IL-27R all failed to attenuate DC.Tbet-
mediated induction of type 1 responses from naive T cells. It re-
mains formally possible that the absence of cytokine (i.e., IL-23
and IL-27)-mediated signaling into T cells could reinforce their
type 1 functional polarization, as others have previously shown
that 1) IL-27 mediates the differentiation of naive T cells into
IL-10 producing Tr1 cells (43) and 2) signals mediated via the
IL-23R are crucial for the development of TH17 responses (44).

Results obtained in transwell assays support the critical impor-
tance of DC.Tbet-T cell interaction or proximity in order for type
1 polarizing signals to be conveyed during the T cell priming
event. Yet a survey of DC surface molecules for expression levels
revealed no striking differences between DC.Tbet and control
DC.�5 (or DC.EGFP) for MHC molecules, integrins, co-stim-
ulatory/inhibitory molecules or modulatory receptors (supple-
mental Figs. 7, 8, and 9A). CD70 and NOTCH ligands �-like-4
and Jagged-1 which have been previously shown to contribute
to the functional polarization of responder T cells by DCs (12,
13, 45), were not expressed (or expressed poorly) by DC.Tbet
(supplemental Fig. 9A), and appeared functionally irrelevant in
our model system since the inclusion of specific blocking re-
agents had no perceptible impact on the ability of DC.Tbet to
support enhanced type 1 responses from CD45RO�, bulk T
cells (supplemental Fig. 9B).

Overall, our data appear to support a novel mechanism by which
DC.Tbet preferentially prime type 1 T cell responses from naive T
cell precursors. This is manifest in enhanced DC-naive T cell clus-
tering at early phases of the induction process (i.e., day 3) via a
process that was not correlated with T cell proliferation/expansion
based on CFSE dilution analyses in vitro. These data could suggest
that DC.Tbet-naive T cell interactions may be uniquely prolonged
due to the sustained interfacing of key MHC/TCR and costimula-
tory/integrin/adhesion molecules and/or to the abbreviated impact
of coinhibitory or intercellular repulsion molecules (46–49), re-
sulting in a reinforced commitment of newly primed T cells toward
a state of type 1 functional polarization. It is also possible that
DC.Tbets may be refractory to dissociating signals, such as those
contributed via newly activated T cell-expressed CTLA-4 (50). If
such interactions underlie the observed selective priming of type 1
immunity by DC.Tbets, this could explain the inability of DC.Tbet
to affect superior type 1 responses from the activated, memory T
cell population, given that memory T cells are known to exhibit a
lower activation threshold requirement for both signal 1 (MHC/
peptide) and signal 2 (costimulation) when compared with naive T
cells (51). We are currently pursuing a further characterization
(genomic, proteomic) of changes occurring in DC.Tbet that may
be implicated in the selective priming type 1 responses from
CD45RO�CCR7�CD62L� T cells.

Type 1 T cell responses appear most efficient in regulating dis-
ease development and progression in the cancer setting (7, 24, 25,
27, 28, 30, 34). Hence, the ability to predictably generate tumor-
specific type 1 immunity is a major target for cancer immunother-
apy-based approaches. A means to accomplish this goal includes
the use of vaccines that may selectively and predictably augment
the development of Tc1 and Th1 effector T cell populations. Al-
though such vaccines have commonly integrated autologous DCs

as a biological adjuvant (7, 28, 52) over the past decade, significant
heterogeneity in DC subsets and variable states of maturation have
yielded equivocal results in both preclinical tumor models and
clinical trials applying DC-based modalities (52).

In this context, methods to condition or engineer DC1 that are
particularly competent to expand and develop type 1 T cell-medi-
ated antitumor immunity may improve clinical efficacy of DC-
based cancer vaccines. In this regard, (IL-12p70-independent)
DC.Tbets promote at least equitable type 1 T cell responses to
(IL-12p70-dependent) �DC1, a current gold standard for clinically
applied DC1 (25). Given the apparent non-overlapping mechanism
of type 1 immune induction by DC.Tbets and IL-12p70, it might
be envisioned that these two agents might act synergistically in
promoting Tc1 and Th1 responses. We are currently evaluating
this possibility in vitro.

Our in vitro stimulation experiments using tumor peptide (i.e.,
EphA2 and gp100) or protein (recombinant MART-1)-pulsed
DC.Tbets clearly support the improved capacity of this vaccine to
promote specific Tc1 and Th1 responses in vitro from naive CD8�

and CD4� T cells, respectively. Such type 1 T cells would be
predicted to be competent to both infiltrate tumor lesions (as as-
sociated increases in CXCR3 expression are observed) in vivo (36,
53) and to mediate robust antitumor activity within these sites (54).
Furthermore, because DC.Tbets retain their capacity to uptake
whole (tumor) proteins and to process and then prime tumor Ag-
specific, type 1 CD4� and CD8� T cell responses in vitro, they
may also be envisioned as a therapeutic modality to be injected
directly into tumor lesions in vivo (where they may acquire and
then preferentially prime type 1 antitumor T cell responses). Over-
all, the potent capacity of DC.Tbet to promote Ag-specific type 1
T cell responses while coordinately minimizing type 2/Treg func-
tional responses suggests that (DC.Tbet-based) vaccines may yield
enhanced therapeutic efficacy in vivo (55) in the settings of cancer
and infectious disease.

Acknowledgments
We thank Drs. James Finke, Rathindranath Baral, and Laurie Glimcher for
helpful comments provided during the performance of this work and the
preparation of this report.

Disclosures
The authors have no financial conflict of interest.

References
1. Rossi, M., and Young, J. W. 2005. Human dendritic cells: potent antigen-pre-

senting cells at the crossroads of innate and adaptive immunity. J. Immunol. 175:
1373–1381.

2. Heath, W. R., G. T. Belz, G. M. N. Behrens, C. M. Smith, S. P. Forehan,
I. A. Parish, G. M. Davey, N. S. Wilson, F. R. Carbone, and J. A. Villadangos.
2004. Cross-presentation, dendritic cell subsets, and the generation of immunity
to cellular antigens. Immunol. Rev. 199: 9–26.

3. Lucas, M., W. Schachterle, K. Oberle, P. Aichele, and A. Diefenbach. 2007.
Dendritic cells prime natural killer cells by trans-presenting interleukin 15. Im-
munity 26: 503–517.

4. Kapsenberg, M. L. 2003. Dendritic-cell control of pathogen-driven T-cell polar-
ization. Nat. Rev. Immunol. 3: 984–993.

5. Banerjee, D. K., M. V. Dhodapkar, E. Matayeva, R. M. Steinman, and
K. M. Dhodapkar. 2006. Expansion of Foxp3high regulatory T cells by human
dendritic cells in vitro and after injection of cytokine-matured DCs in myeloma
patients. Blood 108: 2655–2661.

6. van Beelen, A. J., Z. Zelinkova, E. W. Taanman-Kueter, F. J. Muller,
D. W. Hommes, S. A. J. Zaat, M. L. Kapsenberg, and E. C. de Jong. 2007.
Stimulation of the intracellular bacterial sensor NOD2 programs dendritic cells to
promote interleukin-17 production in human memory T cells. Immunity 27:
660–669.

7. Melief, C. J. M. 2008. Cancer immunotherapy by dendritic cells. Immunity 29:
372–383.

8. Hunter, C. A. 2005. New IL-12-family members: IL-23 and IL-27, cytokines with
divergent functions. Nat. Rev. Immunol. 5: 521–531.

9. Fujii, S., K. Liu, C. Smith, A. J. Bonito, and R. M. Steinman. 2004. The linkage
of innate to adaptive immunity via maturing dendritic cells in vivo requires CD40

7257The Journal of Immunology

https://www.researchgate.net/publication/23265709_Cancer_Immunotherapy_by_Dendritic_Cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/23265709_Cancer_Immunotherapy_by_Dendritic_Cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7745381_Hunter_CA_New_IL-12-family_members_IL-23_and_IL-27_cytokines_with_divergent_functions_Nat_Rev_Immunol_5_521-531?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7745381_Hunter_CA_New_IL-12-family_members_IL-23_and_IL-27_cytokines_with_divergent_functions_Nat_Rev_Immunol_5_521-531?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/5925020_Stimulation_of_the_Intracellular_Bacterial_Sensor_NOD2_Programs_Dendritic_Cells_to_Promote_Interleukin-17_Production_in_Human_Memory_T_Cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/5925020_Stimulation_of_the_Intracellular_Bacterial_Sensor_NOD2_Programs_Dendritic_Cells_to_Promote_Interleukin-17_Production_in_Human_Memory_T_Cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/5925020_Stimulation_of_the_Intracellular_Bacterial_Sensor_NOD2_Programs_Dendritic_Cells_to_Promote_Interleukin-17_Production_in_Human_Memory_T_Cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/5925020_Stimulation_of_the_Intracellular_Bacterial_Sensor_NOD2_Programs_Dendritic_Cells_to_Promote_Interleukin-17_Production_in_Human_Memory_T_Cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/5925020_Stimulation_of_the_Intracellular_Bacterial_Sensor_NOD2_Programs_Dendritic_Cells_to_Promote_Interleukin-17_Production_in_Human_Memory_T_Cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8474461_Heath_W_R_et_al_Cross-presentation_dendritic_cell_subsets_and_the_generation_of_immunity_to_cellular_antigens_Immunol_Rev_199_9-26?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8474461_Heath_W_R_et_al_Cross-presentation_dendritic_cell_subsets_and_the_generation_of_immunity_to_cellular_antigens_Immunol_Rev_199_9-26?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8474461_Heath_W_R_et_al_Cross-presentation_dendritic_cell_subsets_and_the_generation_of_immunity_to_cellular_antigens_Immunol_Rev_199_9-26?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8474461_Heath_W_R_et_al_Cross-presentation_dendritic_cell_subsets_and_the_generation_of_immunity_to_cellular_antigens_Immunol_Rev_199_9-26?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8984295_Kapsenberg_ML_Dendritic-cell_control_of_pathogen-driven_T-cell_polarization_Nat_Rev_Immunol_3_984-993?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8984295_Kapsenberg_ML_Dendritic-cell_control_of_pathogen-driven_T-cell_polarization_Nat_Rev_Immunol_3_984-993?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7711343_Human_Dendritic_Cells_Potent_Antigen-Presenting_Cells_at_the_Crossroads_of_Innate_and_Adaptive_Immunity?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7711343_Human_Dendritic_Cells_Potent_Antigen-Presenting_Cells_at_the_Crossroads_of_Innate_and_Adaptive_Immunity?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7711343_Human_Dendritic_Cells_Potent_Antigen-Presenting_Cells_at_the_Crossroads_of_Innate_and_Adaptive_Immunity?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/51381298_Dendritic_Cells_Prime_Natural_Killer_Cells_by_trans-Presenting_Interleukin_15?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/51381298_Dendritic_Cells_Prime_Natural_Killer_Cells_by_trans-Presenting_Interleukin_15?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/51381298_Dendritic_Cells_Prime_Natural_Killer_Cells_by_trans-Presenting_Interleukin_15?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8510800_The_Linkage_of_Innate_to_Adaptive_Immunity_via_Maturing_Dendritic_Cells_In_Vivo_Requires_CD40_Ligation_in_Addition_to_Antigen_Presentation_and_CD8086_Costimulation?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8510800_The_Linkage_of_Innate_to_Adaptive_Immunity_via_Maturing_Dendritic_Cells_In_Vivo_Requires_CD40_Ligation_in_Addition_to_Antigen_Presentation_and_CD8086_Costimulation?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8510800_The_Linkage_of_Innate_to_Adaptive_Immunity_via_Maturing_Dendritic_Cells_In_Vivo_Requires_CD40_Ligation_in_Addition_to_Antigen_Presentation_and_CD8086_Costimulation?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7020512_Banerjee_DK_Dhodapkar_MV_Matayeva_E_Steinman_RM_Dhodapkar_KM_Expansion_of_FOXP3high_regulatory_T_cells_by_human_dendritic_cells_DCs_in_vitro_and_after_injection_of_cytokine-matured_DCs_in_myeloma_pati?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7020512_Banerjee_DK_Dhodapkar_MV_Matayeva_E_Steinman_RM_Dhodapkar_KM_Expansion_of_FOXP3high_regulatory_T_cells_by_human_dendritic_cells_DCs_in_vitro_and_after_injection_of_cytokine-matured_DCs_in_myeloma_pati?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7020512_Banerjee_DK_Dhodapkar_MV_Matayeva_E_Steinman_RM_Dhodapkar_KM_Expansion_of_FOXP3high_regulatory_T_cells_by_human_dendritic_cells_DCs_in_vitro_and_after_injection_of_cytokine-matured_DCs_in_myeloma_pati?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7020512_Banerjee_DK_Dhodapkar_MV_Matayeva_E_Steinman_RM_Dhodapkar_KM_Expansion_of_FOXP3high_regulatory_T_cells_by_human_dendritic_cells_DCs_in_vitro_and_after_injection_of_cytokine-matured_DCs_in_myeloma_pati?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=


ligation in addition to antigen presentation and CD80/86 costimulation. J. Exp.
Med. 199: 1607–1618.

10. Lucas, S., N. Ghilardi, J. Li, and F. J. de Sauvage. 2003. IL-27 regulates IL-12
responsiveness of naive CD4� T cells through STAT1-dependent and -indepen-
dent mechanisms. Proc. Natl. Acad. Sci. USA 100: 15047–15052.

11. Watford, W. T., B. D. Hissong, J. H. Bream, Y. Kanno, L. Muul, and J. J. O’Shea.
2004. Signaling by IL-12 and IL-23 and the immunoregulatory roles of STAT4.
Immunol. Rev. 202: 139–156.

12. Skokos, D., and M. C. Nussenzweig. 2007. CD8- DCs induce IL-12-independent
Th1 differentiation through �4 notch-like ligand in response to bacterial LPS.
J. Exp. Med. 204: 1525–1531.

13. Soares, H., H. Waechter, N. Glaichenhaus, E. Mougneau, H. Yagita,
O. Mizenina, D. Dudziak, M. C. Nussenzweig, and R. M. Steinman. 2007. A
subset of dendritic cells induces CD4� T cells to produce IFN-� by an IL-12-
independent but CD70-dependent mechanism in vivo.. J. Exp. Med. 204:
1095–1106.

14. Mullen, A. C., F. A. High, A. S. Hutchins, H. W. Lee, A. V. Villarino,
D. M. Livingston, A. L. Kung, N. Cereb, T. P. Yao, S. Y. Yang, and S. L. Reiner.
2001. Role of T-bet in commitment of Th1 cells before IL-12-dependent selec-
tion. Science 292: 1907–1910.

15. Lighvani, A. A., D. M. Frucht, D. Jankovic, H. Yamane, J. Aliberti,
B. D. Hissong, B. V. Nguyen, M. Gadina, A. Sher, W. E. Paul, and J. J. O’Shea.
2001. T-bet is rapidly induced by interferon-� in lymphoid and myeloid cells.
Proc. Natl. Acad. Sci. USA 98: 15137–15142.

16. Afkarian, M., J. R. Sedy, J. Yang, N. G. Jacobson, N. Cereb, S. Y. Yang,
T. L. Murphy, and K. M. Murphy. 2002. T-bet is a STAT1-induced regulator of
IL-12R expression in naive CD4� T cells. Nat. Immunol. 3: 549–557.

17. Finotto, S., M. F. Neurath, J. N. Glickman, S. Qin, H. A. Lehr, F. H. Y. Green,
K. Ackerman, K. Haley, P. R. Galle, S. J. Szabo, et al. 2002. Development of
spontaneous airway changes consistent with human asthma in mice lacking T-bet.
Science 295: 336–338.

18. Usui, T., J. C. Preiss, Y. Kanno, Z. J. Yao, J. H. Bream, J. J. O’Shea, and
W. Strober. 2006. T-bet regulates Th1 responses through essential effects on
GATA-3 function rather than on IFN-� gene acetylation and transcription. J. Exp.
Med. 203: 755–766.

19. Lametschwandtner, G., T. Biedermann, C. Schwärzler, C. Günther, J. Kund,
S. Fassl, S. Hinteregger, N. Carballido-Perrig, S. J. Szabo, L. H. Glimcher, and
J. M. Carballido. 2004. Sustained T-bet expression confers polarized human Th2
cells with Th1-like cytokine production and migratory capacities. J. Allergy Clin.
Immunol. 113: 987–994.

20. Hwang, E. S., S. J. Szabo, P. L. Schwartzberg, and L. H. Glimcher. 2005. T
helper cell fate specified by kinase-mediated interaction of T-bet with GATA-3.
Science 307: 430–433.

21. Heckman, K. L., S. Radhakrishnan, T. Peikert, K. Iijima, H. C. McGregor,
M. P. Bell, H. Kita, and L. R. Pease, LR. 2008. T-bet expression by dendritic cells
is required for the repolarization of allergic airway inflammation. Eur. J. Immu-
nol. 38: 2464–2474.

22. Lugo-Villarino, G., R. Maldonado-Lopez, R. Possemato, C. Penaranda, and
L. H. Glimcher. 2003. T-bet is required for optimal production of IFN-� and
antigen-specific T cell activation by dendritic cells. Proc. Natl. Acad. Sci. USA
100: 7749–7754.

23. Lugo-Villarino, G., S. Ito, D. M. Klinman, and L. H. Glimcher. 2005. The ad-
juvant activity of CPG DNA requires T-bet expression in dendritic cells. Proc.
Natl. Acad. Sci. USA 102: 13248–13253.

24. Wesa, A., P. Kalinski, J. M. Kirkwood, T. Tatsumi, and W. J. Storkus. 2007.
Polarized type 1 dendritic cells (DC1) producing high levels of IL-12 family
members rescue patient Th1-type anti-melanoma CD4� T cell responses in vitro.
J. Immunother. 30: 75–82.

25. Maillard, R. B., A. Wankowicz-Kalinska, Q. Cai, A. Wesa, C. M. Hilkens,
M. L. Kapsenberg, J. M. Kirkwood, W. J. Storkus, and P. Kalinski. 2004.
�-type-1 polarized dendritic cells: a novel immunization tool with optimized
CTL-inducing activity. Cancer Res. 64: 5934–5937.

26. Li, H., W. Wojciechowski, C. Dell’Agnola, N. E. Lopez, and
I. Espinoza-Delgado. 2006. IFN-� and T-bet expression in human dendritic cells
from normal donors and cancer patients is controlled through mechanisms in-
volving ERK-1/2-dependent and IL-12-independent pathways. J. Immunol. 177:
3554–3563.

27. Vujanovic, L., E. Ranieri, A. Gambotto, W. C. Olson, J. M. Kirkwood, and
W. J. Storkus. 2006. IL-12p70 and IL-18 gene-modified dendritic cells loaded
with tumor antigen-derived peptides or recombinant protein effectively stimulate
specific type 1 CD4� T-cell responses from normal donors and melanoma pa-
tients in vitro. Cancer Gene Ther. 13: 798–805.

28. Butterfield, L. H., B. Comin-Anduix, L. Vujanovic, Y. Lee, V. B. Dissette,
J. Q. Yang, H. T. Vu, E. Seja, D. K. Oseguera, D. M. Potter, et al. 2008. Ade-
novirus MART-1-engineered autologous dendritic cell vaccine for metastatic
melanoma. J. Immunother. 31: 294–309.

29. van Kooten, C., and J. Banchereau. 2000. CD40-CD40 ligand. J. Leukocyte Biol.
67: 2–17.

30. Nestle, F. O., C. Thompson, Y. Shimizu, L. A. Turka, and B. J. Nickoloff. 1994.
Costimulation of superantigen-activated T lymphocytes by autologous dendritic
cells is dependent on B7. Cell. Immunol. 156: 220–229.

31. Herr, W., E. Ranieri, W. Olson, H. Zarour, L. Gesualdo, and W. J. Storkus. 2000.
Mature dendritic cells pulsed with freeze-thaw cell lysates define an effective in

vitro vaccine designed to elicit EBV-specific CD4� and CD8� T lymphocyte
responses. Blood 96: 1857–1864.

32. Tatsumi, T., C. J. Herrem, W. C. Olson, J. H. Finke, R. M. Bukowski,
M. S. Kinch, E. Ranieri, and W. J. Storkus. 2003. Disease stage variation in
CD4� and CD8� T-cell reactivity to the receptor tyrosine kinase EphA2 in pa-
tients with renal cell carcinoma. Cancer Res. 63: 4481–4489.

33. Kaufmann, D. E., P. M. Bailey, J. Sidney, B. Wagner, P. J. Norris,
M. N. Johnston, L. A. Cosimi, M. M. Addo, M. Lichterfeld, M. Altfeld, et al.
2004. Comprehensive analysis of human immunodeficiency virus type 1-specific
CD4 responses reveals marked immunodominance of gag and nef and the pres-
ence of broadly recognized peptides. J. Virol. 78: 4463–4477.

34. Kalinski, P., A. Giermasz, Y. Nakamura, P. Basse, W. J. Storkus,
J. M. Kirkwood, and R. B. Mailliard. 2005. Helper role of NK cells during the
induction of anticancer responses by dendritic cells. Mol. Immunol. 42: 535–539.

35. Sallusto, F., J. Geginat, A. Lanzavecchia. 2004. Central memory and effector
memory T cell subsets: function, generation, and maintenance. Annu. Rev. Im-
munol. 22: 745–763.

36. Wang, J., A. Ioan-Facsinay, E. I. van der Voort, T. W. Huizinga, and R. E. Toes.
2007. Transient expression of FOXP3 in human activated non-regulatory CD4�

T cells. Eur. J. Immunol. 37: 129–138.
37. Musha, H., H. Ohtani, T. Mizoi, M. Kinouchi, T. Nakayama, K. Shiiba,

K. Miyagawa, H. Nagura, O. Yoshie, and I. Sasaki. 2005. Selective infiltration of
CCR5�CXCR3� T lymphocytes in human colorectal carcinoma. Int. J. Cancer
116: 949–956.

38. Zarour, H. M., J. M. Kirkwood, L. S. Kierstead, W. Herr, V. Brusic,
C. L. Slingluff, Jr., J. Sidney, A. Sette, and W. J. Storkus. 2000. Melan-A/MART-
151–73 represents an immunogenic HLA-DR4-restricted epitope recognized by
melanoma-reactive CD4� T cells. Proc. Natl. Acad. Sci. USA 97: 400–405.

39. Townsend, M. J., A. S. Weinmann, J. L. Matsuda, R. Salomon, P. J. Farnham,
C. A. Biron, L. Gapin, and L. H. Glimcher. 2004. T-bet regulates the terminal
maturation and homeostasis of NK and V�14� NKT cells. Immunity 20:
477–494.

40. Intlekofer, A. M., N. Takemoto, E. J. Wherry, S. A. Longworth, J. T. Northrup,
V. R. Palanivel, A. C. Mullen, C. R. Gasink, S. M. Kaech, J. D. Miller, et al.
2005. Effector and memory CD8� T cell fate coupled by T-bet and eomesoder-
min. Nat. Immunol. 6: 1236–1244.

41. Sullivan, B. M., A. Juedes, S. J. Szabo, M. von Herrath, and L. H. Glimcher.
2003. Antigen-driven effector CD8 T cell function regulated by T-bet. Proc. Natl.
Acad. Sci. USA 100: 15818–15823.

42. Yang, X. O., R. Nurieva, G. J. Martinez, H. S. Kang, Y. Chung, B. P. Pappu,
B. Shah, S. H. Chang, K. S. Schluns, S. S. Watowich, et al. 2008. Molecular
antagonism and plasticity of regulatory and inflammatory T cell programs. Im-
munity 29: 44–56.

43. Awasthi, A., Y. Carrier, J. P. S. Peron, E. Bettelli, M. Kamanaka, R. A. Flavell,
V. K. Kuchroo, M. Oukka, and H. L. Weiner. 2007. A dominant function for
interleukin 27 in generating interleukin 10-producing anti-inflammatory T cells.
Nat. Immunol. 8: 1380–1389.

44. Zhou, L., I. I. Ivanov, R. Spolski, R. Min, K. Shenderov, T. Egawa, D. E. Levy,
W. J. Leonard, and D. R. Littman. 2007. IL-6 programs Th-17 cell differentiation
by promoting sequential engagement of the IL-21 and IL-23 pathways. Nat. Im-
munol. 8: 967–974.

45. Amsen, D., J. M. Blander, G. R. Lee, K. Tanigaki, T. Honjo, and R. A. Flavell.
2004. Instruction of distinct CD4 T helper cell fates by different notch ligands on
antigen-presenting cells. Cell 117: 515–526.

46. Reichardt, P., B. Dornbach, and M. Gunzer. 2007. The molecular makeup and
function of regulatory and effector synapses. Immunol. Rev. 218: 165–177.

47. Liwski, R. S., J. C. Chase, W. H. Baldridge, I. Sadek, G. Rowden, and
K. A. West. 2006. Prolonged costimulation is required for naive T cell activation.
Immunol. Lett. 106: 135–143.

48. Iezzi, G., K. Karjalainen, and A. Lanzavecchia. 1998. The duration of antigenic
stimulation determines the fate of naive and effector T cells. Immunity 8: 89–95.

49. Hurez, V., A. Saparov, A. Tousson, M. J. Fuller, T. Kubo, J. Oliver,
B. T. Weaver, and C. T. Weaver. 2003. Restricted clonal expression of IL-2 by
naive T cells reflects differential dynamic interactions with dendritic cells. J. Exp.
Med. 198: 123–132.

50. Celli, S., F. Lemaître, and P. Bousso. 2007. Real-time manipulation of T cell-
dendritic cell interactions in vivo reveals the importance of prolonged contacts for
CD4� T cell activation. Immunity 27: 625–634.

51. Geiger, R., Duhen, T., Lanzavecchia, A., and F. Sallusto. 2009. Human naive and
memory CD4� T cell repertoires specific for naturally processed antigens ana-
lyzed using libraries of amplified T cells. J. Exp. Med. 206: 1525–1534.

52. Vulink, A., K. J. Radford, C. Melief, and D. N. J. Hart. 2008. Dendritic cells in
cancer immunotherapy. Adv. Cancer Res. 99: 363–407.

53. Ikeda, H., K. Chamoto, T. Tsuji, Y. Suzuki, D. Wakita, T. Takeshima, and
T. Nishimura. 2004. The critical role of type 1 innate and acquired immunity in
tumor immunotherapy. Cancer Sci. 95: 697–703.

54. Hishii, M., J. T. Kurnick, T. Ramirez-Montagut, and F. Pandolfi. 1999. Studies of
the mechanism of cytolysis by tumour-infiltrating lymphocytes. Clin. Exp. Im-
munol. 116: 388–394.

55. Gao, Q., S. Qiu, J. Fan, J. Zhou, X. Wang, Y. Xiao, Y. Xu, Y. Li, and Z. Tang.
2007. Intratumoral balance of regulatory and cytotoxic T cells is associated with
prognosis of hepatocellular carcinoma after resection. J. Clin. Oncol. 25:
2586–2593.

7258 DC.Tbets ARE TYPE 1-POLARIZING APCs

https://www.researchgate.net/publication/6259934_Skokos_D_Nussenzweig_MC_CD8-_DCs_induce_IL-12-independent_Th1_differentiation_through_Delta_4_Notch-like_ligand_in_response_to_bacterial_LPS_J_Exp_Med_204_1525-1531?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/6259934_Skokos_D_Nussenzweig_MC_CD8-_DCs_induce_IL-12-independent_Th1_differentiation_through_Delta_4_Notch-like_ligand_in_response_to_bacterial_LPS_J_Exp_Med_204_1525-1531?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/6259934_Skokos_D_Nussenzweig_MC_CD8-_DCs_induce_IL-12-independent_Th1_differentiation_through_Delta_4_Notch-like_ligand_in_response_to_bacterial_LPS_J_Exp_Med_204_1525-1531?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/12359917_Mature_dendritic_ceIIs_puIsed_with_freeze-thaw_ceII_Iysates_define_an_effective_in_vitro_vaccine_designed_to_EBV-specific_CD4_and_CD8_T_Iymphocyte_eIicit_responses?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/12359917_Mature_dendritic_ceIIs_puIsed_with_freeze-thaw_ceII_Iysates_define_an_effective_in_vitro_vaccine_designed_to_EBV-specific_CD4_and_CD8_T_Iymphocyte_eIicit_responses?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/12359917_Mature_dendritic_ceIIs_puIsed_with_freeze-thaw_ceII_Iysates_define_an_effective_in_vitro_vaccine_designed_to_EBV-specific_CD4_and_CD8_T_Iymphocyte_eIicit_responses?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/12359917_Mature_dendritic_ceIIs_puIsed_with_freeze-thaw_ceII_Iysates_define_an_effective_in_vitro_vaccine_designed_to_EBV-specific_CD4_and_CD8_T_Iymphocyte_eIicit_responses?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8069568_T_Helper_Cell_Fate_Specified_by_Kinase-Mediated_Interaction_of_T-bet_with_GATA-3?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8069568_T_Helper_Cell_Fate_Specified_by_Kinase-Mediated_Interaction_of_T-bet_with_GATA-3?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8069568_T_Helper_Cell_Fate_Specified_by_Kinase-Mediated_Interaction_of_T-bet_with_GATA-3?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/6839286_IFN-_and_T-bet_Expression_in_Human_Dendritic_Cells_from_Normal_Donors_and_Cancer_Patients_Is_Controlled_through_Mechanisms_Involving_ERK-12-Dependent_and_IL-12-Independent_Pathways?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/6839286_IFN-_and_T-bet_Expression_in_Human_Dendritic_Cells_from_Normal_Donors_and_Cancer_Patients_Is_Controlled_through_Mechanisms_Involving_ERK-12-Dependent_and_IL-12-Independent_Pathways?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/6839286_IFN-_and_T-bet_Expression_in_Human_Dendritic_Cells_from_Normal_Donors_and_Cancer_Patients_Is_Controlled_through_Mechanisms_Involving_ERK-12-Dependent_and_IL-12-Independent_Pathways?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/6839286_IFN-_and_T-bet_Expression_in_Human_Dendritic_Cells_from_Normal_Donors_and_Cancer_Patients_Is_Controlled_through_Mechanisms_Involving_ERK-12-Dependent_and_IL-12-Independent_Pathways?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/6839286_IFN-_and_T-bet_Expression_in_Human_Dendritic_Cells_from_Normal_Donors_and_Cancer_Patients_Is_Controlled_through_Mechanisms_Involving_ERK-12-Dependent_and_IL-12-Independent_Pathways?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/12938201_Studies_of_the_mechanism_of_cytolysis_by_tumour-infiltrating_lymphocytes?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/12938201_Studies_of_the_mechanism_of_cytolysis_by_tumour-infiltrating_lymphocytes?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/12938201_Studies_of_the_mechanism_of_cytolysis_by_tumour-infiltrating_lymphocytes?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/13767382_The_Duration_of_Antigenic_Stimulation_Determines_the_Fate_of_Naive_and_Effector_T_Cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/13767382_The_Duration_of_Antigenic_Stimulation_Determines_the_Fate_of_Naive_and_Effector_T_Cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/5895720_Real-Time_Manipulation_of_T_Cell-Dendritic_Cell_Interactions_In_Vivo_Reveals_the_Importance_of_Prolonged_Contacts_for_CD4_T_Cell_Activation?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/5895720_Real-Time_Manipulation_of_T_Cell-Dendritic_Cell_Interactions_In_Vivo_Reveals_the_Importance_of_Prolonged_Contacts_for_CD4_T_Cell_Activation?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/5895720_Real-Time_Manipulation_of_T_Cell-Dendritic_Cell_Interactions_In_Vivo_Reveals_the_Importance_of_Prolonged_Contacts_for_CD4_T_Cell_Activation?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/6645637_Transient_expression_of_FOXP3_in_human_activated_nonregulatory_CD4_T_cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/6645637_Transient_expression_of_FOXP3_in_human_activated_nonregulatory_CD4_T_cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/6645637_Transient_expression_of_FOXP3_in_human_activated_nonregulatory_CD4_T_cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/5535567_Adenovirus_MART-1-engineered_Autologous_Dendritic_Cell_Vaccine_for_Metastatic_Melanoma?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/5535567_Adenovirus_MART-1-engineered_Autologous_Dendritic_Cell_Vaccine_for_Metastatic_Melanoma?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/5535567_Adenovirus_MART-1-engineered_Autologous_Dendritic_Cell_Vaccine_for_Metastatic_Melanoma?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/5535567_Adenovirus_MART-1-engineered_Autologous_Dendritic_Cell_Vaccine_for_Metastatic_Melanoma?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8975296_Lucas_S_Ghilardi_N_Li_J_et_al_IL-27_regulates_IL-12_responsiveness_of_naive_CD4_T_cells_through_Stat1-dependent_and_-independent_mechanisms?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8975296_Lucas_S_Ghilardi_N_Li_J_et_al_IL-27_regulates_IL-12_responsiveness_of_naive_CD4_T_cells_through_Stat1-dependent_and_-independent_mechanisms?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8975296_Lucas_S_Ghilardi_N_Li_J_et_al_IL-27_regulates_IL-12_responsiveness_of_naive_CD4_T_cells_through_Stat1-dependent_and_-independent_mechanisms?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7005218_T-bet_is_required_for_optimal_production_of_IFN-_and_antigen-specific_T_cell_activation_by_dendritic_cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7005218_T-bet_is_required_for_optimal_production_of_IFN-_and_antigen-specific_T_cell_activation_by_dendritic_cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7005218_T-bet_is_required_for_optimal_production_of_IFN-_and_antigen-specific_T_cell_activation_by_dendritic_cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7005218_T-bet_is_required_for_optimal_production_of_IFN-_and_antigen-specific_T_cell_activation_by_dendritic_cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7134944_Vujanovic_L_Ranieri_E_Gambotto_A_Olson_WC_Kirkwood_JM_and_Storkus_WJ_IL-12p70_and_IL-18_gene-modified_dendritic_cells_loaded_with_tumor_antigen-derived_peptides_or_recombinant_protein_effectively_stim?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7134944_Vujanovic_L_Ranieri_E_Gambotto_A_Olson_WC_Kirkwood_JM_and_Storkus_WJ_IL-12p70_and_IL-18_gene-modified_dendritic_cells_loaded_with_tumor_antigen-derived_peptides_or_recombinant_protein_effectively_stim?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7134944_Vujanovic_L_Ranieri_E_Gambotto_A_Olson_WC_Kirkwood_JM_and_Storkus_WJ_IL-12p70_and_IL-18_gene-modified_dendritic_cells_loaded_with_tumor_antigen-derived_peptides_or_recombinant_protein_effectively_stim?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7134944_Vujanovic_L_Ranieri_E_Gambotto_A_Olson_WC_Kirkwood_JM_and_Storkus_WJ_IL-12p70_and_IL-18_gene-modified_dendritic_cells_loaded_with_tumor_antigen-derived_peptides_or_recombinant_protein_effectively_stim?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7134944_Vujanovic_L_Ranieri_E_Gambotto_A_Olson_WC_Kirkwood_JM_and_Storkus_WJ_IL-12p70_and_IL-18_gene-modified_dendritic_cells_loaded_with_tumor_antigen-derived_peptides_or_recombinant_protein_effectively_stim?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7624771_The_adjuvant_activity_of_CpG_DNA_requires_T-bet_expression_in_dendritic_cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7624771_The_adjuvant_activity_of_CpG_DNA_requires_T-bet_expression_in_dendritic_cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7624771_The_adjuvant_activity_of_CpG_DNA_requires_T-bet_expression_in_dendritic_cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7014637_Prolonged_costimulation_is_required_for_naive_T_cell_activation?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7014637_Prolonged_costimulation_is_required_for_naive_T_cell_activation?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7014637_Prolonged_costimulation_is_required_for_naive_T_cell_activation?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/30834242_Costimulation_of_Superantigen-Activated_T_Lymphocytes_by_Autologous_Dendritic_Cells_Is_Dependent_on_B7?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/30834242_Costimulation_of_Superantigen-Activated_T_Lymphocytes_by_Autologous_Dendritic_Cells_Is_Dependent_on_B7?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/30834242_Costimulation_of_Superantigen-Activated_T_Lymphocytes_by_Autologous_Dendritic_Cells_Is_Dependent_on_B7?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/11364228_Afkarian_M_et_al_T-bet_is_a_STAT1-induced_regulator_of_IL-12R_expression_in_naive_CD4_T_cells_Nature_Immunol_3_549-557?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/11364228_Afkarian_M_et_al_T-bet_is_a_STAT1-induced_regulator_of_IL-12R_expression_in_naive_CD4_T_cells_Nature_Immunol_3_549-557?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/11364228_Afkarian_M_et_al_T-bet_is_a_STAT1-induced_regulator_of_IL-12R_expression_in_naive_CD4_T_cells_Nature_Immunol_3_549-557?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/23283973_Heckman_KL_et_al_T-bet_expression_by_dendritic_cells_is_required_for_the_repolarization_of_allergic_airway_inflammation_Eur_J_Immunol_38_2464-2474?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/23283973_Heckman_KL_et_al_T-bet_expression_by_dendritic_cells_is_required_for_the_repolarization_of_allergic_airway_inflammation_Eur_J_Immunol_38_2464-2474?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/23283973_Heckman_KL_et_al_T-bet_expression_by_dendritic_cells_is_required_for_the_repolarization_of_allergic_airway_inflammation_Eur_J_Immunol_38_2464-2474?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/23283973_Heckman_KL_et_al_T-bet_expression_by_dendritic_cells_is_required_for_the_repolarization_of_allergic_airway_inflammation_Eur_J_Immunol_38_2464-2474?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/10683954_Restricted_Clonal_Expression_of_IL-2_By_Naive_T_Cells_Reflects_Differential_Dynamic_Interactions_with_Dendritic_Cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/10683954_Restricted_Clonal_Expression_of_IL-2_By_Naive_T_Cells_Reflects_Differential_Dynamic_Interactions_with_Dendritic_Cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/10683954_Restricted_Clonal_Expression_of_IL-2_By_Naive_T_Cells_Reflects_Differential_Dynamic_Interactions_with_Dendritic_Cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/10683954_Restricted_Clonal_Expression_of_IL-2_By_Naive_T_Cells_Reflects_Differential_Dynamic_Interactions_with_Dendritic_Cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/51363952_Melan-AMART-151-73_represents_an_immunogenic_HLA-DR4-restricted_epitope_recognized_by_melanoma-reactive_CD4_T_cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/51363952_Melan-AMART-151-73_represents_an_immunogenic_HLA-DR4-restricted_epitope_recognized_by_melanoma-reactive_CD4_T_cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/51363952_Melan-AMART-151-73_represents_an_immunogenic_HLA-DR4-restricted_epitope_recognized_by_melanoma-reactive_CD4_T_cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/51363952_Melan-AMART-151-73_represents_an_immunogenic_HLA-DR4-restricted_epitope_recognized_by_melanoma-reactive_CD4_T_cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8623892_Comprehensive_Analysis_of_Human_Immunodeficiency_Virus_Type_1-Specific_CD4_Responses_Reveals_Marked_Immunodominance_of_gag_and_nef_and_the_Presence_of_Broadly_Recognized_Peptides?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8623892_Comprehensive_Analysis_of_Human_Immunodeficiency_Virus_Type_1-Specific_CD4_Responses_Reveals_Marked_Immunodominance_of_gag_and_nef_and_the_Presence_of_Broadly_Recognized_Peptides?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8623892_Comprehensive_Analysis_of_Human_Immunodeficiency_Virus_Type_1-Specific_CD4_Responses_Reveals_Marked_Immunodominance_of_gag_and_nef_and_the_Presence_of_Broadly_Recognized_Peptides?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8623892_Comprehensive_Analysis_of_Human_Immunodeficiency_Virus_Type_1-Specific_CD4_Responses_Reveals_Marked_Immunodominance_of_gag_and_nef_and_the_Presence_of_Broadly_Recognized_Peptides?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8623892_Comprehensive_Analysis_of_Human_Immunodeficiency_Virus_Type_1-Specific_CD4_Responses_Reveals_Marked_Immunodominance_of_gag_and_nef_and_the_Presence_of_Broadly_Recognized_Peptides?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8573388_Lametschwandtner_G_et_al_Sustained_T-bet_expression_confers_polarized_human_TH2_cells_with_TH1-like_cytokine_production_and_migratory_capacities_J_Allergy_Clin_Immunol_113_987-994?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8573388_Lametschwandtner_G_et_al_Sustained_T-bet_expression_confers_polarized_human_TH2_cells_with_TH1-like_cytokine_production_and_migratory_capacities_J_Allergy_Clin_Immunol_113_987-994?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8573388_Lametschwandtner_G_et_al_Sustained_T-bet_expression_confers_polarized_human_TH2_cells_with_TH1-like_cytokine_production_and_migratory_capacities_J_Allergy_Clin_Immunol_113_987-994?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8573388_Lametschwandtner_G_et_al_Sustained_T-bet_expression_confers_polarized_human_TH2_cells_with_TH1-like_cytokine_production_and_migratory_capacities_J_Allergy_Clin_Immunol_113_987-994?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8573388_Lametschwandtner_G_et_al_Sustained_T-bet_expression_confers_polarized_human_TH2_cells_with_TH1-like_cytokine_production_and_migratory_capacities_J_Allergy_Clin_Immunol_113_987-994?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8243351_The_critical_role_of_type-1_innate_and_acquired_immunity_in_tumor_immunotherapy?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8243351_The_critical_role_of_type-1_innate_and_acquired_immunity_in_tumor_immunotherapy?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8243351_The_critical_role_of_type-1_innate_and_acquired_immunity_in_tumor_immunotherapy?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/6213157_The_molecular_makeup_and_function_of_regulatory_and_effector_synapses?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/6213157_The_molecular_makeup_and_function_of_regulatory_and_effector_synapses?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/6602982_Polarized_Type-1_Dendritic_Cells_DC1_Producing_High_Levels_of_IL-12_Family_Members_Rescue_Patient_TH1-type_Antimelanoma_CD4_T_cell_Responses_In_Vitro?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/6602982_Polarized_Type-1_Dendritic_Cells_DC1_Producing_High_Levels_of_IL-12_Family_Members_Rescue_Patient_TH1-type_Antimelanoma_CD4_T_cell_Responses_In_Vitro?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/6602982_Polarized_Type-1_Dendritic_Cells_DC1_Producing_High_Levels_of_IL-12_Family_Members_Rescue_Patient_TH1-type_Antimelanoma_CD4_T_cell_Responses_In_Vitro?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/6602982_Polarized_Type-1_Dendritic_Cells_DC1_Producing_High_Levels_of_IL-12_Family_Members_Rescue_Patient_TH1-type_Antimelanoma_CD4_T_cell_Responses_In_Vitro?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/5852884_Awasthi_A_et_al_A_dominant_function_for_interleukin_27_in_generating_interleukin_10-producing_anti-inflammatory_T_cells_Nat_Immunol_8_1380-1389?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/5852884_Awasthi_A_et_al_A_dominant_function_for_interleukin_27_in_generating_interleukin_10-producing_anti-inflammatory_T_cells_Nat_Immunol_8_1380-1389?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/5852884_Awasthi_A_et_al_A_dominant_function_for_interleukin_27_in_generating_interleukin_10-producing_anti-inflammatory_T_cells_Nat_Immunol_8_1380-1389?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/5852884_Awasthi_A_et_al_A_dominant_function_for_interleukin_27_in_generating_interleukin_10-producing_anti-inflammatory_T_cells_Nat_Immunol_8_1380-1389?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7882494_Selective_infiltration_of_CCR5CXCR3_T_lymphocytes_in_human_colorectal_carcinoma_Int_J_Cancer?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7882494_Selective_infiltration_of_CCR5CXCR3_T_lymphocytes_in_human_colorectal_carcinoma_Int_J_Cancer?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7882494_Selective_infiltration_of_CCR5CXCR3_T_lymphocytes_in_human_colorectal_carcinoma_Int_J_Cancer?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/7882494_Selective_infiltration_of_CCR5CXCR3_T_lymphocytes_in_human_colorectal_carcinoma_Int_J_Cancer?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8121878_Helper_role_of_NK_cells_during_the_induction_of_anticancer_responses_by_dendritic_cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8121878_Helper_role_of_NK_cells_during_the_induction_of_anticancer_responses_by_dendritic_cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8121878_Helper_role_of_NK_cells_during_the_induction_of_anticancer_responses_by_dendritic_cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/10621825_Disease_stage_variation_in_CD4_and_CD8_T-cell_reactivity_to_the_receptor_tyrosine_kinase_EphA2_in_patients_with_renal_cell_carcinoma?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/10621825_Disease_stage_variation_in_CD4_and_CD8_T-cell_reactivity_to_the_receptor_tyrosine_kinase_EphA2_in_patients_with_renal_cell_carcinoma?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/10621825_Disease_stage_variation_in_CD4_and_CD8_T-cell_reactivity_to_the_receptor_tyrosine_kinase_EphA2_in_patients_with_renal_cell_carcinoma?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/10621825_Disease_stage_variation_in_CD4_and_CD8_T-cell_reactivity_to_the_receptor_tyrosine_kinase_EphA2_in_patients_with_renal_cell_carcinoma?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8961761_Antigen-driven_effector_CD8_T_cell_function_regulated_by_T-bet?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8961761_Antigen-driven_effector_CD8_T_cell_function_regulated_by_T-bet?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8961761_Antigen-driven_effector_CD8_T_cell_function_regulated_by_T-bet?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/11941543_Mullen_A_C_et_al_Role_of_T-bet_in_commitment_of_TH1_cells_before_IL-12-dependent_selection_Science_292_1907-1910?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/11941543_Mullen_A_C_et_al_Role_of_T-bet_in_commitment_of_TH1_cells_before_IL-12-dependent_selection_Science_292_1907-1910?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/11941543_Mullen_A_C_et_al_Role_of_T-bet_in_commitment_of_TH1_cells_before_IL-12-dependent_selection_Science_292_1907-1910?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/11941543_Mullen_A_C_et_al_Role_of_T-bet_in_commitment_of_TH1_cells_before_IL-12-dependent_selection_Science_292_1907-1910?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8181430_Signaling_by_IL-12_and_IL-23_and_the_immunoregulatory_roles_of_STAT4?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8181430_Signaling_by_IL-12_and_IL-23_and_the_immunoregulatory_roles_of_STAT4?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8181430_Signaling_by_IL-12_and_IL-23_and_the_immunoregulatory_roles_of_STAT4?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/5271175_Molecular_Antagonism_and_Plasticity_of_Regulatory_and_Inflammatory_T_Cell_Programs?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/5271175_Molecular_Antagonism_and_Plasticity_of_Regulatory_and_Inflammatory_T_Cell_Programs?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/5271175_Molecular_Antagonism_and_Plasticity_of_Regulatory_and_Inflammatory_T_Cell_Programs?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/5271175_Molecular_Antagonism_and_Plasticity_of_Regulatory_and_Inflammatory_T_Cell_Programs?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/11571120_Finotto_S_et_al_Development_of_spontaneous_airway_changes_consistent_with_human_asthma_in_mice_lacking_T-bet_Science_295_336-338?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/11571120_Finotto_S_et_al_Development_of_spontaneous_airway_changes_consistent_with_human_asthma_in_mice_lacking_T-bet_Science_295_336-338?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/11571120_Finotto_S_et_al_Development_of_spontaneous_airway_changes_consistent_with_human_asthma_in_mice_lacking_T-bet_Science_295_336-338?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/11571120_Finotto_S_et_al_Development_of_spontaneous_airway_changes_consistent_with_human_asthma_in_mice_lacking_T-bet_Science_295_336-338?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8370957_-Type-1_Polarized_Dendritic_Cells_A_Novel_Immunization_Tool_with_Optimized_CTL-inducing_Activity?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8370957_-Type-1_Polarized_Dendritic_Cells_A_Novel_Immunization_Tool_with_Optimized_CTL-inducing_Activity?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8370957_-Type-1_Polarized_Dendritic_Cells_A_Novel_Immunization_Tool_with_Optimized_CTL-inducing_Activity?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/8370957_-Type-1_Polarized_Dendritic_Cells_A_Novel_Immunization_Tool_with_Optimized_CTL-inducing_Activity?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/5811100_Dendritic_Cells_in_Cancer_Immunotherapy?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/5811100_Dendritic_Cells_in_Cancer_Immunotherapy?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/247440864_Corrigendum_Effector_and_memory_CD8_T_cell_fate_coupled_by_T-bet_and_eomesodermin?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/247440864_Corrigendum_Effector_and_memory_CD8_T_cell_fate_coupled_by_T-bet_and_eomesodermin?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/247440864_Corrigendum_Effector_and_memory_CD8_T_cell_fate_coupled_by_T-bet_and_eomesodermin?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/247440864_Corrigendum_Effector_and_memory_CD8_T_cell_fate_coupled_by_T-bet_and_eomesodermin?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/230866755_Instruction_of_Distinct_CD4_T_Helper_Cell_Fates_by_Different_Notch_Ligands_on_Antigen-Presenting_Cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/230866755_Instruction_of_Distinct_CD4_T_Helper_Cell_Fates_by_Different_Notch_Ligands_on_Antigen-Presenting_Cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/230866755_Instruction_of_Distinct_CD4_T_Helper_Cell_Fates_by_Different_Notch_Ligands_on_Antigen-Presenting_Cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/240209299_176_IL6_Programs_TH-17_Cell_Differentiation_by_Promoting_the_Sequential_Engagement_of_the_IL21_and_IL23_Pathways?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/240209299_176_IL6_Programs_TH-17_Cell_Differentiation_by_Promoting_the_Sequential_Engagement_of_the_IL21_and_IL23_Pathways?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/240209299_176_IL6_Programs_TH-17_Cell_Differentiation_by_Promoting_the_Sequential_Engagement_of_the_IL21_and_IL23_Pathways?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/240209299_176_IL6_Programs_TH-17_Cell_Differentiation_by_Promoting_the_Sequential_Engagement_of_the_IL21_and_IL23_Pathways?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/292741171_Human_naive_and_memory_CD4_T_cell_repertoires_specific_for_naturally_processed_antigens_analyzed_using_libraries_of_amplified_T_cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/292741171_Human_naive_and_memory_CD4_T_cell_repertoires_specific_for_naturally_processed_antigens_analyzed_using_libraries_of_amplified_T_cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/292741171_Human_naive_and_memory_CD4_T_cell_repertoires_specific_for_naturally_processed_antigens_analyzed_using_libraries_of_amplified_T_cells?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/280954856_A_subset_of_dendritic_cells_induces_CD4_T_cells_to_produce_IFN-gamma_by_an_IL-12-independent_but_CD70-dependent_mechanism_in_vivo?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/280954856_A_subset_of_dendritic_cells_induces_CD4_T_cells_to_produce_IFN-gamma_by_an_IL-12-independent_but_CD70-dependent_mechanism_in_vivo?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/280954856_A_subset_of_dendritic_cells_induces_CD4_T_cells_to_produce_IFN-gamma_by_an_IL-12-independent_but_CD70-dependent_mechanism_in_vivo?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/280954856_A_subset_of_dendritic_cells_induces_CD4_T_cells_to_produce_IFN-gamma_by_an_IL-12-independent_but_CD70-dependent_mechanism_in_vivo?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/280954856_A_subset_of_dendritic_cells_induces_CD4_T_cells_to_produce_IFN-gamma_by_an_IL-12-independent_but_CD70-dependent_mechanism_in_vivo?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/296857353_T-bet_regulates_Th1_responses_through_essential_effects_on_GATA-3_function_rather_than_on_IFNG_gene_acetylation_and_transcription_vol_23_pg_755_2006?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/296857353_T-bet_regulates_Th1_responses_through_essential_effects_on_GATA-3_function_rather_than_on_IFNG_gene_acetylation_and_transcription_vol_23_pg_755_2006?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/296857353_T-bet_regulates_Th1_responses_through_essential_effects_on_GATA-3_function_rather_than_on_IFNG_gene_acetylation_and_transcription_vol_23_pg_755_2006?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=
https://www.researchgate.net/publication/296857353_T-bet_regulates_Th1_responses_through_essential_effects_on_GATA-3_function_rather_than_on_IFNG_gene_acetylation_and_transcription_vol_23_pg_755_2006?el=1_x_8&enrichId=rgreq-420e0158-50d0-44f9-adf2-de1ededcbcb3&enrichSource=Y292ZXJQYWdlOzM4MDkxMDA1O0FTOjk3NTk1Njg2OTE2MTAwQDE0MDAyODAwMzMzODQ=

	Howard University
	From the SelectedWorks of Michael Lipscomb
	October, 2009

	Ectopic T-bet Expression Licenses Dendritic Cells for IL-12-Independent Priming of Type 1 T Cells In Vitro
	tmpvbKbSI.pdf

