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RORgt is the master transcription factor for the Th17 cells. Paradoxically, in the intestine, RORgt is coexpressed in peripherally
induced regulatory T cells (pTregs) together with Foxp3, the master transcription factor for Tregs. Unexpectedly, by an unknown
mechanism, colonic RORgt+ Tregs show an enhanced suppressor function and prevent intestinal inflammation more efficiently than
RORgt-nonexpressing pTregs. Although studies have elucidated the function of RORgt in Th17 cells, how RORgt regulates pTreg
function is not understood. In our attempt to understand the role of RORgt in controlling Treg function, we discovered a RORgt-
driven pathway that modulates the regulatory (suppressor) function of colonic Tregs. We found that RORgt plays an essential role in
maintaining Foxp3 expression. RORgt-deficient Tregs failed to sustain Foxp3 expression with concomitant upregulation of T-bet and
IFN-g expressions. During colitis induced by adoptive transfer of CD45RBhi cells in Rag12/2 mice, RORgt-deficient colonic Tregs
transitioned to a Th1-like effector phenotype and lost their suppressor function, leading to severe colitis with significant mortality.
Accordingly, Foxp3-expressing, RORgt-deficient Tregs showed impaired therapeutic efficacy in ameliorating colitis that is not due to
their reduced survival. Moreover, using the Treg-specific RORgt and T-bet double-deficient gene knockout mouse, we demonstrate that
deletion of T-bet from RORgt-deficient Tregs restored Foxp3 expression and suppression function as well as prevented onset of severe
colitis. Mechanistically, our study suggests that RORgt-mediated repression of T-bet is critical to regulating the immunosuppressive
function of colonic Tregs during the inflammatory condition. The Journal of Immunology, 2021, 207: 2027�2038.

Regulatory T cells (Tregs) suppress inflammation and play a
key role in the pathogenesis of inflammatory bowel disease
(IBD). During inflammation, the function of Tregs is fre-

quently altered, diverting them from “regulatory or suppressor” to
“effector” phenotypes, thereby compromising or altering their sup-
pressor function (1�3). Additionally, experimental and clinical data
from IBD patients suggest that functional adaptation of Tregs con-
tributes to the development of IBD (3�5). Moreover, responsiveness
to biological therapy in IBD patients is associated with increased
frequency of FOXP31 Tregs (6, 7). Therefore, targeting new
immune pathways that control Treg function is necessary for devis-
ing novel therapeutic strategies against IBD.
RORgt is the master transcription factor (TF) for the Th17 subset of

CD41 T cells (8). Unexpectedly, in the colon, RORgt is coexpressed in
Tregs with Foxp3, the master TF for Tregs (9, 10). Colonic RORgt1

Tregs show an enhanced immunosuppressive function and restrain intesti-
nal inflammation more effectively than RORgt-nonexpressing Tregs (9,
10). RORgt1 Tregs constitute 40% of colonic Tregs in humans and are
implicated in protection against IBD (9�12). How RORgt regulates
colonic Treg function is poorly understood. In this study, we have
addressed two fundamental questions: 1) How does RORgt promote the
suppressor function of colonic Tregs? 2) How do antagonistic TFs like
RORgt and Foxp3 interact to modulate Treg function? In our attempt to

understand the role of RORgt in controlling colonic Treg function, we
discovered a RORgt-driven signaling pathway that regulates the suppres-
sor function of Tregs. In the absence of RORgt, Tregs failed to maintain
Foxp3 expression both in vitro and during colitis. Treg-specific deletion
of RORgt worsened colitis with significantly higher mortality. Moreover,
in absence of RORgt, Tregs transitioned from a regulatory to a Th1-like
effector phenotype with compromised suppressor function associated with
downregulation of the immune checkpoint molecule, programmed cell
death-1 (PD-1), which is known to be critical for the sustenance of Foxp3
expression and maintenance of Tregs. Combined deletion of RORgt and
T-bet restored Foxp3 expression and rescued Rag1�/� mice from severe
colitis and mortality. Our findings suggest RORgt antagonizes T-bet for
promoting the suppressor function of colonic Tregs. We found that
RORgt modulates Tregs by promoting their regulatory function while
antagonizing alternative effector fate during colitis. Thus RORgt is a criti-
cal switch for modulating regulatory versus effector programs in colonic
Tregs than can be effectively exploited in the therapy of IBD.

Materials and Methods
Mice and reagents

The following mice strains used were purchased from Jackson Laboratory:
C57BL/6J (B6), Rag1�/�, B6.129(Cg)-Foxp3tm4(YFP/icre)Ayr/J (Foxp3YFP-Cre),
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B6(Cg)-Rorctm3Litt/J, and B6.129-Tbx21tm2Srnr/J. The mice strains Foxp3YFP-Cre.
Rorcfl/fl and Foxp3YFP-Cre Rorcfl/fl Tbx21fl/fl were generated in house. Mice
were bred and maintained according to University of Alabama at Bir-
mingham Institutional Animal Care and Use Committee. For all experi-
ments, we used 6- to 10-wk-old male or female mice. All of the Abs
were purchased from either eBioscience, BD Biosciences, BioLegend, or
Fisher Scientific. For example, CD3, CD4, CD25, CD62L, CD44,
CD45RB, CD45.1, CD45.2, PD1 (29F.1A12 or J43), CTLA-4 (UC10-
4B9), GITR (DTA-1), T-bet (eBio4B10), Foxp3 (FJK-16S), RORgt
(AFKJS-9), Gata-3 (16E10A23), IL-17A (TC11-18H10 or eBio17B7),
IFN-g (XMG1.2), IL-6 (MP5-20F3), and IL-23 (G23-8) were used.

In vitro Treg and Th17 differentiation

Naive CD41 T cells from spleens or lymph nodes of 8- to 10-wk-old male or
female mice were purified by flow cytometric sorting on a FACSAria II instru-
ment (BDBioscience) by gating on the CD41CD25�CD62LhiCD44lo fraction.
Sorted naive CD41 T cells from wild type (WT) B6, Foxp3YFP-Cre,
Foxp3YFP-Cre.Rorcfl/fl, or Foxp3YFP-Cre.Rorcfl/flTbx21fl/fl mice were stimulated
polyclonally in the presence of plate-bound anti-CD3 (2C11; 5 mg/ml) and sol-
uble anti-CD28 (37.51; 5mg/ml) along with the presence or absence of 1 nM
all-trans retinoic acid (RA; Sigma) and rhTGF-b (5 ng/ml; R&D Systems) in
RPMI-1640 containing 10% FBS, 100 IU/ml penicillin, 100 mg/ml streptomy-
cin, 1 mM sodium pyruvate, NEAA, 50 mM 2-ME, and 2 mM L-glutamine
(R10). For Th17 culture, naive cells were stimulated with rhTGF-b, recombi-
nant mouse IL-6 (20 ng/ml; R&D Systems), and neutralizing Abs to IFN-g (10
mg/ml) and IL-4 (10 mg/ml). For Ag-specific Treg differentiation, sorted naive
OT-II TCR transgenic CD41 T cells were activated with 5mg/ml OVA peptide
in presence of irradiated, T cell�depleted splenic feeder cells obtained from
CD45.1 congenic mouse under Treg differentiation condition.

Suppression assay

Following in vitro Treg polarization of naive CD41 T cells from either
CD45.2 congenic Foxp3YFP-Cre, Foxp3YFP-Cre.Rorcfl/fl, or Foxp3YFP-Cre.Rorcfl/fl

Tbx21fl/fl mice, cells were differentiated under Treg conditions. On day 5, live
yellow fluorescent protein1 (YFP1) cells (expressing Foxp3) from three dif-
ferent groups were purified by sorting. Next, CFSE-labeled CD45.1 congenic
naive CD41 T responder cells were incubated with Tregs from a different
group at a ratio of 1:1 for 72 h and analyzed for proliferation of responder
cells by FACS.

Chronic colitis induction and Treg therapy

For the adoptive T cell transfer model, CD25�CD45RBhi CD41 T cells
(4 � 105 per mouse) from either Foxp3YFP-Cre, Foxp3YFP-Cre.Rorcfl/fl, or
Foxp3YFP-Cre.Rorcfl/fl Tbx21fl/fl mice were i.p. injected into age- and sex-
matched Rag1�/� mice (8�10 wk old, males or females) for induction of
colitis, and all recipient mice were monitored for 10 wk. For the Treg therapy
experiment, in vitro�differentiated Tregs (CD45.21) from two different groups
of mice (Foxp3YFP-Cre and Foxp3YFP-Cre.Rorcfl/fl) were adoptively transferred
(5 � 105 cells per mouse) to CD45.1 naive CD41 T cell�recipient Rag1�/�

mice 2 wk after first transfer. At 7�8 wk post-transfer, all Rag1�/� recipient
mice were sacrificed for determination of their colonic inflammation score and
isolation of lamina propria (LP) CD41 T cells for analysis of Foxp3, PD-1,
CTLA-4, and GITR expression in the CD45.2 compartment.

Isolation and intracellular staining of colonic CD41 T cells

LP lymphocytes were isolated as described previously (13). Briefly, the large
intestine was removed, cleared of luminal contents and fat, cut into small
pieces, and washed in chilled HBSS without Ca21 or Mg21. Minced tissue
pieces were incubated in the presence of EDTA for 30 min and vortexed
thoroughly to remove epithelial cells, and then incubated in RPMI-1640 con-
taining collagenase IV (1 mg/ml; Sigma-Aldrich), dispase (0.5 mg/ml; Life
Technologies, Invitrogen), and DNaseI (0.25 mg/ml; Sigma-Aldrich). LP
lymphocytes were collected. For intracellular cytokine staining, cells were
stimulated with PMA (50 ng/ml; Sigma) and ionomycin (750 ng/ml; Calbio-
chem) for 4 h in the presence of GolgiPlug (BD PharMingen). For the detec-
tion of intracellular cytokines and TF expression, cells were fixed and
permeabilized, either in Foxp3 staining buffer (eBioscience) or BD Permea-
bilization Buffer. In all cases, LIVE/DEAD Fixable Near-IR Dead Cell Stain
(Invitrogen) was included prior to surface staining to exclude dead cells in
flow cytometric analyses.

Real-time RT-PCR

Total RNA from colonic LP CD41 T cells was isolated as per the man-
ufacturer’s instructions (Qiagen). cDNA synthesis was performed using the
SuperScript III First-Strand Synthesis System (Invitrogen) and real-time PCR
was performed on QuantStudio3 (Applied Biosystems) using PowerUp SYBR

Green Supermix along with the following primers: for Tbx21, 59-ACCAGA
GCGGCAAGTGGG-39 (forward) 59-TGGACATATAAGCGGTTCCCTG-
39 (reverse); for Gata-3, 59-TTTACCCTCCGGCTTCATCCTCCT-39 (for-
ward) and 59-TGCACCTGATACTTGAGGCACTCT-39 (reverse); for 18S
rRNA, 59-GCCGCTAGAGGTGAAATTCTTG-39 (forward) and 59-CA
TTCTTGGCAAATGCTTTCG-39 (reverse). Reactions were run in triplicate
and samples were normalized to 18S as a fold induction over controls.

Histology

Tissue samples obtained from proximal, middle, and distal portions of large
intestines were fixed in 10% neutral buffered formalin, embedded in paraffin
to prepare 5 mm sections, and then stained with H&E. The tissue sections
were examined and scored to evaluate tissue pathology, as previously
described (14). In all scoring, the identity of the specimens was concealed
from the pathologist.

Statistical analysis

All statistical analyses were done using GraphPad Prism software. Two-way
ANOVA with Bonferroni post hoc test was used to analyze body weight
loss data. Mann�Whitney U test or Kruskal�Wallis test was used to deter-
mine the significance of the histopathological score from the colon sections.
For the rest of the data, p values were calculated using the two-tailed,
unpaired Student t test with one-way ANOVA, followed by the Tukey post
hoc test, as described in the figure legends. All p values # 0.05 were consid-
ered significant.

Results
Synergistic signaling by TGF-b and RA stabilizes RORct expression
during Treg differentiation

In the colon under homeostasis, RA, IL-6, and IL-23 are important
for the induction or maintenance of RORgt1 Tregs (9, 10). Because
the signaling requirements for in vitro RORgt1 Treg differentiation
have not been established, we wanted to examine how these signal-
ing pathways contribute to the primary differentiation of RORgt1

Tregs, as opposed to Tregs developing in the presence of TGF-b
alone (9, 10). To decipher the optimal signaling requirement for the
generation RORgt1 Tregs in vitro, we found TGF-b alone induced
RORgt at an early time point, which is consistent with published
reports (15, 16). However, TGF-b alone failed to sustain RORgt
expression in Tregs during late stages of Treg differentiation (Fig.
1A, 1B). Although, during the early stages of differentiation, >90%
of Tregs coexpressed RORgt and Foxp3 in the presence of TGF-b
alone, expression of RORgt was diminished significantly from day
2 onwards, with only �5�15% retaining coexpression of RORgt
and Foxp3 at day 5. However, in the presence of RA, which is
abundantly present in the colon, a large population of Foxp31 Tregs
(>90%) maintained RORgt until late stages of Treg differentiation
(Fig. 1A, 1B). At the transcriptional level, there was a rapid downre-
gulation of Rorc transcripts after 24 h postdifferentiation in Tregs
growing in the presence of TGF-b alone (Fig. 1C). Between 72 and
96 h, Rorc mRNA expression in Tregs grown in the presence of
TGF-b alone was completely abrogated. In contrast, addition of RA
along with TGF-b maintained a high level of Rorc transcripts
throughout the period of observation and was comparable to Rorc
mRNA expression in Th17 cells grown in the presence of IL-6 and
TGF-b. Therefore, this suggests that synergistic effects of RA and
TGF-b signaling is a critical signaling requirement for in vitro dif-
ferentiation of RORgt1 Tregs. Because APC-derived IL-6 and IL-
23 affect in vitro T cell differentiation (14), we further examined the
roles of IL-6 and IL-23 during the priming phase of RORgt1 Treg
differentiation. To do this, we used OVA-specific naive CD41 T
cells from OT-II TCR transgenic mice that were differentiated with
TGF-b and RA in the absence or presence of neutralizing IL-6 and
IL-23 Abs to block the effect of the cytokines secreted from APC.
Blocking of IL-6 or IL-23 did not have any impact on the primary
differentiation of OVA-specific RORgt1 Treg generation, where
presence of both RA and TGF-b were sufficient to stabilize RORgt
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expression along with Foxp3 at day 5, irrespective of blocking IL-6
or IL-23 signaling from APCs (Fig. 1D). We also obtained the same
result using Il6�/� and Il23a�/� APCs (data not shown). The results
indicated that, although RORgt1 Treg differentiation is critically
reliant on combined TGF-b and RA signaling, IL-6 and IL-23 are
not essential during the priming phase of their development.

RORct maintains Foxp3 expression and prevents Th1-like effector
program in Tregs

After establishing the in vitro condition for RORgt1 Treg differenti-
ation, we next determined if deletion of RORgt from Foxp3-
expressing cells has an effect on Treg differentiation. We sorted
naive CD41 T cells from Foxp3YFP-Cre and Foxp3YFP-Cre.Rorcfl/fl

mice, where, in the latter, RORgt is selectively deleted from Foxp3-
expressing cells. Although there was a significant difference in
Foxp3 expression between the two groups at 72 h of the Treg differ-
entiation condition, during early Treg differentiation (48 h) there
was a comparable frequency of Foxp31 cells in RORgt-deficient
Tregs (Fig. 2A, 2B). By day 5, there was a severe reduction in
Foxp3 frequency in RORgt-deficient Tregs, where >60% of the
Tregs lost Foxp3 expression. Because RORgt is a potent inducer of
IL-17, we examined IL-17 induction along with IFN-g from
Foxp3WT and Foxp3DRORgt Tregs. Whereas Foxp3WT Tregs did not
express either IL-17 or IFN-g, Foxp3DRORgt Tregs expressed IFN-g
without expression of IL-17A (Fig. 2C, 2D). Strikingly, >10% of
Foxp3DRORgt Tregs were IFN-g producers and there was an overall
shift in IFN-g intensity from RORgt-deficient Foxp31 Tregs.

Analysis of the cytokines obtained from the culture supernatant of
Foxp3WT and Foxp3DRORgt Tregs by multiplex ELISA revealed
�500-fold enhanced IFN-g secretion from RORgt-deficient Tregs,
whereas IL-4, GM-CSF, IL-10, and IL-17 levels were comparably
low in both groups (Fig. 2E). Among all cytokines tested, IFN-g
was the most upregulated cytokine in RORgt-deficient Tregs.
Together, this indicated that RORgt stabilizes Foxp3 expression dur-
ing Treg development, and Foxp3DRORgt Tregs acquire a Th1-like
effector phenotype. Furthermore, to examine the stability of Tregs,
YFP1 (Foxp31) cells were sorted from two groups of Tregs differ-
entiated from Foxp3WT and Foxp3DRORgt naive CD41 T cells in the
presence of TGF-b plus RA and were subjected to TCR restimula-
tion. TCR restimulation of Foxp3DRORgt Tregs completely abrogated
Foxp3 expression (>90%) compared with Foxp3WT Tregs (Fig. 2F).
Furthermore, to verify that the cytokines are indeed secreted from
Foxp31 Tregs and not from non-Foxp31 cells present in the culture,
following in vitro Treg stimulation, sorted YFP1 (Foxp31) cells
from the two groups were subjected to TCR restimulation and
supernatants were assayed to detect an array of differentially regu-
lated cytokines and chemokines (44-plex ELISA). Among all of the
cytokines and chemokines analyzed, IFN-g was the only cytokine
that was highly upregulated, although there was a slight but signifi-
cant upregulation of IL-5 from YFP1DRORgt cells (Supplemental
Fig. 1A). Next, we analyzed the expression of both Tbx21 and
Gata-3 transcripts in sorted live CD41 T cells from YFPWT and
YFPDRORgt groups following TCR restimulation. Although Tbx21

FIGURE 1. Dual signaling by TGF-b and RA is necessary for the generation of RORgt1 Tregs in vitro. (A) Sorted naive WT CD41 T cells were differenti-
ated under Treg conditions either with TGF-b alone or TGF-b plus all-trans RA in presence of plate-bound ain pCD3 and soluble anti-CD28 and analyzed for
Foxp3 and RORgt expression on day 2 (left) and day 5 (right) by flow cytometry. (B) Bar diagram represents percentage RORgt1Foxp31 double-positive (DP)
versus Foxp31 single-positive (SP) cells in Tregs differentiated in presence of TGF-b with or without RA. Expression of RORgt and Foxp3 were observed
from day 2 until day 5 of Treg culture by flow cytometry (n = 6). (C) RORgt transcripts were analyzed by real-time RT-PCR from Tregs differentiated under
Treg conditions (TGF-b alone or TGF-b with RA) and under Th17 conditions (n = 6). (D) Sorted naive CD41 T cells from OT-II transgenic mice were differ-
entiated under Treg conditions with TGF-b plus RA in presence of irradiated APCs, mixed at a ratio of 1:5 (T cells/APCs), and OVA peptide (323-339) with or
without anti�IL-6 and anti�IL-23 neutralizing Ab (10 mg/ml) and analyzed for Foxp3 and RORgt expression at day 5 by flow cytometry (n = 7). Bar diagrams
represent percentage of Foxp3 and RORgt coexpressing Tregs. For FACS analysis in (A) and (B), cells were gated on live CD41 T cells. Data in (B)�(D) are
shown as mean ± SEM. Data are representative (or pooled results) of two or more independent experiments. For p values, two-tailed unpaired Student t test was
used in (B); one-way ANOVA followed by Tukey post hoc test was used for (C) and (D). *p < 0.01, **p < 0.001. n.s, not significant.
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transcript was �50-fold upregulated in YFPDRORgt cells, there was
comparably low expression of Gata-3 transcript in both groups of
Tregs (Supplemental Fig. 1B and 1C). Together, the results indicate
that, in absence of RORgt, Tregs fail to maintain Foxp3 and transi-
tion to a Th1-like effector fate.

Deletion of T-bet restores Foxp3 expression and suppressor function
of RORct-deficient Tregs

To understand whether the failure to maintain Foxp3 with concomi-
tant high IFN-g production in Foxp3DRORgt Tregs leads to the loss of
suppressor function and acquisition of effector potential, we initially
compared T-bet expression between Foxp3WT and Foxp3DRORgt

Tregs. T-bet was highly induced in RORgt-deficient Tregs, with an
accumulation of a high frequency (>75%) of T-bet�coexpressing
Foxp31 cells (Fig. 3A). To understand whether the acquisition of
T-bet in the absence of RORgt leads to the loss of Foxp3 expression
in RORgt-deficient Tregs, we generated the Foxp3YFP-Cre.Rorcfl/fl.

Tbx21fl/fl double-deficient conditional gene knockout mouse
(Foxp3DRORgtDT-bet), where both Rorc and Tbx21 genes are simulta-
neously deleted upon expression of Foxp3. Surprisingly, additional
deletion of T-bet in Foxp3DRORgt Tregs completely restored Foxp3
expression, which was comparable to that of Foxp3WT Tregs (Fig.
3A). However, we could not detect Gata-3 expression from
in vitro�differentiated Foxp3WT, Foxp3DRORgt, and Foxp3DRORgtDT-bet

Tregs, which was comparably low in all of the groups, supporting
previous reports that, unlike RORgt1 Tregs, Gata-3 is expressed in
Helios-expressing Tregs and are mostly of thymic origin (Fig. 3B)
(9, 10, 17). We then assessed whether deletion of RORgt impairs
the suppressor function of Foxp31 Tregs. Foxp3DRORgt Tregs sho-
wed compromised suppressor function compared with Foxp3WT

Tregs as CFSE-labeled responder cells showed>3-fold higher pro-
liferation when coincubated with RORgt-deficient Foxp31 Tregs
(Fig. 3C). Deletion of T-bet from Foxp3DRORgt Tregs restored their
impaired suppressor function. Because all Tregs included in the

FIGURE 2. RORgt represses IFN-g induction and is critical for maintenance of Foxp3 during Treg differentiation. (A) Naive CD41 T cells from
Foxp3YFP-Cre (Foxp3WT) and Foxp3YFP-Cre.Rorcfl/fl (Foxp3DRORgt) mice were differentiated in vitro under Treg conditions in presence of plate-bound anti-
CD3 and soluble anti-CD28 stimulation and analyzed for Foxp3 and CD4 expressions on day 3 and day 5. For flow cytometric analysis, cells were gated on
live CD41 T cells. (B) Kinetics of maintenance of Foxp31 cells in Treg culture from the two above-mentioned groups (n = 6). (C and D) Expression of IL-
17A and IFN-g from gated Foxp3-expressing cells of WT and RORgt-deficient Tregs. Naive CD41 T cells from Foxp3YFP-Cre and Foxp3YFP-Cre.Rorcfl/fl

mice were differentiated under Treg conditions and analyzed for CD4, IL-17A, IFN-g, and Foxp3 following PMA and ionomycin stimulation on day 3, as
shown in representative FACS plots (C) and bar diagram showing frequencies of IL-17A1, IFN-g1, and IL-17A1 IFN-g1 cells from two above-mentioned
groups of Tregs (D). (E) Cytokine ELISA from culture supernatants of RORgt-sufficient and -deficient in vitro�differentiated Tregs at day 4 (n = 6). (F)
TCR restimulation of in vitro�generated Foxp31 Tregs analyzed for retention of Foxp3 expression, as shown in representative contour FACS plots and bar
diagrams (n = 7). Data in (B) and (D)�(F) are shown as mean ± SEM. Data are representative of, or pooled from, two or more independent experiments. For
p values, the two-tailed unpaired Student t test was used in (D)�(F). *p < 0.01, **p < 0.001.
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culture for the suppression assay were initially 100% positive for
Foxp3 expression, the defective suppressor function of
Foxp3DRORgt Tregs is likely due to the failure to maintain Foxp3
expression. Moreover, the percentage of viable Tregs persisting in
culture did not vary among the three groups, suggesting the
impaired suppressor function of Foxp3DRORgt Tregs is not due to
their compromised viability over time (Fig. 3D).
We also examined how the frequency of colonic Foxp31 Tregs is

affected in the absence of RORgt and in the combined absence of

RORgt and T-bet at homeostasis. We noted a significant reduction in
the frequency of colonic Foxp31 Tregs in B6 Foxp3YFP-Cre.Rorcfl/fl

mice compared with B6 WT Foxp3YFP-Cre mice that was restored in
Foxp3YFP-Cre.Rorcfl/fl.Tbx21fl/fl mice at homeostasis. There was also a
significant reduction in the amount of Foxp3 expression from colonic
Tregs of Foxp3YFP-Cre.Rorcfl/fl mice (Supplemental Fig. 2A�C). The
reduction in the expression of Foxp3 in the absence of RORgt was
also restored in the colonic Tregs of Foxp3YFP-Cre.Rorcfl/fl.Tbx21fl/fl

mice. Moreover, expression of T-bet in the RORgt-deficient,

FIGURE 3. Deletion of T-bet restores Foxp3 expression and suppressor function of RORgt-deficient Foxp31 Tregs. (A) Naive CD41 T cells from
Foxp3YFP-Cre, Foxp3YFP-Cre.Rorcfl/fl, and Foxp3YFP-Cre.Rorcfl/fl.Tbx21fl/fl (Foxp3DRORgtDT-bet) mice were differentiated under Treg conditions and analyzed for
expression of Foxp3 and T-bet in gated live CD41 T cells, as shown by representative FACS plots (left); T-bet expression in Foxp31 cells, as shown in the
histograms (middle); and percentage Foxp31T-bet1 versus Foxp31Tbet� cells in Tregs from the three indicated groups (right; n = 6). (B) Analysis of Foxp3
and Gata-3 expressions in gated live CD41 T cells from the three indicated Treg groups, as shown by representative FACS plots (left), and expression of
Gata-3 in gated Foxp31 cells shown by histograms (right). (C) For suppression assay, YFP1 (Foxp31) cells from in vitro�differentiated Tregs of the three
groups were sorted on day 5 (left), incubated with CFSE-labeled responder cells (CD45.11) at a 1:1 ratio for 72 h in presence of plate-bound anti-CD3 and
soluble anti-CD28 stimulation, and assayed for proliferation of CFSE-labeled responder cells by flow cytometry (right). (D) Measurement of percentage via-
ble Tregs present in the culture when incubated with CFSE-labeled CD45.11 responder cells (1:1) for suppression assay after 72 h (n = 6). Data in (A) and
(D) are shown as mean ± SEM. Data are representative of at least two independent experiments. For p values, two-tailed unpaired Student t test used in (A),
and one-way ANOVA followed by Tukey post hoc test used in (D). *p < 0.001. n.s, not significant.
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Foxp3-expressing colonic Tregs was elevated compared with
RORgt-sufficient colonic Tregs. Similar to our in vitro findings, this
indicates that Foxp3DRORgt Tregs, even at homeostasis, express higher
amounts of T-bet, suggesting RORgt is critical for repressing T-bet
even in homeostasis (Supplemental Fig. 2D). In agreement with a pre-
viously published study (9), RORgt deficiency resulted in an
increased frequency of Gata-31Foxp31 cells from colonic Tregs.
However, the frequency of Gata-31Foxp31 cells was significantly
downregulated in colonic Tregs of Foxp3YFP-Cre.Rorcfl/fl.Tbx21fl/fl

mice and was comparable with the WT mouse (Supplemental Fig.
2E). Thus, when T-bet was additionally deleted from Foxp3 Tregs,
the compensatory increase in colonic Gata-31 Tregs reverted to nor-
mal levels, suggesting combined absence of RORgt and T-bet
restores normal tolerogenic responses at homeostasis. Together, the
findings suggest that, in Tregs, RORgt represses T-bet to sustain
Foxp3 expression to promote their suppressor function.

Treg-specific deletion of RORct causes aggressive chronic colitis
with high mortality

Peripherally induced Foxp31 Tregs play a central role in the chronic
intestinal inflammation induced by adoptive transfer of CD41 T cells
into lymphopenic hosts (5, 18, 19). In this T cell transfer model of
colitis, endogenous Foxp31 Tregs generated “in situ” play a critical
role to control disease severity because functional inactivation of
Foxp3 causes accelerated death due to colitis (5). To specifically
investigate the role of RORgt in peripheral Treg function during
autoimmune colitis, naive CD45RBhi CD41 T cells isolated from
Foxp3YFP-Cre and Foxp3YFP-Cre.Rorcfl/fl mice were adoptively

transferred to two Rag1�/� recipient groups. The Rag1�/� recipient
group that received naive Foxp3DRORgt cells, where RORgt is deleted
from Foxp31 Tregs, showed signs of early weight loss, severe
colonic inflammation with shortened colons, and damaged epithelial
layers (Fig. 4). Importantly, Foxp3DRORgt CD45RBhi recipient
Rag1�/� mice started succumbing to colitis by 45 d post-transfer and
they exhibited 100% mortality by 70 d post-transfer, whereas 90% of
Foxp3WT CD45RBhi recipient Rag1�/� mice continued to survive
beyond 120 d post-transfer. Foxp3DRORgt CD45RBhi recipient
Rag1�/� mice showed severe colonic inflammation compared with
the WT CD45RBhi recipient group (Fig. 4C, 4D). This suggested that
endogenous RORgt-deficient colonic Tregs fail to rescue the mice
from the onset of severe colonic inflammation.

PD-1 is downregulated in RORct-deficient Foxp31 Tregs in a
T-bet�dependent manner

T-bet is a direct repressor of the Pdcd1 gene encoding PD-1, a
checkpoint protein expressed on T lymphocytes (20, 21). PD-1 is
critical for the maintenance and function of peripherally induced
Foxp31 Tregs (22�26). PD-1 signaling specifically maintains Foxp3
expression in peripherally induced Tregs (25). Accordingly, inhibi-
tion of PD-1 signaling causes several autoimmune diseases, includ-
ing IBD (27, 28). Because RORgt-deleted Tregs induce high T-bet,
we analyzed PD-1 expression along with other activation markers of
Tregs (CTLA-4, GITR, and CD25) that play a crucial role in Treg
suppressor function (23, 24, 29). Along with in vitro�differentiated
Foxp3WT and Foxp3DRORgt Tregs, we also included Foxp3DRORgtDT-bet

Tregs to determine the additional impact of T-bet deletion from

FIGURE 4. Treg-specific deletion of RORgt causes severe colitis with high mortality. Sorted naive CD45RBhiCD41 T cells (4 � 105 per mouse i.p.) from
Foxp3WT and Foxp3DRORgt mice were adoptively transferred to Rag1�/� recipient mice for colitis induction. (A) Kinetics of loss of body weight expressed as
a percentage of starting weight (left) and survival kinetics (right) of the two indicated groups of Rag1�/� recipients. (B, C, and D) Dissected colons (B), repre-
sentative histopathology of H&E-stained colonic sections (original magnification �40) (C), and inflammation score (D) at 6 wk post�adoptive transfer in two
indicated groups of Rag1�/� recipient mice. Data in (A) and (D) are shown as mean ± SEM. Data are representative of three independent experiments (n =
8�10 per group). For p values, two-way ANOVA with Bonferroni post hoc test used in (A), Mann�Whitney U test used in (D). *p < 0.01, **p < 0.001.
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Foxp3DRORgt Tregs on the expression of the Treg activation
markers. Although the frequency of GITR, CTLA-4, and CD25 in
Foxp31 cells did not vary among the three groups, PD-1 expression
was highly reduced in Foxp3DRORgt Tregs, but completely restored
in Foxp3DRORgtDT-bet Tregs, which was comparable to WT Tregs
(Fig. 5A, 5B). This suggested the high T-bet induction in
Foxp3DRORgt repressed PD-1 expression that was then restored in
Tregs with combined deletion of T-bet and RORgt. In contrast, the
expression of GITR, CTLA-4, and CD25 remained comparable in
both Foxp3DRORgt and Foxp3DRORgtDT-bet Tregs, suggesting RORgt
had a minimal impact in modulating their expression. Therefore,
repression of T-bet by RORgt is one of the critical mechanisms for
upregulating PD-1 expression in Foxp31 Tregs.

RORct is essential to maintain Foxp3 expression in colonic Tregs
during colitis

Because we observed that Treg-specific deletion of RORgt causes
severe colitis with high mortality, we wanted to understand whether

peripherally induced colonic RORgt-deficient Tregs lose Foxp3 and
transition to Th1-like effector Tregs during chronic colitis. The
Rag1�/� group, which received naive CD41 T cells from
Foxp3YFP-Cre.Rorcfl/fl mice, showed a highly reduced frequency of
colonic Foxp31 cells, both at 4 and 6 wk post-transfer. During the
peak of the disease (6 wk), there was >90% reduction in the fre-
quency of colonic Foxp31 Tregs in Rag1�/� recipient groups that
received Foxp3DRORgt CD45RBhi cells, compared with the group
that received naive Foxp3WT CD41 T cells (Fig. 6A, 6D). In sup-
port of our in vitro finding, RORgt-deleted colonic endogenous
Tregs showed significantly higher T-bet expression at both the pro-
tein and RNA levels (>5-fold), suggesting a critical role of the
RORgt-driven T-bet�PD-1 pathway in colonic Treg function during
colitis (Fig. 6B, 6C). Similar to our in vitro finding, Gata-3 levels
were comparably low in endogenous Foxp31 Tregs in both Rag1�/�

recipient groups that received either naive Foxp3WT or Foxp3DRORgt

CD41 T cells. Whereas �50% of colonic Foxp31 Tregs from naive
Foxp3WT cell recipient Rag1�/� mice expressed PD-1, its expression

FIGURE 5. PD-1 is downregulated in RORgt-deficient Tregs in a T-bet�dependent manner. Naive CD41 T cells sorted from Foxp3WT, Foxp3DRORgt, and
Foxp3DRORgtDT-bet mice, were differentiated under Treg conditions and analyzed for surface expression of GITR, CD25, PD1, and both surface and intracellu-
lar expression of CTLA-4 along with Foxp3 gated on live CD41 T cells at day 4 by flow cytometry, as shown in representative FACS plots (A) and scatter-
plots showing the percentage expression of GITR, CTLA-4, CD25, and PD-1 in gated Foxp3-expressing cells of the indicated groups (B). Data in (B) are
shown as mean ± SEM (n = 6). Data are representative of two independent experiments. For p values, one-way ANOVA followed by Tukey post hoc test
used in (B). *p < 0.001. n.s, not significant.
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was nearly abrogated in Tregs from the Foxp3DRORgt recipient group
(Fig. 6A, 6E). Together, the results show that RORgt-deficient Tregs
fail to maintain Foxp3 and upregulate T-bet during colitis, indicating
a critical role of RORgt in the maintenance of Foxp31 Tregs during
inflammation.

RORct-deficient Tregs show compromised therapeutic efficacy in
treating colitis and transition to IFN-c�producing Th1-like cells

Therapy with adoptively transferred Tregs ameliorates colitis in
Rag1�/� mice (5, 19). Although we found that Foxp3DRORgt Tregs
induce high levels of T-bet associated with loss of Foxp3, a previous
study has shown that T-bet expression in Tregs was required for
enhancing Treg function during type-1 inflammation (30). Therefore,
we examined whether RORgt-deficient Tregs, which promote T-bet
expression from Foxp3-expressing cells, could retain their suppressive
function in vivo. We examined the comparative therapeutic efficacy
of sorted YFP1 cells from in vitro�differentiated Foxp3WT and
Foxp3DRORgt Tregs in treating colitis by adoptively transferring
CD45.21 YFP1Foxp3WT and YFP1Foxp3DRORgt Tregs in Rag1�/�

recipient groups 2 wk after initial CD45.11RBhi transfer. Whereas
therapy with Foxp3WT Tregs significantly reduced the severity of coli-
tis, therapy with Foxp3DRORgt Tregs did not have any impact on dis-
ease amelioration (Fig. 7A, 7B). Although the number of CD45.21

Tregs retrieved from colonic LP of Rag1�/� recipient mice 6 wk

post-transfer of CD45RBhi transfer was comparable between the two
groups, the frequency of Foxp3-expressing cells from transferred
Foxp3DRORgt Tregs declined 10-fold more than Foxp3WT Tregs in the
CD45.2 compartment (Fig. 7C). The result suggests that impaired
suppressor function is not the result of a reduced number or survival
of Foxp3DRORgt Tregs. Under an inflammatory condition, transferred
CD45.21Foxp3DRORgt Tregs not only lost suppressor function but
also showed high IFN-g expression (>35%) compared with WT
Tregs, suggesting RORgt in Tregs maintains the tolerogenic response
by preventing the transition to a Th1-like effector phenotype (Fig. 7D,
7E). WT Tregs not only restricted the inflammation in the colon but
also showed significant retention of Foxp3, with <5% of Foxp3WT

Tregs expressing IFN-g. In contrast, IL-17A expression was compara-
bly low in both Foxp3WT and Foxp3DRORgt Tregs, indicating RORgt
expression in Tregs, unlike Th17 cells, does not promote IL-17 pro-
duction. In conclusion, the impaired therapeutic efficacy of
Foxp3DRORgt Tregs is attributable to their conversion to a Th1-like
effector phenotype and failure to maintain Foxp3 expression rather
than their failure to persist.

T-bet deficiency in RORct-ablated Tregs rescues colitic mice with
maintenance of Foxp31 Tregs

We observed that the Rag1�/� recipients that received Foxp3DRORgt

CD45RBhi CD41 T cells succumbed to the disease, and this was

FIGURE 6. Colonic RORgt-deficient Tregs fail to maintain Foxp3 with high T-bet and low PD-1 expression during colitis. (A) Analysis of Foxp3 and
PD-1 expression in colonic CD41 LP cells obtained from two indicated groups of Rag1�/� recipients that received CD45RBhi Foxp3WT or Foxp3DRORgt

CD41 T cells at 4 wk and 6 wk post-transfer by flow cytometry. (B) Expression of T-bet and Gata-3 in colonic Foxp31 cells from the two indicated groups
of Rag1�/� recipients. (C) Tbx21 mRNA expression from sorted, live colonic YFP1 CD41 T cells from the two indicated groups of Rag1�/� mice at 6 wk
post-transfer (n = 6). (D) Frequency of colonic Foxp31 Tregs in the two indicated Rag1�/� recipient groups at 4 wk and 6 wk post-transfer (n = 10 per
group). (E) Frequency of PD-1�expressing colonic Foxp31 Tregs in the two indicated groups of Rag1�/� recipients (n = 8 per group). Data in (C)�(E) are
shown as mean ± SEM. Data are representative of three independent experiments (D and E) or pooled from two independent experiments (C). For p values,
two-tailed unpaired Student t test used in (C)�(E). *p < 0.0001.
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associated with a significantly reduced frequency of endogenous
Foxp31 Tregs with downregulated PD-1 expression. Because
in vitro�derived Foxp3DRORgtDT-bet Tregs showed normal Foxp3
levels and a comparable level of suppressor ability to WT Tregs, we
investigated whether additional T-bet deficiency in Foxp3DRORgt

Tregs could rescue the mice from severe colitis. Rag1�/� recipients
that received naive Foxp3DRORgtDT-bet CD41 T cells not only
showed comparable survival (80%) to that of the naive Foxp3WT

CD41 T cell recipient Rag1�/� group, histopathological analysis of
colonic tissue sections showed similar extent of tissue inflammation
(Fig. 8A�C). Moreover, during colitis, simultaneous ablation of
RORgt and T-bet enabled the maintenance of an equivalent fre-
quency of colonic Foxp31 Tregs, which was similar to the naive
Foxp3WT cell recipient Rag1�/� group. Accordingly, PD-1 expres-
sion on endogenous colonic Foxp31 Tregs was restored in
Foxp3DRORgt Tregs in the absence of T-bet. Recipients of naive
Foxp3DRORgtDT-bet CD41 T cells showed slightly higher expression
of PD-1 compared with naive Foxp3WT cell recipients at 6 wk post-
transfer, suggesting active repression of PD-1 by T-bet (Fig. 8D�F).
Supporting our in vitro finding, expressions of GITR and CTLA-4

on endogenous Tregs did not vary in presence or absence of RORgt
and were comparably high in all three groups. Frequency of in vivo
CTLA-4 expression on endogenous Foxp31 Tregs was higher than
in vitro�differentiated Tregs, suggesting additional inflammation-
derived factors enhance CTLA-4 expression (Supplemental Fig. 3).
Therefore, these results demonstrated that deletion of T-bet in
Foxp3DRORgt Tregs not only allows for the maintenance of Foxp3
expression, which reinstates their tolerogenic function during colitis,
but also rescues the mice from severe colonic inflammation and
death. This suggests that repression of T-bet is a critical function of
RORgt, whereby it maintains Foxp3 expression to promote tolero-
genic function of peripherally induced Tregs during inflammation.

Discussion
A breakthrough in the field of mucosal immunology is the recent
discovery of RORgt1 Tregs: a population of peripherally induced
colonic Tregs with a high immunosuppressive function that is impli-
cated in IBD pathogenesis (9�12). To date, it is not known exactly
how the master TF of Th17 cells, RORgt, cooperates with Foxp3 to

FIGURE 7. Treg therapy with RORgt-deficient Tregs fails to ameliorate colitis. CD45.11CD45RBhi CD41 T cell recipient Rag1�/� mice (4 � 105 cells
per mouse) were treated with in vitro�differentiated CD45.21 Foxp3WT or Foxp3DRORgt Tregs (5 � 105 Tregs per mouse) at 2 wk after naive CD45.11CD41

T cell transfer. (A) Histopathological scores of colonic tissue sections at 8 wk post-transfer from the three indicated naive CD45.11CD41 T cell recipient
Rag1�/� groups where two recipient groups received CD45.21 Treg therapy. (B) Representative histopathology of H&E-stained colonic sections of
CD45.11CD45RBhi Rag1�/� recipients treated with either Foxp3WT or Foxp3DRORgt Tregs. (C) Quantitation of total number of retrieved CD45.21 cells
(original magnification �40) from colonic LP of Foxp3WT or Foxp3DRORgt Treg-treated Rag1�/� recipient groups, as indicated (n = 6). (D) Representative
FACS plots (left) and bar diagram (right) showing percentage Foxp3 expression in gated CD45.2 compartment from the two indicated Treg-treated Rag1�/�

recipient groups. (E) Representative FACS plots (left) and bar diagram showing percentage IFN-g� and IL-17�expressing cells in gated CD45.2 compartment
from the two indicated Treg-treated Rag1�/� recipient groups. Data (C, D, and E) are shown as mean ± SEM. Data in (A)�(E) are representative of two inde-
pendent experiments (n = 8�10 per group). For p values, Kruskal�Wallis test was used in (A), and the two-tailed unpaired Student t test was used in (C)�(E).
*p < 0.005, #p < 0.0001. n.s, not significant.
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enhance the suppressor function of colonic Tregs (9, 10, 31). Our
findings in this study demonstrate, to our knowledge, a novel func-
tion of RORgt in the maintenance of Foxp3 expression, revealing
its crucial role in Treg function.
Our data show that RORgt modulates the regulatory versus effector

functions of colonic Tregs, both in vitro and during colitis. RORgt
antagonizes the T-bet�induced Th1-like effector program to sustain
Foxp3 expression and Treg suppressor function during colitis. Dele-
tion of RORgt from Tregs results in worsening of autoimmune colitis
with loss of Foxp3 expression, whereas additional Treg-specific dele-
tion of T-bet maintained Foxp3 expression in RORgt-deficient Tregs
and rescued colitic mice. We also established that combined TGF-b
and RA signaling are necessary for the sustenance of RORgt expres-
sion in Tregs that primarily restricts T-bet induction to oppose the
development of the effector program in Tregs.
Although TGF-b signaling is a known inducer of both Foxp3 and

RORgt, we found TGF-b alone fails to sustain RORgt expression
in Tregs. We established that stable coexpression of Foxp3 and
RORgt requires dual signaling by RA and TGF-b, which are critical
for the optimal generation of RORgt1 Tregs. Interestingly, despite
the presence of TGF-b, which is a potent suppressor of T-bet (32,
33), RORgt is additionally required along with TGF-b for effective
suppression of T-bet during Treg differentiation. However, we found
that IL-6 and IL-23 are dispensable during primary differentiation of
RORgt1 Tregs in vitro, suggesting IL-6 and IL-23 might play addi-
tional roles in the stabilization of RORgt expression in colonic
Tregs, particularly in light of their known role in the induction of

RORgt during Th17 differentiation (16). In addition, we found that
RORgt1 Tregs did not significantly express IL-17 both in vitro and
in vivo, supporting a previous observation that IL-17 is not signifi-
cantly induced in Tregs, despite RORgt expression (9). This sug-
gests that RORgt regulates additional signaling pathways intrinsic to
Tregs which do not overlap with Th17 development.
Although the RORgt�T-bet interaction has been demonstrated dur-

ing Th17 differentiation, their interaction has not been studied in Treg
function. It has been shown that T-bet inhibits RORgt expression by
blocking the association of Runx1 with the Rorc promoter, and
ectopic T-bet expression is sufficient to repress Rorc gene expression
(34). Indeed, the interaction of RORgt and T-bet in Th17 cells leads
to transition to a Th1-like program (35). Whereas most studies dem-
onstrated how T-bet suppresses RORgt, a study has shown that over-
expression of RORgt suppresses T-bet induction in Th17 cells
in vitro in an unknown manner (36). To our knowledge, our results
demonstrate for the first time that, via RORgt-mediated suppression
of T-bet, two antagonistic TFs, Foxp3 and RORgt, cooperate to
enhance the suppressor function of colonic Tregs.
Intriguingly, in natural Tregs, the Tbx21 locus remains in a tran-

scriptionally poised state and low levels of T-bet are expressed from
freshly isolated natural Tregs (37). During infection, Tregs acquire
T-bet and IFN-g expression, leading to a decline in their frequency
(38). These studies suggest that T-bet remains in a transcriptionally
poised state in Tregs, resulting in their instability during inflamma-
tion, when T-bet is actively expressed, which leads to the downregu-
lation of Foxp3. In support of these studies, we found that T-bet

FIGURE 8. Deletion of T-bet from RORgt-deficient Tregs ameliorates colitis with low mortality. Sorted naive CD45RBhi cells from Foxp3WT and
Foxp3DRORgtDT-bet mice were adoptively transferred to Rag1�/� recipient mice for colitis induction. (A) Survival kinetics of the two indicated groups of
Rag1�/� recipients. (B and C) Representative histopathology of H&E-stained colonic sections (original magnification �40) and inflammation score of colonic
tissue sections at 6 wk post�adoptive transfer from two indicated groups of Rag1�/� recipient mice. (D) Representative FACS plot showing Foxp3 and PD-1
expressions in colonic CD41 LP cells obtained from the two indicated groups of Rag1�/� recipients at 6 wk post-transfer. (E and F) Frequency of Foxp31

cells in colonic CD41 T cells (E) and frequency of PD-1�expressing cells in colonic Foxp31 Tregs from the two indicated groups of Rag1�/� mice (F) at 4
and 6 wk post-transfer. Data (C, E, and F) are shown as mean ± SEM. Data are representative of three or more independent experiments (n = 8�10 per group).
For p values, Mann�Whitney U test was used in (C), and two-tailed unpaired Student t test was used in (E) and (F). *p < 0.05. n.s, not significant.
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expression is increased in colonic Foxp3DRORgt Tregs not only during
colitis, but also in the colonic Tregs of the B6 Foxp3DRORgt mouse at
homeostasis. This suggests peripherally differentiated colonic Tregs
might be developmentally poised to rapidly upregulate T-bet during
inflammation, which is counteracted by RORgt, resulting in the
maintenance of Foxp3. Although we demonstrate that one of
RORgt’s primary functions in Tregs is to repress T-bet induction to
maintain Foxp3 expression, the signaling pathway through which
RORgt interacts with T-bet remains to be determined. T-bet is the
first identified inhibitor of PD-1. T-bet is a direct transcriptional
repressor of PD-1, where it binds to the upstream regulatory region
of the Pdcd1 gene and antagonizes PD-1 expression (20, 21). The
PD-l/PD-L1 pathway promotes the development and function of
inducible and adaptive Tregs by induction and maintenance of Foxp3
(23, 25, 26). Although we demonstrated PD-1 expression and sup-
pressor function were restored by deletion of T-bet from RORgt-defi-
cient Tregs, we have not proved that downregulation of PD-1
expression is directly linked to their failure to maintain Foxp3 expres-
sion. The role of RORgt in PD-1�driven maintenance of Foxp3
expression remains to be determined. In the absence of RORgt, mul-
tiple T-bet�driven signaling pathways are likely to suppress Foxp3
expression and the suppressor function of colonic Tregs. Although
we could not detect Gata-3 expression from in vitro�differentiated
Foxp3DRORgt Tregs or endogenous Foxp3DRORgt Tregs during colitis,
the frequency of Gata-31 Tregs was enhanced from colonic
Foxp3DRORgt Tregs in homeostasis, which supports a previous study
(9). When T-bet is additionally deleted from colonic Foxp3DRORgt

Tregs, not only does the compensatory increase in frequency of Gata-
31 Tregs revert to normal levels, but the frequency of Foxp31 Tregs
is also restored. This further indicates that interaction between RORgt
and T-bet play a critical in maintaining normal tolerogenic responses
in the colon, even in homeostasis.
To our knowledge, our findings demonstrate a novel role for

RORgt in controlling Treg function in colonic Tregs, where RORgt
inhibits T-bet�induced Th1-like effector programs to maintain Foxp3
expression. Our data support the notion that the master TF of an effec-
tor T cell lineage can play a key role in controlling the tolerogenic
function of Tregs. In both IBD and colitis-associated cancer, a func-
tional adaptation of Tregs, rather than altered frequency, determines
disease progression (4, 39�41) where RORgt1 Tregs may play a criti-
cal role in modulating the suppressor versus effector function of
colonic Tregs. In light of these findings, further insight into RORgt-
driven pathways in Tregs might lead to therapeutic reprogramming of
Tregs to switch between regulatory and effector functions.
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Key Points

� In the absence of RORgt, colonic Tregs lose Foxp3 expression and suppressor function.
� RORgt promotes Foxp3 expression by antagonizing effector fate of colonic Tregs.
� RORgt represses T-bet to control the suppressor function of Tregs.


