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The costimulatory B7-1 (CD80)/B7-2 (CD86) molecules, along with
T-cell receptor stimulation, together facilitate T-cell activation. This
explains why in vivo B7 costimulation neutralization efficiently
silences a variety of human autoimmune disorders. Paradoxically,
however, B7 blockade also potently moderates accumulation of im-
mune-suppressive regulatory T cells (Tregs) essential for protection
against multiorgan systemic autoimmunity. Here we show that B7
deprivation in mice overrides the necessity for Tregs in averting
systemic autoimmunity and inflammation in extraintestinal tissues,
whereas peripherally induced Tregs retained in the absence of B7
selectively mitigate intestinal inflammation caused by Th17 effector
CD4+ T cells. The need for additional immune suppression in the
intestine reflects commensal microbe-driven T-cell activation
through the accessory costimulation molecules ICOSL and OX40L.
Eradication of commensal enteric bacteria mitigates intestinal in-
flammation and IL-17 production triggered by Treg depletion in
B7-deficient mice, whereas re-establishing intestinal colonization
with Candida albicans primes expansion of Th17 cells with com-
mensal specificity. Thus, neutralizing B7 costimulation uncovers an
essential role for Tregs in selectively averting intestinal inflamma-
tion by Th17 CD4+ T cells with commensal microbe specificity.

Immune activation is stringently controlled to balance mobili-
zation of protective components while simultaneously silencing

detrimental responses that cause harm to host tissues. One
means of regulation is the additional necessity for B7-1 (CD80)/
B7-2 (CD86) costimulatory signals, along with T-cell receptor
stimulation, in T-cell activation (1). Reciprocally, soluble re-
combinant formulations of the natural high-affinity B7 ligand—
cytotoxic T-lymphocyte antigen 4 fused with human Ig (CTLA4-Ig),
which blocks B7 costimulation—are efficacious in neutralizing ab-
errant T-cell activation in autoimmune disorders such as rheuma-
toid arthritis and juvenile idiopathic arthritis (2). Ongoing studies
suggest that these therapeutic benefits also extend to many other
types of autoimmunity including psoriasis, systemic lupus erthe-
matosus, multiple sclerosis, and type 1 diabetes (3–6). Interestingly,
however, the protective benefits of B7 blockade are not universal as
CTLA4-Ig is distinctively nonefficacious for inflammatory bowel
disease (7) and can induce intestinal inflammation among individ-
uals with unrelated autoimmune disorders (8).
Given that B7 costimulation required for T-cell activation also

sustains accumulation of immune-suppressive regulatory T cells
(Tregs) essential for averting fatal systemic autoimmunity (9, 10),
this discordance in therapeutic efficacy with B7 blockade may
reflect tissue-specific differences in necessity for Treg suppres-
sion in the absence of B7 costimulation. Here, unique features
of the intestine that include high-density commensal bacteria
colonization or expression of the accessory costimulatory mole-
cules ICOS ligand (ICOSL) or OX40 ligand (OX40L) may foster
susceptibility to inflammation despite B7 deprivation (11–15). To
investigate these possibilities, the interplay between Tregs
and B7, ICOSL, and OX40L costimulation in autoimmunity
was evaluated after targeted ablation of each individually or

concurrently. Our results show that B7 deprivation overrides
the necessity for Tregs in averting systemic autoimmunity
and inflammation in extraintestinal tissues, whereas enteric
commensal microbes drive inflammation restricted to the in-
testine through ICOSL/OX40L stimulation when Tregs and B7
are simultaneously eliminated. These results illustrating persis-
tent intestinal inflammation despite B7 deprivation may explain
why inflammatory bowel disease, compared with other forms of
autoimmunity, is distinctively resistant to B7 blockade.

Results
Tregs Retained After B7 Deprivation Avert Intestinal Inflammation.
The suppressive Foxp3+ subset of CD4+ T cells, called Tregs,
actively suppress autoimmunity, whereas Treg ablation or Foxp3
deficiency causes rapidly fatal multiorgan systemic inflammation
(16). In turn, more subtle Tregs defects are increasingly linked
with fractured immune tolerance among individuals with various
nonfatal autoimmune disorders (17–20). Accordingly, we con-
sidered how reduced Treg levels that occur with B7 deprivation
may impact autoimmunity. Consistent with findings in diabetes-
susceptible NOD mice, CTLA4-Ig B7 blockade induced sharp
contraction in peripheral Tregs for mice on the C57BL/6 (B6)
background (Fig. 1A) (9, 10). However, despite markedly re-
duced Tregs, CTLA4-Ig–treated B6 mice remained healthy with
no signs of autoimmunity or weight loss despite sustained (100 d)
B7 blockade, which is in contradistinction to rapidly progressive
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insulitis and diabetes that develop with B7 neutralization in NOD
mice (9, 10). Thus, diminished Treg levels with B7 costimulation
deprivation does not uniformly trigger autoimmunity.
To mimic the pathologic defects in immune tolerance among

individuals with autoimmunity (17–20), the additional impacts of
Treg depletion with B7 blockade were evaluated. Using Foxp3DTR

transgenic mice that coexpress the high-affinity human diphtheria
toxin receptor with Foxp3, allowing targeted depletion of Tregs
with low-dose diphtheria toxin (DT) administration (16), we
found fatal autoimmunity induced by sustained Treg ablation
among CTLA4-Ig–treated compared with isotype antibody con-
trol mice occurred with significantly delayed kinetics, sparing
inflammation in peripheral organs (e.g., lung, liver) (Fig. 1 B–E).
Interestingly, despite near complete absence of inflammation in
other tissues, there was more pronounced colonic glandular
elongation, intestinal crypt hyperplasia, and selective enlarge-
ment with increased number of mesenteric lymph node (mLN)
cells in CTLA4-Ig–treated mice (Fig. 1 C–E). Comparatively,
Treg ablation among isotype antibody control mice caused
generalized wasting; conjunctivitis; scaly skin; and diffuse in-
flammation in the lung, liver, and intestine, along with spleno-
megaly, nonselective enlargement and cell accumulation within
all peripheral lymph nodes (Fig. 1 C–E). Thus, although B7
neutralization efficiently prevents extraintestinal autoimmunity
induced by Treg depletion, it does not avert, but rather exag-
gerates, intestinal inflammation.
To investigate if these findings are unique to CTLA4-Ig B7

blockade or are more broadly representative of autoimmunity
that occurs in the absence of B7 costimulation, mice with tar-
geted deficiency in B7-1/B7-2 were used (21). Compared with
∼50% diminished Tregs in mice with individual B7-1 or B7-2
defects, more prominent reductions were found with combined
B7-1/B7-2 deficiency as Tregs declined by ∼90% compared with
B6 control mice (Fig. 2A and SI Appendix, Fig. S1) (22). In-
terestingly, along with reduced expression of cell-intrinsic acti-
vation and proliferation markers by peripheral Tregs remaining
among splenocytes in B7-deficient mice or after CTLA4-Ig B7

blockade, Helios and Neuropilin-1 expression were each also di-
minished among Foxp3+ splenocytes, but not Foxp3+ thymocytes,
suggesting the selective retention of peripherally induced Tregs
with B7 deprivation (Fig. 2B and SI Appendix, Figs. S2 and S3) (23,
24). These peripheral Treg shifts reflect an environment devoid of
B7 costimulation rather than T-cell–intrinsic B7 defects that may
also control activation (25) because CD4+ T cells reconstituted
from B7-deficient compared with WT bone marrow progenitors
each comprise ∼10% phenotypically identical Tregs in sublethally
irradiated WT recipients (SI Appendix, Fig. S4). Remarkably
however, purified Tregs retained in B7-deficient mice were equally
potent on a per-cell basis in suppressing proliferation of responder
T cells in coculture (SI Appendix, Fig. S5), suggesting that these
Tregs are likely needed for averting residual immune activation
that occurs despite B7 deprivation.
Accordingly, to more definitively investigate the in vivo neces-

sity of Tregs retained in the absence of B7 costimulation,
Foxp3DTR mice were intercrossed with B7-deficient mice. After
sustained Treg ablation, mortality was significantly delayed in B7-
deficient compared with WT mice, and occurred even later
compared with Treg depletion in mice administered CTLA4-Ig
(Fig. 1B and Fig. 2C). Furthermore, Treg ablation in B7-deficient
mice caused diminished weight loss and protection from mani-
festations of the scurfy phenotype (generalized wasting, conjunc-
tivitis, scaly skin, splenomegaly, diffuse lymphadenopathy), but
instead triggered markedly more prominent colonic inflammation
and enlargement of the draining mLN while sparing inflammation
in extraintestinal tissues (e.g., lung, liver, pancreas, salivary glands)
even at more extended time points when mice in each group be-
came moribund (Fig. 2 D–G and SI Appendix, Fig. S6). The fo-
cused pathology confined to the intestine after Treg depletion is
consistent with enriched Tregs in the lamina propria of B7-
deficient mice, where Treg reductions were considerably less
prominent compared with other tissues (e.g., liver, lung, blood,
thymus) (SI Appendix, Fig. S7). Together, these findings with B7-
deficient mice or CTLA4-Ig B7 blockade show that the necessity
for Tregs in averting autoimmunity in extraintestinal tissues is
bypassed when B7 costimulation is abolished, whereas remaining
peripherally induced Tregs selectively protect against colonic
inflammation that, with time, is equally fatal.

B7 Deprivation Primes Th17 Effector CD4+ T-Cell Differentiation
Through ICOSL and OX40L. Given the unique pathological fea-
tures induced by Treg depletion in B7-deficient compared
with WT mice, potential differences in differentiation between
remaining Foxp3− effector T cells were evaluated. Focusing
initially on mLN cells because this tissue becomes comparably
enlarged in both groups of mice (Fig. 2 E and F), we found that
Treg ablation in B7-deficient mice unleashed robust expansion
of IL-17–producing or IL-17/IFN-γ double-positive CD4+ T cells,
whereas Treg ablation in WT mice primarily induced IFN-
γ–dominated Th1 differentiation (26) (Fig. 3A). This discordance
in differentiation was apparent beginning 5 d after initiating Treg
ablation and became progressively more pronounced until each
group of mice succumbed to autoimmunity (Fig. 3A). Compara-
tively, other CD4+ T-cell lineage-defining cytokines remained at
background levels after Treg ablation in B7-deficient mice,
whereas modest but detectable levels of IL-4 and IL-10 pro-
duction were found among CD4+ T cells in WT mice (SI
Appendix, Fig. S8). Importantly, Th17 polarization could not
be explained by developmental defects in B7-deficient mice,
but rather reflects the necessity for ongoing B7 costimulation
as CTLA4-Ig B7 blockade in WT mice triggered similarly exag-
gerated IL-17 production with reciprocally reduced IFN-γ levels
(SI Appendix, Fig. S9).
Considering that Treg ablation in B7-deficient mice causes

inflammation confined to the intestine, the potential for spatial
differences in T-cell differentiation were investigated by comparing
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Fig. 1. Tregs remaining after CTLA4-Ig B7 blockade selectively avert in-
testinal inflammation. (A) Number and percentage of Foxp3+ among CD4+

splenocytes in B6 mice treated with CTLA4-Ig or human IgG isotype (hIgG)
antibody for 10 d. (B) Survival for Foxp3DTR mice treated with CTLA4-Ig or hIgG
(500 μg per mouse weekly) beginning 1 d before initiating sustained Treg
ablation. (C) Enlargement of peripheral lymph nodes (pLN) (inguinal, axillary,
brachial), mesenteric lymph nodes (mLN), and spleen for CTLA4-Ig– or hIgG-
treated Foxp3DTR mice day 12 after initiating sustained Treg ablation. (D)
Recoverable cell numbers in each tissue for mice described in C. (E )
Representative tissue histology after H&E staining and cumulative anal-
ysis of inflammation disease score for mice described in C. These data are
representative of at least three independent experiments, each with similar
results. Error bars indicate mean ± SEM. ***P < 0.001.
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cytokine production by CD4+ T cells recovered from the lamina
prioria and spleen. We found that accumulation of IL-17–producing
cells became even more pronounced in the lamina propria where
∼20% of CD4+ T cells produced IL-17, whereas IL-17–producing
cells declined to only ∼1% for CD4+ splenocytes (Fig. 3B and SI
Appendix, Fig. S10). In turn, IL-17 neutralization or CD4+ cell de-
pletion reduced to near completion colitis induced by Treg de-
pletion in B7-deficient mice, establishing a causative role for
these immune components in intestinal inflammation (Fig. 3C).
Thus, although Tregs are essential for averting catastrophic Th1
multiorgan systemic autoimmunity with unopposed B7 cos-
timulation, Tregs retained with B7 deprivation selectively re-
strain colonic inflammation caused by Th17 CD4+ T cells.

To investigate whether Th17 polarization with B7 deprivation
represents the default differentiation pathway or is driven by
accessory costimulation molecules such as ICOSL or OX40L
previously implicated in intestinal inflammation (12–15), ex-
pression of each molecule by CD11c+ dendritic cells in the
lamina propria, mLN, and spleen were evaluated. ICOSL and
OX40L were each constitutively expressed by lamina propria
CD11c+ cells regardless of B7 deprivation or Treg ablation,
whereas Treg depletion in WT mice selectively induced expres-
sion of both by dendritic cells in the mLN and spleen (SI
Appendix, Fig. S11). To further address the functional importance
of cell activation through ICOSL and OX40L, the impact of
neutralizing these molecules on autoimmunity was investigated.
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We found that mortality, colonic inflammation, and mLN Th17
CD4+ T-cell accumulation induced by Treg ablation in B7-
deficient mice were each eliminated by ICOSL/OX40L co-
neutralization, whereas anti-ICOSL and anti-OX40L antibodies
had no significant effects on Th1-dominated autoimmunity trig-
gered by Treg ablation in WT mice (Fig. 3 D–F and SI Appendix,
Fig. S12). Furthermore, in the absence of B7 costimulation, ICOSL
and OX40L play additive and nonoverlapping roles because neu-
tralizing each individually caused significant, but only partial,
reductions in IL-17 production and intestinal inflammation (Fig. 3 E
and F; SI Appendix, Fig. S12). Together, these results demonstrate
that Tregs retained with B7 deprivation suppress fatal intestinal
inflammation by ICOSL/OX40L-activated Th17 CD4+ T cells.

Th17 Cells with Commensal Specificity Drive Intestinal Inflammation
in the Absence of B7 Costimulation. To investigate why the colon is
uniquely susceptible to inflammation despite B7 deprivation, the
role of commensal microbes that selectively colonize this tissue
at very high density was evaluated (11). One week before initi-
ating Treg ablation, an antibiotic mixture that eliminates com-
mensal bacteria to near completion was added to the drinking
water (27, 28) (SI Appendix, Fig. S13A). Remarkably, Th17
CD4+ T-cell expansion and intestinal inflammation induced by
Treg ablation in B7-deficient mice were each eliminated with
concurrent eradication of commensal bacteria (Fig. 4 A and B),
demonstrating that commensal enteric bacteria predispose the
intestine to Th17 inflammation that requires suppression by
Tregs retained with B7 deprivation. Conversely, WT mice suc-
cumbed to autoimmunity with significantly increased proportions
of IFN-γ–producing CD4+ T cells and reduced colitis after an-
tibiotic treatment, confirming the dominant role that Tregs play
in averting multiorgan systemic autoimmunity even under germ-
free conditions (Fig. 4 A and B) (29).
To further address the specificity of CD4+ T cells that cause

intestinal inflammation, antibiotic-treated mice were recolonized
with Candida albicans, representing a natural commensal microbe
not susceptible to antibiotics used to eradicate enteric bacteria
(30). We found that a single oral inoculation of C. albicans 1 week
after initiating antibiotic supplementation established sustained

high-density intestinal colonization (SI Appendix, Fig. S13B).
Using recombinant C. albicans expressing the I-Ab:2W1S52–68
peptide (CA-2W1S) that exploits the high precursor frequency
of endogenous CD4+ T cells with this specificity (31, 32), CD4+

T cells with 2W1S-surrogate commensal specificity expand and
upregulate CD44 expression after colonization with CA-2W1S
compared with the nonrecombinant parental strain, illustrating
antigen-specific recognition of commensal C. albicans in both
B7-deficient and WT mice (Fig. 5A). Interestingly, however, the
majority of CD4+ T cells with commensal 2W1S specificity
remained Foxp3−, whereas 2W1S+ Tregs did not accumulate
appreciably after CA-2W1S colonization in either B7-deficient
or WT mice (Fig. 5B). Consistent with the lack of expansion
among Tregs with this commensal specificity, Helios expression
by 2W1S+ compared with bulk Tregs also did not shift signifi-
cantly with CA-2W1S intestinal colonization (Fig. 5C). Thus,
commensal C. albicans primes expansion of antigen-specific ef-
fector, but not Tregs, regardless of B7 costimulation.
These studies tracking CD4+ T cells with commensal 2W1S

specificity were extended to address the specificity of cytokine-
producing effector cells unleashed by Treg ablation. Although
CD4+ T-cell IL-17 and IFN-γ production were restored among
antibiotic-treated mice after recolonization with CA-2W1S, cy-
tokine production remained under active Treg suppression as
only background levels were found without Treg depletion
(Fig. 5D). Focusing on cells with commensal 2W1S specificity
showed sharply expanded numbers of IL-17–producing CD4+

T cells in B7-deficient mice and reciprocally increased IFN-
γ–producing CD4+ T cells in WT mice (Fig. 5E). Interestingly,
however, recolonization of antibiotic-treated mice with C. albicans
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alone did not restore susceptibility to colitis, which most likely
reflects antibiotic-induced downregulation of ICOS expression by
lamina propria CD4+ T cells that is not restored by commensal C.
albicans recolonization alone (SI Appendix, Fig. S14). Nonetheless,
these results collectively show that, although eliminating B7 cos-
timulation overrides the necessity for Tregs in averting multiorgan
systemic autoimmunity, a ICOSL/OX40L-driven Th17 response to
commensal microbes sustains the need for peripherally induced
Tregs that protect against localized intestinal inflammation.

Discussion
The B7-1/B7-2 costimulatory molecules play paradoxical and
somewhat contradictory roles in immune activation. On one
hand, T-cell activation facilitated by B7 costimulation has be-
come widely exploited with B7-neutralizing therapies in a variety
of human autoimmune disorders (2–6). On the other hand, B7
costimulation also maintains Tregs at expanded levels that averts
multiorgan systemic autoimmunity (9, 10). Thus, B7 blockade
either can silence T-cell activation by neutralizing cell-intrinsic
positive costimulatory signals or unleash T-cell activation by
diminishing immune-suppressive Tregs. To dissect how these
discordant properties work together, the interplay between B7
costimulation, Tregs, and autoimmunity was evaluated. We show
that the necessity for Tregs in averting multiorgan systemic au-
toimmunity is bypassed with B7 deprivation using either B7-
deficient mice or CTLA4-Ig B7 blockade. Interestingly, however,
Treg ablation in B7-deficient mice still caused distinct patho-
logical changes confined to the intestine with delayed fatal in-
flammation. The unique necessity for Treg suppression in this
tissue despite B7 deprivation reflects commensal microbe-
induced T-cell activation through the accessory costimulation
molecules ICOSL and OX40L. Thus, these findings may provide
an explanation for why intestinal inflammation, compared with
other types of autoimmunity, is distinctively resistant to thera-
peutic B7 blockade (7).
Using this model where the interplay between Tregs, effector

T cells, and commensal microbes can be evaluated in isolation
without complications related to systemic autoimmunity that
develop when Tregs are eliminated in a B7-replete environment,
we find that C. albicans intestinal colonization primes expansion
of CD4+ T cells with commensal specificity that does not require,
but occurs more efficiently, with B7 costimulation. After Treg
ablation, CD4+ T cells with C. albicans commensal specificity
differentiate into Th17 or Th1 effector cells in B7-deficient or
B7-sufficient mice, respectively. Thus, Foxp3− CD4+ T cells re-
strained from activation by Tregs are enriched with specificity to
commensal microbes. Interestingly, however, Tregs with C.
albicans specificity did not expand significantly in either B7-
deficient or control mice. Nonetheless, Foxp3+ cells remain
essential for protection against colitis in B7-deficient mice
and systemic autoimmunity in B7-sufficient mice because each
remained healthy before Treg ablation. At face value, these
results suggesting that Tregs with commensal specificity play
nonessential roles in mitigating intestinal inflammation may
seem inconsistent with the emerging consensus that enteric
microbiota heavily influence the Treg repertoire in intestinal
tissue that contains unique and nonoverlapping specificities
compared with systemic Tregs (33). However, the use of mice
with limited polyclonal repertoires required for discriminating
specificity based on TCR-α sequencing may limit their broader
applicability (34, 35), especially considering the enormous di-
versity in TCR-α/β chain use among endogenous cells with
specificity for the same antigen (32). This limitation is bypassed
in our current studies using MHC class II tetramer for identifying
CD4+ T cells with commensal specificity.
However, our findings could also be limited by tracking CD4+ T

cells exclusively primed with C. albicans that may not be repre-
sentative of commensal microbes that induce Tregs through

production of short-chain fatty acids and other metabolites (36–
38). If Treg induction is restricted only to these bacterial species
that are eliminated by antimicrobials used in our current studies, it
may not be surprising that C. albicans colonization does not prime
appreciable expansion of Tregs with commensal fungal specificity
(30). This would be analogous to segmented filamentous bacteria
that also do not prime appreciable Treg expansion, but Th17
effectors instead (39). Using mice eradicated of commensal
bacteria, we also made the curious observation that re-estab-
lishing intestinal colonization with C. albicans alone does not
induce ICOS expression by lamina propria CD4+ T cells.
Whether this reflects discordant cell activation induced by C.
ablicans compared with commensal enteric bacteria through
TLR4 or NFAT that each promote CD4+ T-cell ICOS expres-
sion is uncertain, but represents an important area for future
investigation (40, 41).
The shift toward Th17 polarization with reciprocally reduced

CD4+ T-cell IFN-γ, IL-4, and IL-10 production we find after
Treg ablation in B7-deficient mice is consistent with the more
closely linked developmental origins between inducible Tregs
and Th17 compared with other effector CD4+ T-cell lineages
(42), and the necessity for CD28 in IFN-γ, IL-4, and IL-10
production by CD4+ T cells from scurfy mice with functional
Foxp3 defects (43). Thus, selective expansion of IL-17–producing
CD4+ T cells with deprivation of B7 or CD28 might suggest that
Th17 represents the default differentiation pathway for naive
CD4+ T cells when Treg suppression and costimulation are si-
multaneously eliminated. However, our findings show that Th17
differentiation in the absence of B7 still requires cell activation
through the accessory costimulatory molecules ICOSL and
OX40L. Applied to the discordant therapeutic efficacy of
CTLA4-Ig B7 blockade in organ-specific autoimmunity (2–7),
these results suggest that neutralizing ICOSL and OX40L, to-
gether with B7, may be needed for extinguishing inflammation in
tissues like the intestine that retain prominent B7-independent
pathways for T-cell activation.

Materials and Methods
Mice. C57BL/6 (B6) mice, mice with individual or combined defects in B7-1 and
B7-2 (21), or mice expressing the CD45.1+ or CD90.1+ congenic markers were
purchased from Jackson Laboratory. Foxp3DTR mice coexpressing DTR plus
GFP with Foxp3 were backcrossed over 15 generations to B6 mice (16). B7-
deficient Foxp3DTR mice were generated by intercrossing B7-deficient mice
with Foxp3DTR mice. For Treg ablation, Foxp3DTR mice were treated with DT
(25 μg/kg initial dose followed by 5 μg/kg daily thereafter). For B7 blockade,
CTLA4-Ig (Orencia Bristol-Meyers Squibb) or human IgG (BioXcell) was ad-
ministrated i.p. (500 μg weekly) (44). For in vivo antibody neutralization,
anti–IL-17 (17-F3), anti-CD4 (GK1.5), anti-ICOSL (HK5.3), anti-OX40L
(RM134L), or rat IgG antibodies (BioXcell) were administrated i.p. (500 μg
twice weekly). All experiments were performed under the guidelines of the
University of Minnesota or Cincinnati Children’s Hospital institutional animal
care and use committee-approved protocols.

Flow Cytometry and Histology. Antibodies for cell surface and intracellular or
intranuclear staining were purchased from eBioscience, BD Biosciences,
BioLegend, or R&D Systems, and are more fully described in SI Appendix.
Staining with PE-conjugated I-Ab:2W1S52–68 tetramer and enrichment using
anti-PE beads were performed as described (32). For cytokine production,
cells were stimulated with phorbol myristate acetate/ionomycin in media
supplemented with GolgiPlug (BD Biosciences) for 5 h. For histology, each
tissue was fixed with paraformaldehyde and embedded in paraffin, cut to
5-μM sections, and stained with H&E. Tissue inflammation scoring was per-
formed in a blinded fashion using previously reported parameters (29, 45–
47), which are more fully described in SI Appendix.

Tissue Cell Isolation. Protocols used for cell isolation from lung, liver, and
intestine were performed as described (28), and more are comprehensively
outlined in SI Appendix.

In Vitro Treg Suppression Assay. For enumerating Treg-suppressive potency,
GFP+ Tregs were purified among spleen and lymph node cells in Foxp3DTR-GFP
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WT or B7-deficient mice by initial enrichment for CD4+ cells through nega-
tive selection (Miltenyi Biotec) followed by FACS sorting for GFP cells. For
each experiment, the Treg purity was verified to be >95% by staining using
anti-Foxp3 antibody. Responder T cells isolated from naive CD90.1 mice were
labeled with carboxyfluorescein succinimidyl ester (CFSE) and cocultured in
triplicate with purified GFP+ Tregs at the indicated ratios in the presence of
anti-CD3 antibody (1 μg/mL) for 3 d. The relative suppressive potency of
Tregs was calculated by comparing responder cell proliferation (CFSE di-
lution) as described (48).

Antibiotics and C. albicans. Autoclaved drinkingwater was supplementedwith
ampicillin (0.5 mg/mL), gentamicin (0.5 mg/mL), metronidazole (0.5 mg/mL),
neomycin (0.5 mg/mL), and vancomycin (0.25 mg/mL) 7 d before Treg ablation
and/or C. albicans inoculation and continued for the duration of the experi-
ment as described (27). Recombinant C. albicans expressing I-Ab:2W1S52–68

peptide or the parental strain (SC5314) (31) were grown in yeast extract pep-
tone dextrose plus acetate (YPAD) media, washed and resuspended in saline,
and inoculated by oral gavage (2 × 106 cfu in 20 μL). For some experiments,
sustained Treg ablation with DT was initiated 7 d after C. albicans inoculation.
For enumerating C. albicans in the feces, the fecal pellet was weighed, dissolved
in saline by vigorous vortex, and spread onto YPAD agar plates supplemented

with the same antibiotic mixture used for drinking-water supplementation to
prevent bacterial growth.

Statistical Analysis. The differences in survival between groups were analyzed
using the log-rank (Mantel–Cox) test. The number and percentage of cells in
each group were first analyzed and found to be normally distributed.
Thereafter, differences between groups were analyzed using the unpaired
Student t test (two groups) or ANOVA with Dunnett correction for multiple
comparisons (more than two groups) with statistical significance indicated as
*P < 0.05, **P < 0.01, and ***P < 0.001.
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