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The regulation of intestinal homeostasis by the immune system
involves the dynamic interplay between gut commensal micro-
biota and resident immune cells. It is well known that a large and
diverse lymphocyte antigen receptor repertoire enables the im-
mune system to recognize and respond to a wide range of invading
pathogens. There is also an emerging appreciation for a critical role
the T-cell receptor (TCR) repertoire serves in the maintenance of
peripheral tolerance by regulatory T cells (Tregs). Nevertheless, how
the diversity of the TCR repertoire in Tregs affects intestinal homeo-
stasis remains unknown. To address this question, we studied mice
whose T cells express a restricted TCR repertoire. We observed the
development of spontaneous colitis, accompanied by the induction
of T-helper type 17 cells in the colon that is driven by gut commensal
microbiota. We provide further evidence that a restricted TCR
repertoire causes a loss of tolerogenicity to microbiota, accompanied
by a paucity of peripherally derived, Helios− Tregs and hyperactiva-
tion of migratory dendritic cells. These results thus reveal a new facet
of the TCR repertoire in which Tregs require a diverse TCR repitoire
for intestinal homeostasis, suggesting an additional driving force in
the evolutional significance of the TCR repertoire.
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It is estimated that the diversity of T-cell receptor (TCR) rep-
ertoire is as high as 2 × 106 and 2.5 × 108 in the periphery of

mice and human, respectively. Whereas this diversity is critical
for the generation of highly specific immune responses to cope
with a wide range of pathogen-derived antigens (1), recent studies
also indicate that it could be required for a subset of T cells,
termed regulatory T cells (Tregs), to suppress autoimmune and
graft-versus-host diseases (2–4). Tregs, which represent about 10%
of total T cells in the periphery, are essential for maintaining
peripheral tolerance to suppress autoimmune and chronic in-
flammatory diseases. They are characterized by the expression of
the Foxp3 transcription factor, which is essential for their de-
velopment and maintenance (5, 6). Two in vivo subpopulations of
Tregs have been described, thymus-derived Tregs (tTregs), which
develop in the thymus, and peripherally derived Tregs (pTregs),
which are generated in the periphery from naïve T cells (7, 8).
These two Treg subpopulations may differ in surface-expres-

sion molecules, cytokine dependence, suppressive activity, and
mechanisms by which they suppress T-cell responses. However,
because no reliable markers have been identified, the physiologi-
cal importance of pTregs is still debatable. A recent report has
shown that tTregs express a Helios transcription factor, whereas
pTregs do not (9). On the other hand, it has been proposed that
the development of pTregs is critical to control immune response
against environmental challenges, whereas tTregs are involved in
maintenance of self-tolerance and prevention of autoimmunity
(8). In fact, several reports have shown that pTregs accumulate at
tissues that are exposed to external antigens, such as intestinal
mucosa and maternal placenta during pregnancy (10–12).

A mechanism by which Tregs enforce immune tolerance is
through suppression of dendritic cells (DCs) (13). Consistent with
this, experimental depletion of Tregs leads DCs to expand in
number, increase expression of costimulatory molecules, such as
CD80 and CD86, and enhance priming ability of T cells (14, 15). In
this regard, the coinhibitory molecule CTLA-4 expressed by Tregs
interacts with CD80 and CD86 on DCs via transendocytosis,
leading to down-regulation of expression of these molecules in vitro
(16, 17). However, Treg-mediated DC suppression has not been
studied in an in vivo setting. Intestinal CD103+ DCs, termed mi-
gratory DCs (migDCs), seem to contribute to the maintenance of
peripheral tolerance for a wide range of antigens, including those
from commensal microbiota. These CD103+ migDCs also enhance
pTreg induction by providing retinoic acid (RA) (18, 19) and ex-
press several genes encoding immunomodulatory molecules (20).
This immunological tolerance is highlighted in the intestinal

mucosa, where exposure to symbiotic microorganisms and food
antigens continuously leads to immune cell activation, but does
not result in damage to host tissues. In this context, Tregs are
implicated to serve an important role. Indeed, microbiota colo-
nization results in significantly more accumulation of Tregs in the
steady-state colon, which is mediated by factors such as bacteria-
derived short fatty acid butyrate or propionate, and food-derived
vitamin A (18, 19, 21, 22). However, it remains unclear whether
and how TCR repertoire in Tregs affects the maintenance of in-
testinal homeostasis.

Significance

In mammals, both T and B lymphocytes possess a large reper-
toire of antigen receptors. Although this repertoire is critical
for coping with potentially any foreign antigen the immune
system encounters, it may also be critical to maintain periph-
eral tolerance by a subset of T cells, termed regulatory T cells.
Using mutant mice expressing a restricted T-cell receptor rep-
ertoire, we show that the development of spontaneous colitis,
a T-helper type 17 cell-mediated inflammation driven by gut
microbiota, is accompanied by a paucity of peripherally derived
regulatory T cells and hyperactivation of migratory dendritic
cells. Our study reveals a new facet of the full T-cell receptor
repertoire requirement in intestinal homeostasis.
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In the present study, we ask what effect the diversity of the TCR
repertoire has on intestinal homeostasis using genetically engi-
neered mice, termed “Limited mice,” which express only a limited
number of TCR genes (23). Our results provide evidence that a
diverse TCR repertoire is indeed required for Tregs to maintain
intestinal homeostasis through an intricate interaction between
pTregs and migDCs. We discuss our findings in relation to how
the acquisition of the TCR repertoire is critical for the mainte-
nance of peripheral tolerance.

Results
Development of Spontaneous Colitis with T-Helper Type 17 Inflam-
mation in Limited Mice. To study diversity of the TCR repertoire
in maintaining intestinal homeostasis, we first exaimined Limited
mice that are transgenic for the TCRVβ5 and TCRVα2 mini locii
(Vαr), single Vα region, and two Jα elements (23). The endoge-
nous Vα locus is inactivated by crossing TCRα-null (Cαo/o) mice
and, transgenic TCRβ which, because of the dictates of allelic
exclusion, prevents the rearrangement of endogenous TCRβ
genes. Interestingly, all Limited mice exhibit diarrhea and rectal
prolapse, typical symptoms of chronic colitis, after the age of 8 wk
(Fig. 1 A and B).
To exclude the possibility that colitis development is the con-

sequence of T-cell activation that results from the interaction of
Vβ5 chain with superantigen (24, 25), we also examined mice
carrying the Vβ5 transgene or Vαr mutation and found that these
mice did not develop colitis (Fig. 1A). In addition, mice that carry
a TCRVβ8 transgene in lieu of the TCRVβ5 transgene were also
observed to develop spontaneous colitis (Fig. 1A). Therefore, the
colonic inflammation found in Limited mice is unlikely to be a
consequence of nonspecific T-cell activation by superantigen.
Rather, these observations indicate a possible critical role for TCR
repertoire diversity in the suppression of colonic inflammation.
Histological analysis of the Limited mice showed infiltrates in

the colonic lamina propria (cLP) and mild hyperplasia of the
epithelial layer (Fig. 1C), which was accompanied by an eleva-
tion of TNF-α expression (Fig. 1D). In contrast, no infiltration
was observed in other organs (Fig. S1). Intracellular cytokine
staining of CD4+ T cells from the cLP revealed that Limited
mice display a significant increase in the frequency of Th17 cells

compared with WT mice throughout the examined period, in-
cluding prodromal stages between 6 and 7 wk (Fig. 1 E and F). Of
note, the mutant mice displayed a marked increase in IFN-γ+IL-
17+ cells, which are implicated as pathogenic T cells in the context
of mouse models of colitis as well as human patients of ulcerative
colitis (Fig. 1 E and G) (26, 27). In contrast to T-helper type 17
(Th17) cells, the difference was not so remarkable for Th1 cells
(Fig. 1 E and H). As such, colitis development in Limited mice
may resemble inflammatory bowel disease. Given that the increase
in IFN-γ+IL-17+ cells occurs even during the precolitis stage (Fig.
1G), we speculate that T cells with a narrow diversity of the TCR
repertoire may initially trigger the colitis development.

Contribution of Commensal Microbiota Colonization to Colonic Inflam-
mation. In view of previous reports indicating that an abnormal re-
lationship between microbiota and the mucosal immune system of the
intestine drives Th17 inflammation (28), we next examined the effect
of antibiotics (Abx) on the development of colonic Th17 inflammation
in Limited mice. As shown in Fig. 2A, Abx-treated mice exhibited a
decrease in the frequency of pathogenic IFN-γ+IL-17+ cells in both
the cLP and mesenteric lymph node (MLN), attaining levels compa-
rable to those of the mice carrying the TCRCα locus as a single allele
(Cα+/o mice). These observations therefore indicate that the Th17
inflammation in Limited mice is mediated by microbial colonization.
Consistent with this finding, vigorous expansion of conventional

T (Tconv) cells in the colon were attenuated upon Abx treatment
of Limited mice (Fig. 2B). It is worth noting that, although colonic
Tconv cells from Abx-treated Limited mice show equivalent levels
of proliferation to those of Cα+/o mice, MLN Tconv cells still
proliferate more vigorously (Fig. 2B). We speculate that this
Tconv proliferation in the MLN is homeostatic expansion driven
by the lymphopenic environment of Limited mice. Accordingly,
splenic Tconv cells from untreated and Abx-treated Limited mice
showed more vigorous proliferation than those from Cα+/o mice
(Fig. 2B).
Because alteration in the composition of commensal microbiota

could result in colitis (29, 30), the possibility remains that the
microbiota of our animal facility may affect the colonic phenotype
above. This possibility is unlikely because Limited mice also de-
veloped spontaneous colitis, characterized by rectal prolapse and
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Fig. 1. Limited mice spontaneously develop Th17-skewed colitis. (A) Incidence of rectal prolapse of TCRα+/o (Cα+/o, n = 8), Vβ5-transgenic (Vβ5+Cα+/o, n = 8), Vα2-
transgenic (Vαr+Cαo/o, n = 7), Vβ5+.Vα2Vαr+.TCRαo/o (Vβ5Lmt, n = 8), and Vβ8+.Vα2Vαr+.TCRαo/o (Vβ8Lmt, n = 5). (B) Photographs of perianal region of Cα+/o and
Limited mice with 27 wk of age. (C) Histochemical analysis of colonic tissues from Cα+/o or Limited mouse at 13 wk of age. (Scale bar, 50 μm.) (D) Quantitative RT-PCR
analysis of whole colon for TNF-α. Control (ctrl) samples are from littermate Cα+/o. (E) cLP cells were isolated from Cα+/o or Limited mice at age between 6 and 27 wk
and examined for intracellular staining of IL-17 and IFN-γ after stimulation of PMA and ionomycin for 4 h. Representative cytograms frommice at 13 wk of age. Cells
are gated on TCRβ+CD4+ T cells. (F–H) Frequency of IL-17+ (F), IL-17+ IFN-γ+ (G), and IFN-γ+ (H) cells among TCRβ+CD4+ T cells for pooled mice (n = 3–7 per each group).

Nishio et al. PNAS | October 13, 2015 | vol. 112 | no. 41 | 12771

IM
M
U
N
O
LO

G
Y
A
N
D

IN
FL
A
M
M
A
TI
O
N

http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1516617112/-/DCSupplemental/pnas.201516617SI.pdf?targetid=nameddest=SF1


Th17 inflammation, when they were bred in another mouse facility
(Fig. S2). We also compared the composition of the microbiota
using primers specific for most major genera of bacterial 16S ri-
bosomal RNA. As shown in Fig. 2C, Limited mice displayed no
overt alteration in the composition of intestinal microbiota for the
genera tested. These include segmented filamentous bacteria,
which are known to cause the accumulation of Th17 cells in
steady-state intestines (31).
Taken together, these results suggest that colonic Th17 inflam-

mation in Limited mice occurs not as a result of homeostatic
proliferation, but rather as a consequence of the loss of T-cell
tolerance. In other words, sufficient diversity of TCR repertoire is
required for the maintenance of intestinal homeostasis through
T-cell tolerance to stimuli from commensal microbiota.

Suppression of Colitis Development by the Transfer of Tregs to Limited
Mice.Because Tregs are known to accumulate to high frequencies in
the cLP to maintain immune tolerance to commensal bacteria (10),
we next analyzed the frequency and functional competency of Tregs
in Limited mice. Consistent with a previous study (23), Limited
mice displayed comparable frequencies of thymic and splenic Tregs
to that of Cα+/o mice (Fig. 3A). Although the frequency of Tregs
in the cLP of Limited mice was comparable to that of Cα+/o mice
at 6–7 wk of age, they significantly increased at 13–14 wk, the
period when colitis symptoms become notable (Fig. 3B).
These observations suggest that Tregs in the Limited mice are

competent in their proliferative potential and maintain normal
ratios to activated Tconv cells. Indeed, Tregs isolated from Lim-
ited mice (Lmt Tregs) suppress proliferation of anti-CD3/CD28-
stimulated Tconv cells to an extent similar to Tregs from Cα+/o
mice (Cα+/o Tregs) in vitro (Fig. 3 C andD). As such, Th17 colonic
inflammation observed in Limited mice is likely not because of
their inability to directly suppress Tconv cells. Interestingly, Tconv
cells from Limited mice (Lmt Tconv) were more resistant to
suppression by Cα+/o Tregs or Lmt Tregs (Fig. 3 C and D), in-
dicating that Lmt Tregs are hyperactivated (see below).
When equivalent numbers of Tregs isolated from spleen and

peripheral lymph nodes of control (WT or Cα+/o) or Limited
mice were adoptively transferred to the Limited mice at 3–4 wk
of age, colitis development, as monitored by 16 wk after birth,

was suppressed by transfer of Tregs from control mice, but not
Tregs from Limited mice (Fig. 4 A and B). Consistent with this,
the transfer of control mouse-derived, fully diverse Tregs to the
Limited mice resulted in a decrease of the IFN-γ+IL-17+ cell
frequency to comparable levels as to Cα+/o mice (Fig. 4C). That
there is no significant difference in the frequency of Tregs in the
colon of transferred and nontransferred mice (Fig. 4D) suggests
that colitis is suppressed by an increase in the number of highly
tolerogenic Treg cell subsets rather than the total Treg cell
number. These results further indicate that TCR diversity is re-
quired for Tregs to maintain tolerance to the intestinal micro-
biota (see below).

Paucity of Helios− Tregs in the Limited Mice. Tregs lacking the Helios
transcription factor (Helios− Tregs), a population of pTregs, rep-
resent about half of the total number of Tregs in the colon and are
able to respond to microbiota stimuli (10, 11). Indeed, the number
of colonic Helios− Tregs in germ-free mice was far less than that of
conventional mice (10, 11). Interestingly, we observed that Limited
mice displayed a striking decrease in the frequency of Helios−

Tregs in the cLP as well as MLN. Abx-treatment did not recover
the frequency of Helios− Tregs (Fig. 5A), showing that in-
flammation does not lead to the attenuation of this population.
Moreover, because both Helios+ and Helios− populations from
these mice proliferate similarly (Fig. 5B), it is unlikely that the
decrease of Helios− Tregs is a consequence of their defective
proliferation, but rather a developmental defect of these cells
in the colon. The defect in the differentiation of Helios− Tregs
may, at least in part, account for the development of colonic
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Th17 inflammation of these mice expressing a limited TCR
repertoire.

Loss of Steady-State Tolerogenic Phenotype of Intestinal migDCs in
the Limited Mice. In light of several recent studies indicating that
Tregs are required for the regulation of DCs in the maintenance
of tissue homeostasis (14, 15), we next examined the activation
status of DCs in the colon of Limited mice. Intestinal conven-
tional DCs consist of two main classes, migDCs and lymphoid-
tissue resident DCs, which can be distinguished on the basis
of cell surface expression of CD103. MigDCs are CD103+

and further subdivided into CD103+CD11b+ DCs and
CD103+CD11b− DCs, wherein CD103+CD11b+ DCs represents
the major migDC subset in the gut (32, 33). Because intestinal
CD103+ migDCs are known to induce pTregs (18, 19), we next
examined the status of CD103+ migDCs. Both Cα+/o and Lim-
ited mice showed comparable numbers of total DCs and their
subsets in the cLP before the onset of colitis in Limited mice
(Fig. 6 A and B). Interestingly, however, the surface expres-
sion of CD80 and CD86 were markedly enhanced on
CD103+CD11b+ DCs in the cLP of Limited mice (Fig. 6 C and
D). Expectedly, the expression level of CD80 and CD86 on
CD103+CD11b+ DCs in Limited mice was declined upon the
transfer of Tregs from Cα+/o mice (Fig. 6 C and D).
Given that Lmt Tconv cells are hyperactivated (Fig. 3C), the

above described activation of CD103+CD11b+ DCs may be
mediated by Tconv cells rather than Tregs in Limited mice. To
test this hypothesis, we transferred Cα+/o or Lmt Tconv cells into
Cαo/o mice that lack all αβ T cells and then examined the acti-
vation status of CD103+CD11b+ DCs in the cLP. As shown in
Fig. 6E, we observed similar expression levels of CD80 and

CD86 in the CD103+ migDCs from both mice, indicating that
these Tconv cells do not differ in terms of DC activation, at least
in this experimental setting. On the other hand, when Cα+/o
Tconv cells were cotransferred with Cα+/o or Lmt Tregs, the
expressions of CD80 and CD86 on CD103+ migDCs were sup-
pressed in mice cotransferred with Ca+/o Tregs, but not in those
cotransferred with Lmt Tregs (Fig. 6E). These results support
the notion that CD103+ migDCs become activated under con-
ditions in which the TCR repertoire of Tregs is restricted. In this
context, it is worth noting that expression of CD80 or CD86 did
not increase on splenic DCs of Limited mice, suggesting gut
migDCs are locally activated in the colon (Fig. S3).
In addition to CD103+ migDCs, CX3CR1hi monocyte-derived

DCs which reside in the lamina propria and do not migrate to
MLN, have been recently reported to have migratory function in
some situations (34). We therefore next examined the status of
these cells and found that their expression of CD80 and CD86
also increased in the Limited mice (Fig. 6F). The frequency of
CX3CR1hi DCs however, remained the same in the cLP as well
as MLN (Fig. S4). As such, we infer that CX3CR1hi DCs may
also be involved in the pathogenesis of colitis.

Gene Expression Profiles in migDCs. To gain additional insight into
the activation of migDCs in Limited mice, we compared ge-
nome-wide expression profiles between CD103+ migDCs along
with CD103− DCs from the MLN of Cα+/o and Limited mice. We
used a set of top 50 up-regulated genes shared by steady-state
migDCs across various tissues and their draining LNs, as shown
in a recent report (20). This signature gene set was more highly
expressed in CD103+ migDCs than in CD103− resident DCs in
both Limited and Cα+/o mice, suggesting CD103+ DCs in both
mice express a more pronounced migDC phenotype relative to
CD103− resident DCs (Fig. S5A and Table S1). Interestingly,
however, the expression of migDC signature genes was down-
regulated in CD103+ DCs from Limited mice in comparison with
those from Cα+/o mice (Fig. 7A), indicating that migDCs in the
mutant mice lose the characteristics of steady-state migDCs.
Intestinal CD103+ migDCs also have capability to induce

pTregs by supplying RA that is converted from vitamin A by
retinaldehyde dehydrogenase 2 (RALDH2) (18, 19). In-
terestingly, the expression of Aldh1a2 encoding RALDH2 was
markedly reduced in CD103+ DCs from Limited mice (Fig. 7B),
suggesting that migDCs in these mice are unable to produce
sufficient RA to induce pTreg. We also analyzed genes up-reg-
ulated specifically in CD103+ DCs from Limited mice (Fig. S5B).
Many of the up-regulated genes are found to be associated with
DC activation (Fig. S5B and Table S2). Of note, mRNAs for Il-6,
IL-1β, and TGF-β1, cytokines critical for Th17 differentiation,
are highly expressed in CD103+ DCs from Limited mice (Fig. S5
B and C). Additionally, mRNAs for C-type lectin Receptors,
known to mediate Th17 response (35), are also highly expressed
(Fig. S5B). These observations in toto support the notion that
Tregs that develop in Limited mice are incapable of effectively
restraining the activation of gut migDC in response to exposure
to commensal microbiota.
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Discussion
In this study, we demonstrated the importance of a diverse Treg
TCR repertoire for maintaining intestinal homeostasis. We
revealed that Limited mice, which bear a restricted TCR repertoire,
develop spontaneous colitis with Th17 inflammation. Contribution

of microbiota to colitis is underscored by the observation that
elimination of commensal microbiota with antibiotics suppressed
Th17-mediated inflammation in these mice. We also adduced
evidence that a paucity of pTregs and hyperactivation of migDCs
(and possibly CX3CR1hi monocyte-derived DCs) in these mice
contributes to local, Th17-type inflammation in the colon.
How does the limited TCR repertoire affect pTregs and migDCs

and account for colitis development? Although Limited mice dis-
play lymphopenia and homeostatic expansion, they exhibit normal
thymic development and frequencies of tTreg population in the
periphery and, accordingly, no infiltration in organs except in-
testines. These observations suggest that both central and periph-
eral tolerance to self-tissue is established in the Limited mice. On
the other hand, intestinal migDCs constantly present not only self-
but also microbiota- or food-derived antigens, and thereby need
additional tolerance to these external antigens for tissue homeo-
stasis. Therefore, Limited mice may display a selective defect in the
acquisition of tolerance to commensal microbial stimuli, conse-
quently skewing homeostasis toward Th17 inflammation. This no-
tion is also consistent with our data, which show that the cotransfer
of Tregs from WT mice—but not those from Limited mice—with
WT Tconv cells can suppress the activation of migDCs in the Cαo/o
mice (Fig. 6E).
Although we cannot conclusively identify the basis for how a

narrow diversity of TCR results in this selective defect, it is in-
teresting to note that the Herios− pTregs are scarce in the colon
of the Limited mice and that transfer of WT Tregs inhibits colitis
development accompanied by the attenuation of Th17 inflamma-
tion. Furthermore, colonic migDCs from Limited mice express
CD80 and CD86, and lose the expression of migDC signature
genes accompanied by up-regulation of genes associated with DC
activation. The expression of CD80 and CD86 on DCs is sup-
pressed by the transfer of WT Tregs, indicating that a “sufficient”
TCR repertoire of Tregs is essential to restrain migDCs activated
by colonization of commensal microbiota. Thus, the paucity of
pTregs and activation of migDCs are closely linked in which a cycle
between defective pTregs and the activated of migDCs not only fail
to sufficiently induce pTregs but in fact promote Th17 responses
(Figs. 5–7 and Fig. S5). As such, this vicious cycle becomes the
foundation of the colonic Th17 inflammation over time. To our
knowledge, our study may provide the first evidence that diver-
sity of TCR repertoire in Tregs is essential to maintain intestinal
homeostasis.
There are several recent reports that support this theory, in

particular demonstration that the intestinal DC subset CD103+

migDCs can induce Th17 in the steady-state as well as in in-
flammation (36–38), whereas the CD103+ migDCs also contribute
to enhancing pTreg induction. However, these studies do not elu-
cidate how this subset differentially induces these two counterpart
cell populations. Our study identified that sufficient diversity of
Tregs restrains CD103+ migDCs activated with microbiota-derived
stimuli to maintain a tolerogenic, steady-state phenotype in vivo.
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That pTregs induced by microbiota-derived antigens contrib-
ute to intestinal homeostasis (11, 39) is controversial. Whether
tTregs or pTregs are dominant in the cLP by comparing TCR
sequence between colonic Tregs and naïve or thymic Tregs was
addressed using different mouse lines with restricted TCR rep-
ertoire in these studies. Given our results that the differentiation
of colonic pTregs is more severely impaired under a more re-
stricted TCR repertoire size, the discrepancy of colonic pTreg
frequency between the groups above might reflect different
ranges of TCR repertoire in the strains of mice used. In this
context, our present study might lend support to the notion that
pTregs play a critical role in intestinal homeostasis.
Because elimination of microbiota by antibiotics apparently

suppresses colonic Th17 inflammation in the Limited mice, it is
likely that microbiota-specific pTregs are required to restrain
migDCs for which full diversity of TCR is critical. However, an
alternative scenario, not rigorously excluded, is the case in which
colonization with microbiota might impact the quantity or quality
of self-antigen presentation in the host intestinal environment,
such that Tregs with a more diverse TCR repertoire are required
for tolerance to self-tissues. This issue needs to be addressed
further, including identification of microbiota-associated antigens.
In summary, our study with Limited mice reveals a unique facet

of immune regulation in which Tregs with a sufficient TCR di-
versity play a key role in the maintenance of intestinal homeostasis
by efficiently restraining homeostatic migDC responses against gut
microbiota. We envisage that the host immune system has acquired
full TCR repertoire not only to evoke highly specific immune re-
sponses to cope with a wide range of pathogen-derived antigens,

but also to tolerate intestinal microbiota that are otherwise bene-
ficial to the host.

Materials and Methods
Mice. Vβ5Limited (Vβ5tg+.Vαr+.Cαo/o) and Foxp3hCD2 reporter mice were
previously reported (23, 40). Vβ8 Limied (Vβ8tg+.Vαr+.Cαo/o) mice were
generated by crossing Vαr+.Cαo/o mice onto C57L/J-Tg(Tcrb)93Vbo/J mice
purchased from the Jackson Laboratory. In some experiments, Limited mice
were crossed onto Foxp3hCD2 reporter mice. All of the strains were bred in
the animal facility of Institute of Industrial Science, The University of Tokyo. A
Vβ5Limited mouse strain was also bred in the facility of the Graduate School of
Medicine, The University of Tokyo. All animal care and experiments were
conformed to the guidelines for animal experiments of The University of
Tokyo, and were approved by the animal research committee of The Univer-
sity of Tokyo. Other information is provided in SI Materials and Methods. See
Table S3 for primer sets of each bacterial series.

Treatment with Antibiotics. Mice were administered with drinking water
containing 1 mg/L of ampicillin, 1 mg/L of neomycin, 0.5 mg/L of vancomycin,
and 1 mg/L of metronidazole for 4 wk.
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