
was absent in RegIIIb-deficient mice (fig. S6A).
Concomitantly, the transcription levels of Il17a,
Ifng, Ido1, type 1 Ifn-related gene products and
Ctla4 (but not Il6), which indicate ongoing in-
flammatory processes, significantly increased by
24 hours in the distal ileumof CTLA-4 Ab–treated
mice (fig. S6, B to D). Depletion of T cells, includ-
ing intraepithelial lymphocytes (IELs) (by injec-
tion of Abs specific for CD4 and CD8), abolished
the induction of IEC apoptosis byCTLA-4–specific
Ab (Fig. 2A).Whencrypt-derived three-dimensional
small intestinal enteroids (6) were exposed to Toll-
like receptor (TLR) agonists (which act as mi-
crobial ligands in this assay) and subsequently
admixed with IELs harvested frommice treated
with Ab against CTLA-4 (but not isotype Ctl),
IECs within the enteroids underwent apoptosis
(Fig. 2B). Hence, CTLA-4 Ab compromises the
homeostatic IEC-IEL equilibrium, favoring the
apoptotic demise of IEC in the presence of mi-
crobial products.
To explore whether this T cell–dependent

IEC death could induce perturbations of the
microbiota composition, we performed high-
throughput pyrosequencing of 16S ribosomal
RNA (rRNA) gene amplicons of feces. The prin-
cipal component analysis indicated that a single
injection of CTLA-4 Ab sufficed to significantly
affect themicrobiome at the genus level (Fig. 2C).
CTLA-4 blockade induced a rapid underrepre-
sentation of both Bacteroidales and Burkholder-
iales, with a relative increase of Clostridiales, in

feces (Fig. 2C and table S1). Quantitative poly-
merase chain reaction (QPCR) analyses tar-
geting the Bacteroides genus and species (spp.)
in small intestine mucosa and feces contents
showed a trend toward a decreased relative
abundance of such bacteria in the feces, which
contrasted with a relative enrichment in partic-
ular species [such as B. thetaiotaomicron (Bt)
and B. uniformis] in the small intestine mu-
cosa 24 to 48 hours after one CTLA-4 Ab injec-
tion (Fig. 2D and fig. S7). One of the most
regulatory Bacteroides isolates, B. fragilis (Bf)
(7–10), was detectable by PCR in colon mucosae

but was not significantly increased with CTLA-4
Ab (fig. S7).
Next, to establish a cause-and-effect rela-

tionship between the dominance of distinct
Bacteroides spp. in the small intestine and the
anticancer efficacy of CTLA-4 blockade, we re-
colonized ACS-treated and GF mice with several
bacterial species associated with CTLA-4 Ab–
treated intestinal mucosae as well as Bf. ACS-
treated mice orally fed with Bt, Bf, Burkholderia
cepacia (Bc), or the combination of Bf and Bc,
recovered the anticancer response to CTLA-4 Ab,
contrasting with all the other isolates that failed
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Fig. 1. Microbiota-dependent
immunomodulatory effects
of CTLA-4 Ab.Tumor growth
of MCA205 in SPF (A) or
GF (B) mice treated with five
injections (compare the
arrows) of 9D9 or isotype
control (Iso Ctrl) Ab. (C) Tumor
growth as in (A) and (B) in the
presence (left) ofACSor (right)
of single-antibiotic regimen in
>20mice per group. Flow
cytometric analysesof (D)Ki67
and ICOS expression and
(E) TH1 cytokines on splenic
CD4+Foxp3–Tcells (D) and
TILs (E) 2 days after the third
administrationof9D9or IsoCtrl
Ab. Each dot represents one
mouse in two to three indepen-
dent experiments of five mice
per group. P values corrected
for interexperimental baseline
variation between three indi-
vidual experiments in (D). *P <
0.05; **P < 0.01; ***P < 0.001;
ns, not significant.
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