
Interspecific competition is thought to be a
pervasive force in evolution (29, 30), and we
suggest that the pattern we observe across Lakes
Victoria and Tanganyika is likely due to compe-
tition between Nile perch and cichlid predators.
For nearly half a century, the robust pharyn-

geal jaws of cichlids, wrasses, and other pharyn-
gognathous fishes have been considered a classic
example of evolutionary innovation that opened
up new niches through increased trophic flexi-
bility (18). Although this is almost certainly cor-
rect, our results suggest that the innovation
involves a major trade-off that severely limits the
size of prey that can be eaten, facilitating com-
petitive inferiority in predatory niches and ex-
tinction in the presence of a predatory invader
lacking the innovation. The evolutionary inno-
vation of pharyngognathy is not a uniformly ben-
eficial trait, but a specialization that can promote
competitive exclusion and extinctiondepending on
ecological context and community composition.
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CANCER IMMUNOTHERAPY

Anticancer immunotherapy by CTLA-4
blockade relies on the gut microbiota
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Antibodies targeting CTLA-4 have been successfully used as cancer immunotherapy.
We find that the antitumor effects of CTLA-4 blockade depend on distinct Bacteroides
species. In mice and patients, Tcell responses specific for B. thetaiotaomicron or B. fragilis
were associated with the efficacy of CTLA-4 blockade. Tumors in antibiotic-treated or
germ-free mice did not respond to CTLA blockade. This defect was overcome by gavage
with B. fragilis, by immunization with B. fragilis polysaccharides, or by adoptive transfer
of B. fragilis–specific T cells. Fecal microbial transplantation from humans to mice
confirmed that treatment of melanoma patients with antibodies against CTLA-4 favored
the outgrowth of B. fragilis with anticancer properties. This study reveals a key role for
Bacteroidales in the immunostimulatory effects of CTLA-4 blockade.

I
pilimumab is a fully humanmonoclonal anti-
body (Ab) directed against CTLA-4, a major
negative regulator of T cell activation (1), ap-
proved in 2011 for improving the overall sur-
vival of patients with metastatic melanoma

(MM) (2). However, blockade of CTLA-4 by ipili-
mumab often results in immune-related adverse
events at sites that are exposed to commensal mi-
croorganisms, mostly the gut (3). Patients treated
with ipilimumab develop Abs to components of
the enteric flora (4). Therefore, given our previous
findings for other cancer therapies (5), addressing
the role of gut microbiota in the immunomodu-
latory effects of CTLA-4 blockade is crucial for the
future development of immune checkpoint block-
ers in oncology.
We compared the relative therapeutic efficacy

of theCTLA-4–specific 9D9Ab against established
MCA205 sarcomas in mice housed in specific
pathogen–free (SPF) versus germ-free (GF) condi-
tions. Tumor progression was controlled by Ab
against CTLA-4 in SPF but not in GFmice (Fig. 1,
A and B). Moreover, a combination of broad-
spectrum antibiotics [ampicillin + colistin + strep-

tomycin (ACS)] (Fig. 1C), as well as imipenem
alone (but not colistin) (Fig. 1C), compromised the
antitumor effects of CTLA-4–specific Ab. These
results, which suggest that the gut microbiota is
required for the anticancer effects of CTLA-4 block-
ade, were confirmed in the Ret melanoma and the
MC38 colon cancer models (fig. S1, A and B). In
addition, in GF or ACS-treatedmice, activation of
splenic effector CD4+ T cells and tumor-infiltrating
lymphocytes (TILs) induced by Ab against CTLA-4
was significantly decreased (Fig. 1, D and E, and
fig. S1, C to E).
We next addressed the impact of the gutmicro-

biota on the incidence and severity of intestinal
lesions induced by CTLA-4 Ab treatment. A “sub-
clinical colitis” dependent on the gut microbiota
was observed at late time points (figs. S2 to S5).
However, shortly (by 24 hours) after the first ad-
ministration of CTLA-4Ab,we observed increased
cell death and proliferation of intestinal epithelial
cells (IECs) residing in the ileum and colon, as
shown by immunohistochemistry using Ab-cleaved
caspase-3 and Ki67 Ab, respectively (Fig. 2A and
fig. S6A). TheCTLA-4Ab–induced IECproliferation
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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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to do so (table S2 and Fig. 3A). Similarly, oral
feeding with Bf, which colonized the mucosal
layer of GF mice (fig. S8) (11), induced T helper
1 (TH1) immune responses in the tumor-draining
lymph nodes and promoted the maturation of
intratumoral dendritic cells (DCs), which culmi-
nated in the restorationof the therapeutic response
of GF tumor bearers to CTLA-4 Ab (Fig. 3B and
fig. S9, A and B).
We analyzed the dynamics of memory T cell

responses directed against distinct bacterial spe-
cies in mice and humans during CTLA-4 block-
ade. CD4+ T cells harvested from spleens of
CTLA-4 Ab–treated mice (Fig. 3C) or from blood
taken from individuals with MM or non–small
cell lung carcinoma (NSCLC) patients after two
administrations of ipilimumab (Fig. 3, D and E,
and table S3) tended to recover a TH1 phenotype
(figs. S10 and S11). The functional relevance of
such T cell responses for the anticancer activity

of CTLA-4 Ab was further demonstrated by the
adoptive transfer of memory Bf-specific (but not
B. distasonis-specific) TH1 cells into GF or ACS-
treated tumor bearers (Fig. 3F and fig. S12), which
partially restored the efficacy of the immune
checkpoint blocker.
The microbiota-dependent immunostimula-

tory effects induced by CTLA-4 blockade de-
pended on the mobilization of lamina propria
CD11b+ DC that can process zwitterionic poly-
saccharides (9) and then mount interleukin-12
(IL-12)–dependent cognate TH1 immune responses
against Bf capsular polysaccharides (figs. S13
and S14). However, they did not appear to result
from TLR2/TLR4-mediated innate signaling (7, 8)
in the context of a compromised gut tolerance
(figs. S15 to S19).
To address the clinical relevance of these find-

ings, we analyzed the composition of the gut
microbiome before and after treatment with

ipilimumab in 25 individuals with MM (table
S4). A clustering algorithm based on genus
composition of the stools (12, 13) distinguished
three clusters (Fig. 4A and table S5) with Al-
loprevotella or Prevotella driving cluster A and
distinct Bacteroides spp. driving clusters B and
C (Fig. 4B). During ipilimumab therapy, the
proportions of MM patients falling into cluster
C increased, at the expense of those belonging
to cluster B (Fig. 4B and fig. S20A). We next
performed fecal microbial transplantation of
feces harvested from different MM patients
from each cluster, 2 weeks before tumor inocula-
tion into GF mice that were subsequently treated
with anti–CTLA-4 Ab. Tumors growing in mice
that had been transplanted with feces from
cluster C patients markedly responded to CTLA-4
blockade, contrasting with absent anticancer
effects in mice transplanted with cluster B–
related feces (Fig. 4C). QPCR analyses revealed
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Fig. 2. IEC-IEL dialogue causes IEC apoptosis
and intestinal dysbiosis after CTLA-4 Ab injec-
tion. (A) (left) Representative micrograph pic-
tures of distal ileum after staining with Ab-cleaved
caspase 3 (cCasp3)Ab 24hours after one injection
of 9D9 (or IsoCtrl) Ab in naïvemicewith or without
prior depletion of CD4+ and CD8+ T cells. Inset
enlarged 18-fold. (Right) Concatanated data of two
experiments. (B) (left) Representative micrographs
of 3D enteroid cocultures stimulated (or not) with
TLR agonists and incubated with IELs harvested
from 9D9 (or Iso Ctrl) Ab–treated mice in hema-
toxylin and eosin (H&E), then (middle) stainedwith
cCasp3-specific Ab. (Right) Data concatenated from
twoexperimentscounting themeans±SEMpercent-
ages of apoptotic cells to organoid in 20 organoids.
(C) Sequencing of 16S rRNA gene amplicons of
feces from tumor bearers before and 48 hours
after one administration of 9D9or IsoCtrl Ab. (Left)
Principal component analysis (PCA) on a relative
abundance matrix of genus repartition highlighting
the clustering between baseline, Iso Ctrl Ab–, and
9D9 Ab–treated animals after one injection (five to
six mice per group). Ellipses are presented around
the centroids of the resulting three clusters. The
first two components explain 34.41% of total
variance (Component 1: 20.04%; Component 2:
14.35%) (Monte-Carlo test with 1000 replicates,
P = 0.0049). (C) (right) Means ± SEM of relative
abundance for each three orders for five mice per
group are shown. (D) QPCR analyses targeting
three distinct Bacteroides spp. in ileal mucosae
performed 24 to 48 hours after Ab introduction.
Results are represented as 2–DDCt × 103, nor-
malized to 16S rDNA and to the basal time point
(before treatment). Each dot represents one
mouse in two gathered experiments. *P < 0.05;
**P < 0.01; ***P < 0.001; ns, not significant.
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that, although bacteria from the Bacteroidales
order equally colonized the recipient murine
intestine, stools from cluster C (but not A or B)
individuals specifically facilitated the coloni-
zation of the immunogenic bacteria Bf and Bt
(7–10, 14, 15) (Fig. 4D).Moreover, after CTLA-4Ab
therapy, only cluster C (not A or B) recipient mice
had outgrowth of Bf (fig. S20B). Note that the
fecal abundance of Bf (but not B. distasonis or
B. uniformis) negatively correlated with tumor
size after CTLA-4 blockade in cluster C–recipient
mice (Fig. 4E and fig. S20C). Hence, ipilimumab
can modify the abundance of immunogenic Bac-
teroides spp. in the gut, which in turn affects its
anticancer efficacy.
Finally, intestinal reconstitution of ACS-treated

animals with the combination of Bf and Bc did
not increase but rather reduced histopathological
signsof colitis inducedbyCTLA-4blockade (Fig. 3A).
This efficacy-toxicity uncoupling effect was not

achieved with vancomycin, which could boost the
antitumor effects of CTLA-4 blockade (presum-
ably by inducing the overrepresentation of Bac-
teroidales at the expense of Clostridiales) but
worsened the histopathological score (fig. S21).
In support of this notion, Bf maintained its reg-
ulatory properties in the context of CTLA-4 block-
ade (fig. S22) (7).
Hence, the efficacy of CTLA-4 blockade is in-

fluenced by themicrobiota composition (B. fragilis
and/or B. thetaiotaomicron and Burkholderiales).
The microbiota composition affects interleukin
12 (IL-12)–dependent TH1 immune responses,
which facilitate tumor control in mice and pa-
tients while sparing intestinal integrity. In ac-
cordwith previous findings (16), colitis (observed
in the context of IL-10 deficiency and CTLA-4
blockade) (fig. S17) could even antagonize anti-
cancer efficacy. Several factors may dictate why
such commensals could be suitable “anticancer

probiotics.” The geodistribution of Bf in the
mucosal layer of the intestine (fig. S8) and its
association with Burkholderiales—recognized
through the pyrin–caspase-1 inflammasome (17)
and synergizingwith TLR2/TLR4 signaling path-
ways (fig. S15)—may account for the immunomod-
ulatory effects of CTLA-4 Ab. Future investigations
will determine whether a potential molecular
mimicry between distinct commensals and/or
pathobionts and tumor neoantigens could ac-
count for the toxicity and/or efficacy of immune
checkpoint blockers. Prospective studies in MM
and/or NSCLC may validate the relevance of the
enterotypes described herein in the long-term
efficacy of immune checkpoint blockers, with
the aim of compensating cluster B–driven pa-
tients with live and immunogenic or recombinant
Bacteroides spp. (18) or fecal microbial transplanta-
tion from cluster C–associated stools to improve
their antitumor immune responses.

1082 27 NOVEMBER 2015 • VOL 350 ISSUE 6264 sciencemag.org SCIENCE

Fig. 3. Memory Tcell responses against Bt and
Bf and anticancer efficacy of CTLA-4 block-
ade. (A and B) Tumoricidal effects of Bf, Bt, and/or
B. cepacia (Bc) administered by oral feeding of ACS-
treated or GF mice (also refer to fig. S8A). (A)
(left) Tumor sizes at day 15 after 9D9 or Iso Ctrl Ab
treatment are depicted. Each dot represents one
tumor, and graphs depict two to three experiments
of five mice per group. (Middle) Histopathological
score of colonic mucosae in ACS-treated tumor
bearers receiving 9D9 Ab after oral gavage with
various bacterial strains, assessed on H&E-stained
colons monitoring microscopic lesions as described
in materials and methods at day 20 after treat-
ment in five animals per group on at least six
independent areas. (Right) Representative micro-
graphs are shown; scale bar, 100 mm. (B) Tumor-
icidal effects of Bf in GF mice as indicated. (C to E)
Recall responses of CD4+ T cells in mice and
patients to various bacterial strains after CTLA-4
blockade. DCs loaded with bacteria of the indi-
cated strain were incubated with CD4+ T cells,
2 days after three intraperitoneal (ip) CTLA-4
Ab in mice, and after at least two injections of
ipilimumab (ipi) in patients. The graphs represent
interferon-g (IFN-g) concentrations from coculture
supernatants at 24 hours in mice (C) and 48 hours
in MM patients (D). (E) IFN-g/IL-10 ratios were mon-
itored in DC–T cell cocultures of NSCLC patients
at 48 hours. No cytokine release was observed in
the absence of bacteria or Tcells (fig. S11 with HV).
Each dot represents one patient or mouse. Paired
analyses are represented by linking dots pre- and
post-ipi. (F) Tcells harvested from spleens of mice
exposed to CTLA-4 Ab and restimulated with Bf
versus B. distasonis or bone marrow DCs alone
(CD4+ NT) were infused intravenously in day 6
MCA205 tumor-bearing GFmice. A representative
experiment containing five to six mice per group
is shown. *P < 0.05; **P < 0.01; ***P < 0.001; ns,
not significant.
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targeting Bacteroidales and Bacteroides spp. Results are represented as 2–DCt x
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mice. *P < 0.05; **P < 0.01; ***P < 0.001.
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CANCER IMMUNOTHERAPY

Commensal Bifidobacterium
promotes antitumor immunity and
facilitates anti–PD-L1 efficacy
Ayelet Sivan,1* Leticia Corrales,1* Nathaniel Hubert,2 Jason B. Williams,1

Keston Aquino-Michaels,3 Zachary M. Earley,2 Franco W. Benyamin,1 Yuk Man Lei,2

Bana Jabri,2 Maria-Luisa Alegre,2 Eugene B. Chang,2 Thomas F. Gajewski1,2†

T cell infiltration of solid tumors is associated with favorable patient outcomes, yet the
mechanisms underlying variable immune responses between individuals are not well
understood. One possible modulator could be the intestinal microbiota. We compared
melanoma growth in mice harboring distinct commensal microbiota and observed
differences in spontaneous antitumor immunity, which were eliminated upon cohousing
or after fecal transfer. Sequencing of the 16S ribosomal RNA identified Bifidobacterium as
associated with the antitumor effects. Oral administration of Bifidobacterium alone
improved tumor control to the same degree as programmed cell death protein 1 ligand
1 (PD-L1)–specific antibody therapy (checkpoint blockade), and combination treatment
nearly abolished tumor outgrowth. Augmented dendritic cell function leading to enhanced
CD8+ Tcell priming and accumulation in the tumor microenvironment mediated the effect.
Our data suggest that manipulating the microbiota may modulate cancer immunotherapy.

H
arnessing the host immune system consti-
tutes a promising cancer therapeutic be-
cause of its potential to specifically target
tumor cells although limiting harm to nor-
mal tissue. Enthusiasm has been fueled

by recent clinical success, particularly with anti-
bodies that block immune inhibitory pathways,
specifically CTLA-4 and the axis between pro-
grammed cell death protein 1 (PD-1) and its
ligand 1 (PD-L1) (1, 2). Clinical responses to these
immunotherapies are more frequent in patients
who show evidence of an endogenous T cell re-
sponse ongoing in the tumor microenvironment
before therapy (3–6). However, the mechanisms
that govern the presence or absence of this phe-
notype are notwell understood. Theoretical sources
of interpatient heterogeneity include host germ-
line genetic differences, variability in patterns of
somatic alterations in tumor cells, and environ-
mental differences.
The gut microbiota plays an important role in

shaping systemic immune responses (7–9). In the
cancer context, a role for intestinal microbiota in

mediating immuneactivation in response to chemo-
therapeutic agents has been demonstrated (10, 11).
However, it is not known whether commensal
microbiota influence spontaneous immune re-
sponses against tumors and thereby affect the
therapeutic activity of immunotherapeutic inter-
ventions, such as anti–PD-1/PD-L1 monoclonal
antibodies (mAbs).
To address this question, we compared sub-

cutaneousB16.SIYmelanomagrowth ingenetically
similar C57BL/6 mice derived from two different
mouse facilities, Jackson Laboratory (JAX) and
Taconic Farms (TAC), which have been shown to
differ in their commensalmicrobes (12).We found
that JAX and TAC mice exhibited significant
differences in B16.SIY melanoma growth rate,
with tumors growing more aggressively in TAC
mice (Fig. 1A). This difference was immune-
mediated: Tumor-specific T cell responses (Fig. 1,
B and C) and intratumoral CD8+ T cell accumu-
lation (Fig. 1D) were significantly higher in JAX
than in TAC mice. To begin to address whether
this difference could be mediated by commensal
microbiota, we cohoused JAX and TAC mice be-
fore tumor implantation. We found that cohous-
ing ablated the differences in tumor growth (Fig.
1E) and immune responses (Fig. 1, F to H) be-
tween the two mouse populations, which sug-
gested an environmental influence. CohousedTAC

and JAXmice appeared to acquire the JAXpheno-
type, which suggested that JAXmice may be col-
onized by commensal microbes that dominantly
facilitate antitumor immunity.
To directly test the role of commensal bacteria

in regulating antitumor immunity, we transferred
JAX or TAC fecal suspensions into TAC and JAX
recipients by oral gavage before tumor implan-
tation (fig. S1A).We found that prophylactic trans-
fer of JAX fecal material, but not saline or TAC
fecal material, into TAC recipients was sufficient
to delay tumor growth (Fig. 2A) and to enhance
induction and infiltration of tumor-specific CD8+

T cells (Fig. 2, B and C, and fig. S1B), which sup-
ported a microbe-derived effect. Reciprocal trans-
fer of TAC fecal material into JAX recipients had
a minimal effect on tumor growth rate and anti-
tumor T cell responses (Fig. 2, A to C, and fig.
S1B), consistent with the JAX-dominant effects
observed upon cohousing.
To test whether manipulation of the microbial

community could be effective as a therapy, we ad-
ministered JAX fecal material alone or in combi-
nation with antibodies targeting PD-L1 (aPD-L1)
to TAC mice bearing established tumors. Trans-
fer of JAX fecal material alone resulted in signif-
icantly slower tumor growth (Fig. 2D), accompanied
by increased tumor-specific T cell responses
(Fig. 2E) and infiltration of antigen-specific T cells
into the tumor (Fig. 2F), to the same degree as
treatment with systemic aPD-L1 mAb. Combina-
tion treatment with both JAX fecal transfer and
aPD-L1mAb improved tumor control (Fig. 2D) and
circulating tumor antigen–specific T cell responses
(Fig. 2E), although there was little additive effect
on accumulation of activated T cells within the
tumormicroenvironment (Fig. 2F). Consistent with
these results, aPD-L1 therapy alone was signifi-
cantly more efficacious in JAX mice compared
withTACmice (Fig. 2G),whichparalleled improved
antitumor T cell responses (fig. S1C). These data
indicate that the commensal microbial compo-
sition can influence spontaneous antitumor im-
munity, as well as a response to immunotherapy
with aPD-L1 mAb.
To identify specific bacteria associated with im-

proved antitumor immune responses, we moni-
tored the fecal bacterial content over time of mice
that were subjected to administration of fecal
permutations, using the 16S ribosomalRNA (rRNA)
miSeq Illumina platform. Principal coordinate
analysis revealed that fecal samples analyzed from
TAC mice that received JAX fecal material grad-
ually separated from samples obtained from sham-
and TAC feces–inoculated TAC mice over time
(P = 0.001 and P = 0.003, respectively, ANOSIM
multivariate data analysis) and became similar

1084 27 NOVEMBER 2015 • VOL 350 ISSUE 6264 sciencemag.org SCIENCE

1Department of Pathology, University of Chicago, Chicago, IL
60637, USA. 2Department of Medicine, University of Chicago,
Chicago, IL 60637, USA. 3Section of Genetic Medicine,
University of Chicago, Chicago, IL 60637, USA.
*These authors contributed equally to this work. †Corresponding
author. E-mail: tgajewsk@medicine.bsd.uchicago.edu

RESEARCH | REPORTS

 o
n 

Ju
ne

 4
, 2

01
6

ht
tp

://
sc

ie
nc

e.
sc

ie
nc

em
ag

.o
rg

/
D

ow
nl

oa
de

d 
fr

om
 

http://science.sciencemag.org/


originally published online November 5, 2015
 (6264), 1079-1084. [doi: 10.1126/science.aad1329]350Science 

5, 2015) 
Carbonnel, Mathias Chamaillard and Laurence Zitvogel (November
Guido Kroemer, Didier Raoult, Ivo Gomperts Boneca, Franck 
Chachaty, Nathalie Chaput, Caroline Robert, Christina Mateus,
Opolon, Alexander Eggermont, Paul-Louis Woerther, Elisabeth 
Jacquelot, David P. Enot, Marion Bérard, Jérôme Nigou, Paule
Florent Ginhoux, Sridhar Mani, Takahiro Yamazaki, Nicolas 
Encouse Golden, Sascha Cording, Gerard Eberl, Andreas Schlitzer,
Poirier-Colame, Antoine Roux, Sonia Becharef, Silvia Formenti, 
Bertrand Routy, Maria P. Roberti, Connie P. M. Duong, Vichnou
Nadine Waldschmitt, Caroline Flament, Sylvie Rusakiewicz, 
Marie Vétizou, Jonathan M. Pitt, Romain Daillère, Patricia Lepage,
gut microbiota
Anticancer immunotherapy by CTLA-4 blockade relies on the

 
Editor's Summary

 
 
 

, this issue, p. 1079 and p. 1084; see also p. 1031Science
 spp. enhanced the efficacy of antiprogrammed cell death ligand 1 therapy.Bifidobacterium

 discovered that et al. spp. Similarly, Sivan Bacteroidesantigen blockade required specific 
 found that optimal responses to anticytotoxic T lymphocyteet al.). Vétizou et al.Perspective by Snyder 

Specific members of the gut microbiota influence the efficacy of this type of immunotherapy (see the 
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The unleashing of antitumor T cell responses has ushered in a new era of cancer treatment.
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