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The intestinal microbiota is a new promising avenue in cancer immunotherapy, but mechanisms remain
elusive. He et al. demonstrate that butyrate, a bacterial metabolite, enhances the CD8+ T cell response
and improve chemotherapy efficacy through ID2-dependent IL-12 signaling.
The intestinal microbiota is now accepted

as a potent modulator of immune re-

sponses, especially in the context of im-

mune checkpoint inhibitor treatment for

cancer. Antibiotics negatively impacts

the clinical outcome of cancer patients

during therapy with anti-PD-1/PD-L1 anti-

bodies. In a study published in Cell Meta-

bolism, He et al.1 show the role of butyrate

in CD8+ T cells immunity and cancer

immunotherapy.

Compared with anti-PD-1 immuno-

therapy responder patients, non-re-

sponders have a reduced abundance of

Faecalibacterium prausnitzii orAkkerman-

sia muciniphila, two bacteria producing

short-chain fatty acids (SCFAs).2,3,4

Beyond taxonomy, microbial metabolism

is indeed a key aspect of their function-

ality. Specific metabolites, including

SCFAs such as butyrate, influence cancer

development and systemic immune re-

sponses.5 Produced by bacterial fermen-

tation of dietary fibers, SCFAs are highly

abundant in the colon and are associated

with the clinical response to anti-PD-1

therapy in cancer patients.6 In particular,

butyrate is known to directly regulate the

activity, proliferation, and apoptosis of

numerous immune cells.7

However, deciphering cellular and mo-

lecular mechanisms by which bacteria

modulate therapeutics efficacy remains

a challenge. Two recent uncontrolled hu-

man clinical trials tested whether fecal

microbiota transplantation (FMT) can

affect how metastatic melanoma patients

respond to anti-PD-1 immunotherapy.

They showed clinical benefit in a subset
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of treated patients, associated with

increased CD8+ T cell activation and infil-

tration in both the gut lamina propria and

the tumor microenvironment.8,9 CD8+

T cells are considered the most important

actors of anticancer immunity.10 More-

over, these patients showed increased

abundance of taxa previously shown to

be positively associated with response

to anti-PD-1, including F. prausnitzii and

A. muciniphila.9 Interestingly, micro-

biota-derived SCFAs, particularly buty-

rate, boost CD8+ T cell effector functions

by modifying their cellular metabolism, fa-

voring OXPHOS and mitochondrial respi-

ration.7 Nevertheless, it was not known

whether microbiota could directly impact

the antitumor function of CD8+ T cells,

or indirectly regulate their cytotoxic

response throughmyeloid or Th1/17 cells.

To globally evaluate the anticancer ef-

fects of microbiota metabolites, He et al.

provided strerile water-soluble intestinal

fraction to antibiotic cocktail (ABX)-

treated mice, which were then inoculated

with Mc38 colon cancer cells and

treated by oxaliplatin chemotherapy.

ABX treatment reduced the efficacy of

chemotherapy, but supplementation with

gut microbial metabolites restored the

therapeutic response. The significant tu-

mor regression in mice treated by micro-

biota metabolites was associated with a

dramatic accumulation of CD8+ T cells in

the TME and an enhanced IFN-g produc-

tion. Depletion of CD8+ T cells, but not of

CD4+ T cells, abolished the antitumor ef-

fect of gut microbial metabolites. Interest-

ingly, metabolites had a direct effect on
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IFN- g production by CD8+ T cells. Metab-

olomics analyses on colonic contents

showed that the majority of metabolites

that were decreased in ABX-treated

mice were restored by metabolite supple-

mentation. Among the 63 metabolites

screened for their effects on CD8+ T cells

in vitro, the SCFA butyrate most strongly

promoted IFN- g production. Butyrate

alone recapitulated the effects of micro-

biota metabolites in ABX-treated mice,

confirming its role in the microbiota-

dependent anticancer effects. Interest-

ingly, butyrate only hadanantitumor effect

when combined with chemotherapy and

was not sufficient per se to control the tu-

mor growth. RNA-seq on butyrate-treated

anduntreatedCD8+Tcells suggested that

butyrate could promote not only T cell

activation but also prevent their exhaus-

tion. Notably, the antagonist transcrip-

tional regulators ID2 and E2A were regu-

lated by butyrate. They are involved in

the differentiation of many immune cells,

but their role in tumor-infiltrating lympho-

cytes remains unclear. The authors found

that ID2 expression was much higher in

tumor-infiltrating CD8+ T cells compared

to naive, activated, or memory CD8+

T cells. ID2 was indeed crucial in the anti-

tumor effect of butyrate as demonstrated

by the loss of the protective effect in

mice lacking ID2 expression in CD8+

T cells. Butyrate impacts CD8+ T cell func-

tion, at least partly, via its HDAC inhibitory

activity. RNA-seq analysis confirmed that

ID2 upregulates activation genes in CD8+

T cells, including ifng. Moreover, IL-12 re-

ceptor, which is a target of ID2 and a
328, July 20, 2021 ª 2021 The Author(s). 1
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Figure 1. The gut microbiota metabolite butyrate promotes antitumor immunity of CD8+ T cells and improves chemotherapy efficacy

through ID2-dependent IL-12 signaling
By inhibiting HDAC activity in CD8+ T cells, butyrate induces ID2 expression, which leads to the upregulation of IFN-g and IL-12 receptor expression. The gut
microbiota can be modulated through various strategies: metabolite supplementation, dietary intervention, fecal microbiota transplantation (FMT), or the use of
next-generation probiotics producing SCFA for instance, such as F. prausnitzii and A. muciniphila.
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critical actor for antitumor immunity, was

involved in the mechanisms by which

butyrate promoted antitumor CD8+

T cells.

Based on these findings, butyrate could

be a strong ally in cancer therapy. The au-

thors assessed the effect of butyrate in

other cancer settings. Butyrate also

improved oxaliplatin efficacy in mice in

the absence of ABX, as well as in a colitis-

associated colorectal cancer model. Buty-

rate enhanced anti-PD-L1 treatment but

did not improve the efficacy of non-immu-

nogenic drugs, such as cisplatin, poten-

tially because their therapeutic activity is

less dependent on the immune reaction.

Finally, butyrate level correlated with oxali-

platin efficacy in human patients with can-

cer and increased IFN-g and ID2 expres-

sion in human CD8+ T cells, suggesting

the human relevance of these results.

These findings prove that butyrate in-

creases the tumor-suppressing effects
2 Cell Reports Medicine 2, 100328, July 20, 2
of immunogenic cancer therapies. Micro-

bial metabolites interact with the host im-

mune system to maintain homeostasis

and fight diverse disease states. An

attractive strategy is to transfer certain

bacteria or defined bacterial consortia

that have been associated with health,

the so-called live biotherapeutic prod-

ucts (Figure 1). Initially, the fact that

anti-inflammatory bacteria, such as

F. prausnitzii, were associated with posi-

tive response to cancer immunotherapy

was counterintuitive. This study provides

elements that could explain why SCFA-

producing bacteria are crucial in the anti-

tumor response and opens promising

therapeutic perspectives for such next-

generation probiotics.
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