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Abstract

The impact of immune checkpoint molecule inhibitors on cancer treatment is significant. At the same time, further improve-
ment in their efficacy has become essential. For this reason, there has been increasing interest in investigating the state of the
cancer microenvironment in which efficacy can be demonstrated. The gut microbiota plays an important role in the cancer
microenvironment. Recent developments in the study of gut microbiota have been explosive, benefiting from technological
innovations in next-generation sequencing. Gut microbiota are specific enough to identify an individual and change gently
with age. Disruptions in the gut microbiota have been extensively studied in relation to a variety of diseases. In addition to
monotherapy with anti-PD-1/PD-L1 antibodies, combination therapy with chemotherapy and molecular target therapy, as well
as combination therapy with anti-PD-1 and anti-CTLA-4 antibodies, is now widely used in cancer treatment with immune
checkpoint inhibitors. Therefore, the development of biomarkers that can predict anti-tumor and adverse events is urgently

required due to the complexity of the treatment, and research on gut microbiota is expected in this respect.
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Introduction

It is said that about 1000 kinds of 100 trillion bacteria coex-
ist in the human intestine, forming an intestinal microflora
(also called intestinal flora), weighing approximately 1.5 to
2 kg. However, the number of gut microbiota in the body is
now being disputed due to advances in technology, and the
number of bacteria may be revised in the future. In fact, it is
not known how these gut microbiota coexist with humans.
However, it is an extremely important partner, and it has
become known in recent years that disruption of the rela-
tionship with this partner causes inflammatory bowel dis-
ease (IBD), rheumatic diseases, obesity, diabetes, atopy, and
allergies. This disordered state of the intestinal microflora is
called dysbiosis, which means a breakdown of the composi-
tion of gut microbiota [1].

P4 Kiyoshi Yoshimura
kyoshim1 @med.showa-u.ac.jp

Division of Clinical Immuno-Oncology, Clinical Research
Institute for Clinical Pharmacology and Therapeutics, Showa
University, 6-11-11 Kitakarasuyama, Setagaya-ku, Tokyo,
Japan

Division of Medical Oncology, Department of Medicine,
Showa University School of Medicine, Tokyo, Japan

Rapid progress in the analysis of intestinal microflora
began with the advent of next-generation sequencing,
which was born as a result of the instantaneous availability
of a large amount of genetic analysis. Before the full-scale
appearance of next-generation sequencers, it was known
that the bacterial genome, which consists of several million
base pairs, contains a polymorphic region of approximately
1600 base pairs called the “16S ribosomal RNA region.”
The 16S ribosomal RNA region contains nine hypervariable
regions consisting of tens to hundreds of base pairs, which
have characteristic sequences depending on the type of bac-
teria. The sequences of these hypervariable regions are con-
served among the same bacterial species, and it is thought
that it is possible to identify bacterial species by reading and
analyzing the entire length or part of the 16S region with-
out sequencing the entire bacterial genome. Technological
innovations using next-generation sequencing have dramati-
cally advanced research on the classification and analysis of
bacteria living in the intestine. It is now possible to decode
the human genome, which consists of approximately 3 bil-
lion base pairs, in less than a week using only one machine,
whereas it took more than 10 years to decode it.

Next-generation sequencers read a large amount of gene
sequence information from gene fragments of several hun-
dred base pairs, although there are differences depending on
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the equipment used and the detection method. The hyper-
variable region in the 16S region can be covered by one or
two identical reads in this unit of reading, which is several
hundred base pairs. Therefore, the information of each read
fragment was identified as a type of bacteria, and the 16S
metagenomic analysis method, which simultaneously ana-
lyzes the genomes of bacteria extracted from feces, can be
implemented. In principle, it is now possible to reveal up to
100 million or more types of intestinal microflora in a single
examination.

Approximately half to one-third of feces is considered to
be bacterial in origin, and approximately 10 billion bacteria
per gram, or 2 to 3 trillion bacteria per day, are discharged
in humans. In the analysis of intestinal microflora by the
16S metagenomic method, DNA, the main body of genes
of gut microbiota in feces, was extracted and purified as
a template, and the gene was amplified using primers for
gene amplification that were set to amplify a part of the 16S
region. Gene amplification does not need to be performed
more than tens of millions of times as in the normal PCR
method, and one of the purposes is to attach sequences nec-
essary for subsequent analysis. DNA extracted and purified
from feces includes not only bacterial DNA but also DNA
from the host, such as human DNA and food residues, which
do not have the bacterial 16S region and, therefore, do not
participate in the amplification. The gene amplification prod-
ucts of several hundred base pairs were purified and quanti-
fied to create a library. The gene sequences contained in the
library were read using a next-generation sequencer, and the
types of bacteria were identified by comparing them with
a database. Using the genetic testing method, it is possible
to detect not only the DNA of dead bacteria, which could
not be detected by the culture method, but also DNA frag-
ments derived from living bacteria that exist in feces, and
it is thought to provide information closer to the gut micro-
biome. It takes about three days to complete the following
processes: gene extraction and purification from feces, gene
amplification, purification and quantification of amplified
products, library preparation, sequencing, and identification
and calculation of the percentage of bacteria using analy-
sis software. In the future, it is expected that the obtained
information will be incorporated into a database one after
another. In this way, information on gut microbiota is accu-
mulating due to recent technological innovations, and infor-
mation on gut microbiota and diseases, especially cancer, is
progressing’ [3].

Composition of intestinal microflora
The formation of the human intestinal microbiota begins

immediately after birth. The intestinal flora formed in the
neonatal period is not invariant throughout life, and the
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composition of the constituent bacteria changes with age [2].
It has been reported that the formation process of intestinal
flora is not invariant, but is affected by various environmen-
tal factors such as duration of fetal life, mode of delivery,
and mode of lactation [3]. It has been reported that the pro-
cess of disbiosis is not invariant and is influenced by various
environmental factors such as duration of fertility, mode of
delivery, and mode of lactation. According to the research on
dysbiosis described above, it is important that the so-called
good bacteria and bad bacteria in the gut microbiota exist
in good balance. The oblate anaerobic bacteria (fermenta-
tive bacteria) are called good bacteria, and the commensal
anaerobic bacteria are called bad bacteria. However, with
the recent progress of research on disbiosis, this rule does
not necessarily apply, or the terms “good bacteria” and “bad
bacteria” themselves are becoming less commonly used.
[4-10]. The etymology of the word flora is not certain and
there are many theories. However, the diagram describing
the phylogeny of intestinal bacteria appears, coincidentally,
as if it were a flora [11] (Fig. 1).

Mechanism of action of anti-PD-1/PD-L1
and anti-CTLA-4 antibodies and gut
microbiota

Anti-PD-1/PD-L1 antibodies primarily suppress the negative
regulatory mechanisms between tumors and T cells. This is
referred to as the effector phase. In contrast, anti-CTLA-4
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Fig. 1 Diagram of data showing the phylogenetic composition of the
intestinal microbiota, which is just like a flora (flower garden). The
figure demonstrated that the gut microbiota of 65 hepatobiliary can-
cer patients was associated with clinical response to anti-PD-1 anti-
bodies. Seventy-four taxa were significantly enriched in the clini-
cal benefit response (CBR) group, and 40 taxa were significantly
enriched in the non-clinical benefit (NCB) group [11].
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antibodies maintain T cell activation by blocking inhibitory
signals from dendritic cells in lymph nodes [12]. This phase
is called the priming phase. The main mechanism by which
CTLA-4 suppresses T cell activation is by trapping the
ligand CD86 from T cells and sending a negative signal to
T cells through transendocytosis. This transendocytosis can
be avoided by anti-CTLA-4 antibody, which maintains the
expression of the ligand [13]. Transendocytosis of CTLA-4
on regulatory T cells (Treg) results in the removal of the
ligand from antigen-presenting cells (APCs) and prevents
normal T-cell activation, resulting in the absence of anti-
tumor effects (Fig. 2) [14].

The influence of gut microbiota on ICI, groups in the
USA and France [4, 5, 9] have reported that certain gut
microbiota may modulate the clinical effects of anti-PD-1
antibodies. However, the gut microbiota reported by each
group is different and has not yet been identified. In addi-
tion, the pattern of gut microbiota differs among countries
and diets.

Fig.2 CTLA-4, which is abundantly expressed on Tregs, removes the
ligand CD86 from antigen-presenting cells by transendocytosis. This
result indicates that Teff cannot obtain the CD86 signal from APCs
and cannot be activated [14].

Fig.3 Kaplan—Meier curves
comparing the groups that

used antibiotics at least once
within 21 days before and after
the start of ICI treatment with
those that did not. The left panel
shows OS and the right panel
shows PFS. Antibiotics reduced
the therapeutic efficacy of anti-
PD-1 antibodies [20].
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Attenuation of ICl efficacy via the effects
of antibiotics on gut microbiota

In the field of cancer, data are emerging suggesting that there
may be a high correlation between cancer immunotherapy
and therapeutic effects [15—-17]. It is also thought that gut
microbiota may be involved in cancer of the esophagus,
stomach, and many other organs [18].

Interestingly, a growing body of data suggests that anti-
biotic administration has a strong negative impact on the
therapeutic effect of ICI on the gut microbiota [19].

Here, we compared the overall survival rates of patients
treated with immune checkpoint inhibitors for renal cell car-
cinoma and non-small cell lung cancer, as well as those of
patients treated with antibiotics and without antibiotics in
cases including esophageal cancer, gastric cancer, non-small
cell lung cancer, and urothelial carcinoma, which are also
carcinomas that use anti-PD-1 antibodies antibiotics within
3 weeks before and after the start of anti-PD-1 antibody
administration (Fig. 3). This shocking fact that inhibits the
efficacy of immune checkpoint inhibitors has been revealed
[20].

Effects of gut microbiota on cancer

In addition, various studies have been conducted on how
these intestinal bacteria act on the immune system. Among
them, the involvement of single-chain fatty acids is a major
mechanism of action. It is thought that the action of sin-
gle-chain fatty acids may change due to differences in their
receptors, and the details of this will be clarified in future
research [21].

It is important to note that several researchers, includ-
ing our own, are currently conducting research aimed at
estimating the immune state in which irAEs are likely to
occur and to be effective by analyzing intestinal bacteria
through various treatments, including modification of the
intestinal microflora. In addition, research is underway to
induce a state in which irAEs are less likely to occur. If these
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conditions can be inferred as biomarkers, treatment strate-
gies, especially side effect management, will be facilitated.

Metabolites of gut microbiota affect
immunity

The aforementioned beneficial bacteria produce short-chain
fatty acids (SCFAs) by fermentation using dietary fiber as a
nutrient source. These short-chain fatty acids, such as pro-
pionate, acetate, and butyrate, are representative of SCFAs
and are thought to be involved in the activity and regula-
tion of immunity, mainly through their receptors. SCFAs
play important roles in human immunity and homeostasis,
such as induction of regulatory T cells, induction of type
1 helper T cells, and maintenance of intestinal epithelial
cell proliferation [21]. However, the relationship between
dietary fiber and anti-tumor effects remains to be elucidated.
Interestingly, SCFAs, which ferment dietary fiber as a nutri-
tional source, are certainly one of the keys, and research on
the importance of fiber in the diet and the effects of each
SCFA on immunity is becoming increasingly important.
Recently, in addition to SCFAs, metabolites produced by
the gut microbiota have been actively studied. Commensal
anaerobes are known to have low expression of digestive
enzymes that digest dietary fiber and utilize nutrient sources
such as monosaccharides, disaccharides, fats, proteins, and
alcohols, which are abundant in the westernized diet, rather
than dietary fiber [22].

These short-chain fatty acids are generally recognized
to increase anti-tumor activity, but there are also data that
they may inhibit some conditions and types of cancer. A
representative example is a mouse study in which sodium
butyrate inhibited anti-CTLA-4-induced DC maturation
and T-cell priming [23], suggesting that further studies are
needed to elucidate the mechanisms underlying the effects
of individual SCFAs on cancer immunity.

Immune-related adverse events and gut
microbiota

irAEs are a serious problem in the treatment of ICI that can
impair treatment continuity. On the other hand, there are
reports that patients who did not continue treatment due to
irAE had a longer OS than those who did [23]. On the other
hand, it is still difficult to predict irAE in ICI treatment,
and microbiota is expected to be a biomarker for irAE or
to elucidate its mechanism, but the evidence is not clear.
Interestingly, functional similarities were reported between
the inflammatory regions of irAE colitis and UC: The non-
inflamed mucosa of patients with irAE colitis was charac-
terized by the mobilization of immune cells, unlike that of
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UC patients. Similarities in microbiota profiles were also
observed: 16S rDNA sequencing revealed a decrease in Bac-
teroides spp. in the inflammatory zone of irAE colitis and
UC [24].

Stool transplantation increases efficacy
of anti-PD-1 antibodies

Transplantation of stool samples from patients with
advanced, treatment refractory melanoma who had
responded to anti-PD-1 therapy produced high clinical ben-
efit, according to a study. In this clinical trial, investigators
sought to determine whether modifying the gut microbiota
could overcome anti-PD-1 resistance. Responder-derived
stool transplantation (FMT) was combined with anti-PD-1
antibody therapy to evaluate its safety and efficacy [25,
26]. Davar et al. reported that it was well tolerated and pro-
vided clinical benefits to 6 of 15 patients [25] (ORR 20%
3 patients, SD > 12M 3 patients). Responders experienced
increased CD8 + T cell activation, increased activation of
CD8 + T cells, and decreased frequency of myeloid cells
expressing interleukin-8. The gut microbiota modulates pro-
teomic and metabolomic changes, and FMT and anti-PD-1
altered the gut microbiota and reprogrammed the tumor
microenvironment to overcome resistance to anti-PD-1 in
advanced melanoma [27]. On the other hand, anti-PD-1 anti-
body therapy combined with stool transplantation is due to
one of the three circumstances: (i) The patient is immuno-
compromised or lacks tumor immunogenicity and is unable
to respond to the tumor regardless of the composition of
the flora; (ii) the patient lacks the flora necessary for the
efficacy of anti-PD-1 therapy with FMT; or (iii) FMT cannot
be successfully transplanted into the recipient. Although it
is unclear whether stool transplantation will be established
as a treatment in the future, we believe that this study dem-
onstrates that the gut microbiota has a strong influence on
anti-tumor immunity [27] (Fig. 4).

Summary

In this article, we describe the research on intestinal micro-
flora and ICI, focusing on the combined therapy of anti-
CTLA-4 and anti-PD-1 antibodies in the treatment of malig-
nant melanoma, its mechanism, concerns, and the current
status of research on intestinal microflora. It is thought that
the skeleton of the intestinal microflora, which forms the
main component of the flora, is formed during the period
from weaning to early elementary school age. Bacteria are
also thought to be supplied by the oral microflora, which
is not as diverse and numerous as the intestinal microflora,
as well as by attachment to food and drinks. Unlike the
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