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Abstract

Tumors interact with various populations of nonmalignant cells, such as endothelial, stromal, and immune cells, to create a favorable
tumor microenvironment (TME) for invasion and metastasis of cancer cells. A key mechanism for maintaining the pro-oncogenic
properties of the TME is the formation of an immunosuppressive environment that allows the tumor to avoid an immune response.
A strictly immunosuppressive environment is supported mainly by the activity of engaged immune cells that secrete inflamma-
tory cytokines and factors that inhibit the function of cytotoxic T lymphocytes. On the other hand, the activity of tumor-associated
immune cells depends not only on cancer-cell signals but also on microbial metabolites derived from the gut microbiota. The gut
microbiota consists of bacteria, viruses, protozoans, archaea, and fungi that influence the host immune response, DNA damage,
and chronic inflammation in gastrointestinal and other cancers, such as breast cancer. In particular, intestinal dysbiosis can lead to
restructuring of the TME and the promotion of tumor growth. Recently, a wide spectrum of bacterial metabolites, such as short-chain
fatty acids, tryptophan catabolites, secondary bile acids, etc., have been shown to have a signaling function that affects not only the
formation of the TME but also the response of cancer cells to therapeutic agents, including immunotherapy. Therefore, studying
the effects of microbiota metabolites in relation to cancer development and cancer therapy effectiveness is strictly necessary. In this
review, we briefly describe key microbiota factors that influence the formation of immunosuppressive TMEs.

Introduction the same time, possess individual characteristics. Many factors,
including genetic and epigenetic characteristics, age, lifestyle,
diet habits, smoking, exposure to ultraviolet or ionizing radiation,
chemical substances, etc., determine the initiation of malignant
cell transformation and contribute to progressive tumor growth.!

In recent years more attention has been paid to research on the

The molecular mechanisms of carcinogenesis are complex and, at
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influence of the symbiotic microbiota on host health.? Evolving
along with the host organism, the microbiota largely formed the
phenotypes of our ancestors.> The conjugation of the metabo-
lism of the host and the microbiota, as well as the unification of
signaling molecules used for their communication, led to a signifi-
cant involvement of microorganisms, or rather, their metabolites,
in the pathogenesis of many human diseases.® Mostly, these dis-
eases include metabolic disorders, obesity, nonalcoholic fatty liver,
dyslipidemia, insulin resistance, and type 2 diabetes mellitus.”?
However, the development of several cancers is also associated
with the impact of microorganisms.’ The intestinal microbiota can
influence the process of malignant transformation of cells, either
increasing or decreasing the risk of developing host disease, in
three ways: (1) by changing the balance between proliferation and
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Table 1. Metabolites derived from gut microbiota that influence the efficiency of immunotherapy

Metabolite Mechanism of action Reference
Peptidoglycan derivatives (muramyl Nucleotide binding oligomerization domain containing 2 binds to 19,20
dipeptide and N-acetylglucosamine peptidoglycan receptors to activate the NF-kB signaling pathway in a
muramy! dipeptide) variety of immune cells; this further stimulates the activation of the
immune system by promoting the expression of IL1b and Nlirp3
Inosine Directly suppresses the ubiquitin-like modifier activating 21
enzyme 6 in tumor cells, making tumor cells more immunogenic
and enhancing T cells’ capacity to eradicate tumors
Indole-3-carboxaldehyde Optimizes immunotherapy by preventing intestinal damage 22
Trimethylamine N-oxide Drives activation of the immune system, increasing the 23
efficacy of immunotherapy for pancreatic cancer
Short-chain fatty acids Restrict the efficiency of metastatic melanoma treatment due to 24

their ability to increase the proportion of Tregs while decreasing
the accumulation of tumor-specific and memory T cells

IL, interleukin; NF-kB, nuclear factor kappa-light-chain-enhancer of activated B cells; NIrp1, NLR family pyrin domain containing 1.

death of host cells, (2) by modulation of the functions of the im-
mune system, and (3) by influencing the formation of metabolites
synthesized by the host organism, supplied with food, and formed
by the microbiota itself.!®

Tumor growth is accompanied by the formation of a specific
tumor microenvironment (TME) that facilitates tumor progression
and invasion.!! The peritumoral environment consists not only of
tumor cells but also of immune, stromal, and other cells, as well as
intercellular substances, microvessels, and metabolites transferred
from the circulation.!? The formation of an immunosuppressive
environment that allows the tumor to avoid an immune response
contributes to the pro-oncogenic properties of the TME.!3 A strictly
immunosuppressive environment is supported mainly by the activ-
ity of attracted immune cells that secrete inflammatory cytokines
and factors that inhibit the functions of cytotoxic T lymphocytes.!!
In addition, the activity of tumor-associated immune cells depends
not only on cancer-cell signals but also on microbial metabolites
derived mainly from the gut microbiota.'* As demonstrated in vari-
ous studies, the gut microbiota supports malignant transformation
and the spread of tumor cells. It also contributes to a microenviron-
ment that is favorable for tumor growth. The development of both
gastrointestinal and tumors of other origins has been shown to be
associated with the metabolic activity of the gut microbiota. For
example, most of the available data show a link between bacterial
dysbiosis and breast cancer.'s In particular, bacterial beta-glucuro-
nidase appears to modulate estrogen resorption and enterohepatic
circulation, which increases the risk of hormone-dependent breast
cancer. Additionally, as bacterial metabolites influence the risk and
prognosis of breast cancer, active phytoestrogens, short-chain fatty
acids (SCFAs), lithocholic acid (LCA), and cadaverine have been
identified as bacterial metabolites that influence the risk and prog-
nosis of such.'® When entering the host circulation, these metabo-
lites participate in the formation of a unique TME. Both microor-
ganisms and the TME participate in inflammatory processes that
can cause the onset and progression of colorectal cancer (CRC).
In the past 10 years, significant progress has been made in under-
standing the synergistic interaction between the TME and intesti-
nal microorganisms that determine the identity of CRC.!”7 Further-
more, as established in preclinical models and cancer patients, the
composition of the gut microbiota correlates with the effectiveness
of anti-programmed cell death protein 1 (PD-1) immunotherapy
(Table 1).'8-24 Therefore, cancer immunotherapy greatly benefits
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from a thorough understanding of the mechanisms by which the
gut microbiota and its metabolites interact with the host immune
system to reshape and regulate the TME.

The enormous heterogeneity in the composition of the gut mi-
crobiota between individuals can be resolved by determining each
person’s unique composition. During the development and treat-
ment of cancer, the composition of the gut microbiota changes,
and the change presents difficulties.'* Therefore, study of the met-
abolic activity of the gut microbiota is extremely important in the
context of cancer research and cancer treatment. In this review, we
set out to briefly consider the role of the commensal microbiota
and its metabolites in the functioning of the tumor-associated im-
mune cells that form the immunosuppressive TME.

Regulatory and metabolic deviations of immune cells in the
TME

Activated cancer-associated fibroblasts are known to produce
various cytokines such as tumor growth factor beta 1, hepatocyte
growth factor, epidermal growth factor, VEGF (vascular endothe-
lial growth factor), stromal factor-1, fibroblast growth factor,
chemokine CXCL14, interleukin (IL)-1, IL6, IL8, and matrix met-
alloproteinase (MMP)-1, MMP2, MMP3, MMP9, MMP13, and
MMP1.25 Furthermore, tumor-associated myofibroblasts are the
main producers of the extracellular matrix surrounding the tumor,
as they secrete the extracellular matrix protein CCN2, collagens,
tenascin C, fibronectin, and elastins.2® The transformed cellular
microenvironment, altered extracellular matrix, presence of a wide
range of cytokines and chemokines, local anoxia, inflammation,
and high lactate levels all contribute to the attraction of mono-
cytes to the microenvironment and also to their transformation
into tumor-associated macrophages or M2-type macrophages.?’
Tumor-associated macrophages are also capable of synthesizing
and secreting procarcinogenic signaling molecules. Defense cells
(e.g., macrophages and T effector cells) capable of attacking tu-
mor cells carry PD-1, and antigen-presenting cells (e.g., cancer
cells) express a ligand for the PD-1 receptor (PD-L1) that appears
in response to the stimulation of interferon-gamma (IFN-y).28 Af-
ter the interaction of PD-1 and PD-L1, T lymphocyte activation is
suppressed (their autoimmunity decreases and their autotolerance
increases). This event causes effector T cells to decide that tumor
cells are a normal part of the body, and thus T cells cannot destroy
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Fig. 1. Relationships of various metabolites of the gut microbiota with tumor development. CSC, cancer stem-like cell; DC, dendritic cell; HDAC, histone
deacetylase; IDO1, indolamine 2,3-dioxygenase 1; IFN-y, interferon-gamma; IgE/G, immunoglobulin E/G; IL, interleukin; iNOS, inducible nitric acid synthase;
LPS, lipopolysaccharide; NF-kB, nuclear factor kappa-light-chain-enhancer of activated B cells; NK, natural killer; SBA, secondary bile acid; SCFA, short-chain
fatty acid; Th1, T helper cell 1; TNF-a, tumor necrosis factor-alpha; Treg, regulatory T cell; VEGF, vascular endothelial growth factor.

astute invaders.?’

The PD-1/L1 signaling pathway facilitates the evasion of im-
mune surveillance by tumors, as it limits the functions of T effector
cells, natural killer (NK) cells, dendritic cells (DCs), and tumor-as-
sociated macrophages, suppressing their activation, proliferation,
and cytokine activity.?® Intratumoral neoangiogenesis is accelerat-
ed, leading to the formation of immature vessels with poorly con-
nected endothelial cells, leaky membranes, and loosely attached
pericytes. Ultimately, this leads to impaired transport of immune
cells from microvessels through the interstitial space to tumor
cells.3! Anatomical and rheological abnormalities in tumor vessels
disrupt the delivery of immunocompetent cells to the peritumoral
area, which disrupts the immune surveillance by transformed cells.
In addition, T cells require an increased intake of nutrients to elicit
a proper immune response. The failure to obtain sufficient com-
ponents or engage the appropriate metabolic pathways can alter
or prevent effector T cell differentiation and function. By limiting
the supply of nutrients, a metabolically hostile TME affects T cell
differentiation and function.3!

In particular, T cells switch on different metabolic programs at
different stages of development. After exiting the thymus, T cells
depend on aerobic glucose oxidation. Stimulated T cells rely on
glycolysis to acquire effector function. Glycolysis allows them to
emerge from a dormant state and ensures their evolution, provid-
ing the substrates necessary for growth and differentiation.?? In
effector T cells of the TME, metabolic reprogramming of energy
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metabolism for glycolytic oxidation occurs. This event is associat-
ed with activation of the PI3K/AKT/mTORCI signaling pathway.
Furthermore, inhibition of glycolysis has been shown to affect T
cell proliferation and cytokine production.’? It is known that dur-
ing malignant growth or chronic infection, effector T cells can-
not effectively remove antigens, and as a result, they are depleted.
Such cells are called Schrodinger cells.3* T cell depletion refers
to the progressive loss of effector functions caused by chronic ex-
posure to antigens, which certainly characterizes tumor growth.
Some T cell subsets have properties similar to stem cells.>* Ex-
hausted T cells begin to express high levels of inhibitory receptors,
and cytokine secretion [for example, IFN-y and tumor necrosis
factor-alpha (TNF-a))] and proliferation are decreased.?’

Although the functions of tumor-associated immune cells depend
on cancer-cell signals and TME components, these are not the only
factors that comprise the immunosuppressive environment. Micro-
bial metabolites that enter the blood from the gut are also involved in
both tumor progression and cancer prevention (Fig. 1).!4

Influence of gut-derived microbial metabolites on immune
cell function in the TME

Bile acids

Secondary bile acids (SBAs) are important metabolites produced
by microbial fermentation of primary bile acids in the intestinal
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tract. The main SBAs are deoxycholic acid (DCA), LCA, and ur-
sodeoxycholic acid (UDCA). Some studies have shown that SBAs
are important regulatory molecules and activate many signaling
pathways.3%37 SBAs influence the induction and inhibition of tu-
mor cell proliferation, stimulation of tumor-cell invasion and me-
tastasis, and induction of the transformation of malignant cells into
cancer stem-like cells.3® Furthermore, SBAs promote carcinogen-
esis by regulating the function of immune cells.3”

SBAs mediate their effects via the nuclear farnesoid X receptor
(FXR), G protein-coupled bile acid receptor 1 (TGRS), vitamin
D receptor, pregnane X receptor, and the constitutive androstane
receptor.’¥3 Although primary bile acids mainly activate FXR,
SBAs activate TGR5.40 Activation of TGRS inhibits the functions
of NK cells, B cells, DCs, and macrophages. DCA and LCA can
thus inhibit the activation of the spleen and intestinal macrophag-
es, which are induced by Toll-like receptor-4 (TLR-4).*! They can
also inhibit the secretion of IL6, IFN-y, and TNF-a, which induces
the polarization of antitumor M1 macrophages to procancerogen-
ic M2 macrophages.*> DCA and LCA suppress the secretion of
TNF-a and IL12, thus inhibiting DC function.?® SBAs can inhibit
antitumor functions of B cells, including their secretion of anti-
bodies, phagocytosis, and activation of the complement system.*?
DCA and LCA inhibit the secretion of IL6 and suppress B cell
maturation, thus reducing the levels of IgE and IgG immunoglobu-
lins.#! It is known that NK cells secrete IFN-y and TNF-o to stimu-
late tumor cell apoptosis.** However, DCA and LCA inhibit the
secretion of IFN-y and TNF-o, thereby suppressing the function of
NK cells.*? Furthermore, DCA and LCA stimulate IL10 secretion
by NK T cells, leading to suppression of TNF-a secretion and T
lymphocyte activity.*3

A number of studies have reported that DCA and UDCA had
opposite effects on cells and activated different oncogenic signal-
ing pathways,*® which might explain the different effects of the
two molecules on colon cancer progression. Protooncogenes (such
as AP-1) and inflammation markers are activated when DCA acti-
vates MAPK signaling, and tumor suppressor genes (e.g., p53) are
suppressed. On the other hand, UDCA has a tendency to reduce
MAPK signaling and has negative global regulatory effects on the
epidermal growth factor receptor-MAPK pathway.*” Furthermore,
UDCA induces ubiquitination of tumor growth factor-beta through
the action of carboxyl terminus of Hsc70-interacting protein
(CHIP), which promotes autophagic sorting and the subsequent
degradation of tumor growth factor-beta . In this way, UDCA se-
verely restricts regulatory T cell (Treg) differentiation and activa-
tion, which lessens the immunosuppressive activity of Treg cells.
Thus, the combination of UDCA treatment and anti-PD-1 therapy
is proposed to improve the effectiveness of antitumor therapy.*®

SBAs can enhance the function of Tregs, which are known to
promote the formation of an immunosuppressive microenviron-
ment and tumor progression. Foxp3 is one of the key transcription
factors of the FOX family of proteins that control the development
and function of Tregs.*’ A derivative of LCA, isoalloLCA, can in-
crease Foxp3 expression in naive CD4+ T cells by increasing reac-
tive oxygen species production in mitochondria.>” SBAs have been
found to bind not only to TGRS but also to FXR, which are both
nuclear receptors expressed mainly in the intestine, liver, and im-
mune cells.*! Macrophages and DCs express both TGRS and FXR,
but NK T cells only express FXR. Activation of these receptors by
bile acids causes macrophages to produce more IL10 and less IL6
and IFN-y, DCs to produce less TNF-a and IL12, and NK cells
to produce less osteopontin.*! Therefore, SBA signaling activity
is associated with an increased risk of developing CRC, as well
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as some extraintestinal tumors, and cancers of the liver, pancreas,
esophagus, lung, and stomach.31-52

Lipopolysaccharide (LPS)

LPS with its internal component, lipid A, is the most effective pro-
tective toxin of the cell wall of Gram-negative bacteria that causes
a pro-inflammatory effect on the host organism.5? The intestinal
lumen, a habitat for many trillions of commensal bacteria, is the
main reservoir of LPS in the human body.>* When transported to
the blood, LPS binds to LPS-binding protein or plasma lipopro-
teins and causes systemic inflammation.>S LPS is involved in the
oncogenic process through a variety of mechanisms. LPS induces
M1 macrophages, which produce and secrete higher levels of pro-
inflammatory cytokines such as TNF-a, IL1a, IL1p3, IL6, IL12,
1L23, and cyclooxygenase-2, and low levels of IL10.5% By acti-
vating protein kinases and transcription factors like nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-xB) and p38
kinase, as well as the cell-surface TLR-4, LPS has been shown
to stimulate immune system cells. As a result, it has been dem-
onstrated that pro-inflammatory cytokines are produced at higher
levels, and matrix-degrading enzymes and cell adhesion molecules
are overexpressed.’’

Therefore, LPS can stimulate TNF-o, which subsequently leads
to the recruitment of intracellular NF-kB followed by the release of
chemokines and inflammatory cytokines, including IL1f, IL6, ILS,
and TNF-0.58 Acting as a trigger for inflammatory reactions, LPS
has been associated with the pathogenesis of cancer, including the
development of mast cell tumors of the gastrointestinal tract.3%:¢
Several studies have shown that various microbial metabolites act-
ing as inductors of signaling pathways associated with TLR-4 play
a key role in regulating the survival and progression of tumor cell
growth in the colon and pancreas, liver, and mammary gland.®1-62
For example, overexpression was found in CRC. It contributed
to increased cell proliferation, protection of malignant cells from
apoptosis, increased invasion and metastasis, and the creation of a
favorable cellular microenvironment for the tumor.

Tryptophan metabolites

Tryptophan metabolism through the kynurenine pathway and mi-
crobial conversion of tryptophan to indole compounds are crucial
to host health and are particularly critical in colon cancerogene-
sis.3 The microbial community is a key part of the TME and influ-
ences the initiation of malignant transformation, the progression
of tumor growth, and the response to treatment. Changes in tryp-
tophan metabolism begin at an early stage of tumor growth as an
adaptive mechanism that allows malignant cells to avoid immune
surveillance and metastasis.®* One of the key enzymes that limit
the rate of tryptophan catabolism is indolamine 2,3-dioxygenase 1
(IDO1), which is present in Firmicutes.®> IDO1 is expressed most
actively in the genera Clostridium, Lachnoclostridium, Rumino-
clostridium, and Roseburia.%® Pro-inflammatory cytokines, IFN-y,
TNF-a, prostaglandins, and LPSs, have an activating effect on
IDO1 expression.®® IDO1 converts tryptophan to N-formylkynure-
nine with its subsequent rapid transformation to kynurenine, the
first stable catabolite in this pathway. Then, various metabolites
are formed from kynurenine, which regulate the activity of im-
mune cells.%¢

Kynurenine regulates immune homeostasis in the host organ-
ism. These effects are achieved by reducing the number of acti-
vated T cells, DCs, and NK T cells, as well as inducing T helper 1
(Th1) cell apoptosis of Th1 cells to control the excessive inflam-
matory response.®® Each downstream metabolite of kynurenine
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performs specific functions. Kynurenic acid induces an anti-in-
flammatory response due to its antioxidant properties, while pi-
colinic acid exhibits antitumor activity by inhibiting the activation
of T cells and c-Myec, the Myc proto-oncogenic transcription fac-
tor. At the same time, c-Myc itself accelerates tryptophan uptake
in colon cancer cells by enhancing the expression of tryptophan
transporters (SLC7AS5 and SLC1A5).97

An increase in IDOI, arylformamidase activity, and kynurenine
have been established during tumor growth.®® It is important to
note that serum kynurenine concentrations in cancer patients are
higher than in healthy people. At the same time, the expression
and activity of enzymes for the further conversion of kynurenine
do not change during tumor growth, suggesting that kynurenine
is the dominant metabolite of tryptophan metabolism, elevated in
CRC.%8 Elevated levels of kynurenine promote oncogenesis pre-
dominantly in two ways. (1) Some of the kynurenine produced
can directly induce T cell inactivation and apoptosis, leading to
evasion of immune surveillance. (2) The remaining kynurenine
can constitutively activate arylhydrocarboxylic receptors, which
in turn activate the transcription of genes responsible for the es-
cape of the tumor from immune surveillance, as well as prolifera-
tion and metastasis of malignantly transformed cells. Therefore,
the kynurenine/arylhydrocarboxylic receptor signaling pathway is
one of the main factors contributing to the development of colon
cancer. 6468

At the same time, it should be noted that an increase in the sys-
temic level of kynurenine is characteristic of patients with tumors
of various localizations. Many researchers attribute this fact to
stimulation of IDO1 expression by pro-inflammatory cytokines,
the level of which increases in the body during the growth of ma-
lignant tumors. Of the indole derivatives of tryptophan metabo-
lism, the most represented in the intestine are indole-3-acetamide,
indole-3-acetaldehyde, indole-3-pyruvate, indole-3-aldehyde,
indole-3-acetate, tryptamine, indole-3-propionic acid, and indole-
3-acrylic acid. In the host organism, indoles activate signaling
pathways that lead to changes in intestinal epithelium barrier func-
tion, reduce permeability, promote immune tolerance, eradicate
pathogens, reduce inflammation, and control mucin production.®®
Indole compounds can also act through arylhydrocarboxylic re-
ceptors, having pro- and anti-inflammatory effects.”® Indoles can
reduce the expression of pro-inflammatory factors IL8 and NF-«xB
and promote the expression of anti-inflammatory cytokines, in-
cluding IL10. Furthermore, indole compounds regulate intestinal
homeostasis by inducing IL22 secretion, which improves barrier
function; however, in the context of tumor growth (late stages of
the disease), IL22 production can contribute to the progressive de-
velopment of neoplasm.”!

SCFAs

SCFAs are important mediators of the metabolic interface between
the intestinal microbiota and the host organism. SCFAs can affect
not only the large intestine but also various organs and systems
through the systemic circulation. In recent epidemiological stud-
ies, the development of stomach and breast cancer was found to
be correlated with a low SCFA content in feces.”? Furthermore,
recent clinical studies have shown that the concentration of SCFA
in the stool of patients with CRC is lower compared to healthy peo-
ple. Researchers explain this observation by a decrease in the con-
tent of bacteria that synthesize SCFA, such as Lachnospiraceae,
Roseburia spp., Bifidobacterium spp., in patients with these types
of cancers.”> SCFAs are capable of mediating immunoregulation
through Tregs and therefore exhibit anti-inflammatory and anticar-
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cinogenic effects.*

Acetate and propionate can bind to the G-protein-associated
receptors GPR41 and GPR43. As in the case of butyrate, cells
stimulated via GPR41/43 with acetate and propionate can trigger
a signaling pathway that prevents inflammation and reduces the
risk of malignant transformation. The anti-inflammatory effects
of SCFAs mediated by GPR41/43 activation have been shown in
human renal epithelial cells. Therefore, according to the study re-
sults, SCFA was able to reduce the TNF-a stimulatory production
of monocyte chemoattractant protein-1 by inhibiting phosphoryla-
tion of p38 and JNK.

Regulation of inflammation in human cell lines (HeLa,
HEK293) was also shown to be carried out due to desensitiza-
tion of GPR41/43 under the influence of B-arrestins. In the case of
GPR43, B-arrestin blocked the degradation of the NF-kB complex
with the inhibitor protein IkB and nuclear translocation of NF-«xB,
which led to a decrease in the expression of pro-inflammatory cy-
tokines IL6 and IL1p.74

In summary, SCFA can be observed to activate various cel-
lular mechanisms associated with the prevention of carcinogen-
esis. This influence of SCFAs is associated with the regulation of
signaling pathways, transcription factors, and epigenome status.
SCFAs can act not only as ligands for transmembrane receptors
but also penetrate the cell and interact directly with intracellular
targets. However, it should be considered that the effects of SCFAs
can change to the opposite (procancerogenic) in the presence of
certain genetic characteristics of tumor cells and also depending
on the concentration of SCFAs in the TME.

Conclusions

There is no doubt that the TME plays a key role in tumor forma-
tion, progression, and metastasis. A century ago, Stephen Paget
discovered that breast cancer metastases show a preference for
an organ or tissue that is naturally associated with the cellular
environment. Paget boldly suggested that tumor progression was
controlled by the interaction of tumor cells and the environment
and pioneered the concept of the TME.”® Thus, the theory of the
TME has replaced the theory that the fate of tumor cells is deter-
mined only by their genetic material and has opened up a new per-
spective for a comprehensive understanding of the mechanisms of
invasion, tumor metastasis, and the development of resistance to
therapy.’®

At the same time, it has become clear that immunosuppressive
TMEs are formed not only because of cancer cell signals but also
by the influence of gut-derived microbiota signals. SBAs, tryp-
tophan metabolites, SCFAs, and LPSs are major microbial com-
pounds that enter the host circulation and interact specifically with
host cell receptors, thus affecting the immune response and modu-
lating the structure of the TME. Furthermore, the effectiveness of
anticancer immunotherapies based on targeting the CTLA-4 or
PD-1, PD-L1 axis, is significantly influenced by the composition
of the intestinal microbiota, according to studies conducted over
the past 5 years.!* Therefore, in the perspectives we consider the
development of more precise cancer therapies based on the inter-
relationship of gut microbiota metabolic activity and TME. Addi-
tionally, it is recommended that future research concentrate on the
precise targets and mechanisms of action in this area.
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