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Abstract
In recent years, an increasing number of studies have reported that intestinal microbi-
ota have an important effect on tumour immunity by affecting the tumour microenvi-
ronment (TME). The intestinal microbiota are closely associated with various immune 
cells, such as T lymphocytes, natural killer cells (NK cells) and macrophages. Some 
bacteria, such as Akkermansia muciniphila (A. muciniphila) and Lactobacillus reuteri 
(L. reuteri), have been shown to improve the effect of tumour immunity. Furthermore, 
microbial imbalance, such as the increased abundance of Fusobacterium nucleatum 
(F. nucleatum) and Helicobacter hepaticus (H. hepaticus), generally causes tumour 
formation and progression. In addition, some microbiota also play important roles 
in tumour immunotherapy, especially PD- L1- related therapies. Therefore, what is 
the relationship between these processes and how do they affect each other? In this 
review, we summarize the interactions and corresponding mechanisms among the 
intestinal microbiota, immune system and TME to facilitate the research and develop-
ment of new targeted drugs and provide new approaches to tumour therapy.
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INTRODUCTION

Composition and function of intestinal 
microecology

Intestinal microecology refers to a relatively stable ecosys-
tem formed by the interaction between microbiota colo-
nizing the human intestine and the human body. Under 
the rise of immunotherapy and next- generation sequenc-
ing, the microbiome has recently emerged as a promising 
frontier in TME. It is estimated that there are 10– 100 tril-
lion bacteria containing approximately 500– 1500 different 
bacterial species existing in the human gastrointestinal 
tract [1]. As the largest and most complex ecosystem of the 
human body, gut microbiota and thousands of their me-
tabolites influence almost every aspect of host physiologi-
cal activities. The core functions of mature and healthy 
gut microbiota include the following: genes encoding gly-
cosaminoglycan degradation [2], short- chain fatty acids 
(SCFA) produced by fermenting complex polysaccharides 
and synthesizing special lipopolysaccharides [3], synthe-
sis of some essential amino acids [4] and vitamins [5], etc. 
Gut microbiota is closely related to maintaining immunity. 
A study found that introducing L. reuteri into sterile mice 
boosted the production of immune cells [6]. However, the 
use of antibiotics can cause imbalances in the gut micro-
biota, which trigger immune disorders [7]. As a result, the 
imbalance of gut microbiota leads to many diseases and 
even tumours. Changes in local microbiota composition 
and deficiency in tumour immune surveillance may lead 
to tumour development [8]. The intestinal microbiota also 
regulate drug sensitivity by metabolism [9– 11].

Composition and function of tumour 
microenvironment (TME)

TME is composed of different types of cells, such as 
endothelial cells, fibroblasts, tumour- associated mac-
rophages, regulatory T cells (Treg), myeloid- derived sup-
pressor cells (MDSCs) and cancer- associated fibroblasts 
(CAFs). Extracellular components, including cytokines, 
growth factors, hormones and extracellular matrix, are 

also included in TME. They exist around tumour cells and 
are nourished by the vascular network. Increasing reports 
show that microorganism is also an important part of 
TME in some tumours [12,13].

Tumour growth depends not only on genetic muta-
tion but also on changes in the TME, such as the stroma, 
blood vessels and immunocytes. TME promotes tumour 
development by inducing angiogenesis [14,15], activat-
ing invasion and metastasis [16,17], evading the im-
mune system [18,19], and reshaping energy metabolism 
[20,21]. Immunity and inflammation are at the core of 
TME [22,23]. Therefore, this article will focus on com-
mensal bacteria in TME. In recent years, an increasing 
number of scientists have begun to focus their treatment 
strategies on the tumour immunity to regulate the im-
mune environment of tumour cells. Immune checkpoint 
inhibitors such as anti- PD- 1 and anti- CTLA- 4 represent 
milestones in the research of TME immune therapy [24– 
26]. The intestinal microbiota are involved in immune 
regulation and promote the immune response. Intestinal 
microbiota’ disorders promote tumour formation [27– 
29]. Intestinal microbiota, as important participants in 
the intestinal environment, have a certain relationship 
with the tumour immune response [30– 32]. Therefore, 
intestinal microbiota imbalance may influence tumour 
development by reshaping the TME and changing the 
immune response.

INTESTINAL MICROBIOTA AND 
THE IMMUNE SYSTEM

Intestinal microbiota and the immune 
barrier

The intestinal immune barrier mainly includes mucosa- 
associated lymphoid tissue (MALT) and intestinal com-
mensal microbiota. MALT is the main component of 
the mucosal immune system, including gut- associated 
lymphoid tissue (GALT). Studies have shown that oral 
PSK, a protein- bound polysaccharide derived from 
Basidiomycetes, improves the damaged antitumour CD4+ 
T- cell response in the GALT by inhibiting the production 
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of TGF- β and IFN- γ in mouse models [33,34]. GALT in-
cludes Peyer's patches (PPs) located in the small intestine 
wall and solitary lymphoid follicles scattered throughout 
the intestine. PPs are an extremely important part of the 
intestinal immunity, which is made up of lymphocytes 
[35]. In addition, intestinal commensal microbiota can 
assist in nutrient uptake and metabolism and toxin deg-
radation [36,37]. The epithelial tissue barrier can be main-
tained to prevent the invasion of pathogenic bacteria. It 
also ensures the stability of the intestinal microecology 
by competing with pathogenic bacteria for space and nu-
trients, producing antimicrobial substances and inhibit-
ing the inflammatory response of epithelial tissues [38]. 
Moreover, intestinal commensal microbiota regulate im-
mune cell differentiation [39,40].

The intestinal mucus layer, epithelial layer and 
GALT provide an important internal environment and 
a place of attachment for the intestinal microecology. 
Intestinal microbiota promote the development and 
maturation of the intestinal mucosa. These two are in-
terdependent and maintain the stability of the intestinal 
mucosal barrier.

Intestinal microbiota and 
immune response

Gut microbiota interacts with immune response, mainly 
through the antigenicity of its own components and me-
tabolites produced by breaking down nutrients in food. 
Lipopolysaccharide (LPS) is a component of the cell wall 
of gram- negative bacteria in the intestine. LPS stimulates 
small intestinal epithelial cells (IEC) through the cell- 
surface TLR pathway to cause phosphorylation of IRAK 
and MAP, increase IL- 8 expression and cause the body 
immune response [41]. In addition, LPS induces phospho-
rylation of myosin light chain kinase, thereby enhancing 
the permeability of the intestinal mucosal barrier, which 
is one of the mechanisms that trigger sepsis (Figure 1a) 
[42]. As the main component of bacterial cell wall, pep-
tidoglycan exists in gram- negative bacteria and gram- 
positive bacteria. Studies have shown that peptidoglycan 
in the intestinal microbiota mainly affects the innate im-
mune system through NOD1/NOD2. Muramyl dipeptide 
(MDP) is one of the structures of gram- positive bacterial 
peptidoglycan. MDP promotes the survival of Lgr5+ stem 

F I G U R E  1  Interconnections among gut microbial cells, their metabolites and body immunity. (a) LPS promotes inflammation through 
TLR- MYD88- phosphorylation signalling pathways. (b) MDP promotes the survival of Lgr5+ stem cells in intestinal crypts through NOD2 
and prevents them from damage, thereby promoting the repair of intestinal epithelium. mesoDAP enhances the lethality of bone marrow- 
derived neutrophils through NOD, promoting inflammation. (c) SCFA acts on Treg cells through GPR43, improve the number of Treg cells 
and upregulate gene expression of Foxp3 and IL- 10 in Treg cells, which in turn inhibits the effector CD4+ T cells and relieves colitis. As one 
of the components of SCFA, acetate reduces inflammation by inhibiting NF- κB activity of neutrophil and promoting the secretion of anti- 
inflammatory factors IL- 10, TGF- β and annexin A1

(a) (b) (c)
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cells in intestinal crypts through NOD2 and prevents them 
from oxidative damage, thereby promoting the repair of 
intestinal epithelium [43]. Peptidoglycan recognition 
protein 3 (PGLYRP3) and NOD2 can alleviate ulcerative 
colitis in mice [44]. Diaminopimelic acid (mesoDAP) in 
gram- negative bacteria enhances the lethality of bone 
marrow- derived neutrophils stimulated by Streptococcus 
pneumoniae and Staphylococcus aureus through NOD1. 
The concentration of peptidoglycan in serum is related to 
neutrophil function. In vivo administration of NOD1  li-
gand is sufficient to restore neutrophil function after the 
microbiota is depleted (Figure 1b) [45]. It is reported that 
SCFA acts on Treg cells in the intestine through the G 
protein- coupled receptor (GPR)43, increases the number 
of Treg in the intestine caused by vancomycin and upreg-
ulates gene expression of Foxp3 and IL- 10 in Treg cells in 
sterile mouse, which in turn inhibits the effector CD4+ T 
cells and relieves colitis [46]. As one of the components 
of SCFA, acetate reduces inflammation by inhibiting NF- 
κB activity of neutrophil and promoting the secretion of 
anti- inflammatory factors IL- 10, TGF- β and annexin A1 
(Figure 1c) [47]. In addition, as a bacterial metabolite, 
polysaccharide (PSA) is recognized by dendritic cells (DC) 
in the small intestine and activate CD4+ T cells to secrete 
cytokines, thereby promoting T- cell proliferation in sterile 
mice, improving TH1/TH2 cell disorders and promoting 
lymph organization formation [48].

Therefore, gut microbiota is very important for the for-
mation and maintenance of innate immunity under phys-
iological conditions and the changes of body immunity 
under inflammatory conditions. Regulating the intestinal 
microecology and restoring immune function are key to 
the treatment of immune diseases [49] and might also be 
a new direction for future tumour treatment.

Intestinal microbiota and antitumour 
immune responses

There is a dynamic and balanced network of interactions 
between gut microbiota and human immune cells. Recent 
studies have found that intestinal microbiota can affect 
antitumour immunity, and the efficacy of immune check-
point blocking (ICB) therapy may depend on specific in-
testinal bacteria. However, the underlying mechanism by 
which the microbiome enhances antitumour immunity 
remains unclear. Recent studies have shown that the in-
testinal Bifidobacterium pseudolongum can enhance the 
response of immunotherapy by producing the metabolite 
inosine. Immunotherapy will induce a decrease in the in-
testinal barrier function and increase the systemic trans-
port of inosine and activated antitumour T cells. The role 
of inosine depends on the expression of adenosine A2A 

receptor (A2AR) in T cells. Interestingly, previous studies 
have shown that inosine can bind to A2AR and can inhibit 
Th1 differentiation in vitro and antitumour immunity in 
vivo. The Th1 promotion effect of inosine depends on the 
A2AR signal in T cells, and the inosine- A2AR- cAMP- PKA 
signal cascade leads to the enhanced transcription of the 
key factors of Th1 differentiation (IL- 12 receptor and IFN- 
γ). However, the effect of inosine on T cells requires suffi-
cient co- stimulation to enable IL- 12 receptors to participate 
in Th1 differentiation and produce IFN- γ to achieve effec-
tive antitumour immunity [50]. Another study showed 
that Bifidobacteria not only accumulate in the intestine, 
but also migrate to tumour tissues, activating the inter-
feron gene stimulating factor (STING) immune signalling 
pathway in DC cells and re- exposing the tumour to the 
attack of the acquired immune system. In addition, after 
genetic modification, mice with type 1 interferon deletion 
or STING pathway blocked cannot benefit from bacterial 
immunotherapy, indicating that the STING signalling 
pathway plays a vital role in CD47 antibody therapy [51]. 
Besides, scientists have identified a ‘cocktail’ therapy con-
taining 11 strains, which activates the immune system and 
delay the growth of melanoma in mice. Unfolded protein 
response (UPR) is a cell signalling pathway that maintains 
protein homeostasis. A decrease in UPR is observed in 
melanoma patients who responded to immune checkpoint 
therapy. RNF5 is a ubiquitin ligase that helps remove im-
properly folded or damaged proteins. When mice lacking 
RNF5 have a complete immune system and intestinal mi-
crobiome, the growth of melanoma is also inhibited. Using 
an antibiotic cocktail to act on mice, or feeding them with 
common wild companions, the antitumour immunity phe-
notype disappeared, and tumour rejection was eliminated. 
This indicates the important role of the gut microbiome in 
antitumour immunity [51].

In short, there are relatively few studies on the molec-
ular mechanism of intestinal microbiota and antitumour 
immunity. However, existing studies can predict that the 
intestinal microbiota and its metabolites interact with tu-
mours through immune- related molecule and checkpoint 
mechanisms.

INTESTINAL MICROBIOTA AND 
IMMUNITY IN THE TME

Role of immune cells induced by intestinal 
microbiota in the TME

Macrophages

On the one hand, specific intestinal microorganisms affect tu-
morigenesis and development through tumour- associated 
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macrophages (TAMs) in the TME. Mammary tumours in 
H. hepaticus- infected Rag2−/−ApcMin/+mice have dense 
infiltrates of macrophages [52]. On the other hand, the 
disorder of microbiota in the intestinal tract also pro-
motes tumour development. Wan et al. demonstrated that 
intestinal dysbacteriosis leads to TAM activation, subse-
quently promoting the secretion of IL- 6 and TNF- α. The 
increased expression of N- cadherin and vimentin and de-
creased expression of E- cadherin contribute to epithelial- 
mesenchymal transition (EMT). All of these factors boost 
the development of CRC [53]. Some microbiota stimulate 
macrophages to increase c- Jun phosphorylation in CRC 
cells, accordingly accelerating CRC cell proliferation [54]. 
Dysbacteriosis induced by vancomycin causes hyperpla-
sia of colonic epithelial tuft cells and promotes the pro-
duction of IL- 25 derived from tuft cells. Subsequently, 
IL- 25 promotes EMT and the migration of HCC cells by 
alternatively activating M2 macrophages in the TME and 
promoting the secretion of CXCL10. CXCL10 promotes 
the infiltration of CD8+ T cells in the TME and facili-
tates tumour development [55]. The intestinal microbiota 
plays an important role in the metastasis of CRC as an 
important regulator of the intestinal microenvironment. 
Cathepsin K (CTSK) is a secreted protein associated with 
metastasis. CTSK produces intestinal microbe imbalances 
and the metastasis of CRC. Interestingly, CTSK, secreted 
by tumour cells bound to Toll- like receptor 4 (TLR4) 
through mTOR- dependent pathways, activates TAMs. 
Furthermore, CTSK stimulates TAMs to secrete IL- 10 and 
IL- 17, promoting the invasion and metastasis of CRC cells 
through the NF- κB pathway. In clinical terms, the high 
expression of CTSK in tumour tissues is closely associated 
with CRC metastasis and poor prognosis [56]. Therefore, 
TAMs in the TME play an active role in tumorigenesis, in-
cluding initiation and progression (Figure 2a). Moreover, 
the cytokines produced during this process have the po-
tential to be used clinically as biomarker.

Neutrophils

The cytoplasm of neutrophils contains azurophilic gran-
ules and special granules. The former is lysosomes con-
taining acid phosphatase, myeloperoxidase and various 
acidic hydrolases, which digest phagocytosed bacteria and 
foreign objects. The special granules are secretory granules 
containing lysozyme and defensin, which have bactericidal 
activity. Neutrophils have strong chemotactic and phago-
cytic functions, and they mainly swallow bacteria [57– 59]. 
Neutrophils are closely associated with tumour develop-
ment in the TME [60,61]. One recent study reported that H. 
hepaticus in the intestine promotes tumour formation often 
through neutrophils. H. hepaticus requires neutrophils 

to promote mammary tumorigenesis, and this phenom-
enon can be reversed by treating mice with an anti- Ly6G 
antibody. Ly6G is a marker of mature neutrophils [62]. A 
similar experiment showed the effect of H. hepaticus on 
colorectal carcinogenesis. Rag2−/− mice infected with H. 
hepaticus produce Gr- 1(+) neutrophils. Neutrophils in-
crease the levels of NO and TNF- α, thereby activating the 
NF- κB signalling pathway, leading to tumorigenesis [63]. 
Thus, H. hepaticus promotes intestinal and extra- intestinal 
tumours through neutrophils in the TME (Figure 2b). As 
research progresses, treating certain tumours by affecting 
neutrophils may also become a promising strategy.

Myeloid- derived suppressor cells (MDSCs)

MDSCs is a group of cells composed of granulocytes, mono-
nuclear macrophages and myeloid precursor cells in the 
early differentiation stage, with heterogeneity and differen-
tiation potential. MDSCs induced by intestinal microbiota 
usually play an immunosuppressive role in the TME [31,64].

IL- 17 recruits bone MDSCs into the colon TME of mice 
colonized with enterotoxic Bacteroides fragilis (ETBF). 
ETBF indirectly induces the ectopic production of chemo-
kines and growth factors by colonic epithelial cells (CECs) 
through direct interaction with IL- 17 receptors. ETBF 
also induces submucosal IL- 17 expression. IL- 17 and 
transformed CECs jointly promote tumour development 
by suppressing immune effector cells and activating the 
STAT3 signalling pathway, together with pro- angiogenic 
mediators, that is, matrix metalloproteinase- 9 (MMP- 9) 
and vascular endothelial growth factor (VEGF) [65]. F. 
nucleatum also has the potential to promote intestinal tu-
morigenesis by increasing MDSC populations, including 
monocytes (M- MDSCs) and granulocytes (G- MDSCs), in 
the TME. In addition, M- MDSCs express higher levels of 
arginase- 1 and iNOS than G- MDSCs. As a result, MDSCs 
show significant T- cell suppression activity, leading to tu-
morigenesis [66]. The lack of microbiota in early life in 
mice enhances the expression of CXCR2 ligands, which 
recruit G- MDSCs in the colonic TME. Interestingly, the 
activity of MDSC- driven colonic tumorigenesis is inhib-
ited by early- life microbe exposure [67]. Consequently, 
certain intestinal pathogenic microorganisms or abnor-
mal intestinal microecology and synergistic interactions 
with cytokines activate and proliferate MDSCs in the TME 
to mediate the immune escape of tumour cells (Figure 2e).

T cells

T cells mediate the adaptive cellular immune response and 
play an important auxiliary role in the thymus- dependent 
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antigen- induced humoral immune response. T- cell de-
fects affect the cellular immune response and humoral 
immune response, which may lead to susceptibility to a 
variety of pathogenic microorganisms and even oppor-
tunistic pathogenic microorganisms (such as Candida al-
bicans and Pneumocystis carinii) [68,69]. Abnormality or 
lack of T cells in TME will reduce the antitumour effect 
and cause certain pathological phenomena [32].

The integrity of the intestinal microbiota is pivotal to 
induce antitumour activity in vivo [70]. Therefore, intes-
tinal microorganisms activate immune cells in the TME 
and thus exert various antitumour effects. Some studies 
have shown that the presence of certain microbiota in the 
TME contributes to the antitumour effect. Tanoue et al. 
reported that a commensal consortium activates CD8 T 
cells without causing inflammation. There are 11 strains 
that enhance the expression of MHC class I in DCs, which 
subsequently activate IFN- γ+ CD8 T cells, increasing the 
number of IFN- γ+ CD8 tumour- infiltrating lymphocytes 
(TILs) in the TME to inhibit the growth of CRC [71]. The 

general process is that after abnormal intestinal micro-
organisms invade the body, CD8 T cells differentiate into 
CTL under the help of antigen- presenting cells, IL- 2 and 
IL- 6. And CTL produce IFN- γ, TNF- α, FASL and so on 
to play a killing effect on tumour cells. However, other 
studies have reported that the presence of certain micro-
biota in the TME is not conducive to exerting antitumour 
effects. For example, the amount of F. nucleatum is in-
versely associated with the density of CD3+ T cells, which 
have an antitumour effect in colonic tumour patients [72]. 
Therefore, the presence of different microorganisms in 
the intestine has the opposite effect on the tumour by af-
fecting T cells in the TME (Figure 2f).

Treg cells
Treg cells negatively regulate the immune response in 
two ways: (1) through directly contacting and inhibiting 
the activation of target cells and (2) secreting TGF- β, IL- 
10 and other cytokines to inhibit the immune response. 
Tregs play an important role in many processes and 

F I G U R E  2  Microorganisms promote or inhibit tumorigenesis by affecting different immunocytes in the TME. (a) Helicobacter hepaticus 
activates macrophages. Macrophages inhibit the production of IL- 10, which inhibits the development of breast tumours. Some commensal 
microbiota stimulate macrophages to increase c- Jun phosphorylation in CRC cells via the JNK signalling pathway, accelerating CRC 
cell proliferation. Intestinal microbiota dysbacteriosis induces tumour cells to secrete CTSK, thereby activating macrophages via mTOR- 
dependent pathways. CTSK stimulates macrophages to secrete IL- 10 and IL- 17, promoting the invasion and metastasis of CRC cells. 
Intestinal flora dysbacteriosis directly activates macrophages. Macrophages release IL- 6, TNF- α and CXCL10. IL- 6 and TNF- α accelerate the 
development of CRC by promoting EMT. CXCL10 induces the infiltration of T cells in the TME and promotes HCC development. Intestinal 
microbiota dysbacteriosis also induces the production of IL- 25 derived from tuft cells. IL- 25 promotes EMT and the migration of HCC cells. 
(b) Helicobacter hepaticus activates neutrophils. Neutrophils increase the levels of NO and TNF- α, activate the NF- κB signalling pathway 
and lead to CRC. (c) Lactobacillus reuteri stimulates Treg cells. Treg cells inhibit the development of breast tumours by promoting apoptosis. 
(d) Enterotoxic Bacteroides fragilis can also activate Th17 cells through the STAT3 signalling pathway. Th17 cells release IL- 17 cytokines. 
IL- 17 promotes STAT3 phosphorylation in the colorectal epithelium and tumour cells, thereby promoting tumorigenesis. (e) EBTF activates 
MDSCs through the STAT3 and NF- κB signalling pathways, directly promoting tumorigenesis. Fusobacterium nucleatum increases MDSC 
populations. MDSCs show significant T- cell suppression activity, leading to tumorigenesis. (f) F. nucleatum suppresses T cells indirectly 
through MDSCs. F. nucleatum also directly inhibits T cells. T cells play a role in inhibiting tumour development in the TME. Some strains 
activate T cells through DCs in the TME to inhibit the growth of CRC. (g) DCs secrete IFN and TNF to initiate T- cell activation. Hepcidin 
can repair the intestinal mucosa. (h) Lactobacillus plantarum- induced NK cells enhance IL- 22 production. IL- 22 provides protection of 
the intestinal epithelial barrier. NK cells promote T- cell differentiation, enhancing the antitumour immune response and delay tumour 
formation

(a) (b) (c) (d) (e) (f) (g) (h)
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diseases, such as immune tolerance, autoimmune dis-
eases, infectious diseases [73– 75], organ transplantation 
and the TME [76– 78]. A study showed that Treg cells that 
interact with H. hepaticus effectively suppress tumorigen-
esis in mouse models regardless of their tumour aetiology. 
H. hepaticus infection leads to increased expression levels 
of TNF- α, which is pivotal in tumour formation in the gut 
mucosa. However, early contact with H. hepaticus results 
in a reduced amount of TNF- α. This difference is not ben-
eficial to subsequent tumorigenesis [52]. TNF- α and IL- 
1β are both very important in inducing inflammation and 
leading to tumour development via the NF- κB signalling 
pathway [79]. Treg cells can also be recruited by L. reu-
teri in the TME. Eating a Western ‘fast food’ diet induced 
precancerous lesion formation in hybrid Swiss mice, lead-
ing to breast cancer. The TME was characterized by an 
increase in the mast cell population and a decrease in 
the Treg cell population. Tumour characteristics induced 
by the Western diet were significantly reduced after the 
administration of L. reuteri. Further studies showed that 
the antitumour effects of L. reuteri require the involve-
ment of Treg cells. Mice with HER2 gene mutations are 
susceptible to breast cancer. After L. reuteri was given to 
these mice, the tumour- free survival rate increased. The 
underlying mechanism involved L. reuteri inducing an 
increase in the Treg cell population, leading to increased 
apoptosis in breast tissue, thus playing an antitumour role 
[80]. From the above results, it can be concluded that the 
interaction between certain microorganisms and Tregs in 
the TME often has an antitumour effect (Figure 2c). This 
suggests that the use of treatments targeting the regula-
tion of Treg cells may be a new breakthrough point for the 
treatment of tumours.

Th cells
All Th cells express the immune molecule CD4, and they 
influence humoral and cellular immunity by secreting dif-
ferent types of cytokines [81,82]. Cytokines produced by 
different types of Th cells in the TME have different ef-
fects on the development of tumours [83,84]. Thus, it is 
necessary to study how the intestinal microecology effects 
Th cells in the TME. The response of Th17 cells is earlier 
than that of other T cells, and Th17 cells can accumulate 
in the intestine, which indicates that the development of 
Th17 cells is regulated by the intestinal mechanism. In 
agreement with this, the number of Th17 cells in the in-
testines dropped sharply in mice treated with antibiotics 
or sterile mice. Therefore, intestinal microorganisms play 
an important role in regulating the proliferation and dif-
ferentiation of Th17 cells. TH17 cells mainly secrete IL- 
17A, IL- 17F and IL- 22. After IL- 17 binds to the receptor, it 
activates the activity of NF- κB by activating MAP kinase, 
thereby exerting the biological activity of IL- 17. IL- 17A is 

a pro- inflammatory cytokine that can recruit neutrophils 
and promote the production of inflammatory factors, 
chemokines such as IL- 6, IL- 8, MCP- 1 and matrix metal-
loproteinases in local tissues of the body, causing inflam-
matory cell infiltration and tissue damage. IL- 17A can also 
promote the proliferation and differentiation of a variety 
of cells. Participate in the proliferation, maturation and 
chemotaxis of neutrophils. IL- 17A has a synergistic effect 
on the activation of T cells and promotes the maturation 
of dendritic cells. Studies have shown that SFB in the in-
testine has a hook- like structure. The hook tip adheres to 
mouse intestinal epithelial cells to form endocytic vesi-
cles, which quickly transport the bacterial protein of SFB 
from the top of the intestinal epithelial cells to the base, 
thereby promote production of serum amyloid A protein, 
which in turn makes DCs in the lamina propria of the mu-
cosa produce IL- 6 and IL- 23 and induces the proliferation 
and differentiation of Th17 cells [85]. Some studies have 
shown that enterotoxigenic ETBF colonization of the co-
lonic mucosa in mice causes an increase in the number 
of Th17 cells in the TME. Th17 cells produce cytokines 
that phosphorylate STAT3 in colorectal epithelial cells 
and tumour cells to promote colon tumorigenesis [86]. 
Besides, the decrease in the proportion of Bifidobacteria 
in the intestine inhibits the production of Th17 cells [87]. 
Another study reported that the dysbiosis of gut micro-
biota reduces the number of Th1 cells as well as the levels 
of Th1 cytokines, including IFN- γ, TNF- α, IL12p40 and 
IL12p35, and co- stimulators, such as CD80, CD86 and 
MHCII. All of the above- mentioned factors play an active 
role in tumour antigen presentation and tumour cell kill-
ing effects. Subsequently, subcutaneous melanomas de-
velop in mouse models [88]. Therefore, microorganisms 
play different roles in the TME by increasing or decreasing 
Th cell populations (Figure 2d). Exploring the mechanism 
by which the microbiota changes Th cells in the TME is a 
promising approach to provide new strategies for tumour 
therapy.

CD8+ T cells
Although the molecular details are far from being fully 
understood, it is clear that having a healthy gut microbi-
ome can ensure that T cells are widely activated against 
antigens and are activated as cytotoxic CD8+ T cells, in-
filtrating and attacking tumour cells [89]. A study found 
11 strains of intestinal microbiota that can increase the 
level of CD8+ T cells, enhance the antitumour immune 
response mediated by it and inhibit tumour progression. 
The effect is the same as that of immune checkpoint inhib-
itors, even better [71]. Besides, butyrate directly improves 
the antitumour cytotoxic CD8+ T- cell response in an ID2- 
dependent manner in vitro and in vivo through IL- 12 sig-
nalling pathway. Patients with tumours that respond to 
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oxaliplatin have higher serum butyrate levels than those 
who do not respond. This can also increase the expres-
sion and function of ID2 among CD8+ T cell. The study 
shows that the intestinal microbial metabolite butyrate 
promotes the effect of antitumour treatment through the 
ID2- dependent regulation of CD8+ T- cell immunity, sug-
gesting that the intestinal microbial metabolite can be 
used as a part of cancer treatment [90]. Bifidobacterium 
has a positive regulatory effect on the anti- PD- L1 anti-
body of the checkpoint inhibitor. The therapeutic effect 
of Bifidobacteria alone is almost the same as that of anti- 
PD- L1 antibody. The combined use almost completely in-
hibits tumour growth. Bifidobacteria activate CD8+T cells 
and also have the ability to activate dendritic cells [91].

In summary, CD8+T cells can be activated by intestinal 
microbiota and their metabolites. CD8+T cells have been 
paid more and more attention as tumour killer cells. The 
combined application of CD8+T cells and immunother-
apy is very promising in tumour treatment.

Dendritic cells (DC)

DCs are the antigen- presenting cells (APC) with the 
strongest antigen- presenting function known so far. Its 
biggest feature is that it can stimulate the activation and 
proliferation of naive T cells. Therefore, it is the initiator 
of specific immunity. They are divided into conventional 
dendritic cells (cDCs) and plasmacytoid dendritic cells 
(pDCs). The foremost function of cDCs is to secrete TNF 
and regulate the activation of T cells [92,93]. pDCs mainly 
secrete amount of type I interferons (IFN- Is) during virus 
infection [94].

Studies have shown that the intestinal microbiota can 
maintain basal state of DC by regulating type I interferon 
signals. The cDCs of GF mice do not produce sufficient 
TNF. The implantation of microbiota in the intestine of 
GF mice, even single bacteria, is sufficient to mediate the 
response of cDC to external stimuli and induce the secre-
tion of TNF. Furthermore, compared with SPF mice, the 
IFN- I signalling pathway- related genes in GF mice (in-
cluding Oas2, Socs2, Itga6, Itgav, Ifi35, Ifi205, Ifitm1 and 
Il15) and related Stat1 and IFNAR expression levels are 
relatively low through whole- genome RNA sequencing ex-
periments. IFN- I that maintains basal state of DCs comes 
from pDCs, not cDCs. In addition, removing pDCs that se-
crete IFN- I significantly reduce the ability of cDCs to pres-
ent antigens to CD8+ T cells. These results indicate that 
microbiota regulates the ability of pDCs to secrete IFN- I, 
thereby maintaining basal state of DCs. Further investiga-
tion found that the microbiota regulates the basal state of 
cDC through IFNAR signal [95]. Bacteroides thetaiotaomi-
cron is an important member of the intestinal microbiota. 

As gram- negative bacteria, the outer membrane vesicles 
(Bt OMV) secreted by it can cross the intestinal epithelial 
barrier to mediate host– flora interaction, playing a role in 
maintaining intestinal homeostasis. Bt OMV induces the 
regulatory phenotype (such as IL- 10 expression) of DCs 
isolated from healthy human colon and blood. However, 
the ability of the bacteria to induce the regulatory pheno-
type of the DCs of IBD patients is significantly reduced 
[96]. In addition, hepcidin secreted by cDC2s promotes 
healing of the intestinal mucosa after enteritis caused by 
microbiota [97]. In terms of antitumour, the intestinal 
microbiota regulates dendritic cell antigen presentation 
and the antitumour immune response induced by radio-
therapy suggests a new mechanism. Elimination of short- 
chain fatty acid- producing bacteria helps to improve the 
antitumour efficacy mediated by vancomycin and radio-
therapy. This is accompanied by the remodelling of the 
tumour microenvironment and the increase of antigen 
presentation and cytotoxic T- cell infiltration in the tu-
mour [98]. Dendritic cells also play a key role in the clini-
cal antitumour treatment of PD- L1 inhibitors [99].

In short, there are relatively few studies on DCs in the 
intestinal microbiota- tumour interaction. As the promoter 
of T cells, DCs have important immune function in the 
TME (Figure 2g). In future research, DCs are still a hot 
research topic in terms of repairing the intestinal mucosa 
and participating in immunity, especially in the interac-
tion with the microbiota in the TME.

Natural killer cells (NK cells)

Most NK cells are cytotoxic. They produce lysed particles 
containing many molecules (including perforin, gran-
zyme and granulysin in humans) that can induce the 
death of target cells. NK cells also express a variety of TNF 
superfamily members, such as FASL, TRAIL, and these 
molecules induce target cell apoptosis by binding to their 
corresponding receptors (FAS or TRAILR).

Studies have shown that Lactobacillus plantarum 
(Lp) stimulation of NK cells enhances IL- 22 production, 
which in turn provides defence against enterotoxigenic 
Escherichia coli (ETEC)- induced damage to the intesti-
nal epithelial barrier [100]. Besides, another study in-
vestigated and compared potential antitumour immune 
responses induced by Lp. Lp produced protective immu-
nity by increasing CD8+ T cells and NK cell infiltration 
into TME, up- regulation of IFN- γ production, and promo-
tion of Th1- type CD4+ T differentiation. Consequently, 
Lp enhances the antitumour immune response and delays 
tumour formation (Figure 2h).

There are relatively few studies on NK cells and micro-
biota in TME. More in- depth researches are needed.
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Bystander effects in the microbiome- TME 
interactions

There is a very interesting phenomenon of radiobiology in 
the process of radiotherapy; that is, radiotherapy can not 
only kill the tumour cells that have been irradiated, but 
also the tumour cells that have not been irradiated around 
it. This phenomenon is called ‘bystander effect’ (BSE). BSE 
is characterized by genomic damage in target cells [101]. 
It also occurs when macrophages are chronically infected 
[102]. Enterococcus faecalis (E. faecalis) polarizes colon 
macrophages to an M1 phenotype. In addition, depleting 
M1 phenotype- macrophages with encapsulated liposo-
mal clodronate (ELC) caused decrease of tumour necrosis 
factor- α (TNF- α), cyclooxygenase- 2 (COX- 2), netrin- 1 and 
trans- 4- hydroxy- 2- nonenal (4- HNE). They are markers 
for BSE. TNF- α induces netrin- 1, regulating intestinal epi-
thelial cell apoptosis. COX- 2 generates 4- HNE, an endog-
enous mutagen. BSE mediates DNA damage and induces 
chromosomal instability in neighbouring cells, promoting 
development of tumour. This suggests that M1 phenotype 
is the key effector for bacterial- induced BSE [103]. Further 
study suggests exposure of primary colon epithelial cells to 
commensal- polarized M1 phenotype- macrophages or 4- 
HNE induces heritable mutagenesis and initiate chromo-
somal instability (CIN). Gradually, colon epithelial cells 
express stem/progenitor cell markers Ly6A, Ly6E and tu-
mour stem cell marker- doublecortin- like kinase 1 (Dclk1) 
in E. faecalis- colonized IL- 10−/− mice [104]. E. faecalis- 
polarized macrophages induce gene mutation, CIN and 

endogenous transformation through BSE. Besides, an-
other study shows BSE activates Wnt/β- catenin signalling 
and pluripotent transcription factors in colon epithelial 
cells, such as c- Myc, Klf4, Oct4 and Sox2. These factors 
are associated with dedifferentiation, reprogramming and 
the development of colorectal cancer stem cells (CSCs). 
Exposure of murine primary colon epithelial cells to E. 
faecalis - infected macrophages increased Wnt3α expres-
sion while suppressing Wnt inhibitor factor 1 (Wif1). This 
is mediated by 4- HNE and TNF- α, two mediators of BSE. 
Wnt/β- catenin activation was confirmed by increased ac-
tive β- catenin and Tcf4. Nuclear β- catenin binds TCF4 
and induces pluripotent transcription factors and CSC 
markers [105].

These findings provide mechanism for microbiome- 
induced colorectal cancer and identify new potential tar-
gets for colorectal cancer prevention (Figure 3).

THE RELATIONSHIP BETWEEN 
DIFFERENT TYPES OF BACTERIA 
AND TUMOURS

There are studies showing that tumours develop because 
of the disruption of gut microbiota caused by antibiotics, 
which is not always the case. Sethi et al. showed that gut 
microbiome depletion using antibiotics leads to a signifi-
cant decrease in tumour burden in pancreatic cancer and 
melanoma. Gut microbiome depletion reduced liver me-
tastasis from pancreatic cancer and colon cancer, as well 

F I G U R E  3  Mechanism of bystander effects (BSE) in the microbiome- TME interactions. Enterococcus faecalis polarizes colon 
macrophages to an M1 phenotype. M1 phenotype- macrophages induce increase of TNF- α, COX- 2, netrin- 1 and 4- HNE. TNF- α induces 
netrin- 1, regulating intestinal epithelial cell apoptosis. COX- 2 generates 4- HNE, mediating DNA damage, and induces chromosomal 
instability in neighbouring cells. 4- HNE and TNF- α increased Wnt3α expression while suppressing Wif1. They activate Wnt/β- catenin 
signalling. Nuclear β- catenin binds TCF4 and induces pluripotent transcription factors such as c- Myc, Klf4, Oct4, and Sox2, and Dclk1, 
which is CRC marker. These factors are associated with dedifferentiation, reprogramming and the development of colorectal cancer stem 
cells
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as melanoma in mouse models. Interestingly, the effect of 
shrinking tumours is not through direct toxic effects on 
tumours but through the involvement of adaptive immu-
nity [106]. In addition to the overall imbalance of intes-
tinal microbiota in the TME, specific microbiota in the 
intestinal microecology have an impact on different types 
of tumour through immunity. The diverse roles of micro-
biota across different tumours are summarized in Table 1.

CLINICAL APPLICATIONS

The progress of clinical cancer treatment 
and clinical trials basing on the crosstalks 
between gut microbiota and immunity and 
significance

For most patients with advanced disease, cytotoxic drugs 
are the main treatment. However, these drugs cause high 
morbidity, mortality and unavoidable drug resistance as-
sociated with treatment [118], which are disadvantages of 
drug therapy. The intestinal microbiota provides a novel 
way to enhance the efficacy of current cancer drugs, reduce 
toxicity and increase sensitivity to immunotherapy [91]. 
The intestinal microbiota affects the efficiency of cancer 
drugs through several key mechanisms: metabolism, im-
mune regulation, translocation, enzymatic degradation 
and ecological variation. A study suggests disruption of the 
microbiota impairs the response of subcutaneous tumours 
to CpG- oligonucleotide immunotherapy and platinum 
chemotherapy. Optimal responses to cancer therapy re-
quire an intact commensal microbiota that mediates its ef-
fects by modulating myeloid- derived cell functions in TME 
[89]. The emergence of immune checkpoint inhibitors to 
launch effective tumour attacks by lifting the brake mecha-
nism of the body's immune system is a major breakthrough 
in the field of cancer treatment [119,120]. Studies have con-
firmed that the intestinal microbiota effectively improve 
the success of antitumour CD8+ T- cell reinfusion [71]. The 
use of antibiotics to reduce the host's intestinal microbiota 
will significantly reduce tumour suppression. Infusion of 
microbial ligand plasma to test mice can enhance CD8+ T- 
cell activation and promote tumour shrinkage. Probiotics 
are a type of host beneficial active microorganisms colo-
nized in the human intestines, reproductive system, oral 
cavity, oesophagus, etc. They reduce the pH of the intes-
tines by producing organic acids, inhibit the growth of 
pathogenic bacteria and maintain the intestines, etc. The 
inherent microbiota of the tract maintains the balance of 
the microbiota in the intestinal tract, thereby further regu-
lating the body's immune function [121].

Therefore, the regulation and intervention of intestinal 
microbiota are of great significance in the treatment of C
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various types of cancer. In the future, therapeutic inter-
vention for the microbiota will be one of the next areas for 
precise and personalized treatment of cancer.

Intestinal microbiota affect drug resistance 
in tumours

Increasing evidence shows that intestinal microbiota af-
fect the treatment effect of anticancer drugs (Figure 4a). 
For example, some bacteria cause drug resistance in pa-
tients. F. nucleatum has been reported to promote CRC 
[122]. However, its effect on the tumour extends beyond 
this finding. F. nucleatum stimulates the expression of the 
autophagy- related proteins pULK1, ULK1 and ATG7 in 
CRC via the loss of miR- 18a* and miR- 4802 dependent on 
the TLR4 and MYD88 signalling pathways, subsequently 
resulting in CRC chemoresistance. These results remind 
us that the combination of chemotherapy and anti- F. 

nucleatum treatment or an autophagy inhibitor for CRC 
patients may be an ideal treatment choice [123]. In addi-
tion, gemcitabine is a commonly used drug for the treat-
ment of pancreatic ductal adenocarcinoma (PDAC), and 
γ- proteobacteria in pancreatic tumours are also involved 
in the resistance to gemcitabine [124]. Cyclophosphamide 
has been verified to destroy the intestinal mucosa, cause 
intestinal microbiota translocation, induce antitumour 
Th1 and Th17 immune responses and ultimately benefit 
tumour treatment. Antibiotics cause a reduction in the 
abundance of intestinal microbiota in mice. This change 
affects the conversion of CD4+ T cells to antitumoral Th1 
and Th17 cells, leading to the failure of anticancer drugs 
[125]. Therefore, with the widespread emergence of tu-
mour resistance to chemotherapy drugs, maintaining or 
restoring the intestinal microecology, restoring immu-
nity and producing synergistic effects with chemotherapy 
drugs may have great potential for remodelling the TME 
and improving the efficacy of chemotherapy drugs.

F I G U R E  4  Effects of intestinal microbiota on tumour drug resistance and immunotherapy. (a) Effect of the intestinal microbiota on 
tumour drug resistance. Chemotherapy drugs destroy the intestinal mucosa, cause intestinal microbiota translocation, induce antitumoral 
Th1 and Th17 immune responses and ultimately enhance tumoricidal effects. γ- Proteobacteria can express the long subtype of the bacterial 
enzyme cytidine deaminase, metabolizing a chemotherapy drug to its inactive form. F. nucleatum stimulates the expression of autophagy- 
related proteins such as pULK1, ULK1 and ATG7 through the TLR4 and MYD88 signalling pathways, resulting in CRC chemoresistance. (b) 
Effects of intestinal microbiota on immunotherapy. A healthy intestinal microbiota can activate APCs. APCs activate T cells through antigen 
presentation. Activated T cells express PD- 1 and CTLA- 4. A healthy intestinal microbiota promotes the binding of anti- PD- 1 to PD- 1 and 
anti- CTLA- 4 to CTLA- 4, inhibits the inactivation of T cells and exerts tumour- killing effects. A healthy intestinal microbiota can promote 
the binding of anti- PD- L1 to PD- L1 expressed by tumour cells, thereby inhibiting the binding of PD- L1 to T cells and indirectly exerting 
antitumour effects. B. fragilis enhanced the effect of the CTLA- 4 Ab
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Effects of intestinal microbiota on 
immunotherapy

Intestinal microbiota are closely associated with intestinal 
immunity and affect the systemic immune system. Healthy 
intestinal microbiota activate T cells through antigen pres-
entation by APCs [126]. T cells activated by APCs express 
PD- 1 and CTLA- 4 [127]. This expression prevents immune 
damage caused by the excessive activation of T cells [25,128]. 
However, tumour cells usually express PD- L1, which has 
inappropriate inhibitory effects on T cells, promoting tumo-
rigenesis [24,129]. CTLA- 4 molecules are highly expressed 
on activated T lymphocytes; they share the B7  molecular 
ligand of antigen- presenting cells (APCs) with CD28. T 
cells are induced to be non- responsive and participate in 
the negative regulation of the immune response. CTLA- 4 
is overexpressed in a variety of cancers, leading to uncon-
trolled tumour growth [130]. Recent studies have shown 
that gut microbiota affect the efficacy of tumour immuno-
therapy, especially PD- 1 and CTLA- 4 blockade (Figure 4b). 
One study showed that gut microbiota mediate anticancer 
immunotherapy by collaborating with the CTLA- 4 block-
ade. In mice orally fed B. fragilis, Th1 immune responses in 
the tumour- draining lymph nodes were increased. B. fra-
gilis also promoted the maturation of tumoral DCs, which 
culminated in the restoration of the therapeutic response of 
GF tumour bearers to a CTLA- 4 Ab [131].

Intestinal microbiota have great 
potential for the PD- 1/PD- L1- mediated 
treatment of tumours

PD- 1 is an important co- inhibitory molecule expressed 
in activated T cells, and its ligands are PD- L1 and PD- L2. 
When PD- 1 combines with a ligand, it inhibits the prolif-
eration of T cells and the production of cytokines, such as 
IL- 2 and IFN- γ, as well as the proliferation and differen-
tiation of B cells and the secretion of Ig. Recently, immu-
notherapy targeting the PD- 1/PD- L1 axis has delivered 
favourable results in many tumours, especially solid tu-
mours [119,120,132]. Studies have demonstrated that the 
antitumour effects are achieved through the interaction 
between IFN- γ+ CD8+T cells and immune checkpoint 
inhibitors (ICIs) [130,133]. One study in a mouse model 
suggested that the efficacy of anti- PD- 1 treatment via the 
production of IFN- γ+ CD8 T cells was greater in GF+11- 
mix mice orally administered 11 strains of microbiota than 
in GF+10- mix or germ- free mice [71]. Researchers trans-
planted faecal microbial microbiota (FMT) from cancer 
patients who responded to ICI into sterile or antibiotic- 
treated tumour- bearing mice and found that the antitu-
mour effect of PD- 1 blockers was enhanced. The faecal 
microbiota of patients who did not respond to ICI did not 

have this effect. Enriched A. muciniphila was detected in 
the stool of patients who responded to ICI [134]. In addi-
tion, Bifidobacterium is also associated with antitumour 
effects in mice. The oral administration of Bifidobacteria 
alone has been shown to induce the same effect as anti- 
PD- L1 treatment. The combination of the two treat-
ments almost completely inhibited tumour growth. 
Bifidobacterium has been shown to enhance the activation 
of CD8+ T cells and the functions of DC cells gathered in 
the tumour microenvironment, consequently producing 
a combined antitumour effect with PD- L1 [91]. Another 
study used 16S rRNA sequencing, metagenomic shotgun 
sequencing and Q- PCR to determine the gene sequences 
of microorganisms in patients with melanoma treated 
with PD- 1 antibodies. The increased abundance of bacte-
ria, including Bifidobacterium longum, Enterococcus aero-
genes and Enterococcus faecalis, was found in the faeces of 
patients who were responsive to PD- 1 antibody treatment. 
Transferring the faeces of responders to sterile mice im-
proved tumour control, enhanced the T- cell response and 
improve the efficacy of anti- PD- L1 treatment [135]. 16S 
ribosome RNA gene sequencing was used to evaluate the 
intestinal microbe distribution of patients with advanced 
non- small- cell lung cancer treated with a PD- 1 monoclo-
nal antibody. Responsive patients had increased diversity 
of intestinal microbiota and enriched Alistipes putredinis, 
Bifidobacterium longum and Prevotella copri during the 
treatment process. Subsequently, patients with high mi-
crobiome diversity had significantly longer progression- 
free survival than patients with low diversity [136]. A 
similar phenomenon was also found in metastatic mela-
noma. Eight species of Enterococcus faecium, Collinsella 
aerofaciens, Bifidobacterium adolescentis, Klebsiella pneu-
moniae, Veillonella parvula, Parabacteroides merdae, 
Lactobacillus sp. and Bifidobacterium longum were en-
riched in patients who responded to PD- 1 antibody treat-
ment. Ruminococcus obeum and Roseburia intestinalis 
were enriched in non- responsive patients. Transplanting 
sterile mice with faecal bacteria from patients who re-
spond to PD- 1 antibody significantly improve tumour con-
trol, enhance T- cell responses and obtain better efficacy. 
In summary, there is a significant correlation between the 
composition of the patient's microbiota and the effect of 
anti- PD- 1 immunotherapy. Specific microbiota affect the 
antitumour immunity of cancer patients and can be used 
as a biomarker to predict whether patients are responsive 
to immune checkpoint blocking therapy [137].

Specific intestinal microbiota participate in or affect 
the tumour immune process, which has an effect on the 
efficacy of PD- 1 antibodies (Figure 4b). From the clin-
ical practice perspective, perhaps one day, supplemen-
tation with specific intestinal bacterial groups that are 
beneficial for the function of PD- 1 antibodies or spe-
cific faecal transplants may increase the effectiveness 
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of immunotherapy. In addition, the effect of immuno-
therapy can also be predicted by the examination of in-
testinal bacteria. Regardless, gut microbiota have great 
potential for providing more information for clinical 
practice.

Clinical application of 
antibiotics and probiotics

Escherichia coli metabolize the chemotherapy drug 
gemcitabine to its inactive form. This drug metabolism 
depends on the expression of the long subtype of the bacte-
rial enzyme cytidine deaminase (CDDL), which is mainly 
found in γ- proteobacteria. In a mouse model of colon can-
cer, gemcitabine resistance was induced by intratumoral 
γ- proteobacteria, which depended on the expression of 
bacterial CDDL. Antibiotics eliminated this resistance. In 
addition, antibiotics affect the conversion of CD4+ T cells 
to antitumoral Th1 and Th17 cells, leading to the failure of 
anticancer drugs (Figure 4a).

Another study showed that EcN, a widely used probi-
otic, can work in concert with the transforming growth 
factor (TGF- β) blocker galunisertib (Gal) to exert antitu-
mour effects. When both are used, they increase IL- 2 and 
IFN- γ expression in the TME and reduce TGF- β and IL- 10 
expression. The synergy between EcN and galunisertib in-
creases apoptosis and inhibits the tumour metastasis and 
angiogenesis mediated by changes in the intestinal micro-
biota [138]. In brief, most intestinal probiotics exert anti-
tumour effects by promoting immunotherapy in the TME.

CONCLUSION

The intestinal microecology, immunity and TME are 
closely related. The intestinal microecology, especially in-
testinal microbiota, can affect immunity to remodel the 
TME through various mechanisms, such as STAT3, NF- 
κB, JNK and TLR4- mTOR. A variety of cytokines also af-
fect intestinal and extra- intestinal tumours as mediators. 
Harmful microbiota and intestinal microecological imbal-
ances often promote tumour development and the devel-
opment of tumour resistance. The use of probiotics can 
restore the intestinal microecology and have a synergistic 
effect with PD- 1/PD- L1 inhibitors on tumour treatment. 
However, there are still many problems in this field that 
need to be explored. First, individual differences exist. In 
addition, the composition and regulation of the TME are 
very complicated. Furthermore, the large number of in-
testinal microbiota, which directly or indirectly affect in-
testinal microecological changes in cancer patients, are 
difficult to study. An in- depth analysis of the interactions 

of the intestinal microecology, immunity and the tumour 
microenvironment, will facilitate the screening of tumour 
sensitivity to drugs and improve tumour therapeutic effects 
in the future.
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