
Interaction of gut microbiota with
the tumor microenvironment: A
new strategy for antitumor
treatment and traditional Chinese
medicine in colorectal cancer

Tingting Li1, Liang Han1, Simin Ma2, Weiji Lin1, Xin Ba1, Jiahui Yan1,
Ying Huang1, Shenghao Tu1 and Kai Qin1*
1Department of Integrated Traditional Chinese and Western Medicine, Tongji Hospital, Tongji Medical
College, Huazhong University of Science and Technology, Wuhan, China, 2Department of Nosocomial
Infection Management, Tongji Hospital, Tongji Medical College, Huazhong University of Science and
Technology, Wuhan, China

Colorectal cancer (CRC) is one of the most commonmalignancies worldwide and
the second leading cause of cancer-related death. In recent years, the relationship
between gut microbiota and CRC has attracted increasing attention from
researchers. Studies reported that changes in the composition of gut
microbiota, such as increase in the number of Fusobacterium nucleatum and
Helicobacter hepaticus, impair the immune surveillance by affecting the intestinal
mucosal immunity and increase the risk of tumor initiation and progression. The
tumor microenvironment is the soil for tumor survival. Close contacts between
gut microbiota and the tumor microenvironment may directly affect the
progression of tumors and efficacy of antitumor drugs, thus influencing the
prognosis of patients with CRC. Recently, many studies have shown that
traditional Chinese medicine can safely and effectively improve the efficacy of
antitumor drugs, potentially through remodeling of the tumor microenvironment
by regulated gut microbiota. This article describes the effect of gut microbiota on
the tumor microenvironment and possible mechanisms concerning the initiation
and progression of CRC, and summarizes the potential role of traditional Chinese
medicine.
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1 Introduction

Colorectal cancer (CRC) is the third most common type of cancer worldwide (Baidoun
et al., 2021; Schmitt and Greten, 2021). Its annual global incidence rate is nearly 1 million
cases, and the annual mortality rate associated with this disease is at least 600,000 cases (Sui
et al., 2020), accounting for approximately 10% of cancer-related deaths worldwide (Ren
et al., 2021). Genetics, environment, lifestyle, and increasing age are the main risk factors for
CRC (Lucas et al., 2017). In recent years, there has been increasing attention on the
relationship between the gut microbiome and CRC (Jain et al., 2021). The human gut
microbiome includes at least trillions of microbes that play a vital role in human health and
disease (Hayase and Jenq, 2021). The components of the gut microbiome (e.g., Escherichia
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coli, Bacteroides fragilis, Fusobacterium nucleatum) may disrupt
immune surveillance by affecting intestinal mucosal immunity,
thus promoting the development and progression of CRC (Clay
et al., 2022). The tumor microenvironment (TME) consists of
immune cells [e.g., T, B, and natural killer (NK) cells] and a
variety of bone marrow cell populations [e.g., granulocytes,
monocytes, macrophages, and dendritic cells (DC)], abnormal
vasculature, and immunosuppressive cytokines, which exert
crucial function in tumor immune tolerance (Qiu et al., 2020).
The intimate contacts between gut microbiota and the TME may
directly induce TME reprogramming and exhibit a profound impact
on tumor immunity. Consequently, these effects are closely related
to the tumor development, the efficacy of antitumor drugs, and the
prognosis of patients with CRC (Hayase and Jenq, 2021). Traditional
Chinese medicine (TCM) has a history of thousands of years in the
prevention and treatment of diseases. Data have shown that TCM
significantly improves the sensitivity to chemotherapy drugs and
remarkably alleviates cancer-related adverse reactions. TCM offers
unique advantages in prolonging the survival of patients with cancer
and improving their life quality (Zhang et al., 2020). As an
alternative therapy, TCM can safely and effectively improve the
efficacy of antitumor drugs in the treatment of CRC, potentially
through remodeling of TME by regulated gut microbiota (Qi et al.,
2015). This article describes the impact of intestinal flora and its
metabolites on the TME and possible mechanisms affecting the
occurrence and progression of CRC. Besides, the potential role of
TCM in this process is summarized.

2 Relationship between the gut
microbiome and intestinal mucosal
immunity

The intestine is the largest digestive organ of the human body
with various important functions, including digestion and
absorption of food, regulation of metabolism, transmission of
information, etc., (McDermott and Huffnagle, 2014). During
body development, the gut microbiome maintains a mutually
beneficial symbiotic relationship with the intestinal
microenvironment. The intestine provides nutrients and an
environment for the growth of intestinal flora. Intestinal
commensal bacteria assist in the digestion and absorption of
substances by reducing intestinal permeability and increasing
epithelial defense mechanisms to form a mucosal barrier.
Moreover, they provide beneficial nutrients [e.g., vitamin D,
short-chain fatty acids (SCFA), etc.] to support the maturation of
the intestinal immune system (Topping and Clifton, 2001; Shi et al.,
2017). Due to the unique luminal structure of the intestine, the gut is
constantly exposed to the gut microbiome and other various
antigens. Hence, the body develops a unique immune system,
which is a mature intestinal mucosal immune system composed
of intestinal epithelial cells, Peyer plaques, isolated lymphatic
follicles, mesenteric lymph nodes, etc., to maintain intestinal
homeostasis (Shi et al., 2017). In addition, intestinal flora plays
an important role in promoting the formation of healthy andmature
intestinal mucosal immunity and maintaining intestinal
homeostasis. In early life, proper colonization of the gut flora
results in pathogen-associated molecular patterns stimulating of

pattern-recognition receptors expressed on intestinal mucosal
epithelial cells or immune cells. This stimulation subsequently
induces the maturation of intestinal mucosa-associated lymphoid
tissue (Maynard et al., 2012). However, in certain cases of intestinal
flora deficiency, the intestinal immune system is compromised. This
compromise is manifested as incomplete development of intestinal
mucosa-associated lymphoid tissue, reduction in the number of
immune cells (e.g., plasma cells, lymphocytes) and cytokines, and
downregulation of surface pattern-recognition receptor expression.
In turn, these effects lead to the occurrence of certain intestinal
diseases, including ulcerative colitis, Crohn’s disease, and CRC
(Sommer and Bäckhed, 2013; Takiishi et al., 2017). The
interaction between intestinal flora and the intestinal immune
system makes it possible to improve local immune system
function by regulating the composition of the intestinal flora,
reshape the intestinal microenvironment, and treat or alleviate
disease.

3 Effects of gut microbiota on the
tumor inflammatorymicroenvironment

Inflammation is considered a key driver for the development of
CRC, and it is thought that at least 20% of cancer cases are a direct
consequence of the chronic inflammatory process. Patients with
inflammatory bowel disease, including ulcerative colitis and Crohn’s
disease, are at a higher risk of CRC compared with healthy
individuals (Eaden et al., 2001; Canavan et al., 2006; Farraye
et al., 2010). Under normal circumstances, the intestinal mucosal
barrier consists of a monolayer of intestinal epithelial cells through
tight junctions, and the intestinal mucosal barrier isolates the gut
microbiota from immune cells (Lee et al., 2018). However, in a state
of chronic inflammation, the intestinal mucosal barrier is destroyed
and its permeability is altered, leading to the invasion of the gut by
commensal microorganisms and pathogenic microorganisms
(Grivennikov et al., 2012). Some bacteria accumulate and anchor
themselves in colonic epithelium to disturb the epithelial
cytoskeleton and destroy the structure of the epithelial cell
junction. On intestinal epithelial cells, for instance, invasion by
enterotoxigenic B. fragilis cleaves E-cadherin, further disrupting the
colonic mucosal barrier (Wu et al., 2007). The invading commensal
bacteria interact with the toll-like receptor (TLR) on tumor-
infiltrating bone marrow cells. Subsequently, activation of the
transcription factor nuclear factor kappa-B (NF-κB) was
promoted by the MyD88-dependent signaling cascade. This
process induces the expression of genes encoding pro-
inflammatory cytokines and chemokines (Zhao et al., 2021). The
expression of inflammatory cytokines can directly regulate the
hypoxia inducible factor (HIF) pathway, elevate the levels of
vascular endothelial growth factor (VEGF) and promote
angiogenesis in tumor tissues (Thornton et al., 2000; Pouysségur
et al., 2006; Westra et al., 2007). VEGF-mediated angiogenesis plays
a key role in the progression of human tumors (i.e., from adenoma
formation to the development of non-invasive CRC). As a key
regulator of tumor angiogenesis, VEGF accelerate the occurrence
and progression of CRC via promoting the proliferation, migration,
and differentiation of endothelial cells (Carmeliet, 2005). Moreover,
commensal bacteria also upregulate the level of interleukin 17C (IL-
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17C) in intestinal epithelial cells through TLR/MyD88-dependent
signaling. This induces B-cell CLL/lymphoma 2 (BCL2) expression
in intestinal epithelial cells, which promotes tumorigenesis (Song
et al., 2014; Cheng et al., 2020). Inflammation also results in DNA
damage in colonic epithelial cells by increasing the release of reactive
oxygen species (ROS) and nitrogen substances by innate immune
cells (e.g., macrophages and neutrophils) into the tissue
microenvironment. These effects initiate the development of
malignancy during chronic intestinal inflammation (Cheng et al.,
2020). In a mouse model of CRC, it was shown that F. nucleatum
produced a pro-inflammatory environment that promoted the
formation of CRC by activating the NF-κB pathway and
recruiting tumor-infiltrating immune cells (Kostic et al., 2013).
Invasion by F. nucleatum promotes p38 or mitogen-activated
protein kinase (MAPK) signaling-mediated pro-inflammatory
responses in HEK293T cells and mediates ROS production in
Caco-2 cell lines; both processes are involved in the development
of early CRC (Tang et al., 2016; Hanus et al., 2021). Moreover, in
ApcMin/+ mice, Peptostreptococcus anaerobius extensively induced

the expression of pro-inflammatory cytokines, triggered a pro-
inflammatory immune microenvironment, and led to the
recruitment of a series of tumor-infiltrating immune cells,
especially immunosuppressive myeloid-derived suppressor cells
(MDSC) and tumor-associated macrophages (TAM). These
effects promoted tumor progression (Long et al., 2019).
Polyketide synthase-expressing (pks+) E. coli can aggravate colon
inflammation and malignant cell transformation by destroying the
DNA of colon cells (Hanus et al., 2021) (Figure 1).

4 Effects of gut microbiota on the
tumor immune microenvironment

4.1 T cells

Studies have shown that innate immunity and T cell-
mediated adaptive immunity affect the evolution and
development of tumors all the way (Wang Y et al., 2021). The

FIGURE 1
The relationship between intestinal flora, inflammation, colorectal cancer (CRC), and the composition of the tumor immune microenvironment.
Intestinal commensal bacteria (such as Fusobacterium nucleatum) promote the activation of NF-κB and the expression of pro-inflammatory cytokines
through TLR/MyD88 signaling on tumor-infiltrating cells, which can directly regulate the HIF pathway and promote the expression of VEGF, leading to
angiogenesis in tumor tissues. In addition, Fusobacterium nucleatum can also promote p38 or MAPK signal-mediated pro-inflammatory responses,
promoting the formation of CRC. Polyketide synthase-expressing (pks+) Escherichia coli can aggravate colon inflammation and malignant cell
transformation by destroying the DNA of colon cells. The tumor immune microenvironment is mainly composed of T cells, tumor-associated
macrophages (TAM), immunosuppressive myeloid-derived suppressor cells (MDSC), dendritic cells (DC), tumor-associated Neutrophils (TAN), NK cells.
Created with BioRender.com.
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interaction of specific gut microbiota with the TME contributes
to antitumor effects. It was found that certain gut microbiota
enhanced the expression of major histocompatibility complex
(MHC) class I in DC, followed by activation of interferon gamma
(IFN-γ)+CD8+ T cells, and increased the number of (IFN-
γ)+CD8+ tumor-infiltrating lymphocytes in the TME to inhibit
the growth of CRC (Tanoue et al., 2019). Invasion of the body by
immunogenic gut microorganisms promotes follicular T helper
(Tfh)-related antitumor immunity in the colon (Tanoue et al.,
2019). For example, in mouse models of CRC, colonization by
Helicobacter hepaticus induced an increase in the number of
colonic CD4 Tfh cells and promoted the maturation of tumor-
adjacent tertiary lymphoid structures, increased cytotoxic
lymphocyte infiltration in tumor, and inhibited tumor growth
(Overacre-Delgoffe et al., 2021). In addition, invasion by these
intestinal microorganisms promotes the differentiation of CD8+

T cells into cytotoxic T-lymphocytes, which produce IFN-γ,
tumor necrosis factor alpha (TNF-α), and Fas ligand to kill
tumor cells. Furthermore, the presence of some gut microbes
exerts immunosuppressive regulatory effects on the TME. Mima
et al. (2015) found that the number of F. nucleatum in CRC
tissue was inversely correlated with CD3+ T cell density.
Fusobacterium nucleatum can inhibit the response of human
T cells to mitogen and antigens, block T cells in the G1 phase of
the cell cycle, inhibit T cell proliferation, promote
their apoptosis (Shenker and Datar, 1995). In CRC, F.
nucleatum induce programmed cell 1 death ligand 1 (PD-L1)
expression by activating the stimulator of interferon genes
(STING) signaling. Interestingly, F. nucleatum increased the
accumulation of interferon-gamma (IFN-γ)+CD8+ tumor-
infiltrating lymphocytes (TILs) during treatment with PD-L1
blockade, thereby augmenting tumor sensitivity to PD-L1
blockade and prolonging the survival of mice with CRC (Gao
et al., 2021). In addition, F. nucleatum binds to and activates
T cell immunoreceptor with Ig and ITIM domains (TIGIT) and
CEA cell adhesion molecule 1(CEACAM1) expressed by T and
NK cells, directly blocking their ability to kill tumor cells and
suppressing antitumor immunity (Gur et al., 2015; Bashir et al.,
2016).

4.2 TAM

Macrophages are essential innate immune cells for maintaining
system homeostasis and one of the most important types of immune
cells in the colonic TME. These cells interact with tumor cells
through exosomes or secreted cytokines to promote the
proliferative, migratory, and invasive abilities of tumor cells.
Moreover, in some cases, macrophages can stimulate antitumor
immunity or directly kill tumor cells (Wang H et al., 2021).
Macrophages exhibit high plasticity and can polarize into either
the M1 or M2 phenotype. M2 macrophages are one of the main cells
that shape the tumor immunosuppressive microenvironment. It
can produce high levels of ROS, leading to DNA damage and
genomic instability, which promote tumor invasion and
metastasis (Schreiber et al., 2011). Specific gut microbes can
influence tumorigenesis and progression through TAM in the
TME. Some microbiota stimulate macrophages to increase c-Jun

phosphorylation and accelerate the proliferation of CRC cells (Li
et al., 2012). Fusobacterium nucleatum induces the expression of
tumor-derived C-C motif chemokine ligand 20 (CCL20),
promotes the recruitment of macrophages and MDSC in the
TME, and transforms macrophages to the M2 type. These effects
result in the formation of an immunosuppressive
microenvironment conducive to tumor progression and
promote the metastasis of CRC (Xu et al., 2021). Enterococcus
faecalis promotes tumorigenesis through a macrophage-induced
bystander effect, and induces colonic macrophage polarization to
the M1 type, which in turn induces aneuploidy and chromosomal
instability in colon cancer epithelial cells (Wang and Huycke,
2007). Vancomycin-induced dysbiosis leads to the proliferation
of colonic epithelial cluster cells and promotes the production of
IL-25 by these cells. Subsequently, IL-25 activates
M2 macrophages in the TME and increases the secretion of
C-X-C motif chemokine ligand 10 (CXCL10), which promotes
the infiltration of CD8+ T cells in the TME and tumor
development (Li Q. et al., 2019). TAM induce
epithelial–mesenchymal transition via the signal transducer
and activator of transcription 3/miR-506-3p/forkhead box
Q1(STAT3/miR-506-3p/FOXQ1) axis to support the growth
and metastasis of CRC. In addition, they may serve as
prognostic markers in patients with CRC (Wei C et al., 2019).
The intestinal flora stimulates the secretion of the metastasis-
related secretory protein cathepsin K, which binds to toll-like
receptor 4 (TLR4) and induces the M2 polarization of TAM
through the mechanistic target of rapamycin kinase-dependent
(MTOR-dependent) pathway. This process has been associated
with the metastasis of CRC (Li R. et al., 2019).

4.3 MDSC

MDSC are tumor-permissive myeloid cells with potent
immunosuppressive activity. They are also an important
component of the TME (Gordon, 2003). These cells inhibit
innate and adaptive immunity, and gut microbiota-induced
MDSC often exert immunosuppressive effects on the TME
(Gabrilovich et al., 2012; Raber et al., 2014). Studies have shown
that F. nucleatum can promote the production of MDSC in the
TME, and increase the expression levels of arginase 1 (ARG1) and
inducible nitric oxide synthase (iNOS) in these cells. These effects
subsequently lead to significantly inhibited activity of T cell and
promote intestinal tumorigenesis (Kostic et al., 2013). Clearance of
F. nucleatum reduced the number of MDSC, remodeled the TME,
and prolonged the survival of mice with CRC. In addition,
enterotoxigenic B. fragilis recruited MDSC into the colon TME of
mice via IL-17. Through interaction with IL-17 receptors, the
bacterium indirectly induced intestinal epithelial cell ectopia to
produce chemokines and growth factors. Bacteroides fragilis also
induced the expression of submucosal IL-17 and promoted IL-17-
mediated colonic inflammation. IL-17 and transformed colonic
epithelial cells promote tumor development by inhibiting
immune effector cells and activating the STAT3 signaling
pathway, as well as the secretion of pro-angiogenic mediators,
matrix metalloproteinase 9 (MMP9), and VEGF (Thiele Orberg
et al., 2017).
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4.4 DC

As a main participant in the immune surveillance of tumors,
DC have a strong antigen presentation function, stimulate the
activation and proliferation of naïve T cells, initiate specific
immunity (Böttcher et al., 2018; Wculek et al., 2019; Yang
et al., 2021). Intestinal microbiome can mediate antitumor
immunity by regulating DC function and status in TME. Shi
et al. (2020) reported that bifidobacteria can migrate into tumor
tissue, activate the IFN gene stimulating factor (STING) immune
signaling pathway in DC, and re-expose tumor cells for
recognition by the immune system. Oral administration of
Bifidobacterium can restore the antitumor efficacy of PD-L1-
specific antibody therapy (checkpoint blockade) by enhancing
the maturation of DC and increasing the activation and
accumulation of CD8+ T cells in the TME (Sivan et al., 2015).
Bacteroides fragilis enhances the antitumor effects of cytotoxic
T-lymphocyte associated protein 4 (CTLA4) blockade by
triggering the maturation of DC and stimulating the IL-12-
dependent T helper 1 (Th1) cell immune response. In
addition, B. fragilis can stimulate migrating DC to activate Tfh
and promote the antitumor effects of chemotherapy and
immunotherapy (Vétizou et al., 2015).

4.5 Tumor-associated neutrophils (TAN)

TAN are an important component of the tumor-infiltrating
cell population, with strong chemotaxis and phagocytosis
functions that are closely related to tumor occurrence and
metastasis (Huang et al., 2019; Triner et al., 2019). MMPs
secreted by neutrophils can inhibit the activity of T cells and
mediate tumor immunity. In a model of colitis-associated CRC,
anti-neutrophil antibodies reduced tumor size and neutrophil
infiltration in the colon, as well as MMP9 mRNA expression.
These findings indicated that TAN promote tumor development
(Shang et al., 2012). It has been found that the presence of
Helicobacter pylori in the intestine can increase the levels of
nitric oxide (NO) and TNF-α production by neutrophils in the
TME, as well as activate the NF-κB signaling pathway, leading to
the occurrence of CRC. In addition, neutrophils can receive
emergency signals from cytokines released in the TME, which
enter the blood circulation in large quantities and accelerate
metastasis (Erdman et al., 2009).

4.6 NK cells

NK cells play a role in both innate and acquired immunity,
recognizing molecules induced on the cell surface by stress signals
and viral infections. In the gut, NK cells are dispersed in the
epithelium or stroma, in close contact with the gut microbiome
and its components. In addition, they interact with various cells
(e.g., macrophages and DC) in the intestine to develop an
effective immune response that helps maintain intestinal
immune homeostasis (Poggi et al., 2019). NK cells can trigger
targeted cell death by releasing lysed particles, such as perforin

and granzyme. They can also induce apoptosis and promote
antitumor immunity by binding TNF-related apoptosis
inducing ligand and Fas ligand to receptors on colorectal
tumor cells (Qiu et al., 2020). However, the intestinal flora can
act on NK cells, affect their biological behavior, and inhibit their
antitumor activity. Studies have demonstrated that F. nucleatum
can interact with the inhibitory receptor TIGIT on the surface of
NK cells, inhibit T cell activation, and block the NK cell-mediated
cytotoxic effect on colon tumor cells (Gur et al., 2015). NK cells
interact with gut microbes and influence adaptive T cell-mediated
immune responses by acting on specialized antigen-presenting
cells (APCs), such as DC (Poggi et al., 2019). Studies have shown
that Lactobacillus plantarum produces protective immunity
through an increase in infiltration by CD8+ T cells and NK
cells, as well as an increase in IFN-γ production in the TME.
In addition, L. plantarum can promote IL-22 production through
the stimulation of NK cells and defend against intestinal epithelial
barrier damage induced by enterotoxin-producing E. coli (Suzuki,
2020; Yang et al., 2021).

5 Effects of metabolites of gut
microbiota on the TME

5.1 SCFA

Some metabolites of the gut microbiota, such as SCFA (e.g.,
butyrate, acetate, and propionate), also interact with the TME and
play an important role in maintaining intestinal homeostasis (Yang
et al., 2020; Sepich-Poore et al., 2021). Some bacteria, such as
Hodmanella bismorphoformis, exhibit antitumor activity by
increasing SCFA production in adenomas and inhibiting histone
deacetylase. Low levels of these bacteria were detected in CRC. Smith
et al. (2013) reported that SCFA help maintain intestinal immune
homeostasis and regulate intestinal barrier function. Moreover, it
interacts with the regulatory T (Treg) cell receptor G protein-
coupled receptor 43 (GPR43) in the intestine, and upregulates
the gene expression of FOXP3 and IL-10 in Treg cells of germ-
free mice, consequently inhibiting effector CD4+ T cells and
alleviating colitis. In addition, SCFA can also exert anti-
inflammatory effects by inhibiting the activity of histone
deacetylase in neutrophils, reducing the production of TNF-α
and nitric oxide, and inhibiting NF-κB signaling. Butyrate is the
most abundant SCFA in the intestinal flora and a crucial source of
energy for colon cells. It has the ability to inhibit angiogenesis and
reduce the expression of proangiogenic factors. Furthermore, it can
increase the polarization of M2 macrophages, enhance the cytotoxic
function of CD8+ T cells, block the production of DC in bone
marrow by inhibiting histone deacetylase, and enhance the
immunosuppressive function of Treg cells (Davie, 2003; Arpaia
et al., 2013; Furusawa et al., 2013; Zagato et al., 2020). In
addition, butyrate can exert antitumor effects by inhibiting
oncogenic pathways, such as WNT and NF-κB (Zuo et al., 2013).
It also induces an anti-inflammatory host response in bone marrow
cells via GPR109a in the colonic epithelium, mediating the
production of regulatory T cells. This inhibits the occurrence of
colitis and colon cancer (Singh et al., 2014).
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5.2 Bile acids

Studies have revealed that bile acids, as intestinal microbiogenic
metabolites, exert immunosuppressive effects. The production of
bile acids is closely related to a high-fat diet, which can lead to a
marked increase in the secretion of primary bile acids by the
intestine. The intestinal flora can convert primary bile acids into
secondary bile acids, which induce the expression of FOXP3,
increase the number of Treg cells, and promote immune escape
(Campbell et al., 2020). In addition, deoxycholic acid and lithocholic
acid may cause DNA damage by increasing ROS production, which
in turn leads to cellular senescence, chronic inflammation, and CRC
(Boleij and Tjalsma, 2012; Hibberd et al., 2017).

5.3 Inosine

Inosine binds to the adenosine A2a receptor in T cells in the
presence of IFN-γ, promotes the differentiation of Th1 cells, and
enhances the efficacy of immune checkpoint inhibitors (e.g., anti-

CTLA4 and anti-PD-L1) (Mager et al., 2020; Yang et al., 2021).
Bifidobacterium pseudolongum enterica can enhance the response to
immunotherapy by producing the metabolite inosine (Mager et al.,
2020).

5.4 Polyamines

Polyamines (e.g., putrescine, spermidine, spermine, and
cadaverine) are derived from the endogenous synthesis of amino
acids, diet, and intestinal microbiota metabolism. They are involved
in angiogenesis, immune response, intestinal barrier function, and
epithelial renewal. Polyamines are essential for the activation of T
and B cells (Cervelli et al., 2014; Coni et al., 2019). Changes in
polyamine levels are associated with the development of cancer
(Ramos-Molina et al., 2019). Fecal metabolomic analysis showed
increased levels of polyamines in patients with CRC, which may be
attributed to uptake pathways and enzyme synthesis (Milovic and
Turchanowa, 2003; Yang et al., 2019). The formation of biofilms in
colon cancer increases the levels of polyamine metabolites (Johnson

FIGURE 2
Mechanisms of intestinal flora and its metabolites, tumor microenvironment (TME), and traditional Chinese medicine (TCM) interactions.
Bifidobacteria and Bacteroides fragiligis can promote thematuration of DCs and promote anti-tumor immunity. Certain gut microbiota can promote the
expression of MHC-I in DCs, promote T cell differentiation into CTL, produce IFN-γ, TNF-α kill tumor cells. Fusobacterium nucleatum can recruit MDSCs
in TME and increase the expression levels of arginase 1 (ARG1) and inducible nitric oxide synthase (iNOS) in these cells, which in turn inhibits the
activity of T cells and promote intestinal tumorigenesis. Bacteroides fragilis also induces submucosal IL-17 expression and promotes IL-17-mediated
colonic inflammation. SCFA can also exert anti-inflammatory effects by reducing the production of TNF-α and nitric oxide (NO), and inhibiting NF-κB
signaling. It can alsomediate antitumor immunity by increasing the polarization of M2macrophages. M2macrophages cause DNA damage by producing
high levels of ROS, promoting tumor invasion and metastasis. Deoxycholic acid (DCA) and lithocholic acid (LCA) may promote CRC in this way.
Fusobacterium nucleatum induces the expression of CCL20 and transforms macrophages to the M2 type. Tumor-associated macrophages (TAMs) can
also induce EMT via STAT3/miR-506-3p/FOXQ1 axis to support the growth and metastasis of CRC. NK cells can trigger targeted cell death by releasing
lysed particles, such as perforin and granzyme. They can also induce apoptosis and promote antitumor immunity by binding TNF-related apoptosis
inducing ligand and Fas ligand to receptors on colorectal tumor cells. Fusobacterium nucleatum binds to and activates TIGIT and CEACAM1 expressed by
T and NK cells, directly blocking their ability to kill tumor cells and suppressing anti-tumor immunity. TCM can exert antitumor effects by influencing the
activation of T cells, inhibiting inflammatory pathways, and regulating the composition of intestinal flora. Created with BioRender.com.
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et al., 2015). In CRC, the increase in polyamine levels reduces the
expression of adhesion molecules (e.g., CD44) and the production of
cytokines (e.g., IFN-γ and TNF-α), resulting in immunosuppression
of the TME (Zhang et al., 1997; Haskó et al., 2000; Soda, 2011;
Tsujinaka et al., 2011; Hesterberg et al., 2018). In addition, the study
also found that polyamines can alter the chromatin structure and
prevent inflammatory gene transcription to inhibit macrophage
transformation to the M1 type (Hardbower et al., 2017; Latour
et al., 2020) (Figure 2).

6 Effect of gut microbiota on the
efficacy of anti-tumor drugs

Studies have demonstrated that gut microbiota affects the
efficacy of immune checkpoint inhibitors. The antimicrobial
ability and efficacy of immune checkpoint inhibitors were
significantly increased in mice colonized bya mixture of
11 strains compared with germ-free mice (Tanoue et al., 2019).
In addition, healthy gut microbiota activates T cells through antigen
presentation by APCs and promotes the expression of programmed
cell death 1 (PD-1) and CTLA4 in these cells. This prevents immune

damage caused by overactivation of T cells (Probst et al., 2005; Fink
et al., 2007; Wei S C et al., 2019). However, following the occurrence
of CRC, PD-1 and CTLA4 are highly expressed on activated T
lymphocytes. This inhibits the activity of T cells, leading to
uncontrolled growth of tumor cells (Yang et al., 2021). Recent
studies have shown that the gut microbiota may enhance the
effectiveness of tumor immunotherapy by blocking PD-1 and
CTLA4. For example, B. fragilis can promote the maturation of
DC in tumor cells and induce the activation of Th1 cells. Moreover,
they exert antitumor effects by blocking CTLA4 (Vétizou et al.,
2015). Notably, gut microbes can induce the production of anti-
CD47 antibodies by activating STING signaling and improve the
efficacy of immunotherapy. The accumulation of bifidobacteria in
the TME significantly improves the antitumor efficacy of anti-CD47
immunotherapy, which relies on STING signaling within DC and
type I IFN (Wolter et al., 2021). Bifidobacteria enhance the
activation of CD8+ T cells and promote the aggregation of DC in
the TME, resulting in a synergistic antitumor effect with anti-PD-L1
(Sivan et al., 2015). The intestinal flora also affects the antitumor
activity of chemotherapy drugs. In the TME, the gut microbiome
can respond to treatment with cyclophosphamide and
oxaliplatin, mediate immune activation and affect the

TABLE 1 Potential mechanisms of TCM in the treatment of CRC.

TCM Mechanisms of treatment of CRC Effects on gut microbiota References

Gegen Qinlian
decoction (GQD)

Increases the proportion of CD8+ T cells,
downregulates PD-1 while increasing the levels of
IFN-γ and IL-2

enriches for s__Bacteroides_acidifaciens and s__uncultured
_organism_g__norank_f__Bacteroidales_S24-7_group

Lv et al. (2019)

Wu Mei Wan (WMW) Downregulates the NF-κB/IL-6/STAT3 pathway,
thereby inhibiting the transformation of inflammatory
cancers

decreases Bacteroidetes and increases Firmicutes at the phylum level,
while decreasing bacteroidales_s24-7_group and increasing the number
of Lachnospiraceae at the family level

Jiang et al.
(2020)

GLP with GpS Improves intestinal inflammation in ApcMin/+ mice,
promotes colonic M2 macrophage polarization,
restores E-cadherin/N-cadherin ratio, downregulates
oncogenic signaling molecules

promots short-chain fatty acids (SCFAs)-producing bacteria and
abridges sulfate-reducing bacteria

Khan et al.
(2019)

Isoliquiritigenin (ISL) Increases the level of probiotics, reduces the
abundance of opportunistic pathogens (Escherichia
and enterococcus)

increases the levels of probiotics, particularly in butyrate-producing
bacteria (Butyricicoccus, Clostridium, and Ruminococcus), whereas it
reduces the abundance of opportunistic pathogens (Escherichia and
Enterococcus)

Wu et al. (2016)

Yi-Yi-Fu-Zi-Bai-Jiang-
San (YYFZBJ)

Affects the number of Treg cells in the intestine regulates animal’s natural gut flora, including Bacteroides fragilis,
Lachnospiraceae and so on

Sui et al. (2020)

Parthenolide (PTL) Regulates the balance of Treg/Th17 and
downregulates the levels of inflammatory factors such
as TNF-α, IL-1β, IL-17A

affects the abundance of Alloprevotella and Bacteroides Liu et al. (2020)

Resveratrol Increases Tregs and CD4+IL10+cells, reduces the
number of inflammatory Th1 and Th17 cells

alters the gut microbiome and short chain fatty acid (SCFA), with modest
increases in n-butyric acid and a potential butyrate precursor isobutyric
acid

Alrafas et al.
(2020)

Glycyrrhizic acid (GA) Reduces the viability of colorectal cancer cells
accelerate their apoptosis and reduces the protein
levels of SIRT3

Zuo et al. (2022)

Baicalein (BA) A potent NF-κB inhibitor, triggers apoptosis of CRC
cells through the TLR4/NF-κB signaling pathway,
inhibits their migration, downregulates PD-L1
expression and myeloid-derived suppressor cell
(MDSC) ratio, and upregulates CD4+ and CD8+T cell
ratios

Song et al.
(2022)

GpS, Saponins from Gynostemma pentaphyllum; GLP, polysaccharides from Ganoderma lucidum.
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antitumor activity of the drugs (Iida et al., 2013; Viaud et al.,
2013). Intestinal microbial metabolites can enhance the cytotoxic
effect of 5-fluorouracil on CRC cells (González-Sarrías et al.,
2015). The study also found that F. nucleatum activates the
autophagy pathway and promotes chemoresistance in CRC by
targeting TLR4 and MyD88 innate immune signaling and specific
miRNAs (Yu et al., 2017).

7 Potential mechanisms of TCM in the
treatment of CRC

TCM plays an important role in the development of tumors by
inhibiting tumor cell infiltration and metastasis, promoting the
apoptosis of tumor cells, and regulating the TME (Hsiao and Liu,
2010). The gut microbiota is one of the key factors for the efficacy of
TCM. TCM and its active ingredients can regulate the composition
of the intestinal microbiome, which in turn affects the remodeling of
the TME and plays a role in the treatment of CRC (Table 1). Another
study found that combination therapy with Gegen Qinlian
decoction and anti-mouse PD-1 effectively inhibited the growth
of CT26 tumors in xenograft models. It also affected the components
of the gut microbiome (enriched for s__Bacteroides_acidifaciens and
s__uncultured_organism__g__norank_f__Bacteroidales_S24-7_group),
significantly increased the proportion of CD8+ T cells in peripheral
blood and tumor tissues, downregulated PD-1, and increased the
levels of IFN-γ and IL-2 (Lv et al., 2019). According to the ancient
TCM book Typhoid Fever, WuMeiWan is commonly prescribed for
the treatment of colitis. Studies have found that Wu Mei Wan can
inhibit the transformation of Colitis-associated CRC by regulating
the structure of the intestinal microbiome (i.e., decreased
Bacteroidetes and increased Firmicutes at the phylum level, while
decreasing bacteroidales_s24-7_group and increasing the number of
Lachnospiraceae at the family level), restoring the balance of
“tumor-progenic bacteria” and “tumor-suppressing bacteria” in
the body, and downregulating the NF-κB/IL-6/STAT3 pathway.
These effects prevent the occurrence of colitis-associated CRC
(Jiang et al., 2020). Saponins extracted from Gynostemma
pentaphyllum together with polysaccharides extracted from
Ganoderma lucidum can significantly improve intestinal
inflammation in ApcMin/+ mice, restore the intestinal mucosal
barrier, shift colonic M1 to M2 macrophages, revert the
E-cadherin/N-cadherin ratio, downregulate the expression of
cancer-causing signaling molecules, and increase the number
of bacteria producing SCFA, which play a role in preventing
CRC (2019et al., 2019). In a mouse model of colitis-associated
CRC induced by azoxymethane and dextran sulphate sodium,
isoliquiritigenin (a flavonoid extracted from licorice) reduced the
incidence of tumors. Isoliquiritigenin also increases the levels of
probiotics, particularly in butyrate-producing bacteria
(Butyricicoccus, Clostridium, and Ruminococcus), whereas it
reduces the abundance of opportunistic pathogens (Escherichia
and Enterococcus) (Wu et al., 2016). Resveratrol can affect tumor-
infiltrating immune cells (i.e., increase the number of Treg and
CD4+IL-10+ cells, and reduce that of inflammatory Th1 and
Th17 cells), attenuate inflammation-driven CRC in mouse
models by regulating the gut microbiota (Alrafas et al., 2020).
Yi-Yi-Fu-Zi-Bai-Jiang-San can inhibit the growth of CRC cells by

regulating the composition of the gut microbiome and affecting
intestinal Treg cells (Sui et al., 2020). Parthenolide can exert anti-
inflammatory and antitumor effects in mouse colon tissue
through regulating the balance of Treg/Th17 cells and
downregulating the levels of inflammatory factors (e.g., TNF-
N, IL-1β, and IL-17A) (Liu et al., 2020). Treatment of CRC cells
(SW620 and HT29) with glycyrrhizic acid accelerated apoptosis,
reduced cell viability, and significantly reduced the protein levels
of the colorectal oncogene sirtuin 3 (SIRT3) in a dose-dependent
manner, thus exhibiting anti-cancer activity (Zuo et al., 2022).
The naturally derived compound baicalein is a potent NF-κB
inhibitor with antitumor effects on CRC. In vitro experiments
have demonstrated that baicalein triggers apoptosis in CRC
through the TLR4/NF-κB signaling pathway, inhibits cell
migration, and improves the tumor immunosuppressive
environment. This is achieved by downregulating the
expression of PD-L1 and the proportion of MDSC, and
increasing the percentage of CD4+ and CD8+ T cells. These
effects improve antitumor immunity and significantly reduce
tumor growth (Song et al., 2022).

8 Others

In addition to TCM, the use of probiotics and fecal microbial
transplantation (FMT) has exhibited potential prospect of
application in prevention and therapy of CRC by affecting
TME. It has been found that probiotics can prevent and treat
CRC by regulating the composition of intestinal flora (such as
increasing the abundance of butyrate-producing bacteria),
inhibiting the activity of pathogenic bacteria, regulating host
immunity (such as promoting T cell differentiation and DC
maturation), and improving intestinal barrier function
(Raman et al., 2013; Cai et al., 2016). In recent years, studies
have shown that FMT can enhance the antitumor effect of
immune checkpoint inhibitors and overcome the resistance of
immunotherapy (Furusawa et al., 2013; Matson et al., 2018;
Routy et al., 2018). However, clinical studies have found
that FMT may cause infectious adverse events such as
bacteremia, which makes its long-term safety worrisome
(DeFilipp et al., 2019).

9 Conclusion

The gut microbiome plays a vital role in regulating tumor
progression and prognosis in CRC through its effects on the
TME. Moreover, crosstalk between the intestinal immune system
and the gut microbiome can affect the progression of cancer.
TCM offers unique advantages in the treatment and prevention
of diseases. The gut microbiome exhibits a strong impact on the
efficacy of TCM through the conversion of drugs into bioactive
metabolites that are easily absorbed by the body, thus improving
the efficacy of drugs. Studies have revealed that TCM can
indirectly reshape the TME by regulation of gut mircobiota.
This article briefly discusses the effects of gut microbiome and
its metabolites on inflammation and various cells in the TME. In
addition, potential mechanisms concerning TCM in the
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treatment of CRC are summarized. Nevertheless, the present
review does not clearly indicate the type of patients who may
benefit from combination treatment with TCM and antitumor
drugs. Although the results of researches concerning TCM in
treating CRC are encouraging, there is a lack of direct clinical
studies that confirm TCM can exert antitumor effects by
regulating the intestinal flora. Hence, further investigation on
gut mircobiota is warranted to identify the key targets and signal
pathways of TCM in vivo. In addition, the complex composition
and various therapeutic effects of TCM require individualized
treatment regimens, making it difficult to conduct large-scale
clinical trials. The active ingredients of some TCM may have
certain liver and kidney toxicity, which also limits the application
scope of TCM.
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