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Abstract

Objective: Colorectal cancer (CRC) represents a leading cause of cancer‐
related deaths. Metronidazole (MNZ) is exceedingly implicated in CRC. This

study explored the roles of MNZ in mouse CRC occurrence and liver

metastasis (CRLM).

Methods: Male BALB/c nude mice were subjected to CRC and CRLM

modeling, orally administration with MNZ (1 g/L) 1 week before modeling,

and disease activity index (DAI) evaluation. Fresh stool and anal swab samples

were collected on the morning of the 28th day after modeling. The relative

expression of Fusobacterium nucleatum (F. nucleatum) DNA was assessed by

quantitative polymerase chain reaction. After euthanasia, tumor tissues and

liver tissues were separated and the tumor volume and weight change were

measured. The liver tissues were stained with hematoxylin–eosin to

quantitatively analyze the metastatic liver nodules. Malignant tumor

biomarker Ki67 protein levels in liver tissues/DNA from stool samples were

detected by immunohistochemistry/high‐throughput 16S rRNA gene sequenc-

ing. Bioinformatics analysis was performed on the raw sequence data to

analyze microbial community richness (Chao1 index, ACE index) and

microbial community diversity (Shannon index).

Results: The DAI and F. nucleatum DNA relative expression in feces and anal

swabs of the CRC and CRLM groups were raised and repressed after MNZ

intervention. MNZ repressed tumor occurrence and growth in mice to a

certain extent, alleviated CRLM malignant degree (reduced liver metastases

and Ki67‐positive cell density/number), and suppressed CRC liver metastasis

by regulating intestinal flora structure, which affected the intestinal

characteristic flora of CRC and CRLM mice.

Conclusion: MNZ suppressed CRC occurrence and CRLM in mice by

regulating intestinal F. nucleatum.
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1 | INTRODUCTION

Colorectal cancer (CRC) accounts for approximately 10%
of all of the annually diagnosed cancers and cancer‐
related deaths all over the world, which is the third most
prevalent cancer diagnosed in men and second most in
women, and the incidence and mortality in women are
about 25% lower than those in men.1 Inflammation is
closely associated with tumors, with the systemic
inflammatory response related to tumors considered as
one of the significant indicators of tumor progression,
and as a result, various serum systemic inflammatory
markers can be used for tumor prediction and progno-
sis.2,3 However, most CRC patients are diagnosed as
advanced and have poor prognosis.4,5 Moreover, in the
late stage of CRC diagnosis, malignant hyperplasia and
widespread metastasis have already occurred.6 The liver
is the most common site of CRC metastasis, of which
15%–20% of the patients will be candidates for hepatec-
tomy.7 Despite great advances in the diagnostic and
therapeutic strategies, the prognosis still remains dismal
because most of the patients develop metachronous or
synchronous CRC liver metastases (CRLM).8

The mechanism of CRC occurrence and metastasis is
identified as a multistep and multifactorial process,
which may involve various genetic alterations and
biological pathways.9 Studies have found that probiotics
can be used as promising ingredients and play vital
molecular roles for treating infectious diseases and
intestinal‐related inflammation.10 In addition, prebiotics
also play a crucial role in enhancing the intestinal
microbiota, and can also be utilized as drugs to treat
various infectious and inflammatory diseases relevant to
the intestine (such as inflammatory bowel disease) and
impede cancer progression.11 Besides, phytochemicals
can influence the biological characteristics of CRC cells
and perceptibly limit stem cell self‐renewal, migration,
and invasion.12 The adaptive immune response at the
tumor site is vital in the balance between tumor invasion
and anticancer therapy.13 The gut microbiota colonizes
the entire human gastrointestinal tract and co‐evolves
through symbiotic relationships, affecting individual
physiological, metabolic, nutritional, and immune func-
tions, which directly participates in the protection of
pathogen colonization by inducing direct killing, com-
peting with nutrients, and enhancing the response of gut‐
related immune banks.14 In CRC, the bacterial

composition of the gut microbiota have many changes,
indicating that ecological imbalance plays an important
part in the occurrence of CRC.15 Many studies have also
suggested that imbalance of gut microbiota can result in
the occurrence of CRC.16–18 In all gut microbiota,
Fusobacterium nucleatum (F. nucleatum), an anaerobic
gram‐negative oral commensal bacterium, facilitates
CRC by inducing Annexin A1.19 It promotes CRC
metastasis by modulating KRT7‐AS/KRT7.20 Research
suggests that F. nucleatum presence is related to the
decreased T‐cell density in CRLM.21 Therefore, it is a
new idea to reduce or delay CRC and its metastasis via
repressing F. nucleatum. It has been reported that tumor
microbiota vaccine targeting F. nucleatum have the latent
capacity to ameliorate the prognosis of CRC.22 Fibroblast
activating protein 2 (Fap2) is an essential membrane
protein for F. nucleatum that can encourage bacterial
adhesion to colon cells, recruit immune cells, and lead to
tumor development, and designing a vaccine candidate
containing Fap2 B‐ and T‐cell epitopes may serve as a
promising therapeutic approach to intervene in F.
nucleatum‐induced human CRC.23 Metronidazole
(MNZ) is a pivotal drug for a variety of infections, which
are induced by anaerobic bacteria, besides, MTZ reduced
cell viability of DLD‐1 cell lines.24 F. nucleatum infec-
tions are routinely treated by MNZ.25 F. nucleatum
induces tumor to resist to immunotherapy, while
antibiotic MNZ treatment is able to reduce the abun-
dance of F. nucleatum, making tumors re‐sensitive to
immunotherapy in vivo.26 However, whether MNZ has
an impact on CRC occurrence and CRLM by inhibiting F.
nucleatum and regulating the related flora in mice
remains largely unknown. This study investigated the
effects of MNZ on CRC occurrence and CRLM through F.
nucleatum, so as to provide a basis for revealing the
internal relationship between F. nucleatum and its
related flora, and CRC occurrence and CRLM, and
provide a new idea for preventing CRC and its
metastasis.

2 | MATERIALS AND METHODS

2.1 | Experimental animals

Male BALB/c nude mice (5–6 weeks old, weighing
18 ± 2 g) in the study were obtained from Vital River
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Laboratory Animal Technology (SCXK [Beijing] 2016‐0008).
All mice were placed in a specific pathogen‐free room at
23± 1°C with 55%±5% humidity in 12 h light/dark cycles,
and provided with sufficient food and water.27

2.2 | Cell culture

Mouse CRC cell line CT26 was acquired from American
Type Culture Collection (ATCC), which was incubated in
the Dulbecco's modified Eagle medium (Gibco) contain-
ing 10% fetal bovine serum (Invitrogen) in an incubator
comprising 5% CO2 at 37°C.

2.3 | Establishment of CRC and CRLM
models

CT26 cells in the logarithmic growth stage were collected,
detached, dispersed into single‐cell suspension, and centri-
fuged at 1000 rpm for 5min, and the supernatant was
removed. The cell concentration was adjusted to
1× 106 cells/mL.28 Then, mice were injected with 0.2mL
CT26 cells into the posterior scapula or anorectum using a
sterile syringe to establish CRC and CRLMmodels. After the
injection, the mice were placed back into the feeding cages.
The tumor volume on the 7th, 14th, 21st, and 28th days was
measured and calculated as per the formula V (mm3)= [0.5
×L×W2], where L and W represented length and width,
respectively,29,30 and the tumor was weighed on the 28th day.
In addition, stool and anal swab samples were collected on
the morning of the 28th day, and then the nude mice were
euthanized by an intraperitoneal injection with excessive
pentobarbital sodium (200mg/kg) (Sigma‐Aldrich). Isolated
tumor tissues or mouse liver tissues were employed for
subsequent experimental analysis.

2.4 | Animal treatment and grouping

A total of 30 mice were randomly allocated into the
following five groups (six mice/group): Sham group (tail
vein injection with 0.2 mL phosphate‐buffered saline
[PBS]), CRC group (posterior scapula injection with
0.2 mL CT26 cell suspension), CRC+MNZ group (oral
administration with 0.2 mL PBS solution with a MNZ
concentration of 1 g/L 1 week before the establishment of
CRC transplanted tumor models), CRLM group (anor-
ectal injection with 0.2 mL CT26 cells), CRLM+MNZ
group (oral administration with 0.2 mL PBS solution with
a MNZ concentration of 1 g/L 1 week before the
establishment of CRC liver metastasis models). The
concentration of CT26 cells was 1 × 106 cells/mL. MNZ

was purchased from Sigma, with purity >98%, and the
dose was determined based on previous studies.31,32

2.5 | Disease activity index assessment

After modeling, the weight changes, diarrhea, and bleeding
of mice were observed every day, and the DAI was
calculated as the sum of weight loss, diarrhea, and bleeding,
with a weight loss score of 0 indicating no weight loss, 1
representing 1%–5% weight loss, 2 indicating 10% weight
loss, 3 representing 10%–15% weight loss, and 4 indicating a
weight loss over 15%. The benzidine test was conducted to
assess whether there was blood in feces, which was scored
from 0 to 4. The definition was as follows: 0 = blood; 2
points = positive blood occult; 4 points = severe bleeding.
The severity of diarrhea was scored as 0–4 points, which
was defined as follows: formed particles were 0 points;
pasty and semiformed stools were 2 points; liquid stool was
4 points. The DAI values of each group were calculated on
1st, 3rd, 5th, 7th, 14th, 21st, and 28th days.

2.6 | Stool sample collection and DNA
extraction

Mouse fresh stool samples were collected on the morning
of the 28th day. Pollution of sewage and microorganism
was avoided during collection. The collected amount was
>2 g. The samples were stored in the self‐zip bags and
were repeatedly collected in three tubes. The self‐zip bags
were placed into an ice box and immediately stored in a
−80°C refrigerator. Anal swab samples were collected
simultaneously. During collection, the anal circumfer-
ence was cleaned with 70% alcohol. The special sterile
swab was moistened by normal saline and inserted about
2–3 cm into the anus, gently rotated at the anal sphincter,
stored in the sterile sampling solution, and immediately
placed in a −80°C refrigerator. DNA in stool samples was
extracted using the QIAamp DNA Stool Mini Kit
(Nobleryder), and DNA in mucosal swab samples was
extracted using the BIOG DNA Swab Kit (Biodai). The
specific operation was carried out according to the
instructions. The extracted DNA was detected using a
NanoDrop spectrophotometer (Thermo Fisher Scien-
tific). The A260/280 ratio of all samples was between
1.8 and 2.0. The extracted DNA was stored at −80°C.

2.7 | Hematoxylin–eosin staining

According to the methods reported in previous research33

the liver tissues of nude mice were isolated, sectioned,
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dewaxed, and rehydrated. After washing with Milli‐Q
water (Millipore), the tumor sections were stained with
hematoxylin (H8070; Solarbio), stained with eosin
(A600190; Sangon), placed in ethanol and xylene, and
observed under a 200× optical microscope (Optical
Instrument Factory) to quantitatively analyze the meta-
static liver nodules.

2.8 | Immunohistochemistry (IHC)

Based on the methods reported in previous research and
with slight adjustments,30,34 the tumor tissue sections were
dewaxed and rehydrated in xylene (SINOPHARM) and
gradient ethanol (SINOPHARM), immersed in distilled
water, and treated with 3% H2O2 (SINOPHARM) to limit
the activity of endogenous peroxidase. Then, the sections
(4.5 μm) were incubated with anti‐Ki67 (HA721115; 1:500;
HUAbio) at 37°C for 2 h. After rinsing with PBS buffer, the
sections were incubated with secondary antibody goat anti‐
rabbit HRP (SE134; 1:200; Solarbio) at room temperature
for 1 h and then rinsed with PBS again. Subsequently, the
sections were reacted with diaminobenzidine reagent
(Amresco) for several seconds, counterstained with hema-
toxylin (Solarbio), dehydrated in gradient ethanol and
xylene, fixed with glue, and imaged under an optical
microscope. The number of Ki67‐positive cells in each
section was quantitatively counted using the Image J
software (version 1.8.0).

2.9 | Reverse transcription quantitative
polymerase chain reaction (RT‐qPCR)

Total RNA was extracted in one step using the TRIzol
reagent (Invitrogen). The RNA concentration was
determined using a UV spectrophotometer (Puyuan
Spectral Instrument), and the integrity of RNA frag-
ments was determined by gel electrophoresis. Reverse
transcriptase M‐MLV (Aiyan Biotechnology) was
applied for reverse transcription synthesis of cDNA.
The specific operations were according to the kit
instructions. The relative expression of DNA of F.
nucleatum in feces and anal swabs was assessed by
quantitative polymerase chain reaction (qPCR).35,36 The
PCR reaction conditions were as follows: a total of 40
cycles of denaturation at 95°C for 10 s, annealing at
60°C for 20 s, and extension at 72°C for 20 s. With
β‐actin as the internal reference gene, the relative DNA
expression of F. nucleatum as analyzed using the 2 C− t∆∆

method. The primers were synthesized by Sangon. Their
sequences are shown in Table 1.

2.10 | 16S rRNA gene sequencing

High throughput 16S rRNA gene sequencing was
performed on the DNA samples of the samples. The
v3–v4 region of the bacterial 16S rRNA gene was
amplified by PCR using bacterial universal primers
338F 5ʹ‐ACTCCTACGGGAGGCAGCAG‐3′ and 806R
5′‐GGACTACHVGGGTWTCTAAT‐3′. The amplicons
were extracted and purified by AxyPrep DNA gel
extraction kit (Axygen Biosciences), and quantified using
QuantiFluor™‐ST (Promega). The purified amplicons
were sequenced on the Illumina MiSeq PE300 system
(MajorBio).

2.11 | Bioinformatics analysis

The original sequence data were screened through
Barcode, primers, and other information to obtain
high‐quality data. After optimizing, the sequences
were compared using the SILVA database (https://
www.arb-silva.de/). The sequences were clustered to
generate operational taxonomic units (OTUs), and the
generated OTU information was used to analyze the
microbial community diversity and abundance index.
The OTU with 97% similarity was used to analyze the
microbial community richness (Chao1 index, ACE
index) and microbial community diversity (Shannon
index) unweighted Unifrac principal component
analysis was employed to investigate the similarity
between samples.

2.12 | Statistical analysis

All data were processed by SPSS21.0 statistical software
(IBM Corp. Armonk). Measurement data were expressed
as mean ± standard deviation. One‐way repeated‐
measures analysis of variance (ANOVA) or independent
t‐test was used for comparisons between two groups and
one‐way ANOVA was used for comparisons among

TABLE 1 Primer sequence.

Primer Sequence

F. nucleatum Forward: 5ʹ‐CTTAGGAATGAGACAGAGATG‐3′

Reverse: 5′‐TGATGGTAACATACGAAAGG‐3′

β‐actin Forward:
5′‐CCCAAGGCCAACCGCGAGAAGATG‐3′

Reverse: 5′‐GTCCCGGCCAGCCAGGTCCAGA‐3′
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multigroups, followed by Tukey's multiple comparisons
test. p< .05 indicated statistical significance.

3 | RESULTS

3.1 | MNZ reduced the abundance of
F. nucleum in CRC mice during liver
metastasis

The mice were pretreated with 0.2 mL of PBS solution
with a MNZ concentration of 1 g/L and injected with
0.2 mL of CT26 cells into the posterior scapula or
anorectum using a sterile syringe 1 week later to
establish CRC and CRLM models. First, the DAI of mice
was estimated, which found that versus the Sham group,
the DAI values of the CRC and CRLM groups were
prominently elevated, while after MNZ intervention, the
DAI values of both groups were notably diminished
(all p< .05) (Figure 1A). The relative expression of
F. nucleatum DNA in feces and anal swabs of each
treatment group was assessed by qPCR. Compared with
the Sham group, the relative expression of F. nucleatum
DNA in feces and anal swabs of the CRC group and
CRLM group was upregulated, while after MNZ inter-
vention, the relative expression of F. nucleatum DNA in
feces and anal swabs of CRC mice was decreased, and the
relative expression of F. nucleatum DNA in the CRLM+
MNZ group was lowered in contrast to the CRLM group
(all p< .01) (Figure 1B,C). The results suggested that
F. nucleatum was enriched in CRC mice, and MNZ
reduced the abundance of F. nucleatum during liver
metastasis in CRC mice.

3.2 | MNZ inhibited tumor occurrence
and growth in mice to a certain extent

The growth rate of xenotransplantation tumors was used
to investigate the role of MNZ in CRC growth in vivo. The
tumor volume was measured every 7 days, and the tumor
was collected on the 28th day (Figure 2A). The tumorige-
nicity of CT26 cells in the CRC+MNZ group was lower
than that in the CRC group, which was manifested as
decreased tumor volume and weight, but there were no
significant differences between the two groups (all p> .05)
(Figure 2B,C). The results suggested that MNZ suppressed
tumor occurrence and growth in mice to some extent.

3.3 | MNZ alleviated the malignant
degree of CRC liver metastasis

We further investigated the effects of MNZ on CRLM
malignancy. The results of hematoxylin–eosin (H&E)
staining revealed that compared with the CRLM+MNZ
group, the CRLM group cells in hepatic tissue were
irregular, with swollen and abnormal nuclei and more
chromatin, while after MNZ treatment, tumor cell
density was decreased and irregular cells were reduced.
Moreover, compared with the CRLM group, the number
of liver metastatic nodules in the CRLM+MNZ group
was decreased (p< .05) (Figure 3A).

Ki67 protein in liver tissues was detected and
quantified by immunohistochemistry. Ki67‐positive cell
density and number in the CRLM+MNZ group were
diminished (p< .05) (Figure 3B). These results suggested
that MNZ alleviated CRLM malignant degree.

FIGURE 1 Effects of MNZ on the abundance of F. nucleatum during liver metastasis in CRC mice. (A) DAI of mice of each group was
appraised. (B) The relative expression of F. nucleatumDNA in feces and anal swab samples was assessed by qPCR. N=6. The data were expressed as
mean± standard deviation. One‐way ANOVA was adopted for data comparisons among multiple groups, followed by Tukey's multiple comparisons
test. **p< .01, ***p< .001. CRC, colorectal cancer; DAI, disease activity index; MNZ, metronidazole; qPCR, quantitative polymerase chain reaction.
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FIGURE 2 MNZ inhibited tumor occurrence and growth in mice to a certain extent. (A) Tumor body diagram of mice in each group;
(B) The changes in tumor volume in nude mice were detected; (C) Tumor weight was measured. N= 6. The data were expressed as
mean ± standard deviation. One‐way repeated measures ANOVA (B) or independent sample t‐test (C) were employed for data comparisons
between two groups. MNZ, metronidazole.

FIGURE 3 MNZ alleviated the malignant degree of CRC liver metastasis. (A) The liver tissues were stained with H&E and the liver
metastatic nodules were quantitatively analyzed, and metastatic nodules were indicated by black arrows; (B) The expression of Ki67‐positive
cells in liver tissues was assessed by IHC. N= 6. The data were expressed as mean ± standard deviation. Independent sample t‐test was
employed for data comparison between two groups. *p< .05. CRC, colorectal cancer; H&E, hematoxylin–eosin; IHC,
immunohistochemistry; MNZ, metronidazole.
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3.4 | MNZ repressed CRC liver
metastasis by regulating intestinal flora
structure in mice

Alpha diversity assesses the richness and diversity of gut
microbiota.36 Based on the OTU results, the alpha
diversity index of each group at the OTU similarity level
(97%) was calculated, including ACE index and Chao1
index (representing abundance) and Shannon index
(representing microbial diversity). A higher ACE or
Chao1 index represented a higher richness of the flora. A
higher Shannon represented a higher diversity of the
flora. The microbial diversity and abundance of the CRC
group were decreased (Figure 4A–F). Quantitative
analysis manifested that compared with the Sham group,
the Chao index and ACE index of the CRC group and the
CRLM group were diminished, indicating that the flora
abundance of CRC mice was lower than that of Sham
mice. In addition, the Shannon index of the CRC group
was lowered than that of the Sham group, indicating a
decreased microbial diversity in mice. After MNZ
intervention, the richness and diversity of the flora in
the CRC and CRLM groups were both elevated (all
p< .05) (Figure 4D–F). In addition, β‐diversity analysis
demonstrated that all five groups of intestinal microflora
had obvious clustering (Figure 4G–I). The microflora
structure of the CRC group, CRLM group, and Sham
group was quite different. After MNZ intervention, the
microflora structure significantly changed.

3.5 | Effect of MNZ on characteristic
intestinal microflora of CRC and
CRLM mice

Next, we investigated the differences of major microflora
in each group at the taxonomic level. The results of
phylum, family, and genus levels were used to analyze the
composition of intestinal microbiota in different groups of
mice. At the phyla level, the first five species of bacteria in
each treatment group were Firmicutes, Bacteroidota,
Campylobacterota, Proteobacteria, and Deferribacterota.
Among them, Firmicutes and Bacteroidota were the main
dominant flora, accounting for the largest proportion in
intestinal flora. The contents of Firmicutes, Proteobacteria,
and Deferribacterota in the CRC group were lower than
those in the Sham group, while the contents of
Bacteroidota and Campylobacterota were increased. After
MNZ intervention, the content of Firmicutes in the CRC
group and CRLM group was augmented and the content
of Bacteroidota was reduced (Figure 5A).

At the family level, the first five species of bacteria in
each group were Lachnospiraceae, Oscillospiraceae,

Helicobacteraceae, Muribaculaceae, and Bacteroidaceae.
Compared with the Sham group, Lachnospiraceae was
diminished in the CRC group, while Muribaculaceae was
facilitated. MNZ intervention increased the content of
Lachnospiraceae and decreased the content of Muriba-
culaceae in CRC mice, and maintained the Lachnospir-
aceae content in CRLM mice. There was no significant
difference in the content of Oscillospiraceae in each
group (Figure 5B).

At the genus level, the dominant flora with relatively
higher abundance were unclassified Lachnospiraceae, Lach-
nospiraceae NK4A136 group, Helicobacter, Bacteroides, and
unclassified Muribaculaceae. The contents of unclassified
Lachnospiraceae and Lachnospiraceae NK4A136 group in
the CRC group were lower than those in the Sham group,
while the contents of other three types of bacteria were
increased. After MNZ intervention, the content of
unclassified Lachnospiraceae in the CRC group and CRLM
group was upregulated, which was more similar to those in
Sham mice (Figure 5C).

4 | DISCUSSION

CRC is the third most prevalent cancer and the fourth
most prevalent cause of cancer‐related death all over the
world, accounting for about 1.2 million new cases and
600,000 deaths annually, with its incidence low at ages
younger than 50 years, but strongly increasing with
age.37 Extrinsic and intrinsic inflammations can both
lead to immunosuppression, thus offering an optimal
background for tumor development.38 MNZ treatment
rapidly reduces genital inflammation through its effects
on bacterial vaginosis‐associated bacteria.39 This study
found that MNZ suppressed the occurrence of CRC and
CRLM by inhibiting F. nucleatum.

F. nucleatum infections are routinely treated by
MNZ.25 MNZ represses the cell viability of DLD‐1 CRC
cell lines.24 Some therapies, such as probiotics, diets,
prebiotics, stool microbiota transplantation, ursodeoxy-
cholic acid, and engineered bacteria, can mitigate
inflammatory bowel diseases by means of bile acids
and gut microbiota restoration.40 Our results revealed
that the relative DNA expression of F. nucleatum was
facilitated in anal swabs and feces of CRC mice and
CRLM mice, but diminished after MNZ treatment. In
addition, MNZ blocked the occurrence and growth of
tumors in mice to some extent. Consistently, the feces
samples and tumor microenvironment of patients with
CRC are enriched by F. nucleatum.41 Treatment of mice
bearing a CRC xenograft with the antibiotic MNZ
suppressed F. nucleatum load, overall tumor growth,
and cancer cell proliferation.42 In brief, MNZ suppressed
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the abundance of F. nucleatum during CRLM in mice
and blocked the growth of CRC.

Among all organs, liver metastasis is the most
prevailing, which makes the treatment of CRC challeng-
ing.43 To further study the role of MNZ in the
malignancy of CRLM, we treated the mice with MNZ
and established CRLM models and discovered that after

MNZ treatment, CRLM mice manifested decreased
hepatic metastatic nodules, reduced density of tumor
cells, and less irregular cells. Ki67 is a kind of
proliferation marker, which can indicate the growth of
metastatic liver tumors.34 Our results demonstrated that
the density and number of Ki67‐positive cells in CRLM
mice after MNZ treatment were reduced. However, there

FIGURE 4 MNZ repressed CRC liver metastasis by regulating intestinal flora structure in mice. (A) Shannon index curve; (B) sample
dilution curve; (C) species accumulation curve at genus level; (D) Chao1 index; (E) ACE index; (F) Shannon index; (G) principal component
analysis (PCA): each point represented a sample, and different colors represented different samples/groups. The abscissa represented the
first principal component, the percentage represented the contribution value of the first principal component to the sample difference, the
ordinate represented the second principal component, and the percentage represented the contribution value of the second principal
component to the sample difference. The two samples were closer when the composition of the two samples were more similar; (H)
principal coordinates analysis (PCoA) showed that the samples were closer on the coordinate map when they had a greater similarity; (I) for
nonmetric multidimensional scaling (NMDS) analysis, the points in the figure represented each sample, different colors represented
different groups, and the distance between points represented the degree of difference. When the stress was less than 0.2, it indicated certain
reliability of the NMDS analysis. The samples were closer in the coordinate map when they had the higher similarity. (A) represented the
Sham group, (B) represented the CRC group, (C) represented the CRC+MNZ group, (D) represented the CRLM group, and (E) represented
the CRLM+MNZ group. CRC, colorectal cancer; CRLM, CRC liver metastases; MNZ, metronidazole.
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is no report on the effect of MNZ on the malignant
degree of CRLM. This study discovered that MNZ
alleviated the malignant degree of CRLM for the
first time.

Dysbiosis in the gut microbiota composition due to
genetic or environmental variations can disrupt the
immune system and promote a variety of diseases
including CRC.16 Intestinal microbiota diversity and
composition gradually returned to healthy control levels
after the application of eradication therapy containing
MNZ.44 Our results discovered that after MNZ interven-
tion, the richness and diversity of flora in the CRC and
CRLM mice were raised, and the microflora structure
was significantly changed. Functional studies in animal
models pinpoint the properties of a variety of bacteria in

CRC occurrence, such as F. nucleatum and certain strains
of Escherichia coli and Bacteroides fragilis.45 Studies have
identified a correlation between gut microbiota composi-
tion and gastrointestinal cancers.46 In addition, at the
Phylum level, Bacteroida and Firmicutes were the most
dominant. After MNZ intervention, the content of
Firmicutes in the CRC and CRLM groups was increased
and Bacteroidota was decreased. At the Family level,
MNZ intervention augmented the content of Lachnospir-
aceae and reduced Muribaculaceae in CRC mice. At the
Genus level, after MNZ intervention, the unclassified
Lachnospiraceae content in the CRC and CRLM groups
was upregulated, closer to the Sham mice. A disturbance
of the fragile balance between different bacteria species
in human gut towards upregulated levels of bacteria

FIGURE 5 Effect of MNZ on characteristic intestinal microflora of CRC and CRLM mice. Relative abundance changes of intestinal
characteristic flora of mice in each group at the level of (A) phylum; (B) family; (C) genus. The abscissa was the sample name
(A–E represented the Sham group, CRC group, CRC+MNZ group, CRLM group, and CRLM+MNZ group, respectively); the ordinate was
the relative abundance percentage. Different colors represented different species; the stacking column was a taxon with relative abundance
of top 10 at each taxonomic level. MNZ, metronidazole; CRC, colorectal cancer; CRLM, CRC liver metastases.
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Bacteroides fragilis and F. nucleatum is related to an
elevated risk of CRC.47 A previous study has also elicited
an abundance of Firmicutes but a decrease in Bacteroides
in CRC mice.48 The downward trend in the abundance of
Firmicutes, Planctomycetes, and Tenericutes occurred in
horses due to MNZ administration.49 MNZ affects the
course of inflammatory bowel disease by reducing
bacteria concentrations in the gut lumen and altering
intestinal microbiota composition.50 MNZ has been used
to reduce gastrointestinal symptoms in children suscep-
tible to Dientamoeba Fragilis and MNZ treatment has
short‐term impacts on the abundance of some bacterial
genera.51 The use of a specific antibiotic MNZ eliminates
the adverse effects of oral microbiome fluctuations on
CRC radiotherapy.52 Despite the vital role of MNZ, it is
well tolerated and has mild to moderate side effects such
as abdominal pain, nausea, and diarrhea.53 Besides, long‐
term MNZ treatment will trigger oxidative stress and
thiamine deficiency.54 MNZ had effects on characteristic
intestinal microflora of CRC and CRLM mice. To
conclude, MNZ suppressed CRC liver metastasis by
modulating the structural composition and abundance
of intestinal flora in mice.

In summary, this study supported that MNZ sup-
pressed the occurrence of CRC and CRLM by regulating
F. nucleatum. This study combined basic science with
clinical practice, strived to develop new treatment
methods to prevent CRC and CRLM while solving basic
science problems, and provided theoretical and experi-
mental bases for the follow‐up treatment strategy of
“targeting gut microbiota,” which was a preliminary
exploration in this field.

STUDY LIMITATION

However, the study period was short, and as a result, it
was difficult to evaluate the long‐term effects of MNZ. In
addition, the sample size was relatively small. The specific
mechanism of MNZ regulating the occurrence of CRC and
CRLM was not thoroughly studied. Genes play a leading
part as prognostic biomarkers in cancer disease detec-
tion.55 However, due to our lack of experience in
bioinformatics analysis and time cycles, this study is
currently unable to analyze the differential expression of
CRC and CRLM‐related genes. If conditions permit, we
will carry out multicenter and large sample research with
extended research time. Moreover, further work is needed
to explore the related signal pathways of MNZ inhibiting
the growth of F. nucleatum, explore the mechanism of
MNZ regulating CRC and CRLM, and analyze the
differential expression of CRC and CRLM‐related genes
through utilizing bioinformatics analysis software.
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