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Abstract

Chang-Wei-Qing (CWQ) is a widely recognized Traditional Chinese Medicine (TCM) formulation composed

of Astragalus, Codonopsis, Atractylodes, Poria, Coix seed, Akebia trifoliata Koidz, Sargentodoxa cuneata, and Vitis
quinguangularis Rehd. This formulation has garnered significant interest for its positive effects in mitigating
colorectal cancer, and when combined with PD-1, it affects some gut microbiota associated with tumor infiltrating
lymphocytes cells. However, the biological rationale underlying the suppression of colitis-associated colorectal
cancer (CAC) in AOM/DSS-treated mice by CWQ combined with PD-1 inhibitor remains to be explored. Our

aim is to explore the chemopreventive effect of CWQ combined with PD-1 inhibitor on CAC, with a focus on
modulating the gut microbiota. A mouse model of CAC was established using azoxymethane (AOM) and dextran
sulfate sodium (DSS) treatment. Pathological evaluation of tissue samples included immunohistochemistry and
hematoxylin and eosin staining. Intestinal barrier function was assessed by transmission electron microscopy. Fecal
microbiota and metabolites were analyzed through 16 S rRNA gene sequencing and liquid chromatography-mass
spectrometry, respectively. Mice treated with antibiotics served as models for fecal microbiota transplantation.
CWQ combined with PD-1 inhibitor suppressed CAC in AOM/DSS-treated mice. This combined therapy effectively
alleviated gut dysbiosis in the CAC model by increasing microbial diversity, enriching probiotic populations such
as Limosilactobacillus and Bifidobacterium, and reducing pathogenic bacteria like Desulfovibrio. Additionally, CWQ
combined with PD-1 inhibitor downregulated metabolites associated with the NF-kappa B signaling pathway. The
combined treatment also significantly improved intestinal barrier function in CAC mice. Transmission electron
microscopy of the CWQ combined with PD-1 inhibitor group showed enhanced cellular integrity, a relatively
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normal mitochondrial structure with intact membranes, and a more abundant, unexpanded endoplasmic reticulum,
underscoring the protective effects of this combination on intestinal barrier integrity. Transcriptomic analysis further
demonstrated that the combined therapy upregulated genes involved in tight and adherens junctions, while
downregulating genes linked to innate immune responses. CWQ combined with PD-1 inhibitor can ameliorate
dysbiosis in the AOM/DSS mouse model, with the metabolites of the gut microbiome potentially possessing anti-
inflammatory activity. Moreover, CWQ combined with PD-1 inhibitor improves intestinal barrier function, thereby
effectively inhibiting the occurrence and development of CAC.

Keywords Colitis-associated colorectal cancer, Chang-Wei-Qing, PD-1 inhibitor, Microbiota, Metabolites

Introduction

Globally, colorectal cancer (CRC) ranks third in terms of
frequency of diagnosis among cancers and stands as the
second most significant contributor to cancer-related
deaths [1, 2]. Apart from genetic factors, chronic inflam-
mation is also a driving force for tumor progression, as
evidenced by studies demonstrating a notable rise in CRC
risk among individuals with inflammatory bowel disease
[3]. PD-1 inhibitors are widely used immunotherapeutic
agents of various cancers [4, 5]. However, the efficacy of
PD-1 inhibitors in the clinical application of CRC is not
stable and shows some side effects [6, 7]. The gut micro-
biota can influence tumor initiation and progression by
affecting immune responses [8—10], while the interac-
tion between microbiota and immune cells is also vital
in maintaining intestinal balance and immune microen-
vironment stability [11, 12]. Studies indicate that altering
the composition of gut microbiota can alleviate the pro-
gression of inflammation and carcinogenesis, particularly
in colitis-associated colorectal cancer (CAC) [13, 14].

Recent findings suggest that Traditional Chinese Medi-
cine (TCM) may influence gut microbiota and metabo-
lites, providing a foundation for their advantageous
effects [15, 16]. Chang-Wei-Qing (CWQ) is a widely rec-
ognized TCM formulation that has garnered significant
interest for its positive effects in mitigating colorectal
cancer. It is composed of Astragalus, Codonopsis, Atrac-
tylodes, Poria, Coix seed, Akebia trifoliata Koidz, Sar-
gentodoxa cuneata, and Vitis quinquangularis Rehd.
Recently, CWQ has been demonstrated to increase the
tumor infiltration of CD3+and CD8+T cells, and when
combined with PD-1, it affects some gut microbiota asso-
ciated with tumor infiltrating lymphocytes cells [17].
However, the biological rationale underlying the suppres-
sion of CAC in mice treated with azoxymethane/dextran
sulfate sodium (AOM/DSS) by CWQ in combination
with PD-1 inhibitor remains to be elucidated.

Hence, we systematically demonstrated that the CWQ
combined with PD-1 inhibitor suppressed colitis-associ-
ated colorectal tumorigenesis in AOM/DSS mice models
(Fig. 1), highlighting the potential for transforming gut
microbiota knowledge into clinical practice solutions.
Utilizing TCM formulations as adjuncts to chemother-
apy and immunotherapy, we strived to enhance drug

efficacy and safety. Our ultimate goal was to develop tar-
geted microbiota therapies for optimizing the utilization
of the gut microbiota. Our findings indicated that this
combination treatment could reverse gut dysbiosis asso-
ciated with CAC by enriching probiotics, while improv-
ing intestinal barrier function in CAC. Furthermore, we
conducted assessments on the chemopreventive effec-
tiveness of CWQ combined with PD-1 inhibitor in CAC,
using antibiotic-treated mice as part of our investigation.
Together, we proposed that the antitumor efficacy of this
combination therapy in CAC was attributed to its impact
on the gut microbiota and intestinal barrier, which had
been thoroughly studied experimentally to elucidate spe-
cific mechanisms. These findings were aimed at offering
new perspectives and insights for the development of
combined treatments targeting CAC.

Materials and Methods

Reagents

Azoxymethane (AOM, A2853), dextran sulfate sodium
(DSS), sodium carboxymethyl cellulose, citrate antigen
retrieval solution (pH 6.0), paraffin (Leica Camera AG),
anti-Ki67 antibody (ab15580, Abcam, USA), anti-ZO-1
(Abcam, USA), mouse anti-Occludin (CST, USA), and
anti-Claudin (Abcam, USA), GSM-TH17 assay kit (Ray-
Biotech), methanol (HPLC), acetonitrile (HPLC), formic
acid (HPLC), 2-propanol, and 2-Chloro-L-Phenylalanine
(=98%).

Mouse Models of CAC and Combined Treatment with CWQ
and PD-1 Inhibitor
Specific-pathogen-free female C57BL/6 mice (5 weeks
old, 17.0£3.0 g, n=30) were procured from Shang-
hai SLAC Laboratory Animal Co., acclimatized for a
week, and then intraperitoneally injected with 12.5 mg/
kg AOM to induce tumorigenesis. Subsequently, they
underwent three cycles of DSS treatment to mimic CAC.
Throughout each cycle, the mice were provided unre-
stricted access to drinking water containing 2.5% DSS for
7 days, followed by a subsequent 14-day period of regular
water consumption (Fig. 2A).

The mice were randomly divided into four groups (n=6
per group): the control group (received 0.2 mL normal
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Fig. 1 Experimental Workflow Overview. (A) AOM/DSS treatment was administered initially to establish the CAC mouse model. (B) Following the success-
ful establishment of the model, tumor tissues and fecal samples were collected from the mice. (C) Tumor tissues underwent pathological examination,
and intestinal barrier function was assessed using transmission electron microscopy. (D) Fecal microbiota and metabolites were analyzed using 16 S rRNA
gene sequencing and liquid chromatography-mass spectrometry, respectively. (E) The impact of intestinal microbiota on CAC was verified through fecal

microbiota transplantation

saline i.g. and 0.1 mL normal saline i.v.), the CWQ group
(received 0.2 mL CWQ i.g. and 0.1 mL normal saline i.v.),
the PD-1 inhibitor group (received 0.1 mL of the PD-1
inhibitor i.v. and 0.2 mL normal saline i.g.), and the CWQ
combined with PD-1 inhibitor group (received 0.2 mL
CWQ ig. and 0.1 mL of the PD-1 inhibitor i.v.).

CWQ was administered orally at a dose of 25.74 g/
kg daily following AOM injection until the study end-
point, while the PD-1 inhibitor was given once every four
days. The dosage of 25.74 g/kg was determined based on

clinical prescription dosages for humans (198 g/70kg),
taking into account the body surface area adjustment
between humans and animals (198 g/70kg x 9.1=25.74 g/
kg).

The mice were euthanized at week 18 post the initial
AOM injection, in accordance with the approved experi-
mental protocol by the Animal Experimentation Ethics
Committee of Shanghai University of TCM (approval
number: DWEC-A-202206012).
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Fig. 2 CWQ combined with PD-1 inhibitor suppresses CAC in AOM/DSS-treated mice. (A) Establishment of CAC model in C57BL/6 mice. (B) Establish-
ment of antibiotic-treated mouse model. (C) Effects of AOM/DSS treatment on colitis symptoms in mice. (D) Changes in body weight of mice in different
groups. (E) Changes in DAl of mice in different groups during the DSS cycle. (F) The manifestations of the colonic tissues and tumor tissues of mice after
different interventions. (G) The number of tumors in mice after different interventions. (H) The diameter of tumors in mice after different interventions. (I)
The manifestations of H&E staining in the colonic mucosal tissues of mice after different interventions. (J) The expression of Ki-67 in the tumor tissues of
mice after different interventions. *P<0.05, **P<0.01 and ***P< 0.001
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Antibiotic-Treated Mice

Specific-pathogen-free female C57BL/6 mice (5 weeks
old, weighing 17.0£3.0 g, n=24) were adaptively fed for
a week after purchase. Their normal drinking water was
then replaced with an ABX antibiotic mixed solution
(1 g/L ampicillin, 1 g/L neomycin, 1 g/L metronidazole,
0.5 g/L vancomycin) for a period of 15 days (Fig. 2B).
Mice weighing more than 16 g were selected, and the
remaining steps were the same as those for the AOM/
DSS-treated mice.

Fecal Microbiota Transplantation to Antibiotic-Treated
Mice

Fecal samples were collected from donor mice on day
15, following a 14-day period of drug intervention. Fresh
fecal samples were processed and the microbial suspen-
sion prepared within 24 h of collection. Twenty mice
that met the weight criteria were randomly allocated into
four groups (n=5 per group). Each group received daily
gavage with fecal samples from the control group, CWQ
group, PD-1 inhibitor group, and CWQ combined with
PD-1 inhibitor treated mice, respectively. Briefly, 1 g of
stool samples was homogenized in 6.5 mL of PBS, and
200 pL of the suspension was gavaged per mouse. Sub-
sequent procedures were carried out as outlined for con-
ventional mice.

Drug Preparation
CWQ consists of 30 g Astragalus, 15 g Codonopsis, 15 g
Atractylodes, 24 g Poria, 30 g Coix seed, 24 g Akebia tri-
foliata Koidz, 30 g Sargentodoxa cuneata, and 30 g Vitis
quinquangularis Rehd. The eight herbal drugs’ doses
were converted into granules at Tianjiang Pharmaceutical
Co. Ltd. (Jiangyin, China), and dissolved in distilled water
to achieve a concentration of 2.574 g/mL. These decoc-
tions were stored at 4 °C. Additionally, the PD-1 inhibi-
tor, procured from Xinda Biopharmaceutical Co. Ltd.
(Suzhou, China), was dissolved in PBS to a concentration
of 0.5 mg/mL and stored at 4°C.

Aspirin tablets were crushed into a fine powder using
a mortar and pestle. A total of 150 mg of the powdered
aspirin was accurately weighed using a microbalance and
dissolved in 50.0 ml of a 0.5% carboxymethyl cellulose
sodium solution, resulting in a 3.0 mg/ml aspirin solu-
tion. Each mouse was administered the aspirin solution
via gavage at a dose of 0.01 ml per gram of body weight,
which corresponds to a final dosage of 30.0 mg/kg.

Histopathology and Immunostaining

The intestinal tissue, positioned 4 cm above the anus, was
excised from the mice. Approximately 1 cm of the dis-
sected tissue underwent rinsing with ice-cold saline, fixa-
tion in 10% formalin, embedding in paraffin, sectioning,
and subsequent staining with hematoxylin-eosin (H&E).
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Following dehydration via an ethanol gradient and xylene
incubation, the samples were mounted for observation
under a light microscope (Olympus, Tokyo, Japan).

For immunohistochemistry, the deparaffinized intesti-
nal tissue sections underwent antigen retrieval through
heating in 10 mM citrate buffer (pH 9.0) and treatment
with 3% hydrogen peroxide. Mouse anti-ZO-1 (Abcam,
USA), mouse anti-Occludin (CST, USA), and anti-Clau-
din (Abcam, USA) antibodies were used at dilutions of 1
: 500, 1 : 200, and 1 : 250, respectively. For Ki-67 immu-
nohistochemistry in tumor tissues, the deparaffinized
sections were processed in the same way as above. Anti-
Ki-67 antibody (ab15580, Abcam, USA) was diluted and
used. Subsequently, corresponding horseradish-peroxi-
dase-conjugated secondary antibodies were applied for
each, and the targeted antigens were visualized using
3,3’-diaminobenzidine tetrahydrochloride under a light
microscope (Olympus, Tokyo, Japan).

16S rRNA Gene Sequencing of Fecal Bacteria

Fecal samples, obtained post-drug intervention from
mice and preserved at -80 °C, underwent 16 S rRNA-gene
sequencing. Total RNA extraction from these samples
utilized TRIzol® Reagent following the manufacturer’s
protocol. The RNA quality assessment was conducted
using the 5300 Bioanalyzer (Agilent) and quantification
was performed using the ND-2000 (NanoDrop Technol-
ogies). The V3-V4 hypervariable region of the bacterial
16 S rRNA gene was amplified using primer pairs 338 F
and 806R in an ABI GeneAmp°® 9700 polymerase chain
reaction thermocycler (ABI, CA, USA). PCR conditions
comprised an initial denaturation at 95 °C for 3 min,
followed by 27 cycles of denaturation at 95 °C for 30 s,
annealing at 55 °C for 30 s, extension at 72 °C for 45 s,
and a final extension at 72 °C for 10 min, with a final hold
at 4 °C. The PCR products were analyzed on a 2% aga-
rose gel, and the corresponding amplicons were extracted
using the AxyPrep DNA Gel Extraction Kit (Axygen Bio-
sciences, CA, USA) and quantified using the Quantus™
Fluorometer (Promega, USA). These steps were per-
formed in triplicate.

Subsequently, the purified amplicons were equimo-
larly pooled and subjected to paired-end sequencing on
an Illumina MiSeq PE300 platform/NovaSeq PE250 plat-
form (Illumina, San Diego, USA) by Majorbio Bio-Pharm
Technology Co. Ltd. (Shanghai, China) following stan-
dard protocols. Operational taxonomic units (OTU) with
a 97% similarity cutoff were clustered using UPARSE
version 7.1, and chimeric sequences were identified and
eliminated. The taxonomic classification of each OTU
representative sequence was carried out using RDP Clas-
sifier version 2.2 against the 16 S rRNA database (e.g.,
Silva v138) with a confidence threshold of 0.7.
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Metabolomic Profiling and Analysis

The sample (50 mg) underwent homogenization with
a 6 mm diameter grinding bead and 400 uL of extrac-
tion solution (methanol: water=4:1 (v/v)) containing
0.02 mg/mL of L-2-chlorophenylalanine internal stan-
dard. Homogenization was conducted using the Won-
bio-96¢ frozen tissue grinder for 6 min at -10 °C and
50 Hz, followed by low-temperature ultrasonic extrac-
tion for 30 min at 5 °C and 40 kHz. Subsequent to cen-
trifugation (15 min, 4 °C, 13000 g), the supernatant was
transferred for LC-MS analysis. A pooled quality control
sample was prepared by combining equal volumes of all
samples and analyzed periodically (every 5 samples) to
ensure analysis stability. LC-MS analysis was carried out
using a Thermo UHPLC-Q Exactive system equipped
with an ACQUITY HSS T3 column. The mobile phases
consisted of 0.1% formic acid in water: acetonitrile (95:5,
v/v) (solvent A) and 0.1% formic acid in acetonitrile: iso-
propanol: water (47.5:47.5, v/v) (solvent B). Positive and
negative ion mode separation gradients were applied as
specified. Data analysis utilized Progenesis QI software
with database searches in HMDB (http://www.hmdb.ca/)
and Metlin (https://metlin.scripps.edu/) for metabolite
identification.

Transcriptomic Analysis of Tumor mRNA

Total RNA was extracted from tissue samples, with con-
centration and purity measured by the A260/280 ratio,
and integrity checked via gel electrophoresis. Fragmen-
tation of isolated mRNA in fragmentation buffer pro-
duced ~300 bp fragments, selected by magnetic beads.
Following primer addition, reverse transcription gener-
ated single-strand cDNA, stabilized to double-strand at
high temperatures. For sequencing, 15-cycle PCR ampli-
fication and agarose gel recovery of target bands pre-
ceded Illumina paired-end sequencing (2x150 bp). DNA
from each sample was PCR-amplified for the 16 S rRNA
V3-V4 region in triplicate. Purified PCR products under-
went adapter ligation, magnetic bead selection to remove
self-ligated fragments, and final PCR for library enrich-
ment. High-throughput data underwent quality control,
merging, and OTU clustering with UPARSE software,
while 16 S functional predictions were analyzed using
PICRUSt2.

Transmission Electron Microscopy (TEM) Sample
Preparation and Imaging Protocol for Tissue Analysis

Fresh tissue samples are carefully selected to minimize
mechanical damage, with sample sizes not exceeding
1 mm?®. The tissues are fixed at 4 °C for 2—-4 h in elec-
tron microscopy fixative and rinsed three times in 0.1 M
phosphate buffer (PB, pH 7.4) for 15 min each. Post-fix-
ation follows with 1% osmium tetroxide in PB at room
temperature (20 °C) for 2 h, and the samples are rinsed
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again in PB. Dehydration is conducted through a graded
ethanol series (50-100%) and acetone steps, each last-
ing 15 min. For infiltration, samples are exposed to ace-
tone:812 resin mixtures in ratios of 1:1 for 2—4 h and 1:2
overnight, followed by pure resin infiltration for 5-8 h.
Samples are embedded in pure 812 resin on embedding
plates, then polymerized in a 60 °C oven for 48 h. Ultra-
thin Sects. (60—80 nm) are cut using an ultramicrotome
and stained with uranyl acetate and lead citrate, each for
15 min, and dried overnight at room temperature. Obser-
vations and image analyses are performed with the trans-
mission electron microscope.

Statistical Analysis

Statistical analysis was performed using SPSS 25.0 (IBM
Corp., NY, USA). For normally distributed data, com-
parisons between two groups were conducted using
t-tests, while one-way ANOVA was employed for com-
parisons involving more than two groups. Non-normally
distributed data were assessed using rank-sum tests. The
threshold for statistical significance was set at P<0.05.
Graphs were generated using GraphPad Prism 8 (Graph-
Pad Software Inc., San Diego, USA).

Analysis of mouse gut microbiota data was executed
on the Majorbio Cloud Platform (https://cloud.major
bio.com). Alpha diversity metrics including Chao and
Shannon indices were computed using mothur software.
Inter-group differences in alpha diversity were evaluated
using the Wilcoxon rank-sum test. Principal coordinates
analysis based on the Bray-Curtis distance algorithm was
employed to assess the similarity of microbial community
structures across samples. Additionally, non-parametric
tests were utilized to detect significant differences in
microbial community structures among sample groups.
The linear discriminant analysis Effect Size (LDA>2,
P<0.05) was utilized to pinpoint bacterial taxa with nota-
ble differences in abundance at various taxonomic levels.

To identify differential expression genes (DEGs)
between samples, transcript expression levels were
quantified using the TPM method and RSEM. Differen-
tial expression analysis was performed using DESeq2 or
DEGseq, with DEGs meeting criteria |log2FC| > 1 and
FDR<0.05 (DESeq2) or FDR<0.001 (DEGseq) consid-
ered statistically significant. Functional enrichment anal-
ysis was conducted to identify pathways enriched with
DEGs at Bonferroni-corrected P<0.05, using Goatools
and KOBAS.

Metabolic features detected in at least 80% of samples
were retained and normalized. Variables with RSD>30%
of QC samples were excluded, and log10 transformation
was applied. Principal component analysis and orthog-
onal partial least squares discriminant analysis were
performed using the “ropls” R package, with metabo-
lites having VIP>1 and P<0.05 considered significant.
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Differential metabolites were mapped to biochemi-
cal pathways using the KEGG database for enrichment
analysis, and pathway analysis was conducted using the
Python package “scipy.stats”

Results

CWQ Combined with PD-1 Inhibitor Suppresses CAC in
AOM/DSS-Treated Mice

AOM/DSS-treated mice exhibited loose stools after the
completion of the first round of 2.5% DSS free drinking.
Following the conclusion of the second round, the mice
presented with mucous and purulent stools, depicted.
After the completion of the third round, the mice dis-
played varying degrees of hematochezia, rectal hem-
orrhoids accompanied by prolapse, and severe rectal
prolapse (Fig. 2C).

The disease activity index (DAI) encompasses evalua-
tions in three key aspects: body weight loss, alterations
in fecal characteristics, and rectal bleeding [18]. These
parameters serve as effective indicators capable of gaug-
ing the severity of colitis or colorectal cancer in mice.
Specifically, weight loss may signify a deterioration in
the mice’s condition, changes in fecal characteristics may
mirror the impact of intestinal inflammation or tumor
growth on intestinal function, and rectal bleeding is a
direct manifestation of bleeding associated with intesti-
nal inflammation or tumors. During experimental weeks
10 to 15, mice in the control group consistently exhib-
ited notably lower body weights compared to those in
the CWQ combined with PD-1 inhibitor group (P<0.05)
(Fig. 2D). Furthermore, during the third DSS cycle, both
the CWQ group and the CWQ combined with PD-1
inhibitor group exhibited markedly lower DAI scores
compared to the control group (P<0.05) (Fig. 2E).

In the group of mice treated with CWQ combined
with PD-1 inhibitor, a reduced number of tumors was
observed in the rectum, with only minimal raised muco-
sal tissue evident at the distal end (Fig. 2F), compared
to the control, CWQ alone, and PD-1 inhibitor alone
groups. Moreover, tumor counts in this combined treat-
ment group (Fig. 2G) were significantly lower than those
observed in the control group. Specifically, in both the
1-2 mm and greater than 4 mm tumor size categories,
the group treated with CWQ combined with PD-1 inhib-
itor showed a markedly lower tumor count compared to
the control group (Fig. 2H).

The colonic mucosal epithelium in the control group
mice is discontinuous, with disrupted glands, edema or
disappearance of crypts, extensive infiltration of inflam-
matory cells, submucosal edema, noticeable rupture and
atrophy of villi. Concurrently, the growth and spread
of tumors can be clearly observed. In the CWQ com-
bined with PD-1 inhibitor group, a tumor protrusion is
observed, but the intestinal villi structure is intact, with
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closely arranged goblet cells, and the lamina propria
shows the distribution of capillaries and scattered lym-
phocytes (Fig. 2I). We investigated a significant reduc-
tion in Ki-67 positive staining granules in the intestines
and tumor tissues of mice in the CWQ combined with
PD-1 inhibitor group compared to the other groups. Fur-
thermore, the villi were closely arranged, and no appar-
ent tumor-like tissue was observed (Fig. 2J). Conclusively,
these results indicated that CWQ combined with PD-1
inhibitor has an inhibitory effect on the growth of CAC
cells in AOM/DSS-treated mice.

CWQ Combined with PD-1 Inhibitor Restores Gut Dysbiosis
in CAC

To investigate the impact of CWQ combined with PD-1
inhibitor on gut microbiota during colitis-associated
colorectal tumorigenesis, we conducted 16 S rRNA-gene
sequencing analyses of fecal samples from four groups.

Our alpha diversity analysis, encompassing the ace
index, shannon index, and sobs index, demonstrated a
notable enhancement in the richness and diversity of gut
microbiota with the administration of CWQ combined
with PD-1 inhibitor (Fig. 3A). Beta diversity analysis uti-
lizing principal coordinates analysis (PCoA) illustrated a
distinct alteration in gut microbiota composition induced
by CWQ combined with PD-1 inhibitor (Fig. 3B). Rar-
efaction and shannon curves derived from the sobs index
and shannon index, respectively, indicated sufficient
sequencing data depth and sample size (Fig. 3C).

OTU analysis, a commonly used method for charac-
terizing microbial diversity, grouped microbiota with
similar sequences into the same OTU. The quantity of
OTU served as a crucial metric for evaluating microbial
diversity and population levels. Compared to the control
group, the other three groups showed varying degrees of
OTU elevation, with CWQ combined with PD-1 inhibi-
tor displaying a significant additional enhancement of
this indicator (Fig. 3D). Following the administration of
CWQ combined with PD-1 inhibitor, a substantial mod-
ulation in gut microbiota composition occurred. The
relative abundance of bacterial species at the genus level
was calculated, and the results are illustrated in Fig. 3E
and F. In the AOM/DSS model, probiotics Limosilacto-
bacillus [19] and Bifidobacterium [20, 21] were enriched
by CWQ combined with PD-1 inhibitor, accompanied by
a depletion of pathogenic bacteria Desulfovibrio [22]. In
comparison to the other three groups, CWQ combined
with PD-1 inhibitor modulated multiple dysbiotic bac-
terial species in the CAC group treated with non-CWQ
combined with PD-1 inhibitor in the AOM/DSS model.
This modulation was evident in the increased abundance
of various bacterial genera, suggesting that CWQ com-
bined with PD-1 inhibitor might have a regulatory effect
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on microbial dysbiosis in CAC and contribute to the res-
toration of a healthy microbiota.

To investigate the potential role of gut microbiota and
metabolites in mediating the chemopreventive effects of
CWQ in conjunction with PD-1 inhibitor in CAC, fecal
samples from the control group (FMT-Control), PD-1
inhibitor group (FMT-anti-PD-1), CWQ group (FMT-
CWQ), and CWQ combined with PD-1 inhibitor treated
mice (FMT-CWQ+anti-PD-1) were gavaged to AOM/
DSS mice treated with antibiotic.

FMT-CWQ+anti-PD-1 significantly reduced DAI
(P<0.05) (Fig. 4A), colon tumor number (P<0.05)
(Fig. 4B) and maintained a higher weight in mice
(P<0.05) compared to FMT-Control group (Fig. 4C). In
FMT-Control mice, overlapping growth of tumors can
be observed at the distal end of the rectum, with diam-
eters mainly ranging from 2 to 4 millimeters, and some
tumors also distributed within the intestine. In contrast,
in the FMT-CWQ group, tumors are smaller, with only a
few visible at the distal end of the rectum and exhibiting
superficial growth. The number of tumors in FMT-anti-
PD-1 mice is lower than in the FMT-Control group, yet
tumors of varying sizes can still be observed at the dis-
tal end of the rectum. As for FMT-CWQ+anti-PD-1
mice, intestinal tumors are extremely rare, with only tiny
tumor nodules appearing at the distal end of the rec-
tum, and in some cases, no tumors are present (Fig. 4E).
Following H&E staining of mouse colonic tissue slices,
observations of the morphology of intestinal tissues
from each group of mice were made using an optical
microscope, and photographs were taken. In the FMT-
Control group, the colonic mucosal structure appeared
incomplete, with disrupted intestinal epithelial cells,
accompanied by inflammatory cell infiltration, irregular
mucosal layer hyperplasia, and loss of intestinal crypts.
In the FMT-CWQ group, colonic cells were relatively
intact, with visible crypts and numerous goblet cells, yet
with some evidence of inflammatory cell infiltration. In
the FMT-anti-PD-1 group mice, colonic mucosal struc-
ture was disrupted, showing evident villi fragmentation
and atrophy, along with inflammatory cell infiltration,
interstitial edema, and congestion, and a reduction in
goblet cells. In the FMT-CWQ+anti-PD-1 group mice,
the intestinal epithelial tissue appeared intact, with well-
organized glands, no evidence of congestion or edema,
and no inflammatory cell infiltration. (Fig. 4F). Through
immunohistochemical analysis of Ki-67 expression in
mice intestinal and tumor tissues (Fig. 4G), and utilizing
Image ] for analyzing the area of positive cell expression
in histological sections, we observed that the expres-
sion of Ki-67 in FMT-CWQ group was downregulated
compared to FMT-Control group (P<0.01). In FMT-
CWQ+anti-PD-1 group, the expression level of Ki-67
exhibited a more pronounced downregulation trend
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compared to FMT-anti-PD-1 group (P<0.001). These
data indicate that the anti-cancer effect of CWQ com-
bined with PD-1 inhibitor is largely dependent on the gut
microbiota.

CWQ Combined with PD-1 Inhibitor Modulates Gut
Metabolites in CAC

Given the pivotal role of gut microbiota-derived metab-
olites in health and disease regulation, we proceeded
with metabolic analysis on fecal samples from mice in
the control group, CWQ group, PD-1 inhibitor group,
and CWQ combined with PD-1 inhibitor group. Prin-
cipal component analysis (PCA) and PLS-discriminant
supervised analysis (PLS-DA) clearly demonstrated the
distinct separation of metabolomes between the CWQ
combined with PD-1 inhibitor and control groups in the
CAC model (Fig. 5A and B). In the AOM/DSS models,
222 metabolites showed significant alterations in CWQ
combined with PD-1 inhibitor-treated mice compared to
control mice, with 174 being up-regulated and 48 down-
regulated (Fig. 5C).

We utilized KEGG enrichment analysis to explore
alterations in metabolic pathways and their biological
implications by comparing the CWQ combined with
PD-1 inhibitor group to the control group (Fig. 5D). The
differential abundance score plot revealed that, compared
to the control group, the CWQ combined with PD-1
inhibitor group exhibited varying degrees of modulation
in immune system-related pathways (Fig. 5E). Impor-
tantly, the intervention of CWQ combined with PD-1
inhibitor led to the downregulation of most metabolites
involved in NF-kappa B signaling pathway. In essence,
this pathway was inhibited.

To link these metabolites with potential metabolic
activities of gut microbes, we conducted integrative anal-
yses of the altered microbiota and metabolites. Our find-
ings revealed a negative correlation between the probiotic
Limosilactobacillus and LysoPC(18:1(112)/0:0) (P<0.01)
(Fig. 5F), while Bifidobacterium exhibited a negative cor-
relation with Avocadyne 4-acetate (P<0.001). Conversely,
the pathogenic bacteria Desulfovibrio was positively cor-
related with LysoPC(16:0/0:0) and 1-Palmitoylphospha-
tidylcholine (all P<0.05). Collectively, the collaboration
between metabolites and gut microbiota may contribute
to enhancing the chemopreventive effects of CWQ com-
bined with PD-1 inhibitor in CAC.

In our quest to unravel the molecular mechanisms
underlying the tumor-suppressive properties of CWQ
combined with PD-1 inhibitor in CAC, we delved into
RNA sequencing of tumor tissues from two distinct CAC
models. Our analysis revealed significant alterations,
with 824 genes showing upregulation and 567 genes dis-
playing downregulation in mice treated with CWQ com-
bined with PD-1 inhibitor compared to the control group
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(Fig. 5G). Further enrichment analysis using Reactome
unveiled that these differentially expressed genes pre-
dominantly pertained to the immune system (Fig. 5H).
This finding leads us to speculate that CWQ combined
with PD-1 inhibitor may exert its effects by modulating
the immune processes involved in CAC.

CWQ Combined with PD-1 Inhibitor Restores Intestinal
Barrier Function in CAC

Gut dysbiosis stands as a pivotal factor contributing to
the impairment of intestinal barrier function. To investi-
gate the potential impact of CWQ combined with PD-1
inhibitor on the intestinal barrier, we examined varia-
tions in the states of intestinal tissues among different
groups using TEM.

Under TEM, the control group displayed notable fea-
tures, including swelling and localized discontinuity in
the epithelial cells of the intestinal mucosa, as highlighted
by the red circle. The microvilli (Mv) structure exhibited
obscurity, disorganization, and local sparse or fused pat-
terns, as indicated by the red arrows. Desmosomes (De)
were scarce, intercellular spaces were narrow, and dam-
age to the intestinal barrier structure was pronounced.
In the submucosal tissue beneath the microvilli, a loose
structure was observed. The mitochondria (M) were
extensively damaged, characterized by fractured or dis-
appearing mitochondrial cristae, visible electron-lucent
areas, and some ruptured mitochondrial membranes, as
indicated by the blue arrows. The endoplasmic reticu-
lum showed a significant reduction in quantity, while the
remaining endoplasmic reticulum exhibited conspicuous
expansion. Ribosome numbers decreased, denoted by the
yellow arrows, and autophagic bodies were evident, as
indicated by the green arrows.

In contrast, mice treated with CWQ and PD-1 inhibi-
tor exhibited relatively mild damage to intestinal mucosa
epithelial cells. Their cell membranes remained intact,
showcasing a more uniform cytoplasmic composi-
tion compared to the control group, and organelles dis-
played moderate swelling. Microvilli were more closely
arranged, presenting a slender and uniform structure.
Tight junctions (T]) were present, with a short dense
region and visible adherens junctions (AJ). The height-
ened abundance of desmosomes and the presence of
narrow intercellular spaces indicated a mild disruption
to the intestinal barrier. Mitochondria were abundant,
featuring noticeable lipid droplets, mild swelling, intact
membranes, partial matrix dissolution, and fractured
or reduced mitochondrial cristae. Importantly, no typi-
cal autophagic structures were observed. Furthermore,
in the CWQ combined with PD-1 inhibitor group, cell
structures were dense, microvilli were orderly and nota-
bly elongated compared to other groups. Mitochondrial
structure appeared relatively normal, exhibiting intact
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membranes and discernible mitochondrial granules, as
indicated by purple arrows. The endoplasmic reticulum
was more abundant, with no evident expansion observed
(Fig. 6A).

To verify this conjecture, we first utilized immuno-
histochemistry to measure the levels of three proteins,
Z0O-1, Claudin, and Occludin, which are reliable markers
for detecting the integrity of the intestinal barrier. The
results demonstrated that, compared with the control
group, CWQ combined with PD-1 inhibitor significantly
restored the intestinal barrier function in two animal
models (all P<0.001) (Fig. 6B and C). Subsequently, we
synthesized two gene sets from the results of GO enrich-
ment analysis and KEGG enrichment analysis, and then
conducted GSEA (gene set enrichment analysis). Our
investigations unveiled that the administration of CWQ
combined with PD-1 inhibitor elicited an augmentation
in the expression of genes associated with tight junctions
and adherens junctions, concomitant with a reduction
in genes linked to the innate immune response (Fig. 6D).
Considering that most metabolites in the NF-kappa B sig-
naling pathway are downregulated and the intestinal bar-
rier function is repaired by CWQ combined with PD-1
inhibitor, these results indicate the potential of CWQ
combined with PD-1 inhibitor in influencing related
physiological conditions. This discovery not only reveals
the value of this combination therapy within the scope of
our current study but also guides us to further explore its
broader implications in future research directions.

Discussion

In this investigation, the CWQ combined with PD-1
inhibitor demonstrated an anti-cancer effect in the AOM/
DSS-induced CAC mouse model. Specifically, mice
treated with the CWQ combined with PD-1 inhibitor
showed a significant reduction in tumor number, smaller
tumor sizes, and a more intact intestinal barrier. Dysbio-
sis of the gut microbiota can trigger immune responses
in the host, leading to the development of inflammation
and tumors. Using 16 S rRNA gene sequencing analysis,
our study delved into the modulatory impact of CWQ
combined with PD-1 inhibitor on the gut microbiota. The
findings unveiled that this combination treatment not
only enriched beneficial probiotics like Limosilactoba-
cillus and Bifidobacterium but also inhibited pathogenic
bacteria like Desulfovibrio, consequently reshaping the
microbial composition and enhancing the richness and
diversity of the gut microbiota. Limosilactobacillus, a
prominent strain within the Lactobacillus genus, is nota-
bly recognized for its multifaceted capabilities, which
include influencing gut flora, strengthening mucosal bar-
riers, and producing bioactive compounds [23]. Specifi-
cally, Limosilactobacillus plays a pivotal role in immune
regulation by adjusting cytokine expression and restoring
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the Th1/Th2 balance [24]. Its strong adhesion to the gas-
trointestinal epithelial cell layer aids in maintaining and
regulating barrier integrity and tightness [25], achieved
through mechanisms such as mucin induction, tight
junction maintenance, and anti-apoptotic effects. More-
over, Limosilactobacillus enhances the production of pro-
tective mucous layers, counters intestinal oxidative stress,
and mitigates the harmful effects of intestinal pathogens
by downregulating inflammatory mediators [24, 26]. On a
different note, Bifidobacterium has demonstrated its abil-
ity to induce alterations in the fecal microbiota of CRC
patients, concomitantly reducing specific cancer risk fac-
tors through enhanced epithelial barrier function and
suppression of colorectal symbiotic microorganism pro-
liferation [27]. Additionally, it showcases proficiency in
reducing pro-inflammatory cytokines at both the gastro-
intestinal mucosal immune system and systemic immune
system levels [28]. Conversely, the presence of Desulfovi-
brio poses risks of colonic injury and fosters a premeta-
static milieu conducive to tumor metastasis, along with
potential DNA damage and CRC progression due to H,S
production [22]. Various therapeutic approaches target-
ing Desulfovibrio suggest that probiotic treatment can
effectively suppress Desulfovibrio abundance, leading to
significant improvements in clinical outcomes. For exam-
ple, oral administration of Bifidobacterium can reduce
Desulfovibrio abundance, thereby improving colitis and
CRC in rats [29]. Similarly, administering Lactobacil-
lus can also reduce Desulfovibrio abundance, decrease
AOM/DSS-induced CAC incidence, enhance tight junc-
tion protein expression, and reduce pro-inflammatory
cytokine levels [30]. This microbial balance is crucial
for bolstering the intestinal barrier’s functionality and
orchestrating immune responses within the host.

To probe further into the gut microbiota’s role in inhib-
iting tumor development, this study conducted FMT
experiments. Compared to the FMT-Control group, mice
in FMT-CWQ+anti-PD-1 group exhibited a significant
reduction in DAI, colon tumor number, and maintained
colonic integrity. These findings indicate that the altera-
tion of the gut microbiota induced by CWQ combined
with PD-1 inhibitor contributes to its chemopreventive
effect on CAC.

The intestinal barrier, consisting of a single layer of
columnar epithelial cells, which selectively absorb nutri-
ents while restricting the invasion of pathogens. There-
fore, normal intestinal barrier function is essential for
maintaining intestinal homeostasis. The inflammatory
microenvironment and dysbiosis of gut microbiota can
lead to intestinal mucosal damage and disrupt the struc-
ture of intercellular connections of intestinal epithe-
lial cells, thereby impairing intestinal barrier function
and intestinal homeostasis [31]. These changes can be
observed as structural damage under TEM. In this study,
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the AOM/DSS-induced CAC mouse model exhibited
significant disruption of the intestinal barrier structure,
including epithelial cell swelling, microvilli disorganiza-
tion, and extensive mitochondrial damage under TEM.
In contrast, mice treated with CWQ and PD-1 inhibitor
showed mild intestinal damage, with intact cell mem-
branes, organized microvilli, and improved mitochon-
drial structure. Notably, the CWQ combined with PD-1
inhibitor group exhibited dense cell structures, elongated
microvilli, and relatively normal mitochondria, indicating
a protective effect on the intestinal barrier and, in turn,
inhibiting the occurrence and progression of CAC.

Following this, the metabolic analysis revealed signifi-
cant alterations in metabolites between the CWQ com-
bined with PD-1 inhibitor group and the control group,
indicating a distinct metabolic profile induced by the
combination therapy. Specificallyy, KEGG enrichment
analysis highlighted inflammation-related pathway that
was notably downregulated in the CWQ combined with
PD-1 inhibitor group compared to the control group.
This suggests a reduction in inflammation levels follow-
ing the combined treatment. These findings underscore
the potential anti-inflammatory effects of CWQ com-
bined with PD-1 inhibitor, which may contribute to its
chemopreventive efficacy in CAC (Fig. 7).

Research indicates that proper immune responses play
a vital role in pathogen clearance, benefiting the body.
However, excessive immune responses can be detri-
mental. Inflammatory reactions often arise from intense
immune activity. Normally, inflammation is self-limiting,
but in tumors, it becomes persistent and challenging to
control. Failure to resolve acute inflammation can prog-
ress to chronic inflammation, activating oncogenes, caus-
ing DNA and protein damage, reative oxygen species
release, and impacting signaling pathways like NF-kappa
B, leading to inflammation-to-cancer transition [32]. The
intestinal tract, the body’s largest mucosal surface, is con-
stantly exposed to microbial and dietary influences. This
heightened exposure renders the intestine more prone to
both acute and chronic inflammation, a significant con-
tributor to cancer development. Importantly, individuals
experiencing chronic inflammation significantly elevate
their risk of developing CRC [33]. NF-kappa B, as a core
regulator of inflammatory response, plays a critical role
in the pathogenesis of various inflammatory diseases. It
stimulates the expression of pro-inflammatory cytokines,
which contribute to tissue damage linked with inflamma-
tion [34]. Furthermore, NF-kappa B is involved in regu-
lating tumor proliferation and survival. It induces the
expression of genes involved in angiogenesis, affecting
the development and metastasis of tumors [33]. In the
intestine, the upregulation of NF-kappa B signaling pro-
motes the progression of CAC, while probiotics inhibit
NF-kappa B in intestinal epithelial cells, effectively
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preventing CAC in mice [35]. Excessive inflammatory
response not only increases the burden of cancer but
also severely disrupts the integrity of the intestinal bar-
rier [36]. Given the close connection between inflamma-
tion and tumors, numerous studies have confirmed that
controlling inflammation appears to be a more effective
anti-cancer approach. Non-steroidal anti-inflammatory

drugs, especially aspirin, have powerful chemopreven-
tive effects. Similarly, statins significantly reduce the risk
of various cancers by exerting anti-inflammatory effects
[32].

Through the combined treatment of CWQ and PD-1
inhibitor, we modulate the gut microbiota in AOM/DSS-
induced mice and improve intestinal barrier function.
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There are indications of the potential to inhibit pro-
inflammatory pathways, although this has not been
proven in the current experiment. We will further study
this aspect. Specifically, we aim to explore in depth the
detailed molecular mechanisms underlying this poten-
tial anti-inflammatory effect, such as identifying the key
downstream targets and the relevant signaling pathways.
In addition, we plan to examine how this potential sup-
pression of inflammation affects the overall progression
of CAC using more complex in -vivo and in -vitro mod-
els. This will enable us to gain a more comprehensive
understanding of the therapeutic potential of CWQ com-
bined with PD-1 inhibitor in the treatment of CAC.

Conclusion

This research provides pioneering evidence concerning
the anti-cancer efficacy of CWQ in combination with
PD-1 inhibitor in mice induced by AOM/DSS. Further-
more, it has been discovered that the combined treatment
augments the abundance of the intestinal microbiota.
Specifically, it enriches probiotic bacteria including
Limosilactobacillus and Bifidobacterium, while reduc-
ing the amount of pathogenic bacteria such as Desulfovi-
brio. Additionally, the metabolites of the gut microbiota
might also possess anti-inflammatory activity. Moreover,
CWQ combined with PD-1 restores the intestinal barrier.
Therefore, CWQ combined with PD-1 inhibitor exerts its
anti-CAC effect through modulating the gut microbiota,
safeguarding the integrity of the intestinal barrier, and
thus inhibiting the development of CAC.
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