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Background: Intestinal tumors are the third most common malignant tumors worldwide,
accounting for approximately 10% of all new cancer cases worldwide. Cancer prevention
is a promising way to limit the intestinal tumor incidence rate; however, challenges remain.
Qingchang Wenzhong decoction (QCWZD) can clinically treat mild to moderate ulcerative
colitis symptoms. Moreover, the mechanism by which it prevents intestinal tumors has not
been clarified. In this study, we explored the mechanism by which QCWZD prevents the
occurrence of intestinal tumors.

Methods: To study the preventive mechanism of QCWZD on intestinal tumors, we used
two model mice with azoxymethane/dextran sodium sulfate (AOM/DSS)- and Apcmin/+-
induced intestinal tumor formation. The two models exhibited colitis-associated cancer
and familial adenomatous polyposis, respectively. Colon and small intestine tissues were
collected and analyzed based on histopathology and immunohistochemistry analyses.
Fecal samples were collected, and 16S rRNA sequencing was used to analyze the
correlation between intestinal microbiota and the prevention of intestinal tumors.

Results: In the AOM/DSS mice, the QCWZD reduced the number and size of tumors, as
well as tumor load. Similarly, in the Apcmin/+ mice, QCWZD can also reduce the number of
tumors and the tumor load. The results of 16S rRNA sequencing confirmed that QCWZD
altered the composition of intestinal microbiota in mice, a phenomenon that may prevent
the occurrence of intestinal tumors by aiding the increase in the abundance of beneficial
bacteria, such as Ralstonia and Butyricicoccus, and reducing that of pathogenic bacteria,
such as Desulfobacterota and Bacteroides, in the intestine. Further,
immunohistochemistry reveald that QCWZD can improve the expression of intestinal
barrier-related proteins and inhibit pyroptosis-related proteins.
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Conclusions: QCWZD has the potential to prevent the occurrence of intestinal tumors.
The anti-tumor activity may be achieved by regulating the intestinal microbiota, improving
the function of the intestinal barrier, and inhibiting GSDME mediated pyroptosis.

Keywords: intestinal tumor, Qingchang Wenzhong decoction, gut microbiota, gasdermin E, traditional Chinese
medicine

1 INTRODUCTION

Intestinal tumors are major malignant tumors that endanger human
health. Worldwide, these have high morbidity and mortality rates
(Sung et al., 2021). Colorectal cancer (CRC) has the highest incidence
rate among all intestinal tumors. Genetic factors, inflammation, and
eating habits are important risk factors for intestinal tumors. Among
these, chronic inflammation is closely associated with approximately
¼ of human cancers (Westbrook et al., 2016). In humans, the high
incidence rate of intestinal tumors in patients with inflammatory
bowel disease suggests that chronic inflammation is closely associated
with cancer (Piotrowski et al., 2020). Cancer prevention is an effective
way to reverse, inhibit, or prevent the initial stage of carcinogenesis or
the progression of precancerous cells to invasive diseases. Currently,
preventive drugs used for intestinal tumors mainly include aspirin,
statins, andmetformin. However, the therapeutic effect of these drugs
is uncertain, and their long-term use is associated with the potential
risks of systemic adverse reactions and side effects (Rothwell et al.,
2018; Katona and Weiss, 2020; Maniewska and Jezewska, 2021).
Therefore, the search for drugs that effectively prevent intestinal
tumors is still ongoing.

Studies have shown that the intestinal microbiota is closely
associated with intestinal tumors (Mima et al., 2017). Intestinal
microbiota is involved in various stages of tumor occurrence,
development, and metastasis. Therefore, it can be used as a
marker for early tumor warning and prognosis prediction and as
a potential target for tumor prevention and treatment (Temraz et al.,
2019; Ren et al., 2021). Studies have confirmed that several
pathogenic bacteria associated with CRC, such as Escherichia coli
and Clostridium nucleatum, promote the occurrence and
development of tumors through different mechanisms (Arthur
et al., 2012; Rubinstein et al., 2013; Yang et al., 2017). However,
some probiotics can prevent and treat intestinal tumors by regulating
the immune system, improving intestinal barrier function, and
secreting anticancer substances (Ding et al., 2020; Tripathy et al.,
2021). In addition, the intestinal microbiota and barrier have a close
relationship. Imbalance in the intestinal microbiota will affect the
mucous layer of the intestinal barrier system and subsequently affect
the mechanical barrier composed of tight junctions (TJs) and
adhesive junctions (AJs), intensifying the inflammatory response
and occurrence of tumors (Dokladny et al., 2016; Bach Knudsen
et al., 2018;Martens et al., 2018). Therefore, the intestinal barrier plays
an important role in preventing intestinal tumors.

Pyroptosis is a form of inflammatory cell death, which occurs
due to pathogenic infections. Intestinal microbiota can promote
the occurrence and development of intestinal tumors by
mediating cell death. However, intestinal microbiota can also
promote the release of gasdermin E N-terminal (GDSME-N)
fragments by activating the inflammatory corpuscles.

GDSME-N fragments form pores in the cell membrane, a
phenomenon that changes the osmotic pressure of cells,
resulting in cell membrane breakdown and pyroptosis.
Importantly, lipopolyssacharides in the cytoplasm of Gram-
negative bacteria promote the release of GDSME-N fragments,
resulting in cytoplasmic swelling and scorch death and by
extension, the release of high-mobility group box 1 protein
(HMGB1), interleukin (IL)-1β, and IL-18 (Xia et al., 2019; Tan
et al., 2021). Hence, bacteria present in tumors can cause cell
death and chronic inflammation and promote tumor growth (de
Martel et al., 2012; Moskowitz et al., 2021). Gasdermin proteins
are the main executors of cell pyroptosis. GSDME cleavage occurs
during changes in cell osmotic pressure, leading to cell membrane
lysis and pyroptosis (Shi et al., 2015; Wang et al., 2017; Feng et al.,
2018). This pore-forming activity leads to cytoplasmic swelling
and release of intracellular contents, such as immunogenic
damage-associated molecular patterns that include HMGB1
(Boyapati et al., 2016; Rogers et al., 2017; Broz et al., 2020).
Previous studies have shown that HMGB1 released by GSDME-
mediated pyrolytic epithelial cells can participate in the
tumorigenesis of colitis-associated CRC. Therefore, GSDME is
closely associated with the occurrence of intestinal tumors.

Qingchang Wenzhong decoction (QCWZD) is a traditional
Chinese medicine developed by Li (Mao et al., 2016). It is
composed of Coptis chinensis Franch, Curcuma longa L.,
Strobilanthes cusia (Nees) Kuntze, Sophora flavescens Aiton,
Basella alba L., Dolomiaea costus, Sanguisorba officinalis L.,
and Glycyrrhiza glabra L. Clinical studies have shown that
QCWZD has significant clinical efficacy in patients with mild
to moderate ulcerative colitis (UC). In addition, in model rats
with dextran sodium sulfate (DSS)-induced UC, QCWZD
alleviated inflammation and improved colitis by
downregulating the interferon γ-induced protein 10/CXCR3
axis (Mao et al., 2016), upregulating the macrophage-
stimulating protein/recepteur d’origine nantais signaling
pathway (Mao et al., 2017), promoting the expression of
NLRP12 mediated by the intestinal microbiota, and improving
the integrity of the intestinal barrier (Shi et al., 2019; Sun et al.,
2019). We used azoxymethane AOM/DSS and Apcmin/+ mouse
models to elucidate the protective mechanism of QCWZD against
intestinal tumors. We also studied the role of the intestinal
microbiota in intestinal carcinogenesis.

2 MATERIALS AND METHODS

2.1 Antibodies and Reagents
DSS (160,110) was purchased from MP Biomedicals, AOM
(A5486) was purchased from Sigma-Aldrich. ZO-1 antibody
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(21773-1-AP), Muc2 antibody (27675-1-AP), ZO-2 antibody
(18900-1-AP), IL-18 (10663-1-AP) was purchased from
Proteintech. Occludin antibody (BS72035), HMGB1 antibody
(BS 1918), NLRP3 antibody (BS9094), IL-1β (BS65005) was
purchased from Bioworld. GSDME antibody (A7432) was
purchased from ABclonal. E-cadherin antibody (3195S) was
purchased from Cell Signaling Technology. Dry ointment
powder of QCWZD was provided by the Yangzi River
Pharmaceutical Group.

2.2 Animals
Male C57BL/6 mice (6–8 weeks old, with a body weight of
20–22g) were purchased from Changzhou Cavins Laboratory
Animal Co. Ltd. Apcmin/+ mice (male, 5 weeks old) were obtained
from GemPharmatech Co., Ltd (Nanjing, China). The mice were
housed under standard laboratory conditions at the Jiangsu
Institute of Traditional Chinese Medicine (room temperature
22 ± 2°C, humidity 50 ± 10%) with a 12 h light/dark cycle. All
procedures involving animals were approved by the Institutional
Animal Care and Use Committee of the Jiangsu Institute of

Traditional Chinese Medicine, and the details of the procedures
were drafted in accordance with the guidelines. The experiment
was conducted in accordance with the guidelines published by the
National Institutes of Health.

For the mouse model induced by AOM/DSS, the mice were
divided into four groups (n = 6–8): vehicle group, AOM/DSS
group, low-dose QCWZD group (0.7 g/kg) and high-dose
QCWZD group (1.4 g/kg). After one week of adaptive feeding,
the mice were intraperitoneally injected with 10 mg/kg AOM.
Seven days later, the mice were administered 2% DSS dissolved in
drinking water for seven consecutive days, followed by 14 days of
regular drinking water for recovery. This same cycle was repeated
twice, followed by regular drinking water until the 15th week
when the mice were killed. The QCWZD treatment group began
intragastric treatment on day 0. A schematic diagram of the
experimental design is shown in Figure 1A.

For Apcmin/+ mouse model, mice were divided into three
groups (n = 6–8): vehicle group, model group and high-dose
QCWZD group (1.4 g/kg). The mice were fed a 60% high-fat diet.
The QCWZD treatment group was administered QCWZD by

FIGURE 1 | Preventive effect of QCWZD on AOM/DSS-induced colon cancer in C57BL/6 mice. (A) AOM/DSS-induced animal model in C57B/L6 mice .(B) Colon
morphology .(C) Measured tumor number, size, and load. (D) Representative H&E-stained colorectum sections (magnification: ×200). Black arrow: local necrosis and
abcission of intestinal mucosal epithelial cells, blue arrow: focal infiltration of inflammatory cells in the mucosal layer, green arrow: fibrous tissue hyperplasia in the mucosal
layer and disappearance of some intestinal glands, red arrow: fibrous connective tissue hyperplasia and increased tissue space in the submucosa; low dose:
0.7 g/kg, high dose: 1.4 g/kg; *p < 0.05, **p < 0.01.
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gavage from the first day, and the mice were killed at the
14th week. A schematic diagram of the experimental design is
shown in Figure 5A.

2.3 Haematoxylin and Eosin Staining
The complete intestinal tissue was cut longitudinally, the fecal
contents were removed, the tissue was washed with PBS, and fixed
with 4% paraformaldehyde overnight. The fixed intestinal tissue
was embedded in paraffin blocks into 5 μm-thick slices. Sections
were dewaxed and rehydrated using a xylene–ethanol–water
gradient system and stained with hematoxylin and eosin
(H&E) using a standard protocol. Microscopic observations
and pathological examinations were performed.

2.4 Immunohistochemistry
The expression levels of MUC2, Occludin, ZO-1, ZO-2,
E-cadherin, NLRP3, GSDME, HMGB1, IL-1β, IL-18 in
paraffin-embedded sections (5 μM) of intestinal tissues were
evaluated using IHC with specific antibodies. After dewaxing,
the sections were antigen repaired, background blocked, and then
incubated with primary antibody at 4°C overnight. Biotin-labeled
secondary antibody and streptavidin horseradish peroxidase
(HRP) were incubated at room temperature for 30 min.
Immune response was detected with 3-3-diaminobenzidine
and counterstained with hematoxylin. The sections were then
observed under an optical microscope. Image analysis was
performed by blind method and analyzed with iamge Pro
plus6 software to score the immune response of samples and
calculate the area density of each sample. Area density is the
cumulative optical density (IOD)/tissue area of the area to be
tested. The cumulative optical density value is the integral of the
optical density of all the positive signals. Dividing by the area
product of the area to be tested can reflect the positive number
and depth, which are in direct proportion.

2.5 16S rRNA Gene Sequencing and Data
Analysis
Mouse feces were collected, quickly frozen in liquid nitrogen, and
stored at − 80°C. Microbial DNA was extracted from the samples
using the E. Z.N.A.® Soil DNAKit (Omega Bio-tek, Norcross, GA,
United States) according to the manufacturer’s protocols. The
V4-V5 region of the bacterial 16S ribosomal RNA gene was
amplified by PCR (95°C for 2 min, followed by 25 cycles at 95°C
for 30 s, 55°C for 30 s, and 72°C for 30 s, and a final extension at
72°C for 5 min) using the primers 515F 5′-barcode-
GTGCCAGCMGCCGCGG)-3′ and 907R 5′-
CCGTCAATTCMTTTRAGTTT-3′, where the barcode is an
eight-base sequence unique to each sample. PCR reactions
were performed in triplicate in a 20 μl mixture containing 4 μl
of 5 × FastPfu Buffer, 2 μl of 2.5 mM dNTPs, 0.8 μl of each primer
(5 μM), 0.4 μl of FastPfu Polymerase, and 10 ng of template DNA.
Amplicons were extracted from 2% agarose gels and purified
using an AxyPrep DNA Gel Extraction Kit (Axygen Biosciences,
Union City, CA, United States) according to the manufacturer’s
instructions. Purified PCR products were quantified by Qubit®3.0
(Life Invitrogen) and every twenty-four amplicons with different

barcodes were mixed equally. The pooled DNA product was used
to construct the Illumina paired-end library following the
Illumina genomic DNA library preparation procedure. The
amplicon library was paired-end sequenced (2 × 250) on an
Illumina platform (Shanghai BIOZERON Biotech Co., Ltd.),
according to standard protocols.

2.6 Statistical Analysis
Unless otherwise indicated, statistical analyses were performed
using the GraphPad Prism software. All experimental data are
expressed as mean ± SEM, and One-way ANOVA was used to
confirm the significance between the three groups, and t-test was
used to confirm the significance between the two groups.
Statistical significance was set at p < 0.05.

3 RESULTS

3.1 Preventive Effect of Qingchang
Wenzhong Decoction on Azoxymethane/
Dextran Sodium Sulfate Mice
To evaluate the preventive effect of QCWZD on colon tumors, we
constructed an AOM/DSS mouse model (Figure 1A). Animals in
the vehicle group exhibited normal colon morphology.
Meanwhile, animals in the AOM/DSS group exhibited large
number of tumors at the end of the colorectum. In addition,
animals in the high-dose QCWZD group exhibited significantly
reduced average number of tumors, tumor size, and tumor load
compared with those in the AOM/DSS group (Figures 1B,C).

H&E staining revealed that the colorectal epithelial cells in the
vehicle group were closely arranged; the recess was normal; the
intestinal mucosa and submucosa were complete; and there was
no inflammatory cell infiltration. However, in the AOM/DSS
group, H&E staining revealed the following: local necrosis and
abscission of intestinal mucosal epithelial cells; fibrous tissue
hyperplasia and focal infiltration of inflammatory cells in the
mucosal layer; disappearance of some intestinal glands; and
fibrous connective tissue hyperplasia, as well as increased
tissue space, in the submucosa. Compared with the AOM/DSS
group, the QCWZD treatment groups exhibited decreased degree
of inflammatory cell infiltration and more normal recess cells
(Figure 1D). These results confirmed that QCWZD reduced the
occurrence of AOM/DSS-induced colon tumors.

3.2 Qingchang Wenzhong Decoction
Changed the Overall Composition of the
Intestinal Microbiota
To determine whether QCWZD has a regulatory effect on the
intestinal microbiota, we used 16S rRNA gene sequencing for
operational taxonomic unit (OTU) cluster and species taxonomy
analyses. Using OTU cluster analysis, we analyzed the overall
structural changes in the intestinal microbiota of AOM/DSS mice
after QCWZD treatment. As shown in Figure 2A, each curve was
flat, indicating that the amount of sequencing data was reasonable
andmost OTUs were present in all samples. In addition, the Venn
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diagram shows that 34 OTUs coexisted in the four groups. We
identified 43 OTUs in the vehicle and AOM/DSS groups, 348
OTUs in the AOM/DSS and low-dose groups, 264 OTUs in the
AOM/DSS and high-dose groups, 60 OTUs in the vehicle and
low-dose groups, 85 OTUs in the vehicle and high-dose groups,
and 293 OTUs in the high- and low-dose groups (Figure 2B).
Principal coordinates analysis (PCoA) revealed that the intestinal
microbiota of the vehicle group significantly differed from that of
the AOM/DSS group. Meanwhile, the distance between the
QCWZD and vehicle groups was less than that of the AOM/
DSS and vehicle groups (Figure 2C). Shannon and Chao indices
were used to reflect the sample α-diversity index, which revealed
that QCWZD changed the α-diversity of the intestinal microbiota
(Figure 2D).

3.3 Qingchang Wenzhong Decoction
Regulated the Proliferation of Bacteria in
Azoxymethane/Dextran Sodium Sulfate
Mice
The histogram reflected that all samples contained the phyla
Bacteroidetes, Firmicutes, Proteobacteria, Actinobacteria,
Campylobacterota, and Desulfobacterota (Figure 3A); the most
abundant were Bacteroidetes, Firmicutes, and Proteobacteria. On
the other hand, 46 genera were identified in all samples, mainly
including Ralstonia, Muribaculum, and Lanchnospiraceae
NK4A136 (Figure 3B). Seven different bacteria were screened
at the phylum and genus levels. At the phylum level, we found
that Desulfobacterota existed only in the model group. At the
genus level, compared with that of the model group, the
abundance of Bacteroides, Colidextribacter, and Muribaculum
in the QCWZD group significantly decreased, while the
abundance of Bosea, Caulobacter, and Ralstonia significantly
increased (Figure 3C). These results showed that QCWZD
can change the composition of the intestinal microbiota and
prevent the occurrence of colon tumors by decreasing the
abundance of the harmful bacteria Desulfobacterota,
Bacteroides, and Muribaculum and increasing the abundance
of the beneficial bacterium Ralstonia.

3.4 Qingchang Wenzhong Decoction
Prevented the Occurrence of Colonic
Tumors by Improving the Function of the
Intestinal Barrier and Inhibiting
GSDME-Mediated Pyroptosis
Under normal circumstances, microorganisms in the microbiota
interact to form a dynamic balance and jointly maintain the
intestinal microenvironment. Increase in the number of
pathogenic bacteria and decrease in the number of probiotics
will lead to intestinal microbiota imbalance and destroy the
intestinal barrier (Tan et al., 2020). Therefore, using IHC, we
detected the expression levels of the mucus layer-associated
protein MUC2; tight junction-associated proteins Occludin,
ZO-1, and ZO-2; and adhesion junction-associated protein
E-cadherin. The results showed that the levels of intestinal
barrier function-related proteins in the QCWZD group were

significantly higher (Figure 4A) than those in the AOM/DSS
group. As the microbiota-mediated destruction of the intestinal
barrier further affects the occurrence of pyroptosis and promotes
the occurrence of intestinal tumors, we detected the levels of
proteins related to pyroptosis. We found that QCWZD inhibited
the activation of the NLRP3 inflammasome, thereby decreasing
GSDME expression and subsequently reducing the release of
HMGB1, IL-1β, and IL-18 (Figure 4B). These results suggested
that QCWZD can prevent the development of colonic tumors by
improving the intestinal barrier function and inhibiting GSDME-
mediated pyroptosis.

3.5 Preventive Effect of Qingchang
Wenzhong Decoction on Small Intestinal
Tumors in Apcmin/+ Mice
To evaluate the preventive effect of QCWZD on small intestinal
tumors, we used the Apcmin/+ mouse model (Figure 5A), an ideal
intestinal tumor model. Under a high-fat diet, the Apcmin/+ mice
have obvious intestinal adenomas mostly found in the ileum and
jejunum. The weight change diagram shows that compared with
that of the vehicle group, the weight of the mice in the model
group significantly decreased. Meanwhile, after high-dose
QCWZD treatment, no significant difference was noted
between the weight of the mice in the high-dose QCWZD and
model groups (Figure 5B). However, high-dose QCWZD
reduced the tumor number and load in Apcmin/+ mice
(Figure 5C). In addition, H&E staining showed that compared
to that of the vehicle group, the intestinal tissue structure of the
model group was severely abnormal, and a large amount of
inflammatory cell infiltration was observed in the tissue. After
high-dose QCWZD treatment, the intestinal tissue structure was
slightly abnormal, and the degree of inflammatory cell infiltration
decreased (Figure 5D). These data showed that QCWZD can
prevent the occurrence of small intestinal tumors.

3.6 Qingchang Wenzhong Decoction
Changed the Overall Composition of the
Intestinal Microbiota in Apcmin/+ Mice
Considering that QCWZD can change the overall intestinal
microbiota composition of AOM/DSS mice, we investigated
whether the same effect can be observed on Apcmin/+ mice.
We also used 16S rRNA gene sequencing to analyze changes
in the overall intestinal microbiota of the mice. The rarefaction
curves showed that the species richness in the different samples
significantly varied; the rarefaction curve of each sample was flat,
indicating that the amount of sequencing data was reasonable
(Figure 6A). Based on the sequencing data of these samples and
the Venn diagram, 459 OTUs were identified in the four groups,
526 OTUs in the vehicle and model groups, 645 OTUs in the
model and high-dose groups, and 509 OTUs in the vehicle and
high-dose groups (Figure 6B). The PCoA diagram shows that the
intestinal microbiota of the vehicle and model groups are
significantly different. After high-dose QCWZD treatment, the
intestinal microbiota of the high-dose group became similar to
that of the vehicle group (Figure 6C). In addition, no significant
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difference was noted in the Chao and Shannon indices
(Figure 6D). Overall, QCWZD can prevent the occurrence of
small intestinal tumors by altering the overall composition of the
intestinal microbiota in Apcmin/+ mice.

3.7 Qingchang Wenzhong Decoction
Regulated the Proliferation of Bacteria in
Apcmin/+ Mice
Since previous studies have shown that QCWZD can regulate the
specific intestinal microbiota of AOM/DSS mice, we also used 16S
rRNA to analyze the intestinal microbiota structure of Apcmin/+ mice
at the phylum and genus levels. The phylum level mainly included
Firmicutes, Bacteroidetes, Actinobacteria, Desulfobacterota,
Proteobacteria, Campylobacterota, Verrucomicrobiota,

Deferibacterota, and Paesciabacteria, of which Firmicutes and
Bacteroidota accounted for a large proportion (Figure 7A). The
genus level included Lactobacillus, Muribaculaceae_norank, and
Faecalibaculum (Figure 7B); 56 genera were identified in all
samples. In addition, three different bacteria were screened at the
phylum and genus levels according to the structural distribution of
the intestinal microbiota in each group. Compared to that of the
vehicle group, the abundance of Desulfobacterota, Anaerotruncus,
and Butyricoccus in the model group significantly decreased. Albeit
insignificantly, high-dose QCWZD changed this trend. Further, the
abundance of Erysipelotrichaceae_unclassified was high in the model
group and low in the vehicle and high-dose QCWZD groups
(Figure 7C). These data indicated that QCWZD reduced the
abundance of the harmful bacteria Erysipelotrichaceae_
unclassified and increased the abundance of the beneficial bacteria

FIGURE 2 | QCWZD can change the structure of intestinal microbiota in AOM/DSS mice. (A) Rarefaction curves determined at the 97% similarity level. (B) Venn
diagram of OTUs in the four groups (vehicle group, AOM/DSS group, low-dose group, high-dose group). (C) Multiple-sample PCoA analysis. (D) Chao and Shannon
indices. Low dose: 0.7 g/kg, High dose: 1.4 g/kg ***p < 0.001, ****p < 0.0001.
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Anaerotruncus and Butyricoccus to prevent the occurrence of small
intestinal tumors.

3.8 Qingchang Wenzhong Decoction
Prevented the Occurrence of Small
Intestinal Tumors by Improving the Function
of the Intestinal Barrier and Inhibiting
GSDME-Mediated Pyroptosis
In AOM/DSS mice, QCWZD reduced the occurrence of colonic
tumors by improving the function of the intestinal barrier and
inhibiting GSDME-mediated pyroptosis. Using IHC, we analyzed
the expression levels of intestinal barrier function-related
proteins in the small intestine to verify whether the intestinal
barrier function improved in the Apcmin/+ mouse model. As
shown in Figure 8A, the mucus layer-associated protein
MUC2, tight junction-associated proteins Occludin, ZO-1, and

ZO-2, and adhesion junction-associated protein E-cadherin were
poorly expressed in the model group; however, their expression
significantly increased after QCWZD treatment. These results
suggested that QCWZD improved the intestinal barrier function.
At the same time, pyroptosis-associated proteins were also
detected, showing that QCWZD can prevent the development
of small intestinal tumors in the Apcmin/+ model by inhibiting
GSDME-mediated pyroptosis (Figure 8B).

4 DISCUSSION

The number of microorganisms in an adult intestine is as high as
1014, which is ten times the total number of human cells
(Tremaroli and Backhed, 2012). Under normal circumstances,
various microbiota restrict and depend on each other to maintain
dynamic balance and jointly maintain the intestinal

FIGURE 3 | Gut microbial community structure in AOM/DSS mice after QCWZD treatment. (A) Microbial community bar plot according to phylum. (B) Microbial
community bar plot according to genus. (C) Heatmap of gut microbiota abundance at the phylum and genus levels. Low dose: 0.7 g/kg, High dose: 1.4 g/kg *p < 0.05,
**p < 0.01, ***p < 0.001, ****p < 0.0001.

Frontiers in Physiology | www.frontiersin.org July 2022 | Volume 13 | Article 9173237

Ren et al. QCWZD Prevents Intestinal Tumor

https://www.frontiersin.org/journals/physiology
www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles


FIGURE 4 | Effects of QCWZD on the intestinal barrier and pyroptosis in AOM/DSS-treated mice. (A) Levels of MUC2, occludin, ZO-1, ZO-2, and E-cadherin in
AOM/DSS-treated mice (magnification: ×200). (B) Levels of NLRP3, GSDME, HMGB1, IL-1β, and IL-18 in AOM/DSS-treated mice (magnification: ×200). Low dose:
0.7 g/kg, High dose: 1.4 g/kg *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001.
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microenvironment. Once this balance is destroyed, the number of
pathogenic bacteria increases and the number of probiotics
decreases, leading to intestinal microbiota imbalance and
subsequent onset of intestinal diseases. Recent studies have
shown that the intestinal microbiota contributes to the
pathogenesis and prognosis of intestinal tumors (Geller et al.,
2017; Fan et al., 2018; Zheng et al., 2018). However, the complex
interaction between the intestinal microbiota and intestinal
tumors is still the main obstacle for the prevention and
treatment of intestinal tumors.

In this study, we used AOM/DSS and Apcmin/+ mouse models
to study the effect of QCWZD on intestinal tumors. The results
revealed that QCWZD exerted a pronounced protective effect
against intestinal tumors, which was manifested by reducing the
number of colonic tumors, tumor size and load, and degree of

colonic lesions in AOM/DSS mice. QCWZD also decreased the
small intestinal tumor load of Apcmin/+ mice.

The intestinalmicrobiota, including symbiotic bacteria, probiotics,
and pathogens, play an important role in human health.We used 16S
rRNA gene sequencing to analyze abundance, structural distribution,
and intergroup differences in the microbial community. In AOM/
DSS mice, seven different bacteria were found at the phylum and
genus levels: Desulfobacterota, Bacteroides, Bosea, Caulobacter,
Colidextribacter, Limoslactobacillus, Muribaculum, and
Sphingomonas. Desulfobacterota, Bacteroides, Colidextribacter,
Limoslactobacillus, and Muribaculum were highly enriched in the
model group; whereas Bosea, Caulobacter, and Sphingomonas were
enriched in the control andQCWZD treatment groups.Bacteroides is
a potential “driver” of CRC, and its specific bacterial components can
cause DNA damage in colonic epithelial cells (Tjalsma et al., 2012).

FIGURE 5 | Preventive effects of QCWZD in Apcmin/+ mice. (A) The Apcmin/+ mousemodel. (B)Measured bodyweight and (C) tumor load. (D)Representative H&E-
stained colorectum sections (magnification: ×200). Red arrow: inflammatory cell infiltration, yellow arrow: lymphocytic infiltration; High dose: 1.4 g/kg, **p < 0.01, ****p <
0.0001.
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Desulfobacterota is associated with intestinal immunity and
microbiota imbalance (Xiao et al., 2021). Muribaculum has been
reported to be positively correlated with colonic proinflammatory
cytokines (Reinoso Webb et al., 2018). Roseburia is a probiotic that
can metabolize short-chain fatty acids (SCFAs), and the metabolites
produced are beneficial to intestinal health (Tjalsma et al., 2012; Louis
et al., 2014; Flemer et al., 2018). In Apcmin/+ mice, three different
bacteria were screened at the phylum and genus levels:
Anaerotruncus, Butyricoccus, and Erysipelotrichaceae_unclassified.
Members of Erysipelotrichaceae can aggravate intestinal
inflammation (Kaakoush, 2015), while Anaerotruncus and
Butyricoccus may produce SCFAs. The production of SCFAs can
inhibit the occurrence of intestinal tumors (Shi et al., 2020; Fang et al.,
2021). Anaerotruncus is considered conducive for the production of
butyrate and has antiobesity effects (Polansky et al., 2015; Liu et al.,
2016). In conclusion, the above results showed that QCWZD can
prevent the occurrence of intestinal tumors by increasing the number
of beneficial bacteria and reducing the number of harmful bacteria in
the intestine. The intestinal microbiota/inflammation axis also plays

an important role in the occurrence and development of intestinal
tumors. Through inductive analysis, we found that the regulatory
mechanism of pathogenic bacteria was closely related to
inflammation and QCWZD can ameliorate the intestinal
inflammatory infiltration (Supplementary Figure S1). Further,
intestinal microbiota imbalance will lead to the destruction of the
intestinal barrier. IHC revealed that QCWZD can reinforce the
intestinal mucous layer and mechanical barrier composed of TJs
and AJs.

The occurrence and development of cancer are often
accompanied by serious inflammatory reactions and cell
pyroptosis, a type of inflammatory cell death (Ruan et al.,
2020; Zheng and Li, 2020; Ju et al., 2021). Zheng et al. (Yu
et al., 2019) found that GSDME cleavage by cysteine aspartase 3
determines the pyroptosis of colon cancer cells induced by
lobaplatin. The destruction of the intestinal barrier will further
affect the occurrence of pyroptosis. To explore whether the
preventive effect of QCWZD on intestinal tumors was related
to pyroptosis, we conducted an IHC analysis. The results showed

FIGURE 6 | QCWZD can change the structure of intestinal microbiota in Apcmin/+ mice. (A) Rarefaction curves determined at the 97% similarity level. (B) Venn
diagram of OTUs in the three groups (vehicle group, model group, high-dose group). (C) Multiple-sample PCoA analysis. (D) Chao and Shannon indices. High dose:
1.4 g/kg.
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FIGURE 8 | Effects of QCWZD on the intestinal barrier and pyroptosis in Apcmin/+ mice. (A) Levels of MUC2, occludin, ZO-1, ZO-2, and E-cadherin in Apcmin/+ mice
(magnification: ×200). (B) Levels of NLRP3, GSDME, HMGB1, IL-1β, and IL-18 in Apcmin/+ mice (magnification: ×200). High dose: 1.4 g/kg, *p < 0.05, **p < 0.01.

FIGURE 7 | Gut microbial community structure in Apcmin/+ mice after QCWZD treatment. (A) Microbial community bar plot according to phylum. (B) Microbial
community bar plot according to genus. (C) Heatmap of gut microbiota abundance at the phylum and genus levels. High dose: 1.4 g/kg, *p < 0.05.
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that pyroptosis-associated proteins were highly expressed in the
AOM/DSS and Apcmin/+ mouse models; however, the expression
level decreased after QCWZD treatment, indicating that
QCWZD inhibits the activation of the NLRP3 inflammasome.
This phenomenon results in the inhibition of GSDME-mediated
pyroptosis and reduced release of HMGB1, IL-1β, and IL-18.

A recent study found that QZWZD accelerates intestinal
mucosal healing by modulating dysregulated gut microbiome,
intestinal barrier, and immune responses in mice (Sun et al.,
2021). In this study, we used a DSS mouse model to prove that
QCWZD can reverse DSS-induced intestinal disorders, change
the metabolic status, promote recovery from epithelial damage,
reduce intestinal inflammation, and activate Wnt/β-catenin
signaling, thereby improving intestinal mucosal barrier
integrity. We also found that QCWZD reduced the expression
of β-catenin, glycogen synthase kinase-3β, and Axin2
(Supplementary Figure S2). However, we used different
models, i.e., AOM/DSS and Apc models, to explore the
mechanism by which QCWZD prevents the development of
intestinal tumors. Our study found that QCWZD can regulate
the intestinal microbiota in a different manner from that
described in the aforementioned studies. Further, considering
the new perspectives on pyroptosis, we found that QCWZD can
inhibit GSDME-mediated pyroptosis to prevent the occurrence of
intestinal tumors.

In conclusion, our data showed that QCWZD can effectively
prevent the occurrence of intestinal tumors in AOM/DSS and

Apcmin/+ mouse models. Its protective mechanism is related to
regulating the intestinal microbiota, inhibiting HMGB1 release
mediated by GSDME, and improving the intestinal barrier
(Figure 9). The mechanism of action of QCWZD in colitis
has been previously reported; however, to the best of our
knowledge, we were the first to report a preventive mechanism
against intestinal tumors. Our results provided theoretical
support for the clinical application of QCWZD. This study
provided new ideas and helped in the secondary research and
development, optimization, and innovation of traditional
Chinese medicine. It broke through the limitations of research
and application.

DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found below: https://www.ncbi.nlm.nih.gov/,
PRJNA794912;https://www.ncbi.nlm.nih.gov/, PRJNA79648.

ETHICS STATEMENT

The animal study was reviewed and approved by the Committee
on Ethical Use of Animals of Jiangsu Institute of Traditional
Chinese Medicine.

FIGURE 9 | Schematic diagram of how QCWZD prevents intestinal tumorigenesis.

Frontiers in Physiology | www.frontiersin.org July 2022 | Volume 13 | Article 91732312

Ren et al. QCWZD Prevents Intestinal Tumor

https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/
https://www.frontiersin.org/journals/physiology
www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles


AUTHOR CONTRIBUTIONS

YY, LR, BZ and XC were in charge of searching all the relative
papers and writing this manuscript. YW, JY, ZZ, ZC, and WZ
made substantial contributions to the experiments and drew the
figures. PC offered valuable suggestions and guidance in
organizing and drafting this manuscript.

FUNDING

This work was supported by the National Natural Science
Foundation of China (grant numbers 81973498, 82104508,

and 81774283), the Joint Open Project of Jiangsu Key
Laboratory for Pharmacology and Safety Evaluation of Chinese
Materia Medica and the Yangtze River Pharmaceutical Group
(No. JKLPSE202003), and Young Elite Scientists Sponsorship
Program of the China Association for Science and Technology
(2021-QNRC2-B17).

SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fphys.2022.917323/
full#supplementary-material

REFERENCES

Arthur, J. C., Perez-Chanona, E., Mühlbauer, M., Tomkovich, S., Uronis, J. M., Fan,
T.-J., et al. (2012). Intestinal Inflammation Targets Cancer-Inducing Activity of
the Microbiota. Science 338 (6103), 120–123. doi:10.1126/science.1224820

Bach Knudsen, K., Lærke, H., Hedemann, M., Nielsen, T., Ingerslev, A., Gundelund
Nielsen, D., et al. (2018). Impact of Diet-Modulated Butyrate Production on
Intestinal Barrier Function and Inflammation. Nutrients 10 (10), 1499. doi:10.
3390/nu10101499

Boyapati, R. K., Rossi, A. G., Satsangi, J., and Ho, G.-T. (2016). Gut Mucosal
DAMPs in IBD: From Mechanisms to Therapeutic Implications. Mucosal
Immunol. 9 (3), 567–582. doi:10.1038/mi.2016.14

Broz, P., Pelegrín, P., and Shao, F. (2020). The Gasdermins, a Protein Family
Executing Cell Death and Inflammation. Nat. Rev. Immunol. 20 (3), 143–157.
doi:10.1038/s41577-019-0228-2

de Martel, C., Ferlay, J., Franceschi, S., Vignat, J., Bray, F., Forman, D., et al. (2012).
Global Burden of Cancers Attributable to Infections in 2008: A Review and
Synthetic Analysis. Lancet Oncol. 13 (6), 607–615. doi:10.1016/s1470-2045(12)
70137-7

Ding, S., Hu, C., Fang, J., and Liu, G. (2020). The Protective Role of Probiotics
against Colorectal Cancer. Oxidative Med. Cell. Longev. 2020, 1–10. doi:10.
1155/2020/8884583

Dokladny, K., Zuhl, M. N., and Moseley, P. L. (2016). Intestinal Epithelial Barrier
Function and Tight Junction Proteins with Heat and Exercise. J. Appl. Physiol.
120 (6), 692–701. doi:10.1152/japplphysiol.00536.2015

Fan, J.-X., Li, Z.-H., Liu, X.-H., Zheng, D.-W., Chen, Y., and Zhang, X.-Z. (2018).
Bacteria-Mediated Tumor Therapy Utilizing Photothermally-Controlled TNF-
α Expression via Oral Administration. Nano Lett. 18 (4), 2373–2380. doi:10.
1021/acs.nanolett.7b05323

Fang, Y., Yan, C., Zhao, Q., Xu, J., Liu, Z., Gao, J., et al. (2021). The Roles of
Microbial Products in the Development of Colorectal Cancer: A Review.
Bioengineered 12 (1), 720–735. doi:10.1080/21655979.2021.1889109

Feng, S., Fox, D., and Man, S. M. (2018). Mechanisms of Gasdermin Family
Members in Inflammasome Signaling and Cell Death. J. Mol. Biol. 430 (18 Pt B),
3068–3080. doi:10.1016/j.jmb.2018.07.002

Flemer, B., Warren, R. D., Barrett, M. P., Cisek, K., Das, A., Jeffery, I. B., et al.
(2018). The Oral Microbiota in Colorectal Cancer is Distinctive and Predictive.
Gut 67 (8), 1454–1463. doi:10.1136/gutjnl-2017-314814

Geller, L. T., Barzily-Rokni, M., Danino, T., Jonas, O. H., Shental, N., Nejman, D.,
et al. (2017). Potential Role of Intratumor Bacteria in Mediating Tumor
Resistance to the Chemotherapeutic Drug Gemcitabine. Science 357 (6356),
1156–1160. doi:10.1126/science.aah5043

Ju, X., Yang, Z., Zhang, H., andWang, Q. (2021). Role of Pyroptosis in Cancer Cells
and Clinical Applications. Biochimie 185, 78–86. doi:10.1016/j.biochi.2021.
03.007

Kaakoush, N. O. (2015). Insights into the Role of Erysipelotrichaceae in the Human
Host. Front. Cell. Infect. Microbiol. 5, 84. doi:10.3389/fcimb.2015.00084

Katona, B. W., and Weiss, J. M. (2020). Chemoprevention of Colorectal Cancer.
Gastroenterology 158 (2), 368–388. doi:10.1053/j.gastro.2019.06.047

Liu, Z., Chen, Z., Guo, H., He, D., Zhao, H., Wang, Z., et al. (2016). TheModulatory
Effect of Infusions of Green Tea, Oolong Tea, and Black Tea on Gut Microbiota
in High-Fat-Induced Obese Mice. Food Funct. 7 (12), 4869–4879. doi:10.1039/
c6fo01439a

Louis, P., Hold, G. L., and Flint, H. J. (2014). The Gut Microbiota, Bacterial
Metabolites and Colorectal Cancer. Nat. Rev. Microbiol. 12 (10), 661–672.
doi:10.1038/nrmicro3344

Maniewska, J., and Jeżewska, D. (2021). Non-Steroidal Anti-Inflammatory Drugs
in Colorectal Cancer Chemoprevention. Cancers 13 (4), 594. doi:10.3390/
cancers13040594

Mao, T.-y., Shi, R., Zhao, W.-h., Guo, Y., Gao, K.-l., Chen, C., et al. (2016).
Qingchang Wenzhong Decoction Ameliorates Dextran Sulphate Sodium-
Induced Ulcerative Colitis in Rats by Downregulating the IP10/
CXCR3 Axis-Mediated Inflammatory Response. Evid.-Based Complementary
Altern. Med. 2016, 1–10. doi:10.1155/2016/4312538

Mao, T., Li, J., Liu, L., Zhao, W., Liu, Y., Gao, K., et al. (2017). Qingchang
Wenzhong Decoction Attenuates DSS-Induced Colitis in Rats by Reducing
Inflammation and Improving Intestinal Barrier Function via Upregulating the
MSP/RON Signalling Pathway. Evid.-Based Complementary Altern. Med. 2017,
1–9. doi:10.1155/2017/4846876

Martens, E. C., Neumann, M., and Desai, M. S. (2018). Interactions of Commensal
and Pathogenic Microorganisms with the Intestinal Mucosal Barrier. Nat. Rev.
Microbiol. 16 (8), 457–470. doi:10.1038/s41579-018-0036-x

Mima, K., Ogino, S., Nakagawa, S., Sawayama, H., Kinoshita, K., Krashima, R., et al.
(2017). The Role of Intestinal Bacteria in the Development and Progression of
Gastrointestinal Tract Neoplasms. Surg. Oncol. 26 (4), 368–376. doi:10.1016/j.
suronc.2017.07.011

Moskowitz, A. J., Shah, G., Schöder, H., Ganesan, N., Drill, E., Hancock, H., et al.
(2021). Phase II Trial of Pembrolizumab Plus Gemcitabine, Vinorelbine, and
Liposomal Doxorubicin as Second-Line Therapy for Relapsed or Refractory
Classical Hodgkin Lymphoma. J. Clin. Oncol. 39 (28), 3109–3117. doi:10.1200/
jco.21.01056

Piotrowski, I., Kulcenty, K., and Suchorska, W. (2020). Interplay between
Inflammation and Cancer. Rep. Pract. Oncol. Radiother. 25 (3), 422–427.
doi:10.1016/j.rpor.2020.04.004

Polansky, O., Sekelova, Z., Faldynova, M., Sebkova, A., Sisak, F., and Rychlik, I.
(2015). Important Metabolic Pathways and Biological Processes Expressed by
Chicken Cecal Microbiota. Appl. Environ. Microbiol. 82 (5), 1569–1576. doi:10.
1128/AEM.03473-15

Reinoso Webb, C., den Bakker, H., Koboziev, I., Jones-Hall, Y., Rao Kottapalli, K.,
Ostanin, D., et al. (2018). Differential Susceptibility to T Cell-Induced Colitis in
Mice: Role of the Intestinal Microbiota. Inflamm. Bowel Dis. 24 (2), 361–379.
doi:10.1093/ibd/izx014

Ren, L., Ye, J., Zhao, B., Sun, J., Cao, P., and Yang, Y. (2021). The Role of Intestinal
Microbiota in Colorectal Cancer. Front. Pharmacol. 12, 674807. doi:10.3389/
fphar.2021.674807

Rogers, C., Fernandes-Alnemri, T., Mayes, L., Alnemri, D., Cingolani, G., and
Alnemri, E. S. (2017). Cleavage of DFNA5 by Caspase-3 during Apoptosis
Mediates Progression to Secondary Necrotic/Pyroptotic Cell Death. Nat.
Commun. 8, 14128. doi:10.1038/ncomms14128

Frontiers in Physiology | www.frontiersin.org July 2022 | Volume 13 | Article 91732313

Ren et al. QCWZD Prevents Intestinal Tumor

https://www.frontiersin.org/articles/10.3389/fphys.2022.917323/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphys.2022.917323/full#supplementary-material
https://doi.org/10.1126/science.1224820
https://doi.org/10.3390/nu10101499
https://doi.org/10.3390/nu10101499
https://doi.org/10.1038/mi.2016.14
https://doi.org/10.1038/s41577-019-0228-2
https://doi.org/10.1016/s1470-2045(12)70137-7
https://doi.org/10.1016/s1470-2045(12)70137-7
https://doi.org/10.1155/2020/8884583
https://doi.org/10.1155/2020/8884583
https://doi.org/10.1152/japplphysiol.00536.2015
https://doi.org/10.1021/acs.nanolett.7b05323
https://doi.org/10.1021/acs.nanolett.7b05323
https://doi.org/10.1080/21655979.2021.1889109
https://doi.org/10.1016/j.jmb.2018.07.002
https://doi.org/10.1136/gutjnl-2017-314814
https://doi.org/10.1126/science.aah5043
https://doi.org/10.1016/j.biochi.2021.03.007
https://doi.org/10.1016/j.biochi.2021.03.007
https://doi.org/10.3389/fcimb.2015.00084
https://doi.org/10.1053/j.gastro.2019.06.047
https://doi.org/10.1039/c6fo01439a
https://doi.org/10.1039/c6fo01439a
https://doi.org/10.1038/nrmicro3344
https://doi.org/10.3390/cancers13040594
https://doi.org/10.3390/cancers13040594
https://doi.org/10.1155/2016/4312538
https://doi.org/10.1155/2017/4846876
https://doi.org/10.1038/s41579-018-0036-x
https://doi.org/10.1016/j.suronc.2017.07.011
https://doi.org/10.1016/j.suronc.2017.07.011
https://doi.org/10.1200/jco.21.01056
https://doi.org/10.1200/jco.21.01056
https://doi.org/10.1016/j.rpor.2020.04.004
https://doi.org/10.1128/AEM.03473-15
https://doi.org/10.1128/AEM.03473-15
https://doi.org/10.1093/ibd/izx014
https://doi.org/10.3389/fphar.2021.674807
https://doi.org/10.3389/fphar.2021.674807
https://doi.org/10.1038/ncomms14128
https://www.frontiersin.org/journals/physiology
www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles


Rothwell, P.M., Cook,N. R., Gaziano, J.M., Price, J. F., Belch, J. F. F., Roncaglioni,M. C.,
et al. (2018). Effects of Aspirin on Risks of Vascular Events and Cancer According to
Bodyweight and Dose: Analysis of Individual Patient Data from Randomised Trials.
Lancet 392 (10145), 387–399. doi:10.1016/s0140-6736(18)31133-4

Ruan, J., Wang, S., and Wang, J. (2020). Mechanism and Regulation of Pyroptosis-
Mediated in Cancer Cell Death. Chem.-Biol. Interact. 323, 109052. doi:10.1016/
j.cbi.2020.109052

Rubinstein, M. R., Wang, X., Liu, W., Hao, Y., Cai, G., and Han, Y. W. (2013).
Fusobacterium Nucleatum Promotes Colorectal Carcinogenesis by Modulating
E-Cadherin/β-Catenin Signaling via its FadAAdhesin. Cell Host Microbe 14 (2),
195–206. doi:10.1016/j.chom.2013.07.012

Shi, J., Zhao, Y., Wang, K., Shi, X., Wang, Y., Huang, H., et al. (2015). Cleavage of
GSDMD by Inflammatory Caspases Determines Pyroptotic Cell Death. Nature
526 (7575), 660–665. doi:10.1038/nature15514

Shi, L., Dai, Y., Jia, B., Han, Y., Guo, Y., Xie, T., et al. (2019). The Inhibitory Effects
of Qingchang Wenzhong Granule on the Interactive Network of Inflammation,
Oxidative Stress, and Apoptosis in Rats with Dextran Sulfate Sodium-Induced
Colitis. J. Cell Biochem. 120 (6), 9979–9991. doi:10.1002/jcb.28280

Shi, Z., Zhu, Y., Teng, C., Yao, Y., Ren, G., and Richel, A. (2020). Anti-Obesity
Effects of α-Amylase Inhibitor Enriched-Extract from White Common Beans
(Phaseolus vulgaris L.) Associated with the Modulation of Gut Microbiota
Composition in High-Fat Diet-Induced Obese Rats. Food Funct. 11 (2),
1624–1634. doi:10.1039/c9fo01813a

Sun, Z., Li, J., Wang, W., Liu, Y., Liu, J., Jiang, H., et al. (2021). Qingchang Wenzhong
Decoction Accelerates Intestinal Mucosal Healing through Modulation of
Dysregulated Gut Microbiome, Intestinal Barrier and Immune Responses in
Mice. Front. Pharmacol. 12, 738152. doi:10.3389/fphar.2021.738152

Sun, Z., Pei, W., Guo, Y., Wang, Z., Shi, R., Chen, X., et al. (2019). Gut Microbiota-
Mediated NLRP12 Expression Drives the Attenuation of Dextran Sulphate
Sodium-Induced Ulcerative Colitis by Qingchang Wenzhong Decoction. Evid.-
Based Complementary Altern. Med. 2019, 1–12. doi:10.1155/2019/9839474

Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, I., Jemal, A., et al.
(2021). Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries. CA A Cancer J. Clin. 71
(3), 209–249. doi:10.3322/caac.21660

Tan, G., Huang, C., Chen, J., and Zhi, F. (2020). HMGB1 Released from GSDME-
Mediated Pyroptotic Epithelial Cells Participates in the Tumorigenesis of
Colitis-Associated Colorectal Cancer through the ERK1/2 Pathway.
J. Hematol. Oncol. 13 (1), 149. doi:10.1186/s13045-020-00985-0

Tan, Y., Chen, Q., Li, X., Zeng, Z., Xiong, W., Li, G., et al. (2021). Pyroptosis: a New
Paradigm of Cell Death for Fighting against Cancer. J. Exp. Clin. Cancer Res. 40
(1), 153. doi:10.1186/s13046-021-01959-x

Temraz, S., Nassar, F., Nasr, R., Charafeddine, M., Mukherji, D., and Shamseddine,
A. (2019). Gut Microbiome: A Promising Biomarker for Immunotherapy in
Colorectal Cancer. Int. J. Mol. Sci. 20 (17), 4155. doi:10.3390/ijms20174155

Tjalsma, H., Boleij, A., Marchesi, J. R., and Dutilh, B. E. (2012). A Bacterial Driver-
Passenger Model for Colorectal Cancer: beyond the Usual Suspects. Nat. Rev.
Microbiol. 10 (8), 575–582. doi:10.1038/nrmicro2819

Tremaroli, V., and Bäckhed, F. (2012). Functional Interactions between the Gut
Microbiota and Host Metabolism. Nature 489 (7415), 242–249. doi:10.1038/
nature11552

Tripathy, A., Dash, J., Kancharla, S., Kolli, P., Mahajan, D., Senapati, S., et al.
(2021). Probiotics: A Promising Candidate for Management of Colorectal
Cancer. Cancers 13 (13), 3178. doi:10.3390/cancers13133178

Wang, Y., Gao, W., Shi, X., Ding, J., Liu, W., He, H., et al. (2017). Chemotherapy
Drugs Induce Pyroptosis through Caspase-3 Cleavage of a Gasdermin. Nature
547 (7661), 99–103. doi:10.1038/nature22393

Westbrook, A. M., Szakmary, A., and Schiestl, R. H. (2016). Mouse Models of
Intestinal Inflammation and Cancer. Arch. Toxicol. 90 (9), 2109–2130. doi:10.
1007/s00204-016-1747-2

Xia, X., Wang, X., Cheng, Z., Qin, W., Lei, L., Jiang, J., et al. (2019). The Role of
Pyroptosis in Cancer: Pro-Cancer or Pro-"Host"? Cell Death Dis. 10 (9), 650.
doi:10.1038/s41419-019-1883-8

Xiao, X., Cheng, Y., Fu, J., Lu, Z., Wang, F., Jin, M., et al. (2021). Gut Immunity and
Microbiota Dysbiosis Are Associated with Altered Bile Acid Metabolism in
LPS-Challenged Piglets. Oxidative Med. Cell. Longev. 2021, 1–15. doi:10.1155/
2021/6634821

Yang, Y., Weng, W., Peng, J., Hong, L., Yang, L., Toiyama, Y., et al. (2017).
Fusobacterium Nucleatum Increases Proliferation of Colorectal Cancer Cells
and Tumor Development in Mice by Activating Toll-like Receptor 4 Signaling
to Nuclear Factor−κB, and Up-Regulating Expression of MicroRNA-21.
Gastroenterology 152 (4), 851–866. doi:10.1053/j.gastro.2016.11.018

Yu, J., Li, S., Qi, J., Chen, Z., Wu, Y., Guo, J., et al. (2019). Cleavage of GSDME by
Caspase-3 Determines Lobaplatin-Induced Pyroptosis in Colon Cancer Cells.
Cell Death Dis. 10 (3), 193. doi:10.1038/s41419-019-1441-4

Zheng, D.-W., Chen, Y., Li, Z.-H., Xu, L., Li, C.-X., Li, B., et al. (2018). Optically-
Controlled Bacterial Metabolite for Cancer Therapy.Nat. Commun. 9 (1), 1680.
doi:10.1038/s41467-018-03233-9

Zheng, Z., and Li, G. (2020). Mechanisms and Therapeutic Regulation of
Pyroptosis in Inflammatory Diseases and Cancer. Int. J. Mol. Sci. 21 (4),
1456. doi:10.3390/ijms21041456

Conflict of Interest: Authors YW, ZC and YY were employed by the company
Yangtze River Pharmaceutical Group.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Ren, Zhang, Zhao, Zhao, Chen, Wang, Chen, Ye, Yang and Cao.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Physiology | www.frontiersin.org July 2022 | Volume 13 | Article 91732314

Ren et al. QCWZD Prevents Intestinal Tumor

https://doi.org/10.1016/s0140-6736(18)31133-4
https://doi.org/10.1016/j.cbi.2020.109052
https://doi.org/10.1016/j.cbi.2020.109052
https://doi.org/10.1016/j.chom.2013.07.012
https://doi.org/10.1038/nature15514
https://doi.org/10.1002/jcb.28280
https://doi.org/10.1039/c9fo01813a
https://doi.org/10.3389/fphar.2021.738152
https://doi.org/10.1155/2019/9839474
https://doi.org/10.3322/caac.21660
https://doi.org/10.1186/s13045-020-00985-0
https://doi.org/10.1186/s13046-021-01959-x
https://doi.org/10.3390/ijms20174155
https://doi.org/10.1038/nrmicro2819
https://doi.org/10.1038/nature11552
https://doi.org/10.1038/nature11552
https://doi.org/10.3390/cancers13133178
https://doi.org/10.1038/nature22393
https://doi.org/10.1007/s00204-016-1747-2
https://doi.org/10.1007/s00204-016-1747-2
https://doi.org/10.1038/s41419-019-1883-8
https://doi.org/10.1155/2021/6634821
https://doi.org/10.1155/2021/6634821
https://doi.org/10.1053/j.gastro.2016.11.018
https://doi.org/10.1038/s41419-019-1441-4
https://doi.org/10.1038/s41467-018-03233-9
https://doi.org/10.3390/ijms21041456
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/physiology
www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles

	Qingchang Wenzhong Decoction Prevents the Occurrence of Intestinal Tumors by Regulating Intestinal Microbiota and Gasdermin E
	1 Introduction
	2 Materials and Methods
	2.1 Antibodies and Reagents
	2.2 Animals
	2.3 Haematoxylin and Eosin Staining
	2.4 Immunohistochemistry
	2.5 16S rRNA Gene Sequencing and Data Analysis
	2.6 Statistical Analysis

	3 Results
	3.1 Preventive Effect of Qingchang Wenzhong Decoction on Azoxymethane/Dextran Sodium Sulfate Mice
	3.2 Qingchang Wenzhong Decoction Changed the Overall Composition of the Intestinal Microbiota
	3.3 Qingchang Wenzhong Decoction Regulated the Proliferation of Bacteria in Azoxymethane/Dextran Sodium Sulfate Mice
	3.4 Qingchang Wenzhong Decoction Prevented the Occurrence of Colonic Tumors by Improving the Function of the Intestinal Bar ...
	3.5 Preventive Effect of Qingchang Wenzhong Decoction on Small Intestinal Tumors in Apcmin/+ Mice
	3.6 Qingchang Wenzhong Decoction Changed the Overall Composition of the Intestinal Microbiota in Apcmin/+ Mice
	3.7 Qingchang Wenzhong Decoction Regulated the Proliferation of Bacteria in Apcmin/+ Mice
	3.8 Qingchang Wenzhong Decoction Prevented the Occurrence of Small Intestinal Tumors by Improving the Function of the Intes ...

	4 Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


