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Hunting for natural compounds that can modulate the structure of the intestinal flora is a
new hotspot for colitis‐associated cancer (CAC) prevention or treatment. Alisol B 23-
acetate (AB23A) is a natural tetracyclic triterpenoid found in Alismatis rhizomawhich is well
known for dietary herb. Alismatis rhizoma is often used clinically to treat gastrointestinal
diseases in China. In this study, we investigated the potential prevention of AB23A in male
mouse models of azoxymethane (AOM) and dextran sulfate sodium (DSS)-induced CAC.
AB23A intervention alleviated the body weight loss, disease activity index, colon tumor
load, tissue injury, and inflammatory cytokine changes in CAC mice. AB23A intervention
leads to remarkable reductions in the activation of TLR, NF-kB and MAPK. AB23A
significantly decreased the phosphorylation of p38, ERK, and JNK and up-regulated
mucin-2 and the expression of tight junction proteins. The gut microbiota of AB23A-
interfered mice was characterized with high microbial diversity, the reduced expansion of
pathogenic bacteria, such as Klebsiella, Citrobacter, and Akkermansia, and the increased
growth of bacteria including Bacteroides, Lactobacillus, and Alloprevotella. These data
reveal that AB23A has the potential to be used to treat CAC in the future.

Keywords: Alisol B 23-acetate, colitis-associated cancer, gut microbiota, intestinal barrier, TLR/NF-kB/MAPK
INTRODUCTION

Colitis-associated cancer (CAC), the fourth leading reason of tumor-associated death all over the
world, is one of the major colorectal cancer types (CRC) (Huyghe et al., 2019). Inflammation is a
known risk factor for the development of CAC (Grivennikov, 2013; Zhu et al., 2019). The most
popular treatments for CAC are surgery and chemotherapy. Chemotherapeutic medications, such
gy | www.frontiersin.org April 2021 | Volume 11 | Article 6402251

https://www.frontiersin.org/articles/10.3389/fcimb.2021.640225/full
https://www.frontiersin.org/articles/10.3389/fcimb.2021.640225/full
https://www.frontiersin.org/articles/10.3389/fcimb.2021.640225/full
https://www.frontiersin.org/articles/10.3389/fcimb.2021.640225/full
https://www.frontiersin.org/articles/10.3389/fcimb.2021.640225/full
https://www.frontiersin.org/articles/10.3389/fcimb.2021.640225/full
https://www.frontiersin.org/articles/10.3389/fcimb.2021.640225/full
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:2012029@fjtcm.edu.cn
mailto:1998004@fjtcm.edu.cn
https://doi.org/10.3389/fcimb.2021.640225
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#editorial-board
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#editorial-board
https://doi.org/10.3389/fcimb.2021.640225
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://crossmark.crossref.org/dialog/?doi=10.3389/fcimb.2021.640225&domain=pdf&date_stamp=2021-04-29


Zhu et al. Alisol B 23-Acetate Ameliorates CAC
as 5-fluorouracil, are usually used to treat patients with advanced
stages of CAC, either alone or in conjunction with an adjuvant,
such as oxaliplatin or Avastin (Siegel et al., 2014; Van Cutsem
et al., 2015; Colombo et al., 2016; Miller et al., 2019). However,
although current treatment methods are effective in improving
CAC and survival, side effects are still very troublesome, such as
weight loss, nausea, vomiting, and the risk of infection
complications caused by weakened immunity (Sanders et al.,
2016; Kamarudin et al., 2019). Therefore, it is essential to study
effective and safe anti-CAC treatment methods. Natural
compounds from Traditional Chinese medicine (TCM) have
been reported to prevent and treat CAC with few side effects
(Sanders et al., 2016).Thus, finding new and effective ingredients
against CAC from natural compounds is of great significance.

Alisol B 23-acetate (AB23A), the main ingredient in Alismatis
rhizoma, has been reported to present excellent bioactivity,
including anti-inflammatory (Jiang et al., 2006), anti-microbial
(Jin et al., 2012), and anti-proliferative properties (Law et al.,
2010; Zhao et al., 2017). Chinese common dietary herb
preparations (LiuweiDihuangWan, Zexie decoction) mainly
containing Alismatis rhizoma are clinically used for
gastrointestinal and inflammation diseases including obesity
and diabetes (He, 2007; Zhou W, 2002; Xu et al., 2014). A
previous pharmacokinetic study showed that the bioavailability
of AB23A is poor and excreted in the form of feces (Xu et al.,
2017). Modern pharmacological studies have shown that AB23A
can exhibit good anti-tumor properties via influencing the PI3K/
Akt/mTOR pathway, ROS generation, and JNK activation
(Wang et al., 2017; Zhao et al., 2017; Wang et al., 2018).
However, the pharmacological mechanism of the relationship
between AB23A and CAC remains unclear.

Developments in microbiome technology have provided
numerous clinical and scientific research studies showing that
CAC is closely related to gut microbiota (Kang and Martin,
2017). Many current studies have shown that the intestinal flora
plays an important role in the formation of the inflammatory
microenvironment and the promotion of tumor growth
(Brennan and Garrett, 2016). The gut microbiota of CAC mice
is characterized by reduced microbial diversity and reduced
abundance of probiotics (including Bacteroides, Lactobacillus)
(Zhao and Jiang, 2020), and Alloprevotella (Wei et al., 2018), and
the expansion of pathogenic bacteria, such as Proteobacteria
(Shin et al., 2015; Litvak et al., 2017), Muribaculaceae (Pereira
et al., 2020), Akkermansia (Ijssennagger et al., 2015), Klebsiella
(Olm et al., 2019), and Citrobacter (Collins et al., 2014). Gut
microbiome dysbiosis leads to changes in cytokine activity,
inflammatory signaling pathway activation (e.g., TLR4, TLR5,
NF-kB, and MAPKs), and intestinal barrier function weakening,
all of which provide a pro-inflammatory microenvironment for
tumor promotion (Fukata et al., 2009; Choi et al., 2013; Waldner
and Neurath, 2015). Therefore, maintaining the steady state of
the gut microbiota may be a promising strategy for the treatment
and prevention of CAC. Natural compounds play an important
role in restoring intestinal homeostasis (Zhang et al., 2012;
Huang et al., 2019; Zeng et al., 2020). Thus, hunting for
natural compounds modulating the structure of the intestinal
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 2
flora is a new hotspot for CAC prevention or treatment. Here, we
aimed to investigated AB23A whether produces many beneficial
changes on mouse CAC model, and the possible mechanisms
involved in the effect of AB23A prevention against CAC.
MATERIALS AND METHODS

Materials
Azoxymethane and Dextran Sodium Sulfate were purchased
from MP Biomedicals (Santa Ana, CA, USA). AB23A was
purchased from Must Bio-Technology Co., Ltd (Chengdu,
Sichuan, China.) ELISA kits were purchased from ABclonal
Biotechnology (Wuhan, Hubei, USA). Protein lysis buffer was
purchased from Beyotime (Shanghai, China). PVDF membrane
was purchased from Millipore (Boston, MA, USA). ECL reagent
kit was purchased from Thermo Fisher Scientific (USA). The
information of all antibodies used in this study were shown in
Supplementary Table 1.

Animals
The Animal Ethics Committee of Fujian Medical University
inspected and approved the animal experiments. (No: FJMU
IACUC 2019-0066) and the operations on mice were carried out
in compliance with Fujian Medical University’s ethical methods
and programs for the use of laboratory animals. Shanghai Slake
Laboratory Animal Co., Ltd. provided the mice (C57BL/6J male
mice, 18-20 g) that needed in this study and raised in accordance
with the ethical methods and programs of Fujian Medical
University on the use of laboratory animals. Great attempts
were made to keep animal cruelty to a minimum.

Animal Experiment Operation
All experimental mice were placed in an SPF-level animal
barrier. During animal experiments, the temperature in the
animal laboratory was 22 ± 2°C, and the light and dark
conversion cycle was 12 hours. After one week of free breeding
and adaptation to the animal barrier environment, 30 mice were
divided into three classes at random: a control group (n =10), an
AOM/DSS-induced model (DSS) group (n =10), and an AB23A
treatment group (n =10).

At the beginning of the experiment, mice in the DSS and
AB23A groups received an intraperitoneal injection of AOM
(10 mg/kg); mice in the normal group were intraperitoneally
injected with physiological saline (10 mL/kg). On the seventh
day, mice in the DSS and AB23A groups were given water
containing 3% (w/v) DSS. After 7 days, normal sterile drinking
water was provided for 14 days. The control group was given
sterile drinking water throughout this procedure. This cycle was
repeated thrice until mature tumors developed. The entire
experiment period was 70 days. The AB23A group began
intragastric administration of AB23A (50 mg/kg) and solvent
(10% Captisol) daily on the first day of the experiment and the
other two groups were given a corresponding dose of solvent (10%
Captisol) daily (Meng et al., 2015; Meng et al., 2017). An overview
of the animal experiment design is provided in the Figure 1A.
April 2021 | Volume 11 | Article 640225
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Over the course of the experiment, mouse weights, stool shapes,
and disease status were noted every day. At the end of the
experiment, the mice were euthanized for sample collection.

For biochemical analysis, blood samples were centrifuged at
4000 g for 10minutes at 4°C, transferred to EP tubes, and processed
at 80°C. for biochemical analysis. The colon was carefully cut
longitudinally to collect its contents. The colon was quickly washed
with pre-chilled saline, and the number and location of tumors
were recorded. One part of the pre-chilled colon tissue was fixed in
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 3
10% anhydrous formalin for HE, and another part was stored
at −80°C for subsequent biochemical determination. During the
experiment, all experimental tissue samples are performed on ice
for as long as possible during operation.

Assessment of CAC Mice
The disease activity index (DAI), which is commonly used to
evaluate the progress of CAC, was calculated according to the
weight change of the mouse (such as whether it has increased or
A

B

D

C

F

E

G

H I

FIGURE 1 | AB23A treatment ameliorated pathological damage in AOM/DSS-induced CAC mice. (A) The overview of the animal experiment design. (B) Chemical
structure of AB23A. (C) Body weight changes in each group (n = 10). (D) Colon tumor burden in each group. (E) DAI scores (n = 10). (F) Colon lengths in each
group (n = 6). (G) Colon tumor numbers in each group (n = 6). (H) Micrographs of HE-stained colon tissues in each group (n = 3). (I) Histological scores of each
group (n = 3). Data are expressed as mean ± SD. Differences in (B, D–F, H) were analyzed by one-way ANOVA followed by Tukey’s post hoc test (*P < 0.05,
**P < 0.01).
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decreased), the external characteristics of the stool, and the blood
in the stool. The range of DAI is 0 ~ 4. The detailed evaluation
criteria are provided in Supplementary Table 2.

The colon is placed on a blue background plate and the length
will be measured on ice in time. The tissue was then fixed in
tissue fixation fluid (10%) for one day for histological
examination via staining with hematoxylin–eosin (HE). The
histological scores ranged from 0 to 10 according to the extent
of colon injury. The total scoring system was based on four
parameters, namely, mucosal epithelium, cell infiltrate and
edema, integrity of crypts, and goblet cell depletion. The
detailed evaluation criteria are provided in Supplementary
Table 3.

Hematoxylin–Eosin Staining
Colon tissues that have been fixed in formaldehyde solution
(10%) for over 24 h were washed thrice with PBS and then placed
in ethanol for gradient dehydration for 1 h each time.
Subsequently, the colon tissue was obtained, placed in xylene I
and II solutions for transparent treatment, and then allowed to
stand for 1 h. Afterward, paraffin embedding was carried out at
56-58 °C. The samples were sliced into sections after cooling at
room temperature, placed in warm water for unfolding, mounted
on glass slides, and then dried. The sections were soaked once
more in xylene I and II solutions for dewaxing treatment, and
immersed in 100%, 95%, 85%, and 75% ethanol for 1 min each
time for rehydration. The parts were stained for 5 minutes with
hematoxylin, then distinguished for 5-10 seconds with a 1
percent HCl solution, washed twice with water, and stained for
2 minutes with eosin. Ethanol dehydration treatment was carried
out once more, followed by xylene I and II soaking for 3 and
5 min, respectively. Finally, the film was sealed with neutral gum
and observed under a microscope.

ELISA Kits
The relative expression of inflammatory cytokines, including IL-6,
TNF-a, IFN-g, and IL-10, in serum and colon tissue was measured
with theELISAkit (ABclonalBiotechnologyCo., Ltd.,USA). Ice-cold
normal saline and colon tissueweremixed at a ratio of 1:10 (w/v) and
homogenized, then centrifuged at 5000 g for 15 minutes, and the
supernatant was taken to measure inflammatory cytokines.

Western Blot Analysis
The purposed protein from the colon tissue were extracted via
using tissue lysis buffer and denatured with sample loading buffer
(5×) at 100°C. Total proteins were denatured and
electrophoresed in 10% SDS-PAGE before being moved to the
PVDF membrane. The membrane was blocked with blocking
buffer for 2 hours at normal room temperature. and then
incubated overnight on ice with the primary antibody
(dilution, 1:1000). Thereafter, wash the membrane with TBST,
3 times for 10 minutes each time. Then incubation with the
corresponding secondary antibody (dilution: 0.5:5000) was
carried out for 2 hours at normal room temperature. The ECL
reagent kit was used to detect the expression of the protein in the
bands, and Image J software was used to show striped images
(NIH, USA) and detected the luminous intensity of the bands. b-
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 4
Actin was used to present the standard of same loading
of protein.

Sequencing of Feces of CAC Mice
Fecal samples of mice were collected on the 70th day and used for
gut microbiota sequencing. Anal stimulation was used to
stimulate mice to defecate. When the mouse’s defecation is
about to end, the stool is immediately clamped with sterile
forceps and placed in a sterile tube, and then immediately
stored in a liquid nitrogen tube. The collected feces are
finally stored in a refrigerator at -80°C. The statement in detail
of our sequencing of feces of CAC mice can be find in
Supplementary Material.

Bioinformatic Analysis of Sequencing Data
Bioinformatics analysis was performed through NovoMagic, a
data analysis platform independently developed by Novogene
Co., Ltd. Analysis tools, algorithms, codes, and data are visible in
the Supplementary Material.

Statistical Analysis
All data were expressed as mean ± SD. Multiple comparisons
were performed using one-way ANOVA. When P < 0.05 or P <
0.01, the data were considered statistically significant. The
experimental data calculation and analysis were operated via
GraphPad Prism software (version 8.3.0).
RESULTS

AB23A Ameliorated Pathological Damage
in AOM/DSS-Induced CAC Mice
Figure 1 shows that AB23A administration significantly
ameliorates AOM/DSS-induced CAC, as evidenced by marked
reductions in weight loss (Figure 1C), decreased tumor burden
(Figure 1D), significantly lower DAI scores (Figure 1E), and
relief of colonic shortening (Figure 1F). The incidence of
dysplasia in each group was: 0% in the normal group; 100% in
the DSS group and 100% in the AB23A group. Although the
dysplasia rate of the AB23A intervention group was not
improved compared with the DSS group, the size and number
of colon tumors in mice were reduced. The tumor burden of the
DSS group was significantly more severe than that of the AB23A
group. Compared with the control group (0.00 ± 0.00), the DSS
group showed a significant increase in colon tumor number
(28.67 ± 4.23) whereas the AB23A group demonstrated a
significant reduction in tumor number (13 ± 4.73; Figure 1G).
These results indicate that the CAC model had been successfully
constructed and illustrate the primary macroscopic protection
effect of AB23A. Compared with those of the control group, the
colon tissue sections of the DSS model group showed very
obvious pathological changes, including the destruction of
colonic epithelial cells, distortion of crypts, the loss of goblet
cells, colon epithelial damage, and varying inflammatory
infiltration (Figure 1H). By contrast, the AB23A group
revealed a marked reduction of these symptoms. The
April 2021 | Volume 11 | Article 640225
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histological scores can directly reflect the severity of colon
pathological damage (Figure 1I). The histological scores of the
DSS group were clearly much higher than those of the control
and treatment groups. This result indicates that intervention
with AB23A alleviates the clinical signs and tumor development
of AOM/DSS-induced CAC.

AB23A Attenuated the Production of
Inflammation-Related Cytokines of
AOM/DSS-Induced CAC Mice
A wide variety of research shows that chronic inflammation is
one of the primary risk factors for initiation, proliferation, or
metastasis of cancer. Considering the inter-triggering
mechanism of cancer progression and inflammation, we
assessed the production of pro-inflammatory cytokines,
including IL-6, TNF-a, and IFN-g, and the anti-inflammatory
cytokine IL-10 in CAC mice in colon tissue and serum. In the
serum, compared with those in the DSS group, the pro-
inflammatory cytokines in the AB23A group manifested
significantly decreasing trends, especially IL-6 (P < 0.01),
TNF-a (P < 0.05), and IFN-g (P < 0.01). AB23A intervention
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 5
significantly increased the expression of IL-10 (P < 0.05; Figure
2A). In colon tissue (Figure 2B), pro-inflammatory cytokines in
AB23A group, such as IL-6 (P < 0.05), TNF-a (P < 0.01), and
IFN-g (P < 0.05) significantly decreased compared with the DSS
group, while the expression of IL-10 (P < 0.01) was suppressed.
Thus, AB23A markedly alters the cytokine profile of AOM/DSS-
induced CAC mice by suppressing the expression of
proinflammatory-related cytokines and upregulating the
expression of anti-inflammatory cytokines to relieve gut
inflammation, which is considered an inducing factor of
colon cancer.

AB23A Drove the Composition of Gut
Microbiota in CAC Mice Toward
Normal Level
Alterations in gut microbiota were found by the sequencing of
the 16s rRNA genes extracted from the control, DSS, and AB23A
groups. According to the sequencing results, 89,936 tags were
detected in each sample on average. Through the evaluation of
the quality of tags, the effective data for each sample is 86,363
tags. Finally, the effective ratio of quality control reached 66.68%.
A

B

FIGURE 2 | Effects of AB23A on serum levels of cytokines in serum and colon tissue. (A) The expression of IL-6, TNF-a, IL-10, and IFN-g in serum. (B) The
expression of IL-6, TNF-a, IL-10, and IFN-g in colon tissue. Data are expressed as mean ± SD (n = 8 in the serum and n = 4 in colon tissue). Differences were
analyzed by one-way ANOVA followed by Tukey’s post hoc test (*P < 0.05, **P < 0.01).
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The obtained sequence was clustered into an OTU unit with 97%
identity, and finally divided into 1113 OTU units. The OTU
sequences were annotated to species. We found that the ends of
the dilution curves of all samples tended to be flat (Figure 3A),
thus indicating that the amount of our sequencing data is
reasonable, that the distribution of species richness and
uniformity in the sample is relatively concentrated, and that no
particularly discrete sample is present.

a-Divers i ty indices , inc luding Chao1, Shannon,
Observed_species, Simpson, and ACE, are commonly used to
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 6
for evaluating the richness and diversity of microbiota. The
Simpson index has three display forms, namely Simpson’s Index
(D), Simpson’s Index of Diversity (1-D), and Simpson’s
Reciprocal Index (1/D), they have similar effects on reflecting
community diversity but the calculated results are in different
forms. We used the Simpson’s Index of Diversity (1-D) display
format which reflected the trend that is consistent with the
Shannon index. As shown in Figures 3B, C, the diversity
indices, including the Shannon and Simpson indices, manifested
similar tendencies. The DSS group had the lowest other a-
A

B

D

C

E

FIGURE 3 | Richness and diversity of fecal microbiotas among groups. (A) The rarefaction curve was used to measure sample rationality. (B, C) a-Diversity analysis:
Shannon and Simpson box plots. (D) PCA of gut microbiota. (E) PCoA of gut microbiota (n = 10 samples per group. (vs. DSS: **P < 0.01).
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diversity indices of the three groups, and the other two groups had
similar values. The other a-diversity indices were presented in the
supplementary material (Supplementary Table 4). This result
indicates significant microbiota destruction in the DSS group. In
summary, AB23A intervention can obviously improve the
abundance and diversity of the gut microbiota.

b-Diversity analysis was used to assess the variance of
diversity among different groups. We performed b-diversity
analysis to generate principal component analysis (PCA) and
PCoA plots. As shown in Figures 3D, E, PCA and PCoA yielded
clearer clusters in the control and AB23A groups than in the DSS
group. b-Diversity analysis revealed Species distribution in the
AB23A group tended to be closer to the control group.

To determine which bacteria are altered by AB23A and, in
turn, affect disease progression in CAC, we analyzed the top 10
species with the highest abundance at different taxonomic levels.
Compared with that in the control group, Proteobacteria increased
whereas Firmicutes decreased at the phylum level in the DSS
group (Figures 4A, B). At the family level, the proportions of
Enterobacteriaceae, Akkermansiaceae, and Muribaculaceae
increased whereas the proportions of Prevotellaceae ,
Rikenellaceae, Ruminococcaceae, and Bacteroidaceae decreased
in the DSS group compared with those in the control group
(Figures 4C, D). The proportions of these families in the AB23A
group were roughly similar to those in the control group. We
selected the top 35 genera with the highest abundance (Figure 4E)
for in-depth analysis of differences among groups. The abundance
and diversity of these genera in the DSS group clearly decreased.
Compared with the control and AB23A groups, the DSS group
showed higher proportions of Klebsiella, Citrobacter, and
Akkermansia and lower proportions of Bacteroides,
Alloprevotella, and Lactobacillus. The DSS administration
increased the ratio of Proteobacteria to Firmicutes sharply
(Figure 4F). AB23A intervention reversed this increase and
restored the ratio of Proteobacteria to Firmicutes to levels
similar to that in the control group.

In order to find the differential flora regulated by AB23A, LEfSe
was performed and investigate the influences of AB23A on the gut
microbiota of CAC mice. LEfSe analysis indicated that
Proteobacteria (class Gammaproteobacteria), Enterobacteriales
(order and family levels), Enterobacteriaceae, Muribaculaceae,
and Klebsiella (genus and species levels) are the main kinds of
bacteria that contribute to gut microbiota dysbiosis in the CAC
mice of DSS group compared with the control group. (Figure 5A).
Between DSS and AB23A, the microbiota in the AB23A group
displayed the enrichment of Bacteroidetes at the genus and family
levels, Clostridia (class and order levels), Ruminococcaceae,
Bacteroides_acidifaciens and unidentified_Ruminococcaceae
(Figure 5B). The relative abundances of significantly altered
taxa are visualized in Figures 5C, D. In comparison to the two
other categories, DSS administration induced a large rise in certain
pathogens in Proteobacteria (e.g., Klebsiella, Citrobacter, and
Enterobacteriaceae). At the same time, some SCFA-related
bacteria (e.g., Rikenellaceae and Prevotellaceae) and potential
beneficial bacteria, such as Bacteroides acidifaciens, Bacteroides
vulgatus, and Lactococcus, decreased.
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 7
AB23A Significantly Suppressed the
Activation of TLR4, TLR5, NF-kB, and
MAPK in the Colonic Tissue of CAC Mice
We studied TLR4, TLR5, NF-kB, and MAPK, the key efficient
molecules that mediate pro-inflammatory signaling, in order to
provide more insights into the modulation of inflammatory
responses by AB23A. Activation of TLR4 (P < 0.05), TLR5 (P <
0.05) andMyD88 (P<0.05)was inhibitedbyAB23A inCACmouse
colon tissue (Figure 6A). AB23A treatment led to consistent and
remarkable reductions in the activation of IKKa (P< 0.05), IkBa (P
< 0.05), and p65 (P < 0.01), the significant molecules needed to
activate the NF-kB (Figure 6B).Moreover, AB23A greatly reduced
the phosphorylation of p38-MAPK (P < 0.05), ERK (P < 0.05), and
JNK (P < 0.05), the key MAPKs implicated production of pro-
inflammatory mediators (Figure 6C). The relative protein
expression results are shown in Figures 6D–F. Taken together,
our data indicate that AB23A confers profound protective effects
against CAC in mice by reducing inflammatory responses through
inhibition of the activation of the NF-kB/MAPK/TLR/MyD88
signaling pathways.

AB23A Could Maintain Intestinal Integrity
and Functionality
As shown in Figure 7A, MUC-2 expression in CAC mice of DSS
group was substantially decreased in comparison to the mice in
the control group. (P < 0.01). However, pretreatment with
AB23A significantly increased the expression of this protein
(P < 0.05). AB23A intervention also markedly up-regulated the
expression of tight junction (TJ) proteins, including junctional
adhesion molecule A (JAM-A; P < 0.01), claudin-1 (P < 0.05),
ZO-1 (P< 0.05), and occludin (P < 0.01), as compared with those
in the DSS group (Figures 7B–F). Our data show that AB23A
regulates the expression of TJ proteins and reduces intestinal
permeability to maintain intestinal integrity and functionality.
DISCUSSION

In our study, we investigated the potentially beneficial results of
AB23A treatment on a CACmouse model currently used in anti-
CAC research. Figures 8 as a summary of the results vividly
shows the results of our experiment Our results showed that
CAC mice’s clinical signs, such as watery urine, anal prolapse,
decreased body weight, and bloody diarrhea, are greatly reduced
by AB23A. These clinical symptoms are often regarded as an
indicator of gut inflammation. AB23A intervention decreased
inflammatory cell infiltration, atypical hyperplasia, and the
number and sizes of tumors compared with those in the DSS
group. The histopathological assessment has shown that AOM/
DSS causes penetration and destructions of the colon epithelial
barrier. Intervention with AB23A, on the other hand,
significantly reduced mucosal inflammation and colon tissue
damage as evidenced through notable extensions in the length of
colon, low histological scores, and decreased pro-inflammatory
cytokines. These results demonstrate that AB23A treatment
could attenuate the symptoms of CAC mice.
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A dynamic micro-ecosystem that has an important role to
play in CAC prevention is the gut microbiota. Decreased
diversity and richness often occur in CAC (Li C. et al., 2020).
While many studies back up the idea that a low Firmicutes/
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 8
Bacteroides (F/B) ratio suggests good health, the F/B value of
mice in the DSS community, however, is relatively poor,
according to recent research (Liu et al., 2019). Our
experiments yielded results similar to these previous findings.
A B

C D

E F

FIGURE 4 | Effect of AB23A on the composition of gut microbiota. (A, B) Top 10 species of gut microbiota at the phylum level. (C, D) Top 10 species of gut microbiota at
the family level. (E) Heat map of 35 species of gut microbiota at the genus level. (F) Ratio of Proteobacteria to Firmicutes (vs. DSS: ****P < 0.0001).
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Possible reasons for this phenomenon are individual differences
in mice and environmental factors. Therefore, the F/B model
used in our animal model to characterize the normal flora level of
healthy mice may not be suitable. By observing the results of our
experiments, the flora in the normal group of mice is
characterized by low-abundance Proteobacteria and high-
abundance Firmicutes, similar in the AB23A intervention
group, while the flora in the DSS group of mice is
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 9
characterized by extreme high-abundance Proteobacteria and
low-abundance Firmicutes. Therefore, as far as characteristics of
the mouse gut microbiota in our study is concerned, it is more
meaningful for us to use P/F to characterize changes in the
microbiota. AB23A intervention reversed the microbiota disorder
and shifted it toward levels similar to those in the control group.
Most of the bacteria in the DSS group were pathogenic bacteria,
including Muribaculaceae, Enterobacteriaceae, Proteobacteria,
A B

C D

FIGURE 5 | Species distributions of gut microbiota in each group. (A) LDA value-based distribution histogram between the control group and the DSS group
(LDA > 4.0). (B) LDA value-based distribution histogram between the DSS group and the AB23A group (LDA > 4.0). (C) Comparison of relative abundance of
different bacteria between the control group and the DSS group. (D) Comparison of relative abundance of different bacteria between the DSS group and the AB23A
group. Differences were analyzed by Unpaired T-test (*P < 0.05, **P < 0.01, ***P < 0.001, n = 10)
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A

C

D
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B

FIGURE 6 | Effects of AB23A on the activation of TLRs, NF-kB and MAPK in colonic tissue of CAC mice. (A) Immunoblotting of TLR4, TLR5 and MyD88 in colon
tissue. (B, C) Immunoblotting of total and phosphorylated IKKa IkBa, and p65 and total and phosphorylated JNK, ERK, and p38 in colon tissue. (D) p-IKKa, p-
IkBa, and p-p65 protein expression relative to IKKa, IkBa, and p65. (E) p-JNK, p-ERK, and p-p38-MAPK protein expression relative to JNK, ERK, and p38-MAPK.
(F) TLR4 and MyD88 protein expression relative to b-actin. Data are expressed as mean ± SD (n = 3). Differences were analyzed by one-way ANOVA followed by
Tukey’s post hoc test (*P < 0.05, **P < 0.01, ***P < 0.001).
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Citrobacter, and Klebsiella. Probiotics such as Alloprevotella,
Ruminococcaceae, Lactobacillus, and Bacteroidaceae (e.g., B.
vulgatus, B. acidifaciens), were profoundly enriched in the AB23A
group. Alloprevotella and Ruminococcaceae are known as anti-
inflammatory factors (Meehan et al., 2014; Wei et al., 2018).
Lactobacillus is generally used in probiotics and has been shown
to prevent colon cancer in a mouse model (Friend and Shahani,
1984; Matsumoto et al., 2009). B. acidifaciens is known for its anti-
obesity, anti-metabolicdisorder, andanti-cancerproperties (Huang
et al., 2017). The pathogenic species of Enterobacteriaceae in CAC
mice included Klebsiella oxytoca, E. coli, and Citrobacter, which
associated with various kinds of intestinal cancers (Mullineaux-
Sanders et al., 2019; Olm et al., 2019; Unterhauser et al., 2019).
Recent studies have shown that members of Muribaculaceae and
Akkermansiaceae are the key potential mucus degraders (Derrien
et al., 2008; Lagkouvardos et al., 2019; Lee et al., 2019). While
Akkermansiaceae can play an active role in some mouse models of
metabolic diseases, recent research has discovered that in DSS-
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 11
induced colitis mouse models, Akkermansiaceae exhibits a
disorderly expansion pattern (Zhang et al., 2016). These findings
imply that Akkermansiaceae can play different roles in the DSS-
induced model and the metabolic syndrome model, or even the
inverse. In this study compared with that in the AB23A group, the
surge of mucus-degrading bacteria in the DSS group suggests that
the intestinal barrier of CACmice is damaged. Thus, the concerted
action of pathogenic and mucin-degrading bacteria may facilitate
epithelial damage and dysplasia via breaking down the mucus
barrier caused by DSS administration (Werb, 2002). The results
above indicate that AB23A might reverse gut microbiota dysbiosis
bydecreasingpathogenic andmucus-degrading bacteria to alleviate
colitis and inhibit CAC.

Intestinal microecological disorders lead to the destruction of
the intestinal barrier and changes in the composition,
distribution, and metabolites of the intestinal flora, which, in
turn, causes abnormal activation of signaling pathways, such as
TLRs, and promotes the occurrence and development of CAC
A B

C D

E F

FIGURE 7 | Effect of AB23A treatment on intestinal barrier functions. (A) Immunoblotting of mucin-2, JAM-A, claudin-1, ZO-1, and occludin. (B–F) Mucin-2, JAM-A,
claudin-1, ZO-1, and occludin protein expression relative to b-actin. Data are expressed as mean ± SD (n = 3). Differences were analyzed by one-way ANOVA
followed by Tukey’s post hoc test (*P < 0.05, **P < 0.01, ***P < 0.001).
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(Fukata et al., 2009, Li C. et al., 2020). The intestinal barrier
consists of the mucus layer, epithelial cells, and tight junction
proteins and maintains balance between the absorption of
nutrients and the prevention of the invasion of toxins and
bacteria in the lumen (Chelakkot et al., 2018). The mucus layer
consists of mucins (e.g., mucin-2) that were released by epithelial
goblet cells and the first line of defense against infectious
pathogenic agents that are greatly reduced in CAC mice.
(Saleiro et al., 2012). TJs, which consist of transmembrane
proteins (e.g., occludin, claudin-1, and JAM-A) and
intracellular membranes (e.g., ZO-1), play key roles in gut
barrier permeability, adhesion between cells, and motion
through the paracellular space (Chelakkot et al., 2018).
Destroying TJs can lead to increased colonic permeability to
harmful bacteria and toxins that cause intestinal inflammation
and diarrhea that evoke the onset and growth of CAC (Saleiro
et al., 2012). In this study, AB23A has substantially suppressed
the declining expression of TJ proteins, (e.g., Claudin-1, ZO-1,
Occludin) and mucin-2. Our research results show that the effect
of AB23A in alleviating the disease state of CAC mice is largely
related to enhancing the secretion of the mucus layer and
protecting the tight junctions between the intestines.

Chronic inflammatory stimuli are closely linked to the
development of CAC, according to epidemiologic and
experimental evidence (Katoh et al., 2013). Because of
increased intestinal permeability, intestinal epithelial cells and
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 12
immune cells can recognize intestinal pathogenic microbes via
Toll-like receptor (eg, TLR4, TLR5) and then activate
downstream inflammation signaling pathways, including NF-
kB and MAPK, to promote intestinal epithelial cell proliferation
and damage repair and recruit acute inflammatory cells
(Waldner and Neurath, 2015; Zou et al., 2016; Koveitypour
et al., 2019; Soleimani et al., 2020). TLR activation begins
activating the significant adapter molecule MyD88, which is
necessary for signals from TLR pathway. In the present study,
we observed that the relative abundance of inflammation-related
pathogenic bacteria, such as K. oxytoca, Escherichia coli, and
Citrobacter, significantly decreased with AB23A intervention in
CAC mice. Activation of TLR4, TLR5 and MyD88 was inhibited
by AB23A in CAC mouse colon tissues. AB23A decreased the
phosphorylation expression of key protein of the NF-kB
pathway, but increased the expression of IkBa. ERK, p38-
MAPK, and JNK phosphorylation were also down-regulated by
AB23A treatment. The protective activity of AB23A against CAC
were discovered to be closely linked to the improvement of
inflammatory status through inhibition of the TLR/NF-B/MAPK
signaling pathways, according to our findings.

The development process of CAC can be divided into
inflammation, dysplasia, and carcinoma (Hirano et al., 2020).
Repeated inflammatory stimulation slowly develops into the
abnormal proliferation of intestinal epithelial cells and even
carcinogenesis. So, intestinal inflammation is one of the
FIGURE 8 | AB23A Ameliorates CAC mice model, at least partially, via modulating the composition of gut microbiota, improving the intestinal barrier and inhibiting
the activation of TLR4, NF-kB, and MAPKs
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triggers for the development of CAC. When the epithelial barrier
is damaged, invasive bacteria (usually pathogenic bacteria) can
penetrate the gut barrier to trigger a pro-inflammatory response,
while bacteria (usually non-pathogenic bacteria) that cannot
penetrate the gut barrier stay at the face of intestinal epithelial
cells and trigger a homeostasis anti-inflammatory response
(Abreu, 2010). TLR is induced and activated by harmful
bacteria, which causes NF-B and MAPK to be activated. In
other words. The activation of NF-kB and MAPK is mainly
because TLR is stimulated and activated by harmful bacteria (Xie
et al., 2015; Kuai et al., 2020). In our study, AB23A intervention
reversed the microbiota disorder and shifted it toward levels
similar to those in the control group, which reduced stimulation
of pathogenic microorganism on TLR (TLR4, TLR5). At the
same time, AB23A also reduced the intestinal permeability of
CAC mice. Thus, improved gut microbiota dysbiosis and
maintaining intestinal integrity may be the underlying
mechanisms of the preventive impact of AB23A on
tumorigenesis. However, our study still has some limitations.
First, the sample size of the experiment in this study is relatively
small. Secondly, our study could not directly demonstrate the
causal effect of microbiota change in tumorigenesis. Thus, it is
essential for us to conduct in-depth and clear research in the
future. Despite this some limitations, our results may still be
important because AB23A induced beneficial changes in gut
microbiota of CAC mice and the intestinal flora is closely related
to CAC.
CONCLUSION

In summary, AB23A holistically improved CAC mice clinical
symptoms and the gut microenvironment by decreasing the
proportion of certain pathogenic bacteria and increasing the
proportion of beneficial bacteria. AB23A reduced intestinal
microecological disorders and intestinal permeability in CAC
mice, thus inhibiting the entry of toxins and luminal bacteria.
AB23A also down-regulated proinflammatory markers by
inhibiting the activation of TLR4, NF-kB, and MAPK. This
study revealed that AB23A induces alterations in the gut
microbiota structure, maintains intestinal integrity, and
ameliorates intestinal inflammation. These synergistic effects
may be an underlying cause of reduced polyp formation in
CAC mice with AB23A intervention. The findings may offer
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 13
insights into the role of microbiota in colon tumorigenesis. Thus,
AB23A has the potential to be used to treat CAC in the future.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are publicly
available. This data can be found here: https://www.ncbi.nlm.nih.
gov/bioproject/PRJNA687168
ETHICS STATEMENT

The animal study was reviewed and approved by the Animal
Ethics Committee of Fujian Medical University.
AUTHOR CONTRIBUTIONS

Important contributions to design and also to preparing the
manuscript, WX and S-SW. Applied for funding to carry this
research and design this research. WX. Designed and supervise
the study, H-CZ and X-KJ. Implement specific operations for
animal experiments and molecular biology experiments. S-HX,
X-YL, M-QH, and M-LL. Analyzed the microbiota data, YF and
H-CZ. All authors contributed to the article and approved the
submitted version.
FUNDING

This research was funded by National Natural Science
Foundation of China (81773956, 81703692 and 81872990), the
Provincial Natural Science Foundation of Fujian (2018J01870),
young and middle-aged backbone Program of Fujian Provincial
Health Commission (2018-ZQN-65).
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fcimb.
2021.640225/full#supplementary-material
REFERENCES

Abreu, M. T. (2010). Toll-Like Receptor Signalling in the Intestinal Epithelium:
How Bacterial Recognition Shapes Intestinal Function. Nat. Rev. Immunol. 10
(2), 131–144. doi: 10.1038/nri2707

Brennan, C. A., and Garrett, W. S. (2016). Gut Microbiota, Inflammation, and
Colorectal Cancer. Annu. Rev. Microbiol. 70, 395–411. doi: 10.1146/annurev-
micro-102215-095513

Chelakkot, C., Ghim, J., and Ryu, S. H. (2018). Mechanisms Regulating Intestinal
Barrier Integrity and its Pathological Implications. Exp. Mol. Med. 50, 103. doi:
10.1038/s12276-018-0126-x
Choi, Y. J., Jung, J., Chung, H. K., Im, E., and Rhee, S. H. (2013). PTEN Regulates
TLR5-induced Intestinal Inflammation by Controlling Mal/TIRAP
Recruitment. FASEB J. 27 (1), 243–254. doi: 10.1096/fj.12-217596

Collins, J. W., Keeney, K. M., Crepin, V. F., Rathinam, V. A., Fitzgerald, K. A.,
Finlay, B. B., et al. (2014). Citrobacter Rodentium: Infection, Inflammation and
the Microbiota. Nat. Rev. Microbiol. 12, 612–623. doi: 10.1038/nrmicro3315

Colombo, N., Creutzberg, C., Amant, F., Bosse, T., Gonzalez-Martin, A.,
Ledermann, J., et al. (2016). Esmo-Esgo-Estro Consensus Conference on
Endometrial Cancer: Diagnosis, Treatment and Follow-Up. Ann. Oncol. 27,
16–41. doi: 10.1093/annonc/mdv484
April 2021 | Volume 11 | Article 640225

https://www.ncbi.nlm.nih.gov/bioproject/PRJNA687168
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA687168
https://www.frontiersin.org/articles/10.3389/fcimb.2021.640225/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcimb.2021.640225/full#supplementary-material
https://doi.org/10.1038/nri2707
https://doi.org/10.1146/annurev-micro-102215-095513
https://doi.org/10.1146/annurev-micro-102215-095513
https://doi.org/10.1038/s12276-018-0126-x
https://doi.org/10.1096/fj.12-217596
https://doi.org/10.1038/nrmicro3315
https://doi.org/10.1093/annonc/mdv484
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles


Zhu et al. Alisol B 23-Acetate Ameliorates CAC
Derrien, M., Collado, M. C., Ben-Amor, K., Salminen, S., and de Vos, W. M.
(2008). The Mucin Degrader Akkermansia Muciniphila is an Abundant
Resident of the Human Intestinal Tract. Appl. Environ. Microbiol. 74, 1646–
1648. doi: 10.1128/AEM.01226-07

Friend, B. A., and Shahani, K. M. (1984). Antitumor Properties of Lactobacilli and
Dairy Products Fermented by Lactobacilli. J. Food Prot. 47 (9), 717–723. doi:
10.4315/0362-028X-47.9.717

Fukata, M., Hernandez, Y., Conduah, D., Cohen, J., Chen, A., Breglio, K., et al.
(2009). Innate Immune Signaling by Toll-like Receptor-4 (TLR4) Shapes the
Inflammatory Microenvironment in Colitis-Associated Tumors. Inflammation
Bowel Dis. 15, 997–1006. doi: 10.1002/ibd.20880

Grivennikov, S. I. (2013). Inflammation and Colorectal Cancer: Colitis-Associated
Neoplasia. Semin. Immunopathol. 35, 229–244. doi: 10.1007/s00281-012-0352-6

He, P. P. (2007). Progress in Clinical Application of Liuwei Dihuang Pill
(Decoction). Hubei J. Traditional Chin. Med. (05), 55–57. doi: CNKI:SUN:
HBZZ.0.2007-05-040

Hirano, T., Hirayama, D., Wagatsuma, K., Yamakawa, T., Yokoyama, Y., and
Nakase, H. (2020). Immunological Mechanisms in Inflammation-Associated
Colon Carcinogenesis. Int. J. Mol. Sci. 21 (9), 3062. doi: 10.3390/ijms21093062

Huang, G., Khan, I., Li, X., Chen, L., Leong, W., Ho, L. T., et al. (2017). Ginsenosides
Rb3 and Rd Reduce Polyps Formation While Reinstate the Dysbiotic Gut
Microbiota and the Intestinal Microenvironment in Apc(Min/+) Mice. Sci. Rep.
7, 12552. doi: 10.1038/s41598-017-12644-5

Huang, F., Zheng, X., Ma, X., and Jiang, R. (2019). Theabrownin From Pu-erh Tea
Attenuates Hypercholesterolemia Via Modulation of Gut Microbiota and Bile
Acid Metabolism. Nat. Commun. 10, 4971. doi: 10.1038/s41467-019-12896-x

Huyghe, J. R., Bien, S. A., Harrison, T. A., Kang, H. M., Chen, S., Schmit, S. L., et al.
(2019). Discovery of Common and Rare Genetic Risk Variants for Colorectal
Cancer. Nat. Genet. 51 (1), 76–87. doi: 10.1038/s41588-018-0286-6

Ijssennagger, N., Belzer, C., Hooiveld, G. J., Dekker, J., van Mil, S. W., Muller, M.,
et al. (2015). Gut Microbiota Facilitates Dietary Heme-Induced Epithelial
Hyperproliferation by Opening the Mucus Barrier in Colon. Proc. Natl.
Acad. Sci. U.S.A. 112, 10038–10043. doi: 10.1073/pnas.1507645112

Jiang, Z. Y., Zhang, X. M., Zhang, F. X., Liu, N., Zhao, F., Zhou, J., et al. (2006). A
New Triterpene and Anti-Hepatitis B Virus Active Compounds From Alisma
Orientalis. Planta Med. 72, 951–954. doi: 10.1055/s-2006-947178

Jin, H. G., Jin, Q., Ryun Kim, A., Choi, H., Lee, J. H., Kim, Y. S., et al. (2012). A
New Triterpenoid From Alisma Orientale and Their Antibacterial Effect. Arch.
Pharm. Res. 35, 1919–1926. doi: 10.1007/s12272-012-1108-5

Kamarudin, M. N. A., Sarker, M. M. R., Zhou, J. R., and Parhar, I. (2019).
Metformin in Colorectal Cancer: Molecular Mechanism, Preclinical and
Clinical Aspects. J. Exp. Clin. Cancer Res. 38, 491. doi: 10.1186/s13046-019-
1495-2

Kang, M., and Martin, A. (2017). Microbiome and Colorectal Cancer: Unraveling
Host-Microbiota Interactions in Colitis-Associated Colorectal Cancer
Development. Semin. Immunol. 32, 3–13. doi: 10.1016/j.smim.2017.04.003

Katoh, H., Wang, D., Daikoku, T., Sun, H., Dey, S. K., and Dubois, R. N. (2013).
CXCR2-Expressing Myeloid-Derived Suppressor Cells are Essential to
Promote Colitis-Associated Tumorigenesis. Cancer Cell 24, 631–644. doi:
10.1016/j.ccr.2013.10.009

Koveitypour, Z., Panahi, F., Vakilian, M., Peymani, M., Seyed Forootan, F., Nasr
Esfahani, M. H., et al. (2019). Signaling Pathways Involved in Colorectal
Cancer Progression. Cell Biosci. 9, 97. doi: 10.1186/s13578-019-0361-4

Kuai, Y., Liu, H., Liu, D., Liu, Y., Sun, Y., Xie, J., et al. (2020). An Ultralow Dose of
the NADPH Oxidase Inhibitor Diphenyleneiodonium (DPI) is an Economical
and Effective Therapeutic Agent for the Treatment of Colitis-Associated
Colorectal Cancer. Theranostics 10 (15), 6743–6757. doi: 10.7150/thno.43938

Lagkouvardos, I., Lesker, T. R., Hitch, T. C. A., Galvez, E. J. C., Smit, N., Neuhaus,
K., et al. (2019). Sequence and Cultivation Study of Muribaculaceae Reveals
Novel Species, Host Preference, and Functional Potential of This Yet
Undescribed Family. Microbiome 7, 28. doi: 10.1186/s40168-019-0637-2

Law, B. Y., Wang, M., Ma, D. L., Al-Mousa, F., Michelangeli, F., Cheng, S. H., et al.
(2010). Alisol B, a Novel Inhibitor of the Sarcoplasmic/Endoplasmic Reticulum
Ca(2+) Atpase Pump, Induces Autophagy, Endoplasmic Reticulum Stress, and
Apoptosis.Mol. Cancer Ther. 9, 718–730. doi: 10.1158/1535-7163.MCT-09-0700

Lee, K. S., Palatinszky, M., Pereira, F. C., Nguyen, J., Fernandez, V. I., Mueller, A. J.,
et al. (2019). An Automated Raman-based Platform for the Sorting of Live
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 14
Cells by Functional Properties. Nat. Microbiol. 4, 1035–1048. doi: 10.1038/
s41564-019-0394-9

Li, C., Ai, G., Wang, Y., Lu, Q., Luo, C., Tan, L., et al. (2020). Oxyberberine, a
Novel Gut Microbiota-Mediated Metabolite of Berberine, Possesses Superior
Anti-Colitis Effect: Impact on Intestinal Epithelial Barrier, Gut Microbiota
Profile and TLR4-MyD88-NF-kappaB Pathway. Pharmacol. Res. 152, 104603.
doi: 10.1016/j.phrs.2019.104603

Litvak, Y., Byndloss, M. X., Tsolis, R. M., and Baumler, A. J. (2017). Dysbiotic
Proteobacteria Expansion: A Microbial Signature of Epithelial Dysfunction.
Curr. Opin. Microbiol. 39, 1–6. doi: 10.1016/j.mib.2017.07.003

Liu, Y., Zhao, J., Zhao, Y., Zong, S., Tian, Y., Chen, S., et al. (2019). Therapeutic
Effects of Lentinan on Inflammatory Bowel Disease and Colitis-Associated
Cancer. J. Cell. Mol. Med. 23 (2), 750–760. doi: 10.1111/jcmm.13897

Li, Y., Wang, S., Sun, Y., Xu, W., Zheng, H., Wang, Y., et al. (2020). Apple
Polysaccharide Protects ICR Mice Against Colitis Associated Colorectal
Cancer Through the Regulation of Microbial Dysbiosis. Carbohydr Polym
230, 115726. doi: 10.1016/j.carbpol.2019.115726

Matsumoto, S., Hara, T., Nagaoka, M., Mike, A., Mitsuyama, K., Sako, T., et al.
(2009). A Component of Polysaccharide Peptidoglycan Complex on
Lactobacillus Induced an Improvement of Murine Model of Inflammatory
Bowel Disease and Colitis-Associated Cancer. Immunology 128 (1 Suppl),
e170–e180. doi: 10.1111/j.1365-2567.2008.02942.x

Meehan, C. J., Beiko, R. G. J. G. B.Evolution (2014). A Phylogenomic View of
Ecological Specialization in the Lachnospiraceae, a Family of Digestive Tract-
Associated Bacteria. Genome Biol. Evol 6 (3), 703–713. doi: 10.7287/
peerj.preprints.168v1

Meng, Q., Chen, X., Wang, C., Liu, Q., Sun, H., Sun, P., et al. (2015). Protective
Effects of Alisol B 23-Acetate From Edible Botanical Rhizoma Alismatis
Against Carbon Tetrachloride-Induced Hepatotoxicity in Mice. Food Funct.
6 (4), 1241–1250. doi: 10.1039/C5FO00082C

Meng, Q., Duan, X. P., Wang, C. Y., Liu, Z. H., Sun, P. Y., Huo, X. K., et al. (2017).
Alisol B 23-Acetate Protects Against non-Alcoholic Steatohepatitis in Mice Via
Farnesoid X Receptor Activation. Acta Pharmacol Sin. 38 (1), 69–79. doi:
10.1038/aps.2016.119

Miller, K. D., Nogueira, L., Mariotto, A. B., Rowland, J. H., Yabroff, K. R., Alfano,
C. M., et al. (2019). Cancer Treatment and Survivorship Statistic. CA Cancer J.
Clin. 69, 363–385. doi: 10.3322/caac.21565

Mullineaux-Sanders, C., Sanchez-Garrido, J., Hopkins, E. G. D., Shenoy, A. R.,
Barry, R., and Frankel, G. (2019). Citrobacter Rodentium-Host-Microbiota
Interactions: Immunity, Bioenergetics and Metabolism. Nat. Rev. Microbiol.
17, 701–715. doi: 10.1038/s41579-019-0252-z

Olm, M. R., Bhattacharya, N., Crits-Christoph, A., Firek, B. A., Baker, R., Song, Y. S.,
et al. (2019). Necrotizing Enterocolitis is Preceded by Increased Gut Bacterial
Replication, Klebsiella, and Fimbriae-Encoding Bacteria. Sci. Adv. 5 (12),
eaax5727. doi: 10.1126/sciadv.aax5727

Pereira, F. C., Wasmund, K., Cobankovic, I., Jehmlich, N., Herbold, C. W., Lee, K.
S., et al. (2020). Rational Design of a Microbial Consortium of Mucosal Sugar
Utilizers Reduces Clostridiodes Difficile Colonization. Nat. Commun. 11, 5104.
doi: 10.1038/s41467-020-18928-1

Saleiro, D., Murillo, G., Benya, R. V., Bissonnette, M., Hart, J., and Mehta, R. G.
(2012). Estrogen Receptor-Beta Protects Against Colitis-Associated Neoplasia
in Mice. Int. J. Cancer 131, 2553–2561. doi: 10.1002/ijc.27578

Sanders, K., Moran, Z., Shi, Z., Paul, R., and Greenlee, H. (2016). Natural Products
for Cancer Prevention: Clinical Update 2016. Semin. Oncol. Nurs. 32, 215–240.
doi: 10.1016/j.soncn.2016.06.001

Shin, N. R., Whon, T. W., and Bae, J. W. (2015). Proteobacteria: Microbial
Signature of Dysbiosis in Gut Microbiota. Trends Biotechnol. 33, 496–503. doi:
10.1016/j.tibtech.2015.06.011

Siegel, R., Desantis, C., and Jemal, A. (2014). Colorectal Cancer Statistic. CA
Cancer J. Clin. 64, 104–117. doi: 10.3322/caac.21220

Soleimani, A., Rahmani, F., Ferns, G. A., Ryzhikov, M., Avan, A., and Hassanian, S.
M. (2020). Role of the NF-kappaB Signaling Pathway in the Pathogenesis of
Colorectal Cancer. Gene 726, 144132. doi: 10.1016/j.gene.2019.144132

Unterhauser, K., Poltl, L., Schneditz, G., Kienesberger, S., Glabonjat, R. A., Kitsera,
M., et al. (2019). Klebsiella Oxytoca Enterotoxins Tilimycin and Tilivalline
Have Distinct Host DNA-damaging and Microtubule-Stabilizing Activities.
Proc. Natl. Acad. Sci. U.S.A. 116, 3774–3783. doi: 10.1073/pnas.1819154116
April 2021 | Volume 11 | Article 640225

https://doi.org/10.1128/AEM.01226-07
https://doi.org/10.4315/0362-028X-47.9.717
https://doi.org/10.1002/ibd.20880
https://doi.org/10.1007/s00281-012-0352-6
https://doi.org/CNKI:SUN:HBZZ.0.2007-05-040
https://doi.org/CNKI:SUN:HBZZ.0.2007-05-040
https://doi.org/10.3390/ijms21093062
https://doi.org/10.1038/s41598-017-12644-5
https://doi.org/10.1038/s41467-019-12896-x
https://doi.org/10.1038/s41588-018-0286-6
https://doi.org/10.1073/pnas.1507645112
https://doi.org/10.1055/s-2006-947178
https://doi.org/10.1007/s12272-012-1108-5
https://doi.org/10.1186/s13046-019-1495-2
https://doi.org/10.1186/s13046-019-1495-2
https://doi.org/10.1016/j.smim.2017.04.003
https://doi.org/10.1016/j.ccr.2013.10.009
https://doi.org/10.1186/s13578-019-0361-4
https://doi.org/10.7150/thno.43938
https://doi.org/10.1186/s40168-019-0637-2
https://doi.org/10.1158/1535-7163.MCT-09-0700
https://doi.org/10.1038/s41564-019-0394-9
https://doi.org/10.1038/s41564-019-0394-9
https://doi.org/10.1016/j.phrs.2019.104603
https://doi.org/10.1016/j.mib.2017.07.003
https://doi.org/10.1111/jcmm.13897
https://doi.org/10.1016/j.carbpol.2019.115726
https://doi.org/10.1111/j.1365-2567.2008.02942.x
https://doi.org/10.7287/peerj.preprints.168v1
https://doi.org/10.7287/peerj.preprints.168v1
https://doi.org/10.1039/C5FO00082C
https://doi.org/10.1038/aps.2016.119
https://doi.org/10.3322/caac.21565
https://doi.org/10.1038/s41579-019-0252-z
https://doi.org/10.1126/sciadv.aax5727
https://doi.org/10.1038/s41467-020-18928-1
https://doi.org/10.1002/ijc.27578
https://doi.org/10.1016/j.soncn.2016.06.001
https://doi.org/10.1016/j.tibtech.2015.06.011
https://doi.org/10.3322/caac.21220
https://doi.org/10.1016/j.gene.2019.144132
https://doi.org/10.1073/pnas.1819154116
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles


Zhu et al. Alisol B 23-Acetate Ameliorates CAC
Van Cutsem, E., Lenz, H. J., Kohne, C. H., Heinemann, V., Tejpar, S., Melezinek, I.,
et al. (2015). Fluorouracil, Leucovorin, and Irinotecan Plus Cetuximab
Treatment and RAS Mutations in Colorectal Cancer. J. Clin. Oncol. 33, 692–
700. doi: 10.1200/JCO.2014.59.4812

Waldner, M. J., and Neurath, M. F. (2015). Mechanisms of Immune Signaling in
Colitis-Associated Cancer. Cell Mol. Gastroenterol. Hepatol 1, 6–16. doi:
10.1016/j.jcmgh.2014.11.006

Wang, C., Feng, L., Ma, L., Chen, H., Tan, X., Hou, X., et al. (2017). Alisol A 24-
Acetate and Alisol B 23-Acetate Induced Autophagy Mediates Apoptosis and
Nephrotoxicity in Human Renal Proximal Tubular Cells. Front. Pharmacol. 8,
172. doi: 10.3389/fphar.2017.00172

Wang, J., Li, H., Wang, X., Shen, T., Wang, S., and Ren, D. (2018). Alisol B-23-
acetate, a Tetracyclic Triterpenoid Isolated From Alisma Orientale, Induces
Apoptosis in Human Lung Cancer Cells Via the Mitochondrial Pathway.
Biochem. Biophys. Res. Commun. 505, 1015–1021. doi: 10.1016/
j.bbrc.2018.10.022

Wei, X., Tao, J., Xiao, S., Jiang, S., Shang, E., Zhu, Z., et al. (2018). Xiexin Tang
Improves the Symptom of Type 2 Diabetic Rats by Modulation of the Gut
Microbiota. Sci. Rep. 8, 3685. doi: 10.1038/s41598-018-22094-2

Werb, L. M. C. Z. (2002). Inflammation and Cancer. Nature 420, 860–867. doi:
10.1038/nature01322

Xie, L., Jiang, F. C., Zhang, L. M., He, W. T., Liu, J. H., Li, M. Q., et al. (2015).
Targeting of MyD88 Homodimerization by Novel Synthetic Inhibitor Tj-
M2010-5 in Preventing Colitis-Associated Colorectal Cancer. J. Natl. Cancer
Inst 108 (4), djv364. doi: 10.1093/jnci/djv364

Xu, W., Luo, F., Zhao, W., Li, X., Li, X., Li, C., et al. (2014). Chemical Constituents
From Alisma Orientalis Extracts With Hypoglycemic Effect [J]. Chin.
Traditional Herbal Drugs 45 (22), 3238–3245. doi: CNKI:SUN:ZCYO.0.2014-
22-010

Xu, W., Li, X., Lin, N., Zhang, X., Huang, X., Wu, T., et al. (2017).
Pharmacokinetics and Tissue Distribution of Five Major Triterpenoids After
Oral Administration of Rhizoma Alismatis Extract to Rats Using Ultra High-
Performance Liquid Chromatography-Tandem Mass Spectrometry. J. Pharm.
BioMed. Anal. 146, 314–323. doi: 10.1016/j.jpba.2017.09.009

Zeng, S. L., Li, S. Z., Xiao, P. T., Cai, Y. Y., Chu, C., Chen, B. Z., et al. (2020). Citrus
Polymethoxyflavones Attenuate Metabolic Syndrome by Regulating Gut
Microbiome and Amino Acid Metabolism. Sci. Adv. 6, eaax6208. doi:
10.1126/sciadv.aax6208
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 15
Zhang, Q., Wu, Y., Wang, J., Wu, G., Long, W., Xue, Z., et al. (2016). Accelerated
Dysbiosis of Gut Microbiota During Aggravation of DSS-induced Colitis by a
Butyrate-Producing Bacterium. Sci. Rep. 6, 27572. doi: 10.1038/srep27572

Zhang, X., Zhao, Y., Zhang, M., Pang, X., Xu, J., Kang, C., et al. (2012). Structural
Changes of Gut Microbiota During Berberine-Mediated Prevention of Obesity
and Insulin Resistance in High-Fat Diet-Fed Rats. PloS One 7, e42529. doi:
10.1371/journal.pone.0042529

Zhao, Y., and Jiang, Q. (2020). Roles of the Polyphenol-Gut Microbiota
Interaction in Alleviating Colitis and Preventing Colitis-Associated
Colorectal Cancer. Adv. Nutr. 12 (2), 546–565. doi: 10.1093/advances/nmaa104

Zhao, Y. L., Li, E. T. S., and Wang, M. F. (2017). Alisol B 23-Acetate Induces
Autophagic-Dependent Apoptosis in Human Colon Cancer Cells Via ROS
Generation and JNK Activation. Oncotarget 8, 70239–70249. doi: 10.18632/
oncotarget.19605

Zhou, W. M. (2001). Liuwei Dihuang Pill Treated 31 Cases of Chronic Enteritis.
Zhejiang J. Integ Traditional Chin. Western Med. (08), 61–70. doi: CNKI:SUN:
ZJZH.0.2001-08-042

Zhu, W., Miyata, N., Winter, M. G., Arenales, A., Hughes, E. R., Spiga, L., et al.
(2019). Editing of the Gut Microbiota Reduces Carcinogenesis in Mouse
Models of Colitis-Associated Colorectal Cancer. J. Exp. Med. 216, 2378–
2393. doi: 10.1084/jem.20181939

Zou, F., Mao, R., Yang, L., Lin, S., Lei, K., Zheng, Y., et al. (2016). Targeted
Deletion of miR-139-5p Activates MAPK, NF-Kappab and STAT3 Signaling
and Promotes Intestinal Inflammation and Colorectal Cancer. FEBS J. 283,
1438–1452. doi: 10.1111/febs.13678
Conflict of Interest: The 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.

Copyright © 2021 Zhu, Jia, Fan, Xu, Li, Huang, Lan, Xu and Wu. 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.
April 2021 | Volume 11 | Article 640225

https://doi.org/10.1200/JCO.2014.59.4812
https://doi.org/10.1016/j.jcmgh.2014.11.006
https://doi.org/10.3389/fphar.2017.00172
https://doi.org/10.1016/j.bbrc.2018.10.022
https://doi.org/10.1016/j.bbrc.2018.10.022
https://doi.org/10.1038/s41598-018-22094-2
https://doi.org/10.1038/nature01322
https://doi.org/10.1093/jnci/djv364
https://doi.org/CNKI:SUN:ZCYO.0.2014-22-010
https://doi.org/CNKI:SUN:ZCYO.0.2014-22-010
https://doi.org/10.1016/j.jpba.2017.09.009
https://doi.org/10.1126/sciadv.aax6208
https://doi.org/10.1038/srep27572
https://doi.org/10.1371/journal.pone.0042529
https://doi.org/10.1093/advances/nmaa104
https://doi.org/10.18632/oncotarget.19605
https://doi.org/10.18632/oncotarget.19605
https://doi.org/CNKI:SUN:ZJZH.0.2001-08-042
https://doi.org/CNKI:SUN:ZJZH.0.2001-08-042
https://doi.org/10.1084/jem.20181939
https://doi.org/10.1111/febs.13678
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles

	Alisol B 23-Acetate Ameliorates Azoxymethane/Dextran Sodium Sulfate-Induced Male Murine Colitis-Associated Colorectal Cancer via Modulating the Composition of Gut Microbiota and Improving Intestinal Barrier
	Introduction
	Materials and Methods
	Materials
	Animals
	Animal Experiment Operation
	Assessment of CAC Mice
	Hematoxylin–Eosin Staining
	ELISA Kits
	Western Blot Analysis
	Sequencing of Feces of CAC Mice
	Bioinformatic Analysis of Sequencing Data
	Statistical Analysis

	RESULTS
	AB23A Ameliorated Pathological Damage in AOM/DSS-Induced CAC Mice
	AB23A Attenuated the Production of Inflammation-Related Cytokines of AOM/DSS-Induced CAC Mice
	AB23A Drove the Composition of Gut Microbiota in CAC Mice Toward Normal Level
	AB23A Significantly Suppressed the Activation of TLR4, TLR5, NF-κB, and MAPK in the Colonic Tissue of CAC Mice
	AB23A Could Maintain Intestinal Integrity and Functionality

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



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


