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Abstract

AIM

To investigate the effect of epigallocatechin gallate
(EGCG) on structural changes of gut microbiota in
colorectal carcinogenesis.

METHODS

An azoxymethane (AOM)/dextran sodium sulfate (DSS)-
induced colitis mouse model was established. Forty-
two female FVB/N mice were randomly divided into
the following three groups: group 1 (10 mice, negative
control) was treated with vehicle, group 2 (16 mice,
positive control) was treated with AOM plus vehicle,
and group 3 (16 mice, EG) was treated with AOM plus
EGCG. For aberrant crypt foci (ACF) evaluation, the
colons were rapidly took out after sacrifice, rinsed with
saline, opened longitudinally, laid flat on a polystyrene
board, and fixed with 10% buffered formaldehyde
solution before being stained with 0.2% methylene
blue in saline. For tumor evaluation, the colon was
macroscopically inspected and photographed, then the
total number of tumors was enumerated and tumor
size measured. For histological examination, the fixed
tissues were paraffin-embedded and sectioned at 5 mm
thickness. Microbial genomic DNA was extracted from
fecal and intestinal content samples using a commercial
kit. The V4 hypervariable regions of 16S rRNA were
PCR-amplified with the barcoded fusion primers. Using
the best hit classification option, the sequences from
each sample were aligned to the RDP 16S rRNA training
set to classify the taxonomic abundance in QIIME.
Statistical analyses were then performed.

RESULTS

Treatment of mice with 1% EGCG caused a significant
decrease in the mean number of ACF per mouse,
when compared with the model mice treated with
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AOM/DSS (5.38 = 4.24 vs 13.13 £ 3.02, P < 0.01).
Compared with the positive control group, 1%
EGCG treatment dependently decreased tumor load
per mouse by 85% (33.96 £ 6.10 vs 2.96 £ 2.86,
respectively, P < 0.01). All revealed that EGCG could
inhibit colon carcinogenesis by decreasing the number
of precancerous lesions as well as solid tumors,
with reduced tumor load and delayed histological
progression of CRC. During the cancerization, the
diversity of gut microbiota increased, potential
carcinogenic bacteria such as Bacteroides were
enriched, and the abundance of butyrate-producing
bacteria (Clostridiaceae, Ruminococcus, etc.) decreased
continuously. In contrast, the structure of gut microbiota
was relatively stable during the intervention of EGCG
on colon carcinogenesis. Enrichment of probiotics
(Bifidobacterium, Lactobadcillu, etc.) might be a potential
mechanism for EGCG’s effects on tumor suppression.
Via bioinformatics analysis, principal coordinate analysis
and cluster analysis of the tumor formation process,
we found that the diversity of gut microbiota increased
in the tumor model group while that in the EGCG
interfered group (EG) remained relatively stable.

CONCLUSION

Gut microbiota imbalance might be a potential
mechanism for the prevention of malignant tran-
sformation by EGCG, which is significant for diagnosis,
treatment, prognosis evaluation, and prevention of
colorectal cancer.

Key words: Epigallocatechin gallate; Gut microbiota;
Colorectal cancer; High throughput sequencing; Ch-
emoprevention; Animal experiment

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our study revealed the protective effect
of epigallocatechin gallate (EGCG) on colorectal
carcinogenesis and structural changes of intestinal flora
in an animal model of colorectal cancer. EGCG was
detected for its roles through azoxymethane/dextran
sulfate sodium induced tumor (aberrant crypt foci)
formation. The microbial population was compared
among groups at different developmental stages by
pyrosequencing of V4 regions of 16S rRNA genes.
Results suggested that intestinal flora imbalance
might be a potential mechanism for the prevention
of malignant transformation by the green tea extract
EGCG, which is significant for the diagnosis, treatment,
prognosis evaluation, and prevention of colorectal
cancer.

Wang X, Ye T, Chen WIJ, Lv Y, Hao Z, Chen J, Zhao JY, Wang
HP, Cai YK. Structural shift of gut microbiota during chemo-
preventive effects of epigallocatechin gallate on colorectal
carcinogenesis in mice. World J Gastroenterol 2017; 23(46):
8128-8139 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/146/8128.htm DOI: http://dx.doi.
org/10.3748/wjg.v23.146.8128
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INTRODUCTION

There are approximately 1.2 million people diagnosed
with colorectal cancer (colon cancer) every year, and
it is the third most common cancer in the human
population. There is a fairly high incidence of colon
cancer in developed countries!”), The human body
contains about 1000 kinds of bacteria, approximately
10" in total, most of which are distributed in the large
intestine. The total number of microbial genes is at least
150 times that of human genes™”, and both together are
termed the human metagenome. Now it is considered
that the gut microbiota plays an important role in the
construction of the biological barrier, which helps with
nutrient absorption, energy metabolism, and immune
regulation. Meanwhile, more and more evidence
indicates that imbalance of gut microbiota plays an
important role in gastrointestinal, metabolic, liver,
and autoimmune diseases™®. Previous studies found
that similar to some tumor related microorganisms
(such as Helicobacter pylori, human papilloma virus,
and hepatitis B virus, etc.), many bacteria (such as
toxigenic fragile bacteroides, Enterococcus faecalis,
and Streptococcus spp.) may be toxic enough to
cause colorectal cancer'”’. In addition, based on the
study of fecal bacterial culture in patient and control
populations, it was found that there were differences
between the two groups™. With the development
of molecular biology techniques, especially the next
generation high throughput sequencing, detection of the
complex structure of gut microbiota becomes feasible.
A large number of reports have confirmed the role of
bacterial flora in the pathogenesis of colorectal cancer,
outlining the structure of gut microbiota in patients with
colorectal cancer®*?. Previous studies in our group also
found that there was a reduction in the abundance of
colonic mucosal flora in patients with colorectal cancer,
and the increase of Bactaeroides may be related to the
occurrence of colorectal cancer'®!, The mechanisms by
which bacteria cause colon cancer may include: inducing
chronic inflammation of the intestine, producing
carcinogenic metabolites, forming carcinogenic biofilms,
etc*, Although the relationship between gut microbiota
and the occurrence of colorectal cancer and its accurate
mechanism remain unclear; it can be speculated that the
regulation with gut microbiota as a target is a potential
breakthrough point for the prevention and treatment
of colorectal cancer™®. Based on this theoretical basis,
therapeutic means for the intervention of gut microbiota
such as supplementation with probiotics and prebiotics,
fecal bacteria transplantation, and even weight loss
surgery have become research focuses' "),

The biological availability of epigallocatechin gallate
(EGCQG) is low, and its elimination half-time in blood is
only 2.0-3.5 h. Most EGCG is fermented by bacteria
in the large intestine, and discharged with stool. The
large intestine is the main metabolic site for EGCG
and is also the most active portion of the body for
the interaction with bacteria. Importantly, when
compared to smaller bacteria density in the proximal
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small intestine, the incidence of colorectal cancer is
significantly higher™®. Therefore, the interaction of
EGCG with gut microbiota is very likely to affect the
occurrence and development of colorectal cancer.

In this study, gut microbiota was considered a
target for disease prevention and treatment, which will
further broaden our understanding of the effects of
drugs and diet on the body’s health by regulating gut
microbiota in humans and animals.

MATERIALS AND METHODS

Animals, reagents, and diets

Six-week-old female FVB/N mice (18-22 g) were
purchased from Laboratory Animal Center of Shanghai
East China Normal University (SCXK2011-0031) and
were quarantined for 7 d before the experiment. All
animals were housed in individual plastic cages (with
4 or 5 mice/cage) and maintained under controlled
conditions of humidity (44% + 5%), light (12 h light/
dark cycles), and temperature (22 £ 2 ‘C). They had
free access to drinking water and a pelleted basal
diet. Azoxymethane (AOM, A5486-25 mg), a colonic
carcinogen, EGCG (E4268-100MG), and dextran sodium
sulfate (DSS, 42867-5G) for the induction of colitis
were purchased from Sigma-Aldrich (St. Louis, MO,
United States).

AOM/DSS-induced model of colitis

All animal experiments were performed in compliance
with the Institutional Animal Care and Use Committee
of the East China Normal University. Forty-two female
FVB/N mice were randomly divided into the following
three groups (Figure 1): group 1 (10 mice, negative
control) was treated with vehicle; group 2 (16 mice,
positive control) was treated with AOM plus vehicle;
group 3 (16 mice, EG) was treated with AOM plus
EGCG. AOM (30 mg/kg, total dose) was administered
intraperitoneally (IP), at single doses of 10 mg/kg body
weight, on the first days of week 1, week 4, and week
7. One day after each injection, the mice received 2.5%
(v/v) DSS in drinking water for 3 consecutive days.
One percent (v/v) of EGCG was given by gavage in
group 3 throughout the experiment.

Sample collection

Half of all animals were sacrificed by asphyxiation with
CO:2 8 wk after the first AOM injection. A significant
number of aberrant crypt foci (ACF) were observed
at this time. The remaining animals were sacrificed at
week 13 of the experiment. The gut tissue samples
of all animals were collected for further investigation.
Stool samples were collected at regular intervals and
snap frozen in liquid nitrogen during the course of the
study. The stool samples were then transferred to
-80 ‘C until DNA extraction was performed.

ACF and tumor evaluation

For ACF evaluation, the colons were rapidly took out
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after sacrifice, rinsed with saline, opened longitudinally,
laid flat on a polystyrene board, and fixed with 10%
buffered formaldehyde solution before being stained
with 0.2% methylene blue in saline. After measurement
of the length (from the ileocecal junction to the anal
verge), the colon specimens were cut into two parts: the
distal part (5 cm from the anus) and the proximal part
(the remainder of the colon). Specimens were examined
using a light microscope at x 20 magnification. Only
foci with four or more crypts were evaluated since
they indicate early neoplastic occurrence. ACF were
distinguished from their surrounding normal crypts by
greater size, larger and elongated luminal opening,
thicker lining, and compression of the surrounding
epithelium. The total nhumber of ACF throughout the
colon was scored.

For tumor evaluation, the colon was macroscopically
inspected and photographed, then the total number
of tumors was enumerated and tumor size measured.
Tumor load was the accumulation of diameter (average
of three diameter measurements). For histological
examination, colon tumors were separately excised
and fixed in 10% neutral phosphate-buffered formalin.

Histological examination

For histological examination, the fixed tissues were
paraffin-embedded and sectioned at 5 mm thickness.
Sections were H&E stained and then microscopically
examined by two independent researchers in a
blind fashion. Microscopic observations were graded
according to the morphological criteria.

Gut microbe 16S rRNA sequencing

Microbial genomic DNA was extracted from fecal and
intestinal content samples using the TIANGEN DNA
stool mini kit (TIANGEN, cat#DP328) following the
manufacturer’s guidelines. The V4 hypervariable regions
of 16S rRNA were PCR-amplified with the barcoded
fusion primers. The PCR condition was as follows:
initial denaturation at 94 ‘C for 5 min; denaturation
at 94 C for 30 s, annealing at 50 C for 30 s, and
extension at 72 C for 30 s, repeated for 25 cycles;
and final extension at 72 ‘C for 7 min. PCR products
were extracted using a QIAGEN quick Gel Extraction Kit
(QIAGEN). Then a sequencing library for each sample
was constructed with the Illumina TruSeq DNA Sample
Preparation Kit. For each sample, Barcoded V4 PCR
amplicons were sequenced with Illumina Miseq platform.
16S rRNA amplification and sequencing services were
provided by Personal Biotechnology Co.Ltd. (Shanghai,
China). Sequence reads were eliminated if they
contained ambiguous bases, if average paired score
was lower than 25, if homopolymer run exceeded
6, if there were mismatches in the primers, or if
sequence length was shorter than 100 bp. Sequences
that overlapped the region between R1 and R2,
longer than 10 bp without any mismatches, were
assembled according to their overlap sequence. This
step was ensured to remove chimeras. The sequence
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Table 1 Comparison of mouse weight (13" week)

Group Treatment n  Weight (g) (mean + SD)
1 Control (BD) 5 32.60 +1.81

2 AOM/DSS (MO) 3 28.63 + 1.60'

3 AOM/DSS + 1% EGCG (EG) 8 30.95 +1.38>

'Significantly different from group 1 (P = 0.006); *No significant difference
from group 1 (P = 0.088); °No significant difference from group 2 (P = 0.18).
AOM: Azoxymethane. EGCG: Epigallocatechin gallate; DSS: Dextran
sodium sulfate.

reads which could not be assembled were discarded.
Barcode and sequencing primers were trimmed from
sequence reads. Trimmed and assembled sequences
were uploaded to QIIME for further analysis (This part
of the study was assisted by Personal bioBiological
Technology Company).

Taxonomic classification and statistical analysis

Using the best hit classification option, the sequences
from each sample were aligned to the RDP 16S rRNA
training set to classify the taxonomic abundance
in QIIME™. Delineation of operational taxonomic
units (OTUs) was conducted with UCLUST function in
QIIME at a 97% cutoff®®, Richness estimators (Ace,
chao) and diversity estimators (Shannon index) were
calculated with mothur software package® . We also
conducted the UniFrac distance metrics analysis using
OTUs from each sample, and performed the principal
co-ordinates analysis and NMDS results in terms of the
matrix of distance (This part of the study was assisted
by Personal bioBiological Technology Company).

Other statistical analyses

Statistical analyses were performed using SPSS version
20.0 and Graph prism 5.0. Results are expressed
as mean £ SE of the mean for normally distributed
data. Inter-group comparisons for body weights were
performed using one-way ANOVA with correction for
multiple comparisons by Tukey’s post hoc test; P <
0.05 was considered statistically different. Inter-group
comparisons of ACF counts and tumor measurements
were assessed with the 2 x 2 factorial designs; P < 0.05
was regarded as statistically significant for each main
effect and interaction.

RESULTS

General observations

As shown in Figure 2, all mice had a steady body
weight gain and the administration of AOM/DSS and
1% EGCG did not affect the growth of the mice during
the first eight weeks in all groups measured at different
time points. Also, we observed a significant body
weight loss or toxicity in mice administered AOM/DSS
only; however, no significant body weight loss was
observed in mice treated with 1% EGCG after AOM/
DSS. Table 1 compares the differences in the mean
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weights of the three groups at the time of sacrificing.
In groups 1 and 2, all mice survived to the end of
the experiment and two mice died in group 3, from
asphyxia caused by gavage and intestinal obstruction.
During the entire period of the experiment, there were
no signs of toxicity or otherwise adverse conditions
suggesting adverse effects caused by administration of
EGCG.

EGCG reduces experimental colitis and inhibits the
formation of ACF

In the current study, we used the well-established
protocol of the mouse colorectal carcinogenesis model
system and chose ACF as the end point because it is
considered to be pre-neoplastic lesions and is regarded
as a useful biomarker. Half of mice in each group
were harvested for ACF evaluation at 8 wk. Table 2
shows the length of the large intestine as well as the
number of ACF in both distal (5 cm from the anus) and
proximal (the remainder of the colon) parts among the
three groups. Mice fed a basal diet (n = 5) showed no
evidence of ACF formation in the colonic mucosa. All
AOM/DSS treated mice (n = 8, r = 100% incidence)
developed ACF, whereas those treated with 1%
EGCG (n = 8, r = 75% incidence) were found to have
significantly fewer ACF. Almost all ACF were observed
in the distal colon. In group 3, treatment of mice with
1% EGCG caused a significant decrease in the mean
number of ACF per mouse, when compared with the
model mice treated with AOM/DSS (5.38 + 4.24 vs
13.13 £ 3.02, P < 0.01). These results indicate that 1%
EGCG significantly inhibited ACF formation induced by
AOM/DSS in FVB mice.

EGCG attenuates AOM/DSS-induced colorectal
carcinogenesis

Starting from 10 wk after treatment, mice in the model
group showed apparent diarrhea and rectal bleeding.
The presence and development of inflammation
manifested clearly. In the EG group, suppression of
experimental colitis by EGCG was not only evident
during AOM/DSS treatment, but also obvious after
the cessation of DSS administration (i.e., week 10),
suggesting that EGCG significantly promoted recovery
from colitis. Unfortunately, a mouse treated by AOM/
DSS died in the 12" week of colonic obstruction and
cachexia. As a result, we decided to euthanize the
remainder of mice in the 13" week in order to keep the
mouse life cycle in concordance.

At necropsy, macroscopically, nodular, polypoid, or
caterpillar-like tumors were observed in the entire colons
of mice. Neither benign adenomas nor metastatic
invasion of the colonic tumors to the liver, peritoneum,
or regional lymph nodes were observed. Tumors mostly
occurred in the distal colon. Figure 3C summarizes
the total number of tumors per mouse and compares
the mean number as well as tumor load between the
MO and EG groups. Mice fed a basal diet showed no
evidence of tumor formation at 13 wk. For AOM/DSS

December 14, 2017 | Volume 23 | Issue 46 |



Wang X et a/. Gut microbiota and EGCG in CRC

Acf evaluation Tumor evaluation

Control ‘ ‘
AOM
Model - - - ‘ Sacrifice
AOM

<< [l - - |
- 2.5% DSS |:| 1% EGCG

Figure 1 Experimental protocol. Experimental FVB /N mice were divided into three groups, i.e., control group, model group, and epigallocatechin gallate treatment
group. Animals in the model and EG groups initially received a single intraperitoneal injection of azoxymethane (AOM: 10 mg/kg). After the AOM administration, mice
in the model and EG groups received 2.5% dextran sodium sulfate (DSS) in drinking water for 3 consecutive days. Mice in the EG group also received oral 1% EGCG
20 mg/kg per day for 13 wk. AOM: Azoxymethane; EGCG: Epigallocatechin gallate.

Table 2 Effects of epigallocatechin gallate on azoxymethane-induced aberrant crypt foci in FVB mice (8" week): distribution of

aberrant crypt foci along the large bowel and comparison of aberrant crypt foci in different parts

Group Treatment n Length (cm) Rate (%) Number of ACF
Proximal Distal Entire
1 Control 5 9.73 +0.76 / / / /
AOM/DSS (MO) 8 8.27 +0.37 100 113 +1.36 12.50 + 3.67 13.13 +3.02
3 AOM/DSS + 1% EGCG 8 8.68 +0.47" 75 0.63 +0.87 475 +3.70° 5.38 + 4.24

'Different from group 2 (P < 0.05); “Significantly different from group 2 (P < 0.01). AOM: Azoxymethane; DSS: Dextran sodium sulfate; EGCG:

Epigallocatechin gallate; ACF: Aberrant crypt foci.
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Figure 2 Body weight gain of azoxymethane/dextran sulfate sodium-
treated female FVB/N mice.

treated mice, colonic adenocarcinomas developed in
all mice (5/5, 100%) 13 wk after the first injection
of AOM, while the incidence in group 3 was 62.5%
(5/8). The number of malignant colonic tumors per
mice was 8.2 £ 2.2 and 1.4 = 1.3 for the AOM/DSS
and EGCG treatment groups, respectively (P < 0.01).
In addition, compared with the positive control group,
1% EGCG treatment decreased tumor load per mouse
by 85% (33.96 = 6.10 vs 2.96 £ 2.86, respectively,
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P < 0.01) as showed in Figure 3C. Likewise, Figure
3D is a representative macroscopic morphologic
depiction of the distal colon for the model and EG
groups. Obvious tumorigenesis was observed in the
model group. However, in the EGCG treatment group,
the tumor number and size were significantly fewer
and relatively small, respectively. This result suggests
that the inhibition of colorectal tumor development by
EGCG was due to not only a reduction in the number of
but also the size of tumors. Figure 3 (A and B) shows
representative H&E staining of histological sections
of the three groups. In colonic tissue from the model
animals, multifocal adenomatous lesions were observed
without invasion into the submucosa; there was mild
inflammation with cryptitis, and mild degree of loss of
goblet cells, fibrosis, and apoptotic changes. For the
EGCG treatment group, the mucosa revealed tightly
packed glands with a normal number of goblet cells
while crypt architecture remained normal. Compared
to the model, the histological sections of the EGCG
treatment group are more similar to those of the control

group.

Characteristics of V4 pyrosequencing
Table 3 shows the range of valid and trimmed se-
quences of different groups of mice. In this study,
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Figure 3 Chemo-preventive effect of epigallocatechin gallate on colorectal carcinogenesis in azoxymethane/dextran sulfate sodium-treated mice. A and
B: Representative hematoxylin and eosin stained histological sections of the control, model, and EG groups. A: X 10; B:X 40; C: Number of colon tumors and
tumor load were reduced very significantly in the epigallocatechin gallate (EGCG) group compared to the model group (P < 0.01 and P < 0.001, respectively); D:
Representative macroscopic morphology of colon tumors in the model and EG groups. Arrows indicate the azoxymethane/dextran sodium sulfate-induced tumors.

Table 3 Statistics of valid sequences and trimmed sequences
in different group

Group Valid sequences (mean) Trimmed sequences (mean)
BD Group 75116-49662 (615022) 65936-45406 (54162)
MO Group 82804-25360 (56551 ) 73924-22895 (50842 )
EG Group 79506-40705 (65124) 74876-36795 (59693 )

OTUs were defined as sharing 97% sequence identity
using furthest neighbor method (http://www.mothur.
org/wiki/Cluster). The total number of OTUs at 97%
similarity level was 41923, with an average of 2096
OTUs per sample. The value of Good’s coverage for
each group was over 93%, indicating that the 16S
rRNA sequences identified in the groups represent the
majority of bacteria present in the study samples.
Whereas we did not observe the plateau of the
refraction curve with the current sequencing, the
Shannon diversity estimates of all samples had
already reached stable values at this sequencing
depth, which suggests that, although identification of

Baishidenge ~ WJG | www.wjgnet.com

new phylotypes would be expected from additional
sequencing, the range of diversity within the samples
had been captured.

As Figure 4 shows, we examined the estimators
of community richness (Chao and Ace indexes) and
diversity and evenness (Shannon and Simpson indexes)
in MO and EG samples during the 8" week. Statistically
significant differences were seen in the Shannon and
Simpson indexes between the MO group and control
group (4.10 vs 3.23, P = 0.022), while no significance
was seen between the EG group and control group
(2.81 vs 3.23, P = 0.230) (Figure 4A). The Simpson
indexes between the MO and control groups (0.04 vs
0.10, P = 0.022) had no significant differences, while
significant differences were seen between the MO and
EG groups (0.04 vs 0.17, P = 0.009) (Figure 4B).

During the 11%* week (T2), the Shannon index
in the MO group became higher than that in the BD
group (3.88 vs 3.23, P = 0.003), but no significant
difference between the BD and EG groups was noted
(3.23 vs 3.94, P = 0.058, Figure 4C). The same result
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Figure 4 Comparative analysis of alpha diversity at T1 and T2 at the 8" and 13" week. °P < 0.05.

can be noted for Simpson index (Figure 4D).

Potentially cancer-causing bacteria and probiotics

In this study, 339 genera were annotated; we only
compared the abundant differences of 16 species
among groups. As Figure 5 shows at the 8th week, the
abundance of Bacteroides as well as Anaerotruncus in
the MO group was significantly higher than that in the
BD group and EG group, but Clostridiaceae which can
produce butyrate, and Ruminococcus in the MO group
were significantly reduced. Butyrate is recognized to
alleviate intestinal inflammation. The enrichment of
Fusobacterium was previously reported in colorectal
cancer tissue but was not reproduced in our study.
As the recognized probiotics, Bifidobacterium and
Lactobacillus were increased in the EG group.

The abundance of other important butyrate-
producing strains such as Lachnospiraceae and
Faecalibacterium were not significantly decreased in the
MO group. In addition, we found that Ochrobactrum,
Veillonella, and Desulfococcus had significantly
lower abundance in the MO group. In addition,
common intestinal opportunistic pathogens, such as
Enterobacteriaceae, Streptococcus, and Prevotella,
were not found to be enriched in the MO group.

Specifically, at week 11, the abundance of
Lactobacilli in the EG group was significantly higher than
that in the BD group and the MO group (P' = 0.028,

P> = 0.049). The difference of Bifidobacterium was not
significant among the three groups (Figure 6).

DISCUSSION

Sporadic reports suggested that EGCG may inhibit
proliferation of intestinal pathogenic bacteria (such
as Clostridium perfringens, Clostridium difficile, and
Bacaeroides) in vitro, but EGCG is less inhibitory to
or even stimulatory to probiotic bacteria (such as
Bacillus bifidus and Lactobacillus). Animal and human
experiments also confirmed that EGCG may affect
the growth and floral structure of specific intestinal
specific bacteria, and participates in the regulation of
the body’s energy metabolism™***!, The role of gut
microbiota as an intermediate link for EGCG's impact
on colorectal cancer occurrence and development is
still unclear.

EGCG acts as a means of chemical prevention of
colorectal cancer, and gut microbiota is very likely to be
one of its targets. Its impact on overall floral structure
or specific bacteria may be related to the inhibition of
colorectal cancer.

In this study, we used a mouse model of colorectal
cancer (chemically induced) and intragastrically
administered the mice with EGCG to inhibit colorectal
cancer. At the same time, to further explore the
mechanism of EGCG in the prevention of colorectal
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Figure 5 Statistical analysis for 16 genera (families) at T1 (°P < 0.05, NS means no significant differences).

cancer, we collected the fresh feces of mice during
the interference of tumor formation. Via bacterial 16s
cDNA high throughput sequencing in combination with
bioinformatics, we analyzed changes in the structure
of gut microbiota in mice, and flora differences among
the groups, to uncover the role of bacterial flora in the
EGCG-mediated inhibition of carcinogenesis.

The development of colorectal cancer is generally
known to take at least 3 years (progressing from
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8135

normal mucosa, to adenoma, and finally to ade-
nocarcinoma) and to include three phases, i.e., initial
mutation, cancer promotion, and progression. The
main purpose for the study of chemical prevention is
preventive treatment of disease. ACF are a commonly
acknowledged precancerous lesion of humans and
rodents and is convenient for in vitro recognition after
methylene blue staining. ACF often show proliferative
lesions with poor differentiation, and enhanced gland
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Figure 6 Statistical analysis for Lactobacilli and Bifidobacterium (family)
at T2 (°P < 0.05, NS means no significant differences).

cell division and proliferation. At the molecular level,
mutations of the APC and ras genes are common. At
the end of the eighth week in this experiment, the
results showed that EGCG could effectively reduce the
number of precancerous lesions of colorectal cancer.
ACF in the distal intestine of the interfering group
were reduced by 59%, indicating that EGCG may
play a preventive role in the early stages (mutation
and cancer promoting stages) of colorectal cancer.
In the past, Xiao et al*® interfered the AOM induced
tumor formation process in rats with a high fat diet via
green tea polyphenols (65% of the components were
EGCG). That study also showed reduced ACF numbers,
in particular the larger highly atypical hyperplastic
ACF types. Similar results were confirmed in mice®”.
To determine the effect of EGCG on colorectal cancer
formation, in another study, tumor formation in
APC™* was interfered by 0.08% and 0.16% of EGCG.
Tumor numbers were decreased by 37% and 47%,
respectively. In our study, however, at the end of the
13" week after intervention, tumor number in the
interfered group was reduced by 82.9% as compared
to the control group, and tumor load was reduced by
91.3%, both indicating that the inhibitory effect of
EGCG on tumor formation was more obvious than in
the past. The possible reason is that the concentration
of EGCG in our study was 1%, much higher than
those used in previous studies. On the other hand,
this also suggested that EGCG plays a preventive role
in colorectal cancer occurrence in a dose-dependent
manner.

We conducted further studies to uncover the effect
of green tea extract EGCG on the gut microbiota of
mice, using macro-genomics in combination with
bioinformatics analysis. Considering the complexity
of gut microbiota, this study was designed with the
following research objectives in mind: (1) to preliminarily
understand the compositions of the gut microbiota in
mice at the 8th week ( precancerous stage) and the
11" week (progressive stage) of colorectal cancer; (2)
to preliminarily understand the change in gut microbiota
during the process of colorectal cancer progression in
mice as compared to healthy mice, and to clarify the
effects of EGCG intervention on this change; and (3)
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through statistical analysis and bioinformatics, to try to
find specific bacteria that can distinguish the structure
of each group of bacteria, i.e., the specific bacterial
target of EGCG intervention.

With the aid of the 454 sequencing platform for the
detection of 16S rDNA V3 region or V3/V4 region'”,
we analyzed the structure of gut microbiota in mice
by amplification of the V4 region in this study, which
was good for identification. The sequencing results
were under strict quality control. The distribution map,
dilution curve, and abundance cure of the sequences
acquired all confirmed that the sequencing results
could well reflect the structure of the gut microbiota in
mice.

It is worthwhile to note that in 2011, Kosticet a'",
Castellarin et af'*”!, and Marchesi et al*® simultaneously
found that there were gut microbiota disorders at
varying degrees in colorectal cancer patients, using
sequencing techniques, and the Fusobacterium was
enriched in cancer tissues as compared to the healthy
tissues. Meanwhile, it was also found that the abundance
of Fusobacterium was directly proportional to the rate of
lymph node metastasis. It is noticeable from the above
reports that despite the increasing concern about the
relationship between colorectal cancer and bacteria and
that exciting results were obtained by relevant studies,
the studies focused mainly on the structure of gut
microbiota or specific bacteria during colorectal cancer
progression (especially during the middle and late
stages), which was only a snapshot of the big picture.
Little is known about the dynamic changes of the gut
microbiota in the process of tumor formation, especially
for the status of gut microbiota during the early stage
of disease progression, which indeed is a key time point
for chemical prevention.

At the same time, it will be informative for the
elucidation of flora changes as a direct cause of colorectal
cancer formation, or flora changes as a direct result of
colorectal cancer occurrence and/or progression. In this
study, we examined and compared the composition of
gut microbiota in mice with precancerous lesions and
in mice during tumor progression. This was helpful for
further understanding the roles of different species
of bacteria in carcinogenesis, cancer promotion, and
tumor suppression, and therefore the potential EGCG
target bacteria could be explored. In fact, during the
precancerous stage, there were anomalies seen in gut
microbiota structures in the mice of the MO group,
mainly manifesting as enrichment of Bacaeroides and
Anaerotruncus and reduced abundance of Clostridiaceae,
Ruminococcus, Ochrobactrum, Veillonella alcalescens,
Desulfococcus, etc. The enrichment of Bacteroides in
the MO group was consistent with our previous study
on mucosal flora in patients with colorectal cancer'*..
The relationship between Anaerotruncus and colon
cancer occurrence is still unclear. Previous studies
have suggested that Bacaeroides and its lower species
could promote the occurrence and development of
colorectal cancer by inducing chronic inflammation,
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producing tumor-promoting metabolites, or changing
the expression of host mucosal glycosylation. Among
them, toxigenic fragile bacteroides is representative
and was considered a pathogenic bacterium of
colorectal cancer, initially because it was found to
be able to produce the toxins of toxigenic fragile
bacteroides (bacteroides fragilis toxin, BFT). BFT can
rapidly change the structure and function of intestinal
mucosal epithelial cells (decomposition of tumor
suppression protein and E-cadherin), enhancing the
intranuclear expression of Wnt/B adhesion protein
signaling pathway, and therefore inducing continuous
proliferation of colon adenocarcinoma cells and the
expression of oncogene MYC. Besides, BFT may induce
inflammatory responses by inducing expression of
cytokines in intestinal mucosal epithelia cells through
the NF-«xB signaling pathway. Notably, increased
expression of NF-kB signaling pathway could also
promote the carcinogenesis of mucosal epithelium.
In animal experiments, continuous colonization of
toxigenic fragile bacteroides into APC™* mice could
greatly promote the incidence of adenomas™®.
Sears et al®® suggested that this type of bacterium
might induce mucosal immune defense changes to
promote tumor development through direct secretion
of endotoxin or indirect changes of gut microbiota,
and might supplant probiotics to further expand in-
flammatory responses, promoting occurrence of mu-
Itiple pathogenic bacteria and ultimately promoting
tumor progression.

Furthermore, it was found in this study that in the
precancerous stage, the Clostridiaceae and bacteria of
the Ruminococcus maintained their low abundances
in the tumor model group, but not in the intervention
group. The Clostridiaceae includes multiple important
butyrate producing bacteria, such as Eubacterium
rectale and Roseburia intestinalis. This type of bacterium
was reported to be reduced in the intestinal tract of
patients with colorectal cancer, obese patients, and
patients with a high fat diet. Similarly, Ruminococcus
is also butyrate producing bacteria, and they can
effectively decompose and ferment the cellulose and
polysaccharide in foods into short chain fatty acids, such
as butyrate. Butyrate in the intestinal tract may provide
the intestinal mucosa with energy, promoting sodium
and potassium absorption. More importantly, it can
reduce intestinal inflammation, protect the intestinal
mucosal barrier, and even inhibit the growth of colon
cancer cells®*4, A study by Jahns et a®** on human
colorectal cancer tissues showed that butyrate could
inhibit COX2 gene expression in nodal tissues and the
activities of related proteins; in vitro studies also found
that butyrate might activate caspase 3 and caspase 9 to
induce apoptosis of colorectal cancer cells, upregulate
pro-apoptotic gene BAK expression, and activate
mitochondrial pathways to induce cell apoptosis and
the like.

The gut microbiota of mice in the same tumor model
group was different. The structure of the gut microbiota
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of mice interfered with green tea extract EGCG basically
remained relatively stable, and bioinformatics analysis
showed that the structure of the flora in these mice
was similar to that of healthy mice, with no obvious
fluctuations in the number of bacteria. Instead,
probiotics such as Lactobacilus and Bifidobacterium
were increased in the EG group, and the relative
abundance of the former was significantly increased
after long-term EGCG intervention. Probiotics are defined
by WHO/FAO as “live bacteria that can promote body
health if taken in a proper amount”. In recent years,
some studies have showed that probiotics may have
certain antagonistic effects on tumors. For example,
Lactobacillus may significantly reduce the incidence of
mouse sarcoma, colorectal cancer, and bladder cancer.
Its main mechanisms may include optimization of
the combined gut microbiota to inhibit the growth of
carcinogenic bacteria; production of anti-tumor active
substances; and stimulation and enhancement of the
host immune system to prevent chronic inflammation.

It could be inferred accordingly that EGCG plays a
role in cancer inhibition by maintaining the stability of
gut microbiota, inhibiting the proliferation of potential
pathogenic bacteria, and promoting the enrichment
of probiotics. However, gut microbiota is influenced by
many factors, such as diet and region, for its role in
health promotion. Further study is certainly required
to uncover the causal relationship(s) between gut
microbiota and colorectal cancer, the interaction be-
tween bacteria and the host, as well as the interaction
between EGCG and bacteria.

COMMENTS

Background

Studies have shown that gut microbiota plays a certain role in the occurrence
and development of cancer. Inhibition of colorectal carcinogenesis by green tea,
especially epigallocatechin gallate (EGCG), has been extensively investigated,
but studies on microbial flora are much fewer. The interaction of EGCG with gut
microbiota is very likely to affect the occurrence and development of colorectal
cancer and the research of EGCG is needed. To further confirm the protective
effect of EGCG on colorectal carcinogenesis and observe structural changes
of gut microbiota involved during this process, an animal model of colorectal
cancer was established.

Research frontiers

A large number of reports have confirmed the role of bacterial flora in the
pathogenesis of colorectal cancer, outlining the structure of gut microbiota
in patients with colorectal cancer. Previous studies found that there was a
reduction in the abundance of colonic mucosal flora in patients with colorectal
cancer, and the increase of Bactaeroides may be related to the occurrence of
colorectal cancer. The biological availability of EGCG in the current study is low.
Most EGCG is fermented by bacteria in the large intestine, and discharged with
stool. The large intestine is the main metabolic site for EGCG and is also the
most active portion of the body for the interaction with bacteria.

Innovations and breakthroughs

The authors used a mouse model of colorectal cancer and intragastrically
administered the mice with EGCG to inhibit colorectal cancer. Via bacterial
16s cDNA high throughput sequencing in combination with bioinformatics,
we analyzed changes in the structure of gut microbiota of mice, and flora
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differences among the groups, to uncover the role of bacterial flora in the
EGCG-mediated inhibition of carcinogenesis. We conducted further studies to
uncover the effect of green tea extract EGCG on the gut microbiota of mice,
using macro-genomics in combination with bioinformatics analysis.

Applications

EGCG plays a role in cancer inhibition by maintaining the stability of gut
microbiota, inhibiting the proliferation of potential pathogenic bacteria, and
promoting the enrichment of probiotics. Gut microbiota imbalance might be
a potential mechanism for the prevention of malignant transformation by the
green tea extract EGCG, which is significant for the diagnosis, treatment,
prognosis evaluation, and prevention of colorectal cancer.

Terminology

EGCG is extracted from the green tea. Most EGCG is fermented by bacteria
in the large intestine, and discharged with stool. The large intestine is the main
metabolic site for EGCG and is also the most active portion of the body for the
interaction with bacteria.

Peer-review

In general, this manuscript provides the useful information about the relationship
between epigallocatechin gallate and colorectal cancer. However, there are
also some problems and flaws in presentation. Authors did not describe the
mechanism of how EGCG suppressed colorectal cancer. In Discussion part,
there is little consideration on the obtained data in this experiment, and authors
should increase the consideration of the obtained data in this experiment.
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