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Abstract

OBJECTIVE: To explore the mechanism of Xianglian
Huazhuo formula (FiZE 75, XLHZ) blocking the
development of chronic atrophic gastritis (CAG) to gastric
cancer (GC) through bioinformatics analysis and in vitro.

METHODS: Pathological morphology of gastric mucosa
of rats were observed. High-throughput sequencing was
used to analyze the miRNA expression profile of gastric
mucosa. The miRanda, miRDB and miRWalk databases
were used to predict the differential target genes. Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) enrichment analysis were performed
for differential target genes. Real-time quantitative
reverse transcription polymerase chain reaction (QRT-
PCR) was used to verify the differentially expressed
miRNAs and target genes. Western blot, EdU, wound
healing and flow cytometry were used to observe the
effect of XLHZ on epithelial-mesenchymal transition
(EMT) markers, proliferation, migration, apoptosis and
cell cycle of CAG cells in vitro.

RESULTS: A total of five differentially expressed miRNAs
and four differential target genes were screened in this
study. GO analysis showed that the target genes were
enriched in regulation of neuron development, regulation
of transcription factor activity and regulation of RNA
polymerase. KEGG pathways database differences in
gene enrichment of target genes in the Wnt signaling
pathway, Phospholipase D signaling pathway and
mitogen-activated protein kinase signaling pathway. gRT-
PCR confirmed that miRNAs and its target genes were
consistent with the screening results. In vitro, our study
revealed that XLHZ could increase the expression of E-
cadherin, decrease the expression of transforming growth
factor B1, vimentin and 3-catenin, inhibite the proliferation
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and migration of CAG cells, cause cell cycle arrest at
GO0/G1 and G2/M phase, induce the apoptosis of CAG
cells, and prevent the progression of CAG to GC.

CONCLUSION: This study provided a new idea for the
mechanism of blocking the progression of CAG to GC by
XLHZ, which may be related to the expression of miR-
20a-3p, miR-320-3p, miR-34b-5p, miR-483-3p and miR-
883-3p and their target genes transferrin receptor,
nuclear receptor subfamily 4 member 2, delta like
canonical Notch ligand 1 and a kinase anchor protein 12
in CAG. In the future, we will continue to investigate the
linkage between the active ingredients of XLHZ and the
relevant miRNAs and their target genes, so as to provide
more sufficient experimental basis for clinically effective
prevention of CAG to GC.

© 2024 JTCM. All rights reserved.
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1. INTRODUCTION

Chronic atrophic gastritis (CAG) is a disease of the
digestive system in which multiple pathogenic factors act
on the gastric mucosa, causing a decrease or even loss of
the number of glands in the lamina propria of the gastric
mucosa, and may be accompanied by intestinal
hyperplasia and (or) pseudopyloric adenomatous
hyperplasia.! The clinical manifestations are not
obviously specific, and most of the symptoms are mainly
upper abdominal pain, abdominal distension, nausea and
dry vomiting. According to the widely accepted Correa
model of gastric cancer (GC) development, normal
gastric mucosa undergoes precancerous lesions of gastric
cancer (PLGC) (intestinal epithelial metaplasia or
intraepithelial neoplasia) through chronic inflammation
and chronic atrophic gastritis and eventually develops
into GC,* during which epithelial-mesenchymal
transition (EMT) is directly triggered, thus stimulating
tumor spread and metastasis.>¢ Moreover, CAG leads to
progressive development of GC due to the absence of
obvious specific symptoms and painful examination
mean. When GC is found, most of them have already
developed to the middle and late stages, which brings
great problems for the treatment and the quality of life of
patients.” Currently, western medicine mainly focuses on
symptomatic treatments such as eradication of
helicobacter pylori (HP), inhibition of gastric acid
secretion and protection of gastric mucosa, which are
difficult to eradicate and have a high recurrence rate.8°
Therefore, the exploration of drugs that effectively block
the progression of CAG to GC is important to reduce
clinical GC mortality, improve patient survival quality,
and reduce national healthcare costs. Several domestic
and international studies'®*® have shown that Traditional
Chinese Medicine (TCM) embodied a broad prospect
and obvious advantages in intervening in PLGC with
outstanding efficacy. However, the mechanism is still
unclear and needs to be further investigated.

Xianglian Huazhuo formula (7 3% 630 77, XLHZ) is
composed of Huanglian (Rhizoma Coptidis), Baizhu
(Rhizoma Atractylodis Macrocephalae), Baidoukou
(Fructus Amomi Rotundus), Baihuasheshecao (Herba
Hedyotidis), Danggui (Radix Angelicae Sinensis),
Chuanxiong (Rhizoma Chuanxiong), Sangi (dash) (Radix
Notoginseng), Fuling (Poria), Baishao (Radix Paeoniae
Alba), Baihe (Bulbus Lilii Lancifolii), Zhishi (Fructus
Aurantii  Immaturus), Xiangfu (Rhizoma Cyperi),
Muxiang (Radix Aucklandiae), Quanxie (Scorpion),
Yanhusuo (Rhizoma Corydalis Yanhusuo), Huoxiang
(Herba Agastaches Rugosa), Sharen (Fructus Amomi),
Banzhilian (Herba Scutellariae Barbatae). It is soured
from the classical Chinese medicine prescriptions
"Ganluxiaodu Dan (H #& 7 /1), Xiaoyao San (i 3% #%)
and Chaihushugan San (481 & H8%)", and is improved
from the clinical practice of Professor LI Diangui, a
national medical master of Hebei Provincial Hospital of
Traditional Chinese Medicine. Based on our current
research findings, XLHZ could effectively improve the
pathological damage of CAG gastric mucosa by
participating in biological processes such as cell
proliferation, apoptosis and inflammatory response, and
regulating PI3K/Akt and MAPK signaling pathways, 416
MicroRNA (miRNA), a non-coding RNA with a length
of about 19-25 and nucleotides, has a negative regulatory
effect on mRNA in tumor cells.’” Several studies have
shown that miRNA played an important role in the early
diagnosis, treatment and prognostic assessment of GC.1&2°
Therefore, in the present study, we performed bioinfor-
matics analysis of miRNA expression profiles by high-
throughput sequencing technology to explore the
possible mechanism of XLHZ in the treatment of CAG
and to provide new ideas for intercepting the progression
of CAG to GC.

2. MATERIALS AND METHODS
2.1. Drugs

XLHZ [Huanglian (Rhizoma Coptidis) 6 g, Baizhu
(Rhizoma Atractylodis Macrocephalae) 12 g, Baidoukou
(Fructus Amomi Rotundus) 6 g, Baihuasheshecao (Herba
Hedyotidis) 15 g, Danggui (Radix Angelicae Sinensis) 12 g,
Chuanxiong (Rhizoma Chuanxiong) 9 g, Sangi (dash)
(Radix Notoginseng) 2 g, Fuling (Poria) 15 g, Baishao
(Radix Paeoniae Alba) 15 g, Baihe (Bulbus Lilii
Lancifolii) 12 g, Zhishi (Fructus Aurantii Immaturus) 10 g,
Xiangfu (Rhizoma Cyperi) 9 g, Muxiang (Radix
Aucklandiae) 6 g, Quanxie (Scorpion) 3 g, Yanhusuo
(Rhizoma Corydalis Yanhusuo) 10 g, Huoxiang (Herba
Agastaches Rugosa) 10 g, Sharen (Fructus Amomi) 6 g,
Banzhilian (Herba Scutellariae Barbatae) 15 g] was
provided by the pharmacy of Hebei Provincial Hospital
of Traditional Chinese Medicine, and concentrated into a
liquid containing 3.6 g/mL of raw herbs, the drug was
administered once daily for 60 d. Sodium salicylate
(Tianjin Baishi Chemical Co., Ltd., Tianjin, China, Lot
No. 20210302). N-Methyl-N'-Nitro-N-Nitrosoguanidine
(MNNG) (Shanghai Aladdin Biochemical Technology
Co., Ltd., Shanghai, China, Lot No. M105583).



Guo YX et al / Journal of Traditional Chinese Medicine 2024 44(4): 703-712 705

2.2. Ethics statement and animal handing

This animal experiment was approved by the Animal
Ethics Committee of Hebei College of Traditional
Chinese Medicine, with the approval number:
DWLL2019022.

Thirty specific pathogen free (SPF)-grade male Wistar
rats [aged 6-8 weeks, weight (150 =+ 20) g], were
purchased from Beijing Viton Lihua Laboratory Animal
Technology Co., Ltd. (Beijing, China, [Certificate No.
SCXK (Beijing) 2016-0006]). The rats were housed in
the SPF-class laboratory animal center of Hebei College
of Traditional Chinese Medicine, fed with common chow,
and fed and watered ad libitum. Reference® was used to
prepare the CAG rat model by the composite moulding
method. (a) MNNG, solution 180 pg/mL was drunk
freely from the light and changed daily; (b) 2% sodium
salicylate 1 mL/100 g was gavaged when rats were
hungry; (c) hunger and satiety disorders: rats were given
2 d of adequate food and 1 d of fasting alternately.

A total of thirty rats were divided into three groups with
10 rats in each group by table of random numbers: (a)
normal, (b) model (MNNG, 180 pg/mL + 2% sodium
salicylate, 1 mL/100 g per day + hunger and satiety
disorders), (c) XLHZ (model + XLHZ, 36 g kg* d?),
which was calculated according to the equivalent dosage
table of human and rat body surface area. After the last
gavage, the rats were fasted without water for 24 h,
anesthetized, and the stomach tissues were isolated by
rapid opening of the abdominal cavity, part of which was
stored in a freezing tube in a liquid nitrogen tank and
quickly transferred to —80°C refrigerator for storage;
part of which was stored in 4% paraformaldehyde for
hematoxylin-eosin (HE) staining and pathological
histological evaluation.

2.3. Histological examination

The fixed gastric tissues were taken, paraffin-embedded,
sectioned (4 pm thick), HE stained and sealed with
neutral gum. The histopathological structural changes of
the rat gastric mucosa were observed under the
microscope.

2.4. miRNA sequencing and analysis

Total RNA was isolated using miRNeasy Mini Kit (50)
217004 (Qiagen, Dusseldorf, Germany), after which the
RNA concentration and quality were determined by the
Qubit®2.0 Fluorometer (Thermo Fisher Scientific Inc.,
Waltham, MA, USA) and the Nanodrop One
spectrophotometer (Thermo Fisher Scientific Inc.,
Waltham, MA, USA). Integrity of total RNA was
assessed using the Agilent 2100 Bioanalyzer (Agilent
Technologies Inc., Palo Alto, CA, USA), and samples
with RNA integrity number (RIN) values above 7.0 were
used for sequencing.

The synthesis of the paired-end library was done strictly
according to the QIAseq miRNA library kit guidelines.
Real -time quantitative reverse transcription polymerase
chain reaction (QRT-PCR) was performed to purify and

enrich the products to form the final cDNA library. The
purified libraries were quantified using a Qubit® 2.0
fluorometer, validated using a Gitzo 2100 Bioanalyzer
(Agilent Technologies Inc., Palo Alto, CA, USA) to
determine the size of the insert and calculate the molar
concentration. Clustering was generated with cBot,
libraries were diluted to 10 pM, and then sequenced on
an Illumina Hiseq Xten (Illumina, San Diego, CA, USA).
The miRNAs were subjected to differential expression
analysis applying DESeq software. With [log2(FC)|
value > 1 and P value < 0.05 was considered statistically
significant for the next analysis.

2.5. Bioinformatics analysis

The miRanda, miRDB and miRWalk databases were
applied to predict the target genes of the differentially
expressed miRNAs. The predicted target genes were
analyzed using DESeq software. Classification of the
biological functions of differentially expressed miRNAs
using GO. KEGG database was analyzed for the major
biochemical pathways and signaling pathways involved
in the target genes, with a focus on significantly enriched
pathways.

2.6. qRT-PCR validation of differential miRNAs and
MRNAS

Total RNA was extracted from rats gastric tissue with
TRIzol reagent, reverse transcribed to cDNA and added
to the amplification reaction system under the following
reaction conditions: 25 ‘C for 5 min, 42 °C for 15 min,
85 C for 5 min and maintained at 4 C. Subsequently,
Real-time PCR assay was performed, and the reaction
conditions were: pre-denaturation 95 ‘C for 15 min,
followed by 40 cycles of reaction: 95 °C for 30 s, 95 C
for 15 s, 60 C for 30 s. With U6 as internal reference,
and the relative expression was calculated by the 2-4ACT
method according to the relative quantitative analysis.
All  experiments were performed three times
independently. For gRT-PCR, sequence-specific primers
were as follows: miR-20a-3p: F-5’-
ACACTCCAGCTGGGACTGCATTACGAGCATGTA
AGTG-3’, R-5’-TGGTGT-CGTGGAGTCG-3’; miR-
320-3p: F-5’-ACACTCC-
AGCTGGGAAAAGCTGGGTTGAGA-3’, R-5’-TGG-
TGTCGTGGAGTCG-3’; miR-34b-5p: F-5’-ACACTC-
CAGCTGGGAGGCAGTGTAATTAG-3’, R-5-TGG-
TGTCGTGGAGTCG-3’; miR-483-3p: F-5’-ACACTC-
CAGCTGGGCACTCCTCCCCTCCCG-3’, R-5-TGG-
TGTCGTGGAGTCG-3’; miR-883-3p: F-5°-ACACT-
CCGCTGGGTAACTGCAACATCT-3’, R-5’-TGGTG-
TCGTGGAGTCG-3’; Akapl2: F-5’-GCGGGAGTAG-
AAGAGCCAC-3’, R-5-AAGTCCACGCGCAACTC-
ATA-3’; DLLL: F-5’-GTGTAAGAT-GGAGCGATG-
TGGCA-3’, R-5-GGCAGTTGTGTTTCTAGTTCA-
AGGAAAG-3’; NR4A2: F-5-AGATTCCTGGCTTT-
GCTGAC-3’, R-5>-CTGGGTTGGACCTGTATGCT-3’;
TFRC: F-5’-GGCTACTTGGGCTATTGTAAAGG-3’,
R-5’-CAGTTTCTCCGACAACTTTCTCT-3".
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2.7. Cell culture

Human gastric mucosal epithelial cells (GES-1) cells
were resuscitated in ultra-clean bench and cultured in
roswell park memorial institut (RPMI) Medium 1640
medium containing 10% fetal bovine serum (FBS) at
37 °C with 5% CO in an incubator. The log phase GES-1
cells were inoculated in 6-well plates (1 x<105/well), and
after 24 h of culture, the old medium was aspirated and
discarded, 1 mL of phosphate buffered saline (PBS) was
added twice to wash, and 2 mL of 10% FBS RPMI
Medium 1640 medium containing 40 uM MNNG was
added to induce into MNNG-induced GES-1 cells.

2.8. Preparation of drug-containing serum

XLHZ 36 g kg!d?! was given to rats, and blood was

taken from the head after one week of continuous gavage.

The blood was centrifuged at 3500 r/min for 15 min, and
the upper layer of serum was set aside, inactivated in a
water bath at 56 ‘C for 30 min, filtered through 0.22 pm
microporous membrane to remove bacteria, and stored at
—80 ‘C in an ultra-low temperature refrigerator for
subsequent experiments.

2.9. Methyl thiazolyl tetrazolium (MTT) method

MNNG-induced GES-1 cells were seeded at 100 pL per
well in 96-well plates and incubated at 37 C overnight.
The original culture medium was changed to 0%, 2.5%,
5%, 10%, 20% and 40% drug-containing serum. After
incubation at 37 C for 48 h, 10 uL of 5 mg/mL MTT
solution were added to each well, and the incubation was
continued for 4 h. 100 uL of formazan solution were
added to each well, mixed, and incubated again in the cell
incubator. The formazan was completely dissolved.

The optical density (OD) value of each pore was detected
by microplate reader (Beijing PRong New Technology
Co., Ltd., Beijing, China, No. DNM-9602) at 570 nm
wavelength. The half maximal inhibitory concentration
(IC50) of XLHZ on MNNG-induced GES-1 cells was
calculated, and the optimal concentration of serum
containing XLHZ on cell was selected.

2.10. EdU staining to detect cell proliferation

BeyoClick™ EdU-488 Cell Proliferation Assay Kit
(Shanghai Beyontian Biotechnology Co., Ltd., Shanghai,
China, Item No. C0071S) was used to detect cell
proliferation and to detect the proliferation of each group
of cells after transfection. The specific steps are: collect
each group of cells inoculated in a 6-well plate and
culture overnight to recover to normal state. Add 20 uM
of EdU solution diluted with culture solution and leave it
for 2 h at 37 “C; discard the liquid, add 1 mL of 4%
paraformaldehyde and fix for 15 min; discard the liquid,
wash 3 times with PBS for 3-5 min each time; discard the
liquid, add 1 mL/well containing 0.5% TritonX-100
permeate and leave it for 10-15 min at room temperature;
discard the liquid, wash 1-2 times with PBS for 3-5 min
each time; discard the liquid. Discard the liquid, add

0.5 mL/well of Click reaction solution, and leave it at
room temperature for 30 min, then wash it 3 times with
PBS for 3-5 min each time; stain the nuclei with 4°, 6-
Diamidino-2’-phenylindole (DAPI) for 30 min, wash it
twice with PBS; add DAPI to stain the nuclei, observe by
fluorescence microscope and take pictures. The number
of EdU-positive cells was used to express the cell
proliferation ability.

2.11, Wound healing assay to detect cell migration

Log phase GES-1 cells were collected for digestion and
counting, and 6-well plates were spread at 1 x10° million
per well, and each group of cells was cultured until the
density was close to fusion. The cells were washed with
PBS 3 times to remove the wounded down cells by
wounding with a gun tip compared to a straightedge, as
perpendicular to the horizontal line behind. Put into
37 'C, 5% CO; incubator to continue the culture.
Photographs were taken at 0 and 48 h using an inverted
microscope respectively and the wound healing rate was
calculated. Wound healing rate = (0 h wound width — 12 h
wound width) / 0 h wound width <100%, and the wound
healing rate indicates the cell migration ability.

2.12. Flow cytometry to detect apoptosis and cell cycle

The cells of each group were collected at 1 <108 million
per well and inoculated in 6-well plates, digested with
0.25% trypsin, 5 x<10%-10° resuspended cells were taken,
centrifuged at 1000 rpm for 5 min, the supernatant was
discarded, and 500 piL of Binding Buffer (1 >) was added
to resuspend the cells; 5 pL of Annexin V-FITC and 10 i
of Pl were added and mixed, and incubated at room
temperature Incubate for 10-20 min at room temperature,
then place in an ice bath. Cells were resuspended 2-3
times during incubation to improve the staining effect,
and apoptosis rate and cell cycle were detected by flow
cytometry.

2.13. Western blotting

After the drug treatment, the cells of each group were
collected, and radio-immunoprecipitation assay was used
to split the cells and extract the total protein. Sodium
dodecyl sulfate polyacrylamide gel electrophoresis glue
was prepared according to the molecular weight of the
protein, and the protein was transferred from the gel to
the polyvinylidene fluoride membrane to form
imprinting. Use the sealing film in 5% skim milk powder
at room temperature for 2 h, and incubate at 4 C for
primary antibody overnight. At room temperature after
incubation for 1 h, bands were detected by gel imaging
analysis system.

2,14, Statistical analysis

SPSS 21.0 (IBM Corp., Armonk, NY, USA) was applied
to analyze the data. Statistical analyses were measured
using one-way analysis of variance (ANOVA) followed
by post hoc Bonferroni correction for multiple
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comparisons. The results were statistically described
using mean = standard deviation, with P < 0.05
indicating statistical significance.

3. RESULTS

3.1. Histologic changes in the gastric mucosal tissue

Hematoxylin and eosin (HE) staining results (Figure 1)
revealed a decrease in epithelium in the model group.
The arrangement of glands in the lamina propria was
disordered and atrophied, the number was reduced, the
atrophy of glands was obvious, the mucosal layer was
thinned, there were a large number of lymphocytes and
plasma cells and other inflammatory cells infiltrated, and
congestion and edema were obvious, which was
consistent with the pathological diagnosis of CAG.
Compared with the model group, the mucosal layer of the
XLHZ group was thickened to different degrees, the
epithelial cells were still arranged, the degree of atrophy
of the intrinsic glands and the amount of inflammatory
cells were improved to different degrees, and the
congestion and edema were significantly ameliorated.

3.2. Effect of XLHZ on miRNA expression profile of
CAG

We analyzed the miRNA expression profiles of gastric
mucosa tissue of rats between the normal and the model,
and between the model and the XLHZ. In supplementary
Table 1, Sixteen miRNAs differentially expressed [|log2,
(FC)| value > 1, P value < 0.05] between the normal and
the model groups, of which seven miRNAs were up-
regulated and nine miRNAs were down-regulated
(supplementary Figures 1Al, B1). In supplementary
Table 2, Seventeen miRNAs differentially expressed
[[log2 (FC)| value > 1, P value < 0.05] between the model
and the XLHZ groups, of which five miRNAs were up-
regulated and twelve miRNAs were down-regulated
(supplementary Figures 1A2, B2). These results
suggested that XLHZ could alter the miRNA expression
profile of CAG rat tissues, which may be the key factors
of XLHZ in the treatment of CAG.

3.3. GO and KEGG pathway enrichment analysis

The miRanda, miRDB and miRWalk databases predicted
a total of 262 target genes for sixteen differentially
expressed miRNAs between the normal and the model
groups and 245 target genes for seventeen differentially

expressed miRNAs between the model and the XLHZ
groups (supplementary Figure 2). To predict the
functions of the differentially expressed miRNAs, we
classified the biological process, cellular components
and molecular functions of the candidate target genes
using GO functional annotation (supplementary Figures
3A1, 3A2). Among them, the crossover functions include
positive regulation of neuron projection development
and neuron differentiation, axon part, Synaptic
membrane, transcriptional activator activity, RNA
polymerase 1I core promoter proximal region sequence-
specific binding, transcriptional activator activity, RNA
polymerase Il  transcription regulatory region
sequence—specific binding, cell adhesion molecule
binding and cadherin binding. The signaling pathways
controlled by the differentially expressed miRNAs
candidate target genes were analyzed using the Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
(supplementary Figure 3B1, 3B2), and the crossover
signaling pathways were found to include Wnt signaling
pathway, Endocytosis, Phospholipase D signaling
pathway, MAPK signaling pathway, Phosphatidy-
linositol signaling system, Autophagy-animal, Proteo-
glycans in cancer.

3.4. gqRT-PCR validation of miRNAs expression

To verify the sequencing results, we performed qRT-
PCR to validate the expression of five miRNAs. As
shown in Table 1, the expression of miR-483-3p showed
upregulated in the XLHZ group compared with the
model group but were not statistically significant (P >
0.05). The expression of miR-20a-3p was markedly
increased, while the expression of miR-320-3p, miR-
34b-5p and miR-883-3p were decreased in the model
group relative to the normal group (P < 0.01). The
expression of miR-20a-3p, miR-320-3p, miR-34b-5p
and miR-883-3p after treatment with XLHZ was
consistent with the sequencing results. This indicated
that XLHZ could achieve the effect of blocking the
progression of CAG to GC by adjusting the miRNA
expression profile.

3.5. Regulatory network construction and analysis

Target genes prediction was performed using miRanda,
miRDB and miRWalk databases for miR-20-3p, miR-
320-3p, miR-34b-5p, miR-883-3p. A total of 64 target
genes were identified. As shown in supplementary

Figure 1 Histologic changes in the gastric mucosal tissue (magnification x 200, scale bar 50 um)

A: normal group; B: model group; C: XLHZ group. normal group: drink and eat freely + the same volume of normal saline was given by
gavage; model group: MNNG, 180 pg/mL + 2% sodium salicylate, 1 mL/100 g per day + hunger and satiety disorders; XLHZ: model group +
XLHZ, 36 g kg™ d. HE: hematoxylin and eosin; CAG: chronic atrophic gastritis; XLHZ: Xianglian Huazhuo formula.
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Figure 4, miRNAs and their corresponding target gene
networks were displayed. The network diagram showed
that miR-320-3p and miR-883-3p shared a common
target gene Gmfb, miR-20a-3p and miR-883-3p shared a
common target gene NR4A2. It suggested that they may
have synergistic effects in some functions.

3.6. gqRT-PCR validation of mMRNAs expression of
target genes

To further validate the predicted results, we performed
gRT-PCR on the mRNA expression of the four target
genes. As shown in Table 1, the level of TFRC and
NR4A2 memorably increased, the level of DLL1 and
Akapl2 memorably decreased in the model group
contrast to the normal group (P < 0.01). The XLHZ
group revered this result (P < 0.01).

3.7. Screening of the optimal concentration of drug-
containing serum

In supplementary Figure 5, the IC50 of XLHZ on
MNNG-induced GES-1 cells was 10.02%, so 10% drug-
containing serum was selected for subsequent
experiments.

3.8. Effect of XLHZ on proliferation and migration of
MNNG-induced GES-1 cells

As shown in Figures 2A-2B, we found that the cell
proliferation rate was significantly increased in the
model group. In contrast, the cell proliferation rate was
remarkably decreased after XLHZ treatment. To evaluate
the effect of XLHZ on migration ability of MNNG-
induced GES-1 cells, we performed wound healing
experiment. In Figures 2C-2D, wound healing assay
confirmed that migration ability of MNNG-induced
GES-1 cells was up-regulated but inhibited after XLHZ
treated.

3.9. Effect of XLHZ on cell cycle and apoptosis of
MNNG-induced GES-1 cells

In Figure 3A, flow cytometry results showed that
compared with the normal group, the proportion of Q2
and Q3 in the model group was down-regulated (P <
0.01). Compared with the model group, the proportion of

Table 1 gRT-PCR validation of miRNAs expression

Q2 and Q3 in the XLHZ group was obviously up-
regulated (P < 0.01). Thus, XLHZ could induce
apoptosis of MNNG-induced GES-1 cells. Figure 3B
showed the cell cycle changes before and after treatment.
Compared with the normal group, GO/G1 phase cells in
the model group were significantly reduced (P < 0.01). S
phase cells in the model group were significantly
increased (P < 0.01). The trend has reversed after
intervention of XLHZ.

3.10. Effect of XLHZ on EMT of MNNG-induced
GES-1 cells

The changes of EMT proteins level in rat were detected
using western blotting. In Figure 4, the expression of E-
cadherin was down-regulated, TGF-B1, Vimentin and B-
catenin were up-regulated obviously in the model group
compared to the normal group (P < 0.01). However, after
treatment of XLHZ formula, the result was reversed.

4. DISCUSSION

The normal gastric mucosa can progress from chronic
inflammation to CAG, with PLGC (intestinal epithelial
metaplasia or intraepithelial neoplasia) and eventually to
GC, which is the Correa gastric cancer development
model widely recognized by the academic community.**
Early intervention, active and effective interruption and
reversal of CAG development are very beneficial in
reducing the incidence of GC and improving the
prognosis of patients.?! Several clinical studies have
shown that TCM embodies broad prospects and obvious
advantages in intervening in CAG precancerous lesions,
with outstanding efficacy, multi-targeting and low toxic
side effects.?2 In our study, we used MNNG compound
modeling method to establish a CAG model in rats to
explore the mechanism of XLHZ formula in interrupting
the development of CAG to GC. In vitro, our study have
found that XLHZ may play a role by regulating the
expression of mMIRNA to inhibit EMT, inhibit cell
proliferation and migration, and promote cell
apoptosis. MNNG is a carcinogen that mimics the
conversion of nitrate to ammonium nitrite, which can
mutate the alkylation of bases on the DNA strand and

Group n Normal Model XLHZ

miR-20a-3p 3 1.0840.49 6.65+1.38° 3.3140.76°
miR-320-3p 3 1.0440.31 0.1540.06° 0.4440.15°
miR-34b-5p 3 1.0540.37 0.1140.07° 0.5840.13¢
miR-483-3p 3 1.0140.15 0.2940.16% 0.3740.12
miR-883-3p 3 1.0340.28 0.2140.05° 0.5240.17°
Akapl2 3 1.0340.25 0.1940.132 0.760.25°
DLL1 3 1.0040.11 0.3240.07° 0.580.06°
NR4A2 3 1.0640.40 3.2840.50° 2.2540.49°
TFRC 3 1.0140.18 2.1340.29° 1.6440.22°

Notes: normal group: drink and eat freely + the same volume of normal saline was given by gavage; model group: MNNG, 180 pg/mL + 2%
sodium salicylate, 1 mL/100 g per day + hunger and satiety disorders; XLHZ: model group + XLHZ, 36 g kg* €. qRT-PCR: real-time
quantitative reverse transcription polymerase chain reaction; XLHZ: Xianglian Huazhuo formula; CAG: chronic atrophic gastritis; GC: gastric
cancer. Statistical analyses were measured using one-way analysis of variance followed by post hoc Bonferroni correction for multiple
comparisons. Data were presented as mean =standard deviation. Compared with the normal group, P < 0.01; Compared with the model group,

P < 0.01, °P < 0.05.
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cause cancer.®® Sodium salicylate is a kind of non-
steroidal anti-inflammatory drugs, which can inhibit the
synthesis of prostaglandins and reduce the protective
effect of prostaglandins. As a weak acid, it can interact
with the phospholipid bilayer on the surface of mucosal
cells to reduce the hydrophobicity of gastric and
duodenal mucosa, thereby exposing gastric acid and
other mucosal erosion factors. In addition, it can release
a large number of pro-inflammatory factors and
accelerate mucosal inflammation.?® Therefore, MNNG
and sodium salicy-late have been widely used to induce
CAG models. Our results showed that compared with the
normal group, the gastric lamina propria glands in the
model group were arranged disorderly and atrophic, the
number was reduced. The mucosal layer became thinner.
There were a large number of lymphocytes, plasma cells
and other inflammatory cells infiltrated, and congestion

AT

.
104
.. ()-

and edema were obvious, which indicated that we
successfully induced the CAG model. High-throughput
sequencing results showed that the expression of miRNA
in rats induced by the compound modeling method
changed. Previous studies have found that studies
showed that miRNA regulates the expression of more
than 1/3 of coding genes and signaling pathways in vivo,
positively or negatively regulating processes such as
repression and activation, transcriptional cleavage and
enhancement, thus influencing the formation of
secondary small interfering RNAs and forming a
complex mRNA-mRNA network in vivo that is involved
in the development of various tumors.?"28 The expression
of some miRNAs and their target genes were reversed
after treatment of XLHZ. Therefore, we speculate that
XLHZ interrupt the progression of CAG to GC by
regulating miRNAs and their target genes.
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Figure 2 Effect of XLHZ on proliferation and migration of MNNG-induced GES-1 cells

A: EdU assay was used to detect cell proliferation (magnification <200). The proliferating cells were fluorescently stained with EAU (Green).
The nuclei were stained with DAPI (Blue). the higher the cell proliferation rate, the brighter the green in the plot. Al: EdU of the control
group; A2: DAPI of the control group; A3: merge of the control group; A4: EdU of the model group; A5: DAPI of the model group; A6:
merge of the model group; A7: EdU of the XLHZ group; A8: DAPI of the XLHZ group; A9: merge of the XLHZ group. B: Quantitative
analysis of proliferating cells. C: Wound healing assay was used to detect cell migration in the normal, model and XLHZ groups
(magnification x200). C1-C5: The migration of cells in the normal group was observed at 0, 12, 24, 48, 72 h. C6-C10: The migration of cells
in the model group was observed at 0, 12, 24, 48, 72 h. C11-C15: The migration of cells in the XLHZ group was observed at 0, 12, 24, 48,
72 h. D: quantitative analysis of cells migration rate at 0, 12, 24, 48, 72 h. normal group: drink and eat freely + the same volume of normal
saline was given by gavage; model group: MNNG, 180 pg/mL + 2% sodium salicylate, | mL/100 g per day + hunger and satiety disorders;
XLHZ: model group + XLHZ, 36 g kg™ d. XLHZ: Xianglian Huazhuo formula; MNNG: N-Methyl-N'-Nitro-N-Nitrosoguanidine; GES-1:
human gastric mucosal epithelial cells; EdU: 5-Ethynyl-2°- deoxyuridine; DAPI: 4°,6-Diamidino-2’-phenylindole. Statistical analyses were
measured using one-way analysis of variance followed by post hoc Bonferroni correction for multiple comparisons. Data were presented as
mean =standard deviation (n = 3). Compared with the normal group, *P < 0.05, °P < 0.01; Compared with the model group, °P < 0.05; ‘P <
0.01.
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Figure 3 Effect of XLHZ on apoptosis and cell cycle of MNNG-induced GES-1 cells

A: flow cytometry assay was used to detect apoptosis in the normal, model and XLHZ groups. Al: normal group; A2: model group; A3: XLHZ
group; A4: apoptosis rate of quantitative analysis. B: flow cytometry assay was used to detect cell cycle in the normal, model and XLHZ groups.
B1: normal group; B2: model group; B3: XLHA group; B4: quantitative analysis of cell cycle distribution. normal group: drink and eat freely +
the same volume of normal saline was given by gavage; model group: MNNG, 180 pg/mL + 2% sodium salicylate, | mL/100 g per day + hunger
and satiety disorders; XLHZ: model group + XLHZ, 36 g kg*d?* XLHZ: Xianglian Huazhuo formula; MNNG: N-Methyl-N'-Nitro-N-
Nitrosoguanidine; GES-1: human gastric mucosal epithelial cells. Statistical analyses were measured using one-way analysis of variance followed
by post hoc Bonferroni correction for multiple comparisons. Data were presented as mean =standard deviation (n = 3). Compared with the normal
group, 2P < 0.01; Compared with the model group, °P < 0.01.
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Figure 4 Effects of XLHZ on EMT and proliferation of MNNG-induced GES-1 cells

A: representative images of of E-cadherin, TGF-B1, vimentin and B-catenin protein expression that were exhibited from MNNG-induced GES-
1 cells in the normal, model and XLHZ groups. B: quantitative analysis of E-cadherin protein; C: quantitative analysis of TGF-B1 protein; D:
quantitative analysis of vimentin protein; E: quantitative analysis of -catenin protein. normal group: drink and eat freely + the same volume
of normal saline was given by gavage; model group: MNNG, 180 pg/mL + 2% sodium salicylate, 1 mL/100 g per day + hunger and satiety
disorders; XLHZ: model group + XLHZ, 36 g kg* 4. XLHZ: Xianglian Huazhuo formula; EMT: epithelial mesenchymal transition; MNNG:
N-Methyl-N'-Nitro-N-Nitrosoguanidine; GES-1: human gastric mucosal epithelial cells. Statistical analyses were measured using one-way
analysis of variance followed by post hoc Bonferroni correction for multiple comparisons. Data were presented as mean =standard deviation
(n = 3). Compared with the normal group, P < 0.01; Compared with the model group, °P < 0.01; °P < 0.05.

EMT is considered to be an important mechanism for
cancer cell metastasis, which makes tumor cell lose some
characteristics of epithelial cell, such as intercellular

adhesion and cell polarity, and gain some characteristics
of mesenchymal cell, such as motility, invasion, and anti-
apoptosis. EMT changes the type of tumor cells,
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improves the ability to degrade the matrix, and weakens
cell-to-cell binding.?® Therefore, transformed tumor cells
are the main cause of tumor death, have greater
metastatic and invasive abilities. Hence, prevention and
treatment of metastasis and improvement of clinical
prognosis are key. One of the hallmarks of EMT is the
downregulation or even loss of E-cadherin expression, a
feature that promotes tumor invasion and metastatic
capacity. TGF-B1 and B-catenin signaling pathways can
activate snail, inhibit E-cadherin, induce EMT and
promote cell migration.® Vimentin is an important type
II intermediate filament protein. Together with other
cytoskeletal components such as microfilaments and
microtubules, it plays an important role in dynamic
processes such as the support, attachment, migration, and
signaling of cellular structures.3! As a result, Vimentin is
considered as a typical molecular marker of EMT.*? In
our study, we found that EMT was also present in CAG.
Wound healing assay showed that MNNG-induced GES-1
cells migration was enhanced. In contrast, XLHZ could
increase the expression of E-cadherin and decrease the
expression of TGF-B1, p-catenin and Vimentin, inhibit
EMT and cell migration in MNNG-induced GES-1 cells.
Uncontrolled proliferation and anti-apoptosis are the
remarkable characteristics of tumor cells, which are the
basis of the occurrence and development of tumor
diseases. The imbalance of cell cycle regulation is an
important cause of tumor cell proliferation. Therefore,
regulating cell cycle, inhibiting proliferation and
promoting apoptosis are important ways of tumor
treatment.®® Cells are regulated at different checkpoints
through the interaction of various cyclin proteins with
their cyclin-dependent kinases (CDKS) to form active
complexes. The process of each checkpoint is completed
accurately before proceeding to the next phase of the cell
cycle.®* Among them, CDK1, 2, 4, and 6 play major roles
in cell cycle progression. This process is highly disturbed
in cancer cells.®® Previous study has shown that miR-33a
could arrest gastric cancer cells in G1 phase and inhibit
the proliferation of gastric cancer cells by down-
regulating CDKS®, cyclin D1 and Recombinant Pim-1
Oncogene.® Apoptosis, also known as programmed
death, is a homeostatic mechanism that controls cell
number and refers to the autonomous and orderly death
of cells controlled by genes. Abnormal apoptosis can
cause a variety of diseases, such as excessive apoptosis
can induce Alzheimer's disease, and too little apoptosis
can induce tumors.3” Wei et al 3 found that miR-15b-3p
could inhibit cell apoptosis and promote the malignant
transformation of gastric cancer through dynein light
chain Tctex-type 1/Caspase-3/Caspase-9 signaling
pathway. Our study showed that XLHZ could arrest cells
in GO/G1 and G2/M phases, inhibit cell proliferation, and
promote apoptosis. These results suggest that XLHZ may
play an important role in the inhibition of DAN synthesis,
thus blocking the development of CAG into GC.

In conclusion, the results show that XLHZ affects the
biological functions of CAG cells, such as proliferation,
migration and invasion, apoptosis and tumor stem cell

characteristics, by altering miRNA expression profiles
and regulating downstream target genes, thus affecting
the tumor micro-environment and improving EMT,
which in turn affects the progression of CAG, and in vitro
experiments also validate this aspect of XLHZ function.
This study provides a new idea for XLHZ to treat CAG.
However, due to the limitation of sample size, the
miRNA study may be biased and we will conduct a study
with larger samples when the opportunity arises. In the
future, we will also explore in depth the mechanistic
relationship between specific components of traditional
Chinese medicine and differentially expressed miRNAs,
hoping to provide potential biological targets for the
treatment of CAG to GC.

5. SUPPORTING INFORMATION

Supporting data to this article can be found online at
http://journaltcm.cn.
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