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Abstract

Purpose: To explore the effects of Xinwei granule (XWG) on low-grade gastric intraepithelial neoplasia
(LGIN) and the underlying mechanisms.

Methods: To establish LGIN model, Wistar rats were treated with N-methyl-N'-nitrosoguanidine for 3
months. LGIN model rats were randomly grouped into five groups (n = 15), viz, negative control (NC),
normal saline (NS) group, Xinwei granule (XWG) group, Weifuchun tablet (WFCT) group, and
vatacoenayme tablet (VT) group. Normal rats (n = 17) served as negative control. Histological
evaluation of gastric mucosa was undertaken using hematoxylin and eosin staining. Quantitative real-
time polymerase chain reaction (QRT-PCR), western blot, and immunohistochemical assays were
performed to determine mRNA expressions, protein expression, and the distribution of cyclin D1,
kruppel-like factor 4 (KLF4), and p21-WAF1-CIP1, respectively.

Results: Compared with LGIN group, the body weight of the rats increased in XWG, WFCT, and VT
groups. The pathological characteristics of LGIN group were alleviated by XWG, WFCT and VT
treatments. The positive expression of cyclin D1 was enhanced in LGIN group, but reduced in XWG,
WFCT and VT groups. The expression levels of KLF4 and p21-WAF1-CIP1, upstream regulators of
cyclin D1 reduced in LGIN groups. However, administration of XWG, WFCT and VT strengthened the
expressions of KLF4 and p21-WAF1-CIP1. More importantly, the protective effects of XWG against
LGIN were superior to those of WFCT and VT.

Conclusion: Xinwei granules alleviate LGIN in vivo by inhibiting cyclin D1 expression and enhancing
KLF4 and p21-WAF1-CIP1 expression.
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INTRODUCTION

Gastric intraepithelial neoplasia (GIN) is a
precancerous lesion of gastric cancer. The 5-
year survival rate in patients with gastric cancer
at the early stage is closely associated with GIN
treatment [1]. Gastric intraepithelial neoplasia
can be divided into low-grade gastric
intraepithelial neoplasia (LGIN) and high-grade
gastric intraepithelial neoplasia (HGIN) [2]. High-
grade gastric intraepithelial neoplasia is
considered to be suitable for endoscopic or
surgical local resection [3]. However, the
strategies for the effective diagnosis and therapy
of LGIN stil need further development.
Uncontrolled cell cycle progression can lead to
carcinogenesis and the growth of human cancers
[4,5]. Cell cycle progression is modulated by
cyclin-dependent kinases [6]. Cyclin D1 is an
important cell cycle regulator, which plays a role
in  human cancer progression [7-9]. The
involvement of cyclin D1 in gastric cancer [10]
has been described previously. Moreover,
Kruppel-like factor 4 (KLF4), a tumor regulator
can modulate the expression of cyclin D1 [11].
p21-WAF1-CIP1 is a cyclin-dependent kinase
inhibitor that inhibits the cyclin complex [12]. In
addition, disruption of KLF4 [13] and p21-WAF1-
CIP1 [14] expression has been observed in
gastric cancer. Therefore, investigating the
expression of cyclin D1, KLF4, and p21-WAF1-
CIP1 may be beneficial for understanding the
mechanisms of LGIN development.

In this study, the effects of Xinwei granule,
weifuchun tablets, and Vatacoenayme tablets on
LGIN, and investigated the mechanism
underlying the effects caused by these drugs
was investigated.

EXPERIMENTAL
Animal grouping

Seventy-seven male Wistar rats (body weight,
180 — 200 g; 6 — 8 weeks) were purchased from
the Animal Experiment Center of the Shanghai
Chinese Academy of Sciences. The animals
were kept at 21 — 22 °C, with a 12 h/12 h
light/dark cycle and 50 — 60 % humidity. To
establish the LGIN model, N-methyl-N-nitro-N'-
nitrosoguanidine (MNNG; 25 pg/mL; Aldrich
Chemical Co. Ltd, Miwaukee, WI) was
administered to 60 rats in animals’ drinking water
(placed in dark bottles) for 3 months.
Subsequently, the rats were randomly placed in
four groups (n = 15 per group) as follows: Rat in
the negative saline (NS) group were treated with
saline, by gastrogavage; the Xinwei Granule
(XWG) group were administered with XWG (4

g/kg/day) by gastrogavage; rats in the Weifuchun
Tablets (WFCT) group were administered with
WFCT (0.72 g/kg/day) by gastrogavage; rats in
the Vatacoenayme Tablets (VT) group were
administered with VT (1 g/kg/day) by
gastrogavage.

Drug treatment lasted for 8 weeks. Normal rats
(n = 17) without treatment served as the negative
control (NC) group. No animals died during the
experiments before they were sacrificed.
Anesthesia was provided via intraperitoneal
injection of 10 % chloral hydrate (0.3 mL/100 g
body weight). Subsequently, the animals were
sacrificed by tail vein air embolization. An
approximately 0.5 mm x 2.0 mm section of tissue
was excised from the gastric antrum and fixed in
4 % paraformaldehyde. All animal experiments
were performed according to the Institutional
Animal Care and Use Committee (IACUC) [15]
and approved by the Ethics Committee of
Heilongjiang University of Chinese Medicine
(approval no. HU17051682).

Haematoxylin and eosin (H & E) staining and
immunohistochemical (IHC) assay

The tissues were embedded in paraffin and were
cut into 4-um slices. The slides were dewaxed
using xylene. After dehydrating with gradient
ethanol, the slides were stained with hematoxylin
for 15 min, 1 % hydrochloric acid alcohol for 15 s,
and 1 % eosin staining for 1 min. The extent of
LGIN was classified as none, moderate, and
severe, according to the degree of gastro-
mucosal dysplasia [16]. The slides were
evaluated by a pathologist in a blinded manner.

For IHC assay, slides were boiled in sodium
citrate buffer (pH 6.0, 10 mM) for antigen
retrieval. The sections were allowed to cool to
room temperature and incubated in hydrogen
peroxide (3 %) for 10 min. The slides were
blocked by incubating with 10 % normal goat
serum (Thermo Fisher Scientific) at 37 °C. After
30 min, slides were incubated with anti-cyclin D1
(cat. no. ab226977; dilution, 1:300, Abcam,
Cambridge, UK), anti-KLF4 (cat. no. ab106629;
dilution, 1:500, Abcam), and anti-p21-WAF1-
CIP1 (cat. no. ab80633; dilution, 1:200, Abcam)
overnight at 4 °C. Secondary biotin-labeled
antibodies were added to the sections and
incubated for 1 h at room temperature. Next, the
slides were incubated with horseradish
peroxidase-linked streptavidin at room
temperature for 30 min. Finally, the slides were
incubated with diaminobenzidine (DAB) for 5 min
at room temperature. Images were observed
under a light microscope at magnification of
x100).
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Western blotting

Tissues proteins were isolated using Tissue or
Cell Total Protein Extraction Kit (Sangon,
Shanghai, China). The denatured proteins were
separated using 8 % sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE).
After transfer onto a polyvinylidene fluoride
membrane (Millipore, Bedford, MA), the proteins
were blocked using 5 % non-fat milk for 2 hours
at room temperature. Next, the membrane was
incubated with primary antibodies, including anti-
cyclin D1 (cat. no. ab40754; dilution, 1:1000),
anti-KLF4 (cat. no. PA5-23184; dilution, 1:500,
Thermo Fisher Scientific), anti-p21-WAF1-CIP1
(cat. no. ab80633; dilution, 1:200, Abcam), and
anti-H3 (ab1791, 1:2000, Abcam), at 4°C
overnight. The membrane was then incubated
with HRP-linked secondary antibodies, goat anti-
rabbit IgG (cat. no. ab6721; 1:5000) and goat
anti-mouse 1gG (cat. no. ab6785; 1:5000,
Abcam), at room temperature for 1.5 h. The
protein blots were visualized using enhanced
chemiluminescence (Pierce Biotechnology, IL,
USA).

Quantitative real-time chain
reaction (QRT-PCR)

polymerase

Total RNA from tissues was isolated using the
TRIzol reagent (Invitrogen, Carlsbad, CA, USA).
Complementary DNA (cDNA) synthesis was
performed using a first-strand cDNA kit (Takara,
Tokoyo, China) according to the manufacturer’s
protocols. The SYBR Green PCR kit (Thermo)
was used for PCR amplification on an ABI7300
Thermocycler (Applied Biosystems, Foster City,
CA, USA). The primer sequences used are listed
in Table 1. Relative mRNA expression levels
were analyzed based on 2*°" calculation.

Statistical analysis

GraphPad Prism 6.0 (GraphPad Software, Inc,
La Jolla, CA, USA) was used to perform data
analysis. Differences among groups were
analyzed by one-way ANOVA followed by
Tukey's test. Data are expressed as mean +
standard deviation (SD). P < 0.05 was
considered statistically significant.

RESULTS

Xinwei granule reduced
changes in LGIN rats

the pathological

To investigate the efficiency of Xinwei granule on
LGIN, the effect of Xinwei Granule on the
morphology of the LGIN rats was first observed.

The animals in NC group showed quick reaction
and granular stools. The LGIN model rats
appeared to exhibit depressed mental state, hair
shedding, reduced hair glossiness, decreased
activity, and loss of appetite, but these symptoms
were relieved in the XWG, WFCT, and VT
groups. Furthermore, as shown in Figure 1, the
body weight of LGIN model rats was reduced
when compared with that of the negative control
(NC) group (378.4 £ 14.0vs. 530.2+ 123 g, p <
0.001). However, the body weight loss of the
LGIN rats was protected by the administration of
XWG (478.4 + 140 g vs. 3784 + 140 g, p <
0.001), WFCT (458.4 + 14.0 g vs. 378.4 + 14.0 g,
p < 0.001), or VT (450.4 + 14.0 g vs. 378.4 +
14.0 g, p < 0.001), unlike the NS group. The
pathological changes of rats were more
pronounced in the XWG group when compared
with those in the WFCT and VT groups (p <
0.05).
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Figure 1: Body weight of animals in the negative
control (NC) group, Xinwei Granule (XWG) group,
Weifuchun Tablet (WFCT) group, and Vatacoena;t/me
Tablet (VT) group. P < 0.001 vs. NC group;

0.001 vs. NS group; p < 0.05; & p < 0.01 vs. XWG
group
Xinwei granule reversed changes in the

morphology of gastric mucosa in LGIN rats

First, the effect of Xinwei granule on the
morphology of gastric mucosa was studied using
H&E staining. The results (Figure 2 A) showed
that rats in the NC group did not display LGIN
symptoms. All the cases in the NS group
exhibited severe LGIN. In contrast, there were
only two cases in the XWG group, four cases in
the WFCT group, and four cases in the VT
group, indicating that the degree of LGIN was
mitigated by XWG, WFCT, and VT. In addition,
the gastric mucosa folds were regular and well
stretched in the NC group, but the NS group
showed reduced gastric mucosa folds and
increased fibroplasia. In contrast to the NS
group, treatment with XWG, WFCT, or VT
relieved the pathological changes in LGIN
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(Figure 2 B). These results indicated that Xinwei
Granule mitigated the effects of LGIN.
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Figure 2: (A) Cases of LGIN in the negative control
(NC), XWG, WFCT, and VT groups were analyzed; p
< 0.001 vs. the NC group; p < 0.001 vs. the NS
group; **%p < 0.001 vs. the XWG group. (B)
Histological changes in the NC, XWG, WFCT, and VT
groups were detected using H & E staining

Effect of Xinwei granule on the distribution of
cyclin D1, KLF4, and p21WAF1/CIP1 in LGIN
tissues

To further illustrate the molecular mechanism
underlying the effects of Xinwei Granule, the

expression of cyclin D1, KLF4, and
p21WAF1/CIP1 was examined.
Immunohistochemistry  assays (Figure 3)

revealed that cyclin D1 staining was stronger in
the NS group than in the NC group, whereas
cyclin D1 staining was weaker in the XWG,
WFCT, and VT groups than in the NS group.
Moreover, staining for KLF4 and p21WAF1/CIP1
was lower in the NS group, but was enhanced by
XWG, WFCT, and VT treatment. Among the
three drug treatment groups, the effect on cyclin
D1, KLF4 and p21WAF1/CIP1 staining appeared
to be most remarkable in the XWG group. These
results suggest that Xinwei granule decreased
the expression distribution of cyclin D1 and
increased the expression distribution of KLF4
and p21WAF1/CIP1 in LGIN tissues.

Xinwei granule regulated protein and mRNA
expression levels of cyclin D1, KLF4, and
p21WAF1/CIP1 in LGIN tissues

The protein and mRNA expression levels of
cyclin D1, KLF4, and p21WAF1/CIP1 were
measured. The results (Figure 4 A) showed that
the increased cyclin D1 protein expression in
LGIN rats was reduced in the XWG (p < 0.001)
and VT (p < 0.001) groups. The reduced protein
expression of KLF4 in LGIN group was protected
in the XWG (p < 0.001), WFCT (p < 0.01), and
VT (p < 0.01) groups. Similarly, protein
expression of p21WAF1/CIP1 was recovered in

the XWG (p < 0.001), WFCT (p < 0.05), and VT
(p < 0.05) groups when compared with the NS

group.

Importantly, the effect on cyclin D1, KLF4, and
p21WAF1/CIP1 expressions in the XWG group
were more significant than those in the WFCT (p
< 0.05) and VT (p < 0.05) groups. The mRNA
expression profiles of cyclin D1, KLF4, and
p21WAF1/CIP1 in this study matched their
respective protein profiles (Figure 4 B). These
results suggest that the expression of cyclin D1,
KLF4 and p21WAF1/CIP1 may be modulated by
Xinwei Granule at both the translational and
transcriptional levels.
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Figure 3: Expression patterns of cyclin D1, KLF4, and
p21WAF1/CIP1 in the negative control (NC), XWG,
WFCT, and VT groups were detected using IHC
staining
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Figure 4: (A) Protein expression of cyclin D1, KLF4
and p21WAF1/CIP1 in the negative control (NC),
XWG, WFCT, and Vatacoenayme Tablets VT groups
were assayed using Western blot; p <0.01 and p <
0.01 vs. NC group, p < 0.001 vs. NS group; p <
0.05, #4p < 0.01, and ***p < 0.001 vs. XWG group. (B)
MRNA expression levels of cyclin D1, KLF4, and
p21WAF1/CIP1 in the negative control (NC), XWG,
WFCT, and VT groups were assayed using %PCR
***p < 0.01 vs. the NC group; p < 0.01, and

0.001 vs. NS group; **p < 0.01 and ***p < 0.001 vs
XWG group
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DISCUSSION

It has been reported that patients with
intermediate stages of gastric cancer often
manifest symptoms like chronic gastritis and
intestinal metaplasia [17]. The 5-year survival
rate of patients with early-stage gastric cancer is
significantly higher than that of advanced-stage
patients [18]. It has been reported that LGIN can
often be reversed, and only a few of these cases
developed into invasive cancer [19]. Therefore,
effective treatment and early detection of LGIN is
significant in preventing the occurrence of gastric
cancer.

In this study, it was found that administration of
Xinwei granule, Weifuchun Tablets, and
Vatacoenayme Tablets relieved LGIN to varying
degrees. Reduced body weight in LGIN rats was
protected by treatment with these three agents.
The activity, and diet of the LGIN rats were
improved by drug treatment and Xinwei Granule
was more effective than the other two drugs.
These results indicate that the administration of
Xinwei Granule may improve the quality of life in
patients with LGIN.

Histologically, little chronic inflammation was
observed in the NC group, whereas hyperplasia
was most obvious in the LGIN model group. In
contrast, fibroplasia in LGIN tissues was blocked
and the number of severe LGIN cases was
reduced in the X\WG, WFCT, and VT groups. The
alleviation of LGIN appeared greater after
treatment with Xinwei Granule than with
Weifuchun Tablets or Vatacoenayme Tablets.
Taken together, these results showed that Xinwei
Granule effectively mitigated the symptoms of
LGIN and prevented carcinogenesis in gastric
mucosa.

It is believed that cellular proliferation is a tightly
regulated and ordered modulated progress,
which is fundamental for cellular homeostasis
[20]. Cyclin D1 serves as a cell cycle regulatory
switch in living cells [21]. Thus, examining cyclin
D1 levels in LGIN may be useful for the early
diagnosis of LGIN and for the understanding of
the molecular mechanisms underlying the effects
of Xinwei Granule on LGIN. Because KLF4 [17]
and p21-WAF1-CIP1 [22] are upstream
regulators of cyclin D1, this study analyzed the
expression levels ofKLF4, p21-WAF1-CIP1, as
well as cyclin D1 in LGIN rats. The present
results showed that cyclin D1 expression was
increased in LGIN tissues, but was decreased in
the X\WG, WFCT and VT groups.

Furthermore, the effects of Xinwei Granule were
more pronounced than those of Weifuchun

Tablets and Vatacoenayme Tablets. Cell cycle
progression occurs when the intracellular level of
cyclin D1 is elevated [21]. Therefore, the present
results suggested that increased cyclin D1
expression in LGIN tissues facilitated malignant
growth of gastric tissues. Interestingly, drug
treatment resulted in reduced expression of
cyclin D1 in LGIN tissues, which suggests that
drug treatment was capable of preventing
carcinogenesis in the gastric mucosa. Moreover,
the expression levels of KLF4 and p21-WAF1-
CIP1 were upregulated in the drug treatment
groups compared with those of the LGIN model
group, suggesting that the activation of KLF4 and
p21-WAF1-CIP1 may suppress LGIN.

It has been reported that KLF4 [17] and p21-
WAF1-CIP1 [23] can serve as tumor
suppressors; this is consistent with the current
results of this study. Nevertheless, KLF4 and
p21-WAF1-CIP1 may also promote tumor
occurrence due to their dual role in cancer
progression [24,25]. The present results suggest
that measuring the expression of cyclin D1 and
its regulators may be useful predictors of LGIN.
In summary, it can be concluded that treatment
with  Xinwei Granule inhibited cyclin D1
expression and increased KLF4 and p21-WAF1-
CIP1 expression, which may reduce uncontrolled
cell cycle progression in LGIN tissues, and
thereby prevent gastric carcinogenesis.

CONCLUSION

The findings of this work indicate that Xinwei
granule alleviates LGIN and regulates the
expression of cyclin D1 and its upstream genes
in LGIN tissues to a greater extent than
weifuchun tablets and vatacoenayme tablets.
Thus, XWG may prove to be an effective agent
for the clinical treatment of LGIN and may open
up potential detectable targets for the diagnosis
of LGIN. However, one limitation is that the
definite pharmacological effects of the drugs,
especially that of Xinwei granule, were not
validated in the current study, and this is worthy
of further in-depth investigation.
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