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Aim: Gastric cancer is a leading cause of cancer death worldwide. In-depth research of
precancerous lesions of gastric carcinoma (PLGC) with malignant transformation potential is
a key measure to prevent the development of gastric carcinoma. Recently, calycosin has been
shown to have anticancer effects in vitro and in vivo. The molecular mechanism by which
calycosin affects PLGC, however, has not yet been elucidated. The purpose of this study was
to evaluate the effect and mechanism of calycosin in N-methyl-N'-nitro-N-nitrosoguanidine
(MNNG)-induced PLGC rats.

Methods: The effects of calycosin in the gastric mucosa of rats with PLGC were evaluated
using histopathology and transmission electron microscopy (TEM). For further characteriza-
tion, the expression levels of integrin 1, nuclear factor kappa B (NF-xB), p-NF-«xB,
DARPP-32 and signal transducer and activator of transcription 3 (STAT3) were determined
by Western blot assay and immunohistochemistry.

Results: Hematoxylin—eosin and high iron diamine—Alcian blue—periodic acid-Schiff (HID-
AB-PAS) staining showed that intestinal metaplasia and dysplasia were significantly amelio-
rated in the calycosin intervention groups compared with the model group. Further, TEM
results showed that calycosin intervention tempered microvascular abnormalities and cell
morphology of primary and parietal cells in PLGC tissues. The results suggested that calycosin
had gastro-protective effects in MNNG-induced PLGC rats. Western blot and immunohisto-
chemistry analysis showed that the increased protein expression levels of NF-kB, p-NF-«B,
DARPP-32 and STAT3 in the model group were downregulated by calycosin. The upregulation
of integrin B1 expression induced by MNNG was decreased in the calycosin groups.
Conclusion: Collectively, calycosin protected against gastric mucosal injury in part via
regulation of the integrin f1/NF-xB/DARPP-32 pathway and suppressed the expression of
STAT3 in PLGC. The elucidation of this effect and mechanism of calycosin in PLGC
provides a potential therapeutic strategy for treatment of gastric precancerous lesions.
Keywords: precancerous lesions of gastric carcinoma, calycosin, inflammation,

angiogenesis, gastric mucosa protection

Introduction

Gastric cancer (GC) is the third leading cause of cancer death worldwide, having poor
prognosis due to the lack of early detection and effective treatment modalities. Over
1,000,000 newly diagnosed cases and 783,000 deaths were estimated for 2018." Early
identification and prevention are important to reduce the socioeconomic burden
associated with gastric cancer. It is well-known that human gastric carcinogenesis
involves a cascade of mucosal changes: superficial gastritis — multifocal atrophic
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gastritis — intestinal metaplasia — dysplasia —gastric
carcinogenesis.” The development of gastric precancerous
lesions, which mainly depends on intestinal metaplasia and
dysplasia,®* is a critical stage in the evolution of gastric
cancer.” Therefore, in-depth research of PLGC with malig-
nant transformation potential is a key measure to prevent
the development of gastric carcinoma.

Gastric mucosal intestinal metaplasia and dysplasia often
occur as a result of inflammation. The relationship between
inflammation and cancer was first proposed in the nineteenth
century.® Although this connection has been out of favor for
more than a century, interest in the relationship has gradually
increased in recent years.”® PLGC exactly reflects the
“inflammation — cancer” transition. A study has shown
that inflammation in the microenvironment has many tumor-
promoting effects, including enhancement of proliferation
and survival of malignant cells, and promotion of angiogen-
esis and metastasis.” This link between inflammation and
cancer underscores the complexity of tumorigenesis, and
the stage of PLGC provides a basis for research. Nuclear
factor kappa B (NF-«xB) is the central link of the inflamma-
tory response and studies have shown that activation of NF-
kB plays an important role in gastric cancer.'® Blocking the
signal transduction pathway to inhibit NF-kB may provide
drugs for the treatment of malignant tumors."!

Integrins mediate interactions between tumor cells and
the surrounding microenvironment and can regulate
chronic inflammation and cancer-related pathological
angiogenesis.'? Only recently, integrin p1 has emerged as
a key player in early pathogenic events in gastric
carcinogenesis.'® A very recent study showed that integrin
B1 is involved in modulating NF-kB signaling pathway
activity in GC, and silencing of integrin 1 decreased NF-
kB signaling activation.'* It has been reported that NF-kB
regulates expression of DARPP-32 by binding directly to
its promoter.'> DARPP-32 overexpression can be detected
in the early stages of the gastric cancer cascade, and
research has shown that it may be involved in the transi-
tion from atrophic gastritis to intestinal metaplasia and
tumor development.'® Signal transducer and activator of
transcription 3 (STAT3), a key transcription factor that has
been shown to play a vital role in human gastric cancer
angiogenesis,'” is believed by some investigators to be
directly involved in gastric tumorigenesis.'® Although
a number of molecular mechanisms involved in GC have
been described over the years,' it is unclear what role
these molecules may play in PLGC. Appropriate interven-
tion for PLGC is urgently needed.

Calycosin, an isoflavonoid, is a major active component
of Astragalus membranaceus, which is a traditional Chinese
herbal medicine that has been widely used in the treatment
of cancer, diabetic nephropathy and hepatic diseases.'” '
Recently, several pharmacological studies have shown that
calycosin can inhibit growth of human cancer cell lines,
having impacts on cell proliferation, apoptosis and cell
cycle distribution.”' ** Emerging evidence suggests that
calycosin can enhance cisplatin-induced suppression of
a gastric cell line.”* However, the effects of calycosin on
gastric mucosa protection in PLGC are unclear. Hence,
investigation of the effects of calycosin on progression of
gastric precancerous lesions may provide novel insights into
the development of therapeutic agents.

In this study, a rat model of N-methyl-N'-nitro-N-nitro-
soguanidine (MNNG)-induced PLGC was used for experi-
ments. The effects of calycosin in the treatment of PLGC
and its potential mechanism of action were explored.

Methods and Materials

Animals

Sixty male Sprague-Dawley (SD) rats aged 4—6 weeks were
obtained from Vital River Laboratories Animal Technology
Co., Ltd. Beijing, China (Certification No. SCXK (Beijing)
2016-0002). The protocol was designed to minimize discom-
fort to the animals. All rats were maintained in specific patho-
gen-free conditions with a 12 h light-dark cycle, room
temperature of 20-26°C, and relative humidity of 40-70% in
the animal facility of Beijing Institute of T.C.M. The rats had
free access to regular chow diet and water. The present study
was performed in accordance with the Guide for the Care and
Use of Laboratory Animals published by the National
Institutes of Health, and was approved by the Animal Care
and Use Committee of Beijing Institute of Traditional Chinese
Medicine (no. 2,018,120,103).

Experimental Design

Following 1 week acclimation, the rats were randomly
divided into control (n = 15) and intervention (n = 45) groups.
The number of animals used in the study was based on
reference to published articles.”> 2’ As described in the lit-
erature, MNNG was administered to the rats in the interven-
tion group via drinking water at a concentration of 200 pg/
mL in light-shielded bottles and the rats were fed normal diet
every other day.”> 2’ The administration was conducted for
16 weeks as described in the literature. Rats in the control
group had free access to food and water. At 8, 12, and 16
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weeks, three rats were randomly sacrificed from the inter-
vention group to perform histological evaluation. According
to the histological evaluation, rats in the intervention group
exhibited intestinal metaplasia or dysplasia in week 16. The
intervention group was then randomly divided into three
groups: model group, calycosin low dose (Calycosin L)
group (n = 12, 40 mg/kg) and calycosin high dose
(Calycosin H) group (n = 12, 80 mg/kg). The PLGC rats
were dosed with calycosin for 10 weeks (Figure 1). At the
end of the experiment (26 weeks), all rats were fasted for 12
h and then euthanized with 1% pentobarbital sodium.

Antibodies and Reagents

Calycosin (purity > 98%) and MNNG were purchased from
Wanxiang Hengyuan Technology Co., Ltd. (Tianjin, China)
and Tokyo Chem. Ind. (Shanghai, China), respectively. Anti-
integrin B1 (ab179471), anti-DARPP-32 (ab40801), anti-NF
-kB (ab16502) and anti-p-NF-kB (ab86299) antibodies were
purchased from Abcam, Shanghai, China. STAT3 (#9139)
antibody was purchased from Cell Signaling Technology,
Inc., Shanghai, China. The BCA kit was purchased from
Solarbio Science & Technology Co., Ltd., Beijing, China.

Histopathological Observation

Gastric tissue samples from each group were collected and
fixed in 10% neutral-buffered formalin overnight, and then
dehydrated in alcohol and xylene, successively. Dehydrated
samples were embedded in paraffin and sectioned into 4 um
slices. This was followed by staining with hematoxylin and
eosin (H&E) dye using standard techniques to observe mor-
phological changes. High iron diamine—Alcian blue—periodic
acid—Schiff (HID-AB-PAS) staining was performed to detect
types of intestinal metaplasia according to the manufacturer’s
introductions. The sections were observed and analyzed
using light microscopy (Nikon, Chiyoda-Ku, Tokyo, Japan)
at 100x, 200x and 400% magnification and photographed.

Ultrastructure Observation

The ultrastructure of the gastric mucosa was evaluated by
transmission electron microscopy (TEM). Gastric tissue sam-
ples from each group were sliced into 1 mm? pieces and fixed
with 2.5% glutaraldehyde at 4°C overnight. The tissue sam-
ples were then post fixed in 1% osmium tetroxide for 2 h,
dehydrated in a graded series of ethanol solutions, and then
immersed twice in a mixture of acetone and epoxy resin.
Finally, the tissues were embedded in epoxy resin-filled
capsules and heated at 70°C overnight. Ultrathin sections
(60—-80 nm) were cut using an ultramicrotome, followed by
staining with uranyl acetate and lead citrate. Images were
captured by TEM (HT7700, Tokyo, Japan) and used to
describe the ultrastructure of gastric epithelial cells.

Western Blotting

Stomach tissues were ground in liquid nitrogen, homoge-
nized on ice using lysis buffer containing protease inhibitors,
and centrifuged at 12,000 rpm for 15 min to obtain the
supernatant. Protein concentrations were quantified using
a BCA protein assay kit (Solarbio Science & Technology
Co., Ltd., Beijing, China). Equal amounts of proteins were
loaded onto the SDS-PAGE gel electrophoresis system and
the separated bands were transferred onto PVDF membrane
(Millipore, Bedford, MA, USA). The membrane was
blocked with 5% nonfat milk for 1 h at room temperature,
and then incubated at 4°C overnight with anti-integrin 1
(1:2000; ab179471, Abcam), anti-NF-xB (1:2000; ab16502,
Abcam), anti-p-NF-kB (1:2000; ab86299, Abcam), anti-
DARPP-32 (1:1000; ab40801, Abcam), and anti-STAT3
(1:1000; #9139, Cell Signaling Technology, Inc.) primary
antibodies. Electrophoresis of anti-DARPP-32 was con-
ducted with 12% gel, while 10% gel was used for the other
antibodies. Subsequently, the membranes were washed and
incubated with secondary antibodies for 1 h at room tem-
perature. Routinely, protein load was monitored by using

Group No. of rat (: Histology measurement 16 26 Weleks
1 — 15 —> Nomal diet Nomal diet
2 —> 15 — MNNG 200pg/ml Nomal diet
3 — 15 — MNNG 200pg/ml Calycosin  40mg/kg
4 |—| 15 | — MNNG 200pug/ml Calycosin 80mg/kg

Figure | Experimental design scheme.
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a super enhanced chemical luminescence reagent (ECL;
Millipore, Bedford, MA, USA). The polypeptide bands
from Western blotting were quantified by Image-J 1.46r soft-
ware (National Institutes of Health, Bethesda, MD, USA),
and normalized to GAPDH or actin (loading control).

Immunohistochemistry

Stomach tissue sections were fixed in 4% paraformaldehyde
at room temperature, embedded in paraffin, cut into 4 pm
slices and mounted on glass slides. The sections were heated
to 60°C for 20 min, de-paraffinized in xylene and dehydrated
in alcohol. Antigen retrieval was performed in a pressure
cooker using sodium citrate buffer (pH 6.0). The sections
were then soaked in 3% H,O,/methanol solution to inhibit
endogenous peroxidase activity, and then blocked with 3%
bovine serum albumin (BSA). The sections were incubated
overnight at 4°C with anti-DARPP-32 (1:50; ab40801,
Abcam) and anti-STAT3 (1:300; #9139, Cell Signaling
Technology, Inc.) primary antibodies. After washing for 10
min in phosphate buffered saline (PBS, pH 7.4), the sections
were incubated for 20 min in horseradish peroxidase (HRP)-
labeled secondary antibody, goat anti-rabbit or goat anti-
mouse IgG (1:200; GB2301 and GB23303, Wuhan
Servicebio Technology Co., Ltd.), and for 1 min in DAB
reagent. The sections were then counterstained with hema-
toxylin prior to dehydration with ethanol and xylene. Images
were obtained using a light microscope at 100x—200% mag-
nification (Carl Zeiss AG), and the immunoreactivities of
DARPP-32 and STAT3 were determined using Image Pro
Plus 6.0 image analysis software (Media Cybernetics, Inc.).

Statistical Analysis

All results were expressed as mean =+ standard deviation
(SD). A t-test or ANOVA was conducted if the quantitative
data were of normal distribution and homogeneity of var-
iance, otherwise a Kruskal-Wallis rank sum test was con-
ducted. Results were considered to be of statistically
significant difference at P < 0.05, and P < 0.01 indicated
that the difference was of high significance. All statistical
analyses were conducted using Graphpad Prism 6.0
(Graphpad Software, CA, USA).

Results

Animal Model

The PLGC animal model was established by giving MNNG
and normal diet every other day. In the 8th, 12th, and 16th
weeks, histological observation of gastric mucosal lesions was

evaluated by H&E staining. Data in the model group showed
that MNNG induced significant alterations in gastric gland
morphology (Figure 2). Compared with histopathology of
gastric mucosa in control rats (Figure 2A and E), individual
vacuolar lesions in gastric mucosa epithelium, and hyperchro-
matic nuclei in some gastric epithelial cells were observed in
the 8th week (Figure 2B and F). In the 12th week, increased
vacuolar lesion changes and irregular gland arrangement were
observed (Figure 2C and G). In the 16th week, the presence of
diffuse vacuolar lesions and significantly irregular arrange-
ment, together with hyperchromatic and nuclear alterations,
confirmed intestinal epithelial metaplasia and gastric gland
dysplasia (Figure 2D and H). The PLGC model was satisfac-
torily established at the end of week 16.

Routine Pathology Evaluation

At the end of the 26th week, macroscopic and microscopic
lesions in the gastric mucosa were recorded. As shown in
Figure 3, compared to the control group, pale gastric mucosa,
hyperemia and sporadic erosion were observed in the model
group and elasticity of the gastric wall was decreased. After
treatment with calycosin, the poor elasticity of the gastric
wall and the flat gastric mucosa folds were ameliorated
compared with the model rats.

H&E staining was used to examine histopathological
changes of the gastric mucosa. Compared with the control
group (Figure 4A and E), obvious pathological changes were
found. The gland arrangement of the gastric mucosa in the
model group was irregular and crowded (Figure 4B and F). In
addition, the gastric epithelial cells exhibited increased
nuclear-cytoplasmic ratio, loss of nuclear polarity, hyper-
chromatic and crowded nuclei, and cavity fusion of the
gastric mucosa was stimulated. These results indicated that
dysplasia with intestinal metaplasia was present in the gastric
mucosa. Interestingly, a PLGC-rescuing effect was observed
in calycosin-treated rats. The area of dysplastic gastric
epithelial cells and inflammatory infiltration was decreased
(Figure 4C, D, G and H). These observations suggested that
calycosin protected the gastric mucosa in MNNG-induced
PLGC rats.

Staining with HID-AB-PAS was used to evaluated the
degree of intestinal metaplasia in gastric tissues. As shown in
Figure 5, neutral mucins present in normal mucosa were
stained red, while gastric specimens from controls were not
stained (Figure 5A and E). In the model group, mucosal
metaplasia tissue was positively stained, and intestinal meta-
plasia cells were located on the gastric cavity side and in the
lamina propria (Figure 5B and F). Interestingly, intestinal
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Control

Eighth Week

Twelfth Week Sixteeth Week

Figure 2 Histopathological changes of gastric mucosa following administration of N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) for 8, 12 and 16 weeks. (A and E)
Histopathological changes of gastric mucosa in the control group (H&E staining, 10%, 40x). (B and F) Histopathological changes of gastric mucosa in the 8th week (H&E
staining, 10%, 40x%). (C and G) Histopathological changes of gastric mucosa in the 12th week (H&E staining, 10, 40%). (D and H) Histopathological changes of gastric

mucosa in the |6th week (H&E staining, 10%, 40x).

Control

Figure 3 Macroscopic changes of gastric mucosa in different groups after 26 weeks.

metaplasia was regressed visibly in calycosin-treated rats
compared with the model rats (Figure 5C, D, G, and H).
Our observations revealed potent activity of calycosin
against intestinal metaplasia in PLGC rats.

Transmission Electron Microscopy (TEM)
Analysis

In the control group, normal cell morphology was
observed in primary and parietal cells. At the same time,
the endoplasmic reticulum, mitochondria and Golgi com-
plex were of regular shape. Rich zymogen particles were
visible in the cytoplasm of the chief cells.

In the model group, the chief cell nucleus was irregular
in shape, depressed, nuclear chromatin was concentrated,
and there was a high proportion of nuclear matter. The
secretion of zymogen particles was reduced, and the
boundary membrane between zymogen particles was not

Calycosin H

\

Calycosin L

clear. Secretory tubules were dilated in parietal cells, and
lumen microvilli were fewer in number, deformed, and
suffered from mitochondrial swelling and spasm. There
were also fewer rough endoplasmic reticulum and Golgi
complexes in the cells.

In the high dose group, the cytoplasm of the chief cell
contained an abundance of zymogen particles. The number
of dilated secretory tubules in parietal cells was reduced
and the number of microvilli was increased. The number
of Golgi complexes increased slightly, the endoplasmic
reticulum increased, with no obvious expansion, and the
number and density of mitochondria increased. In the low-
dose group, the cytoplasm of the chief cell contained an
abundance of zymogen granules, the nuclear membrane
and cytoplasmic gap were slightly widened, and the micro-
villi in the lumen of the secretory tubules were increased
in the parietal cells. There were more mitochondria in the

Drug Design, Development and Therapy 2020:14
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Control

Calycosin L

Calycosin H

Figure 4 Effects of calycosin on histopathological changes in the gastric mucosa of PLGC rats. (A and E) Histopathological changes of gastric mucosa in the control group
(H&E staining, 10%, 40x). (B and F) Histopathological changes of gastric mucosa in the model group (H&E staining, 10%, 40x%). (C and G) Histopathological changes of gastric
mucosa in the calycosin low group (H&E staining, 10%, 40x). (D and H) Histopathological changes of gastric mucosa in the calycosin high group (H&E staining, 10%, 40%).

A Control Model c Calycosin L D Calycosin H

Figure 5 Effects of calycosin on histopathological changes in gastric mucosa tissue of PLGC rats. (A and E) Histopathological changes of gastric mucosa in the control group
(HID-AB-PAS staining, 10%, 40%). (B and F) Histopathological changes of gastric mucosa in the model group (HID-AB-PAS staining, 10%, 40x). (C and G) Histopathological
changes of gastric mucosa in the calycosin low group (HID-AB-PAS staining, 10%, 40%). (D and H) Histopathological changes of gastric mucosa in the calycosin high group
(HID-AB-PAS staining, 10x, 40x).

cells, and the number of endoplasmic reticulum increased
slightly (Figure 6A and B).

In addition, we analyzed the effect of calycosin on vascu-
lar structure in MNNG-PLGC rats. As shown in Figure 6C,
normal vascular inner diameter, smooth basal lamina and
intact basement membrane were observed in control rats. In
contrast, the basal lamina in model rats was rough and the

basement membrane was irregular and discontinuous.
Features such as segmental rupture of the basal cavity and
increased vascular permeability were also observed. Apart
from these, endothelial cells displayed nuclear chromatin
condensation. In calycosin-treated rats, the basal lamina was
still a little rough but the basement membrane tended to be
intact. Both basal lamina and basement membrane were
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Control

Calycosin L

Figure 6 Effects of calycosin on ultrastructural changes in gastric mucosa of PLGC rats. (A) The ultrastructure of chief cells in gastric mucosa (2.5kx), and the red arrow
represents chief cells. (B) The ultrastructure of parietal cells in the gastric mucosa (2.5kx), and the red arrow represents parietal cells. (C) The microvessel ultrastructure in

gastric mucosa (2.5kx), and the red arrow represents microvessel.

improved compared with the model group. This suggested
that calycosin intervention tempered microvascular abnorm-
alities in PLGC tissues, exhibiting a potent protective effect
against MNNG-induced vascular damage.

Measurement of Integrin $1, NF-«B,
p-NF-kB, DARPP-32 and STAT3 Protein

Expression

To further evaluate the effects of calycosin, we investigated
the role of integrin B1, NF-xB, p-NF-kB, DARPP-32 and
STAT3 in PLGC inflammation and angiogenesis. As reported
in the literature, NF-kB is highly expressed in gastric cancer,'’
and integrin B1 is involved in activation of NF-kB signaling.
Silencing of integrin 1 led to inhibition of NF-kB signaling.'*
We speculated that integrin B1 and NF-kB were also highly
expressed in gastric precancerous lesions. As shown in Figure
7B, D and E, protein expression levels of NF-kB and p-NF-xB
were upregulated in MNNG-induced rats compared to the
control group, and the level of integrin B1 was markedly
increased (*P < 0.05, Figure 7A and C). Levels of NF-kB
and p-NF-«kB were decreased after 10 weeks of treatment with

both doses of calycosin in a dose-dependent manner
(*P <0.05).

Furthermore, it has been reported that DARPP-32 is
a marker of blood vessels, endothelial cells and indicative
of angiogenesis,”® and that DARPP-32 is more highly
expressed in tumors, including gastric cancer.>**® STAT3 is
a transcription factor that is involved in various cellular
responses. We investigated whether STAT3 was activated
in MNNG-PLGC rats, and what role DARPP-32 and
STAT3 might play in PLGC rats. As shown in Figure 8,
statistically significant increases of DARPP-32 and STAT3
expression were observed in model rats when compared with
the control group (“P < 0.05), while calycosin treatment
downregulated their levels when compared with levels in
non-treated rats (*P < 0.05, Figure 8 A—D). Moreover, immu-
nohistochemistry (IHC) staining of DARPP-32 and STAT3
expression gave the same results (Figure 9A—C).

These findings demonstrated the presence of inflamma-
tion and angiogenesis in PLGC, partly due to increased
expression of NF-kB, DARPP-32 and STAT3, which could
have a role in the pathogenesis of PLGC. Calycosin alle-
viated the overexpression of NF-kB, DARPP-32 and STAT3,
possibly due to downregulation of integrin 1.

Drug Design, Development and Therapy 2020:14
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Figure 7 Effects of calycosin on integrin 1, NF-kB, and p-NF-kB in the gastric mucosa of PLGC rats. (A and B) Western blot analysis of integrin $1, NF-«xB, and p-NF-xB
protein levels in PLGC groups after treatment with calycosin. (C—E) Quantitative analysis of integrin Bl (C), NF-xB (D) and p-NF-«B (E). Expression was standardized to
GAPDH expression. Data are shown as the mean # SD (n = 3 rats per group). “P < 0.05 versus the control group. *P < 0.05 versus the model group.
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Figure 8 Effects of calycosin on DARPP-32, and STAT3 expression in gastric mucosa of PLGC rats. (A and B) Western blot analysis of DARPP-32 and STAT3 protein levels
in PLGC groups after treatment with calycosin. (C and D) Quantitative analysis of DARPP-32 (A) and STAT3 (B). Expression was standardized to actin expression. Data are
shown as the mean + SD (n = 3 rats per group). *P < 0.05 versus the control group. *P < 0.05 versus the model group.
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Figure 9 (A) Expression of DARPP-32 in gastric mucosa of each group detected by IHC staining (20%, 40x). (B) Expression of STAT3 in gastric mucosa tissue of each group
detected by IHC staining (20%, 40x%). (C) Immunohistochemical expression of DARPP-32 and STAT3 shown as |OD value, which was determined by Image-Pro Plus. Data are
shown as the mean  SD (n = 3 rats per group). *#P < 0.0 versus the control group. **P < 0.01 versus the model group.

Abbreviation: |OD, integrated optical density.

from Astragalus membranaceus Bge., a Chinese traditional
herb that has a long history of use as a medicine. In recent
years, many basic and clinical studies have shown that caly-
cosin has anti-cancer effects. However, there is no report on

the effects of calycosin on gastric precancerous lesions. In the
present study, morphological and histopathological changes of
gastric epithelial cells were apparent in the PLGC rat
model. An interesting aspect of our study was that the
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physiopathology was attenuated by treatment with calycosin,
suggesting that the compound reversed MNNG-induced
PLGC by protecting the gastric mucosa.

Integrin B1 plays an important role in cell signaling, dif-
ferentiation, migration and apoptosis, all processes that are
essential for the evolution and development of gastric
carcinogenesis.” Increasing evidence associates high levels
of integrin B1 expression with poor prognosis and recurrence
in patients with gastric carcinoma.**>* Several studies have
demonstrated the correlation of integrin 1 expression with
malignant features.*> >’ Consistent with the reported expres-
sion of integrin Bl in cancers, we found that its level was
significantly increased in MNNG-induced PLGC. Levels of
integrin 1 were markedly decreased in the calycosin treat-
ment group. NF-«kB is the central link of the inflammatory
response that can promote inflammatory infiltration and alter
expression of inflammatory cytokines.>® Upregulation of NF-
kB has been suggested to promote development and progres-
sion of gastric carcinoma.* In the present study, our results
showed that calycosin decreased the upregulated expression
of NF-kB and p-NF-kB induced by MNNG. Our results were
consistent with the presence of persistent inflammation in the
of PLGC
carcinoma.* Further, a very recent study showed that integrin

development and progression to gastric
B1 was involved in modulating NF-kB signaling pathway
activity in gastric carcinoma, and silencing of integrin 1
decreased NF-kB signaling activation.'* Inhibition of integrin
1 has also been shown to abrogate formation of metastases in
gastric models.*' Thus, calycosin may reverse PLGC by reg-
ulating integrin B1 and the NF-xB signaling pathway.
DARPP-32, a critical factor of blood vessels and endothe-
lial cells that is indicative of angiogenesis, participates early
in the transition from atrophic gastritis to intestinal metapla-
sia and dysplasia, and persists in the subsequent progression
of gastric tumorigenesis.***> DARPP-32 is a frequently
overexpressed protein that promotes several oncogenic func-
tions in gastric cancer.”®** In gastric cancer cell lines,
DARPP-32 was found to be regulated by NF-kB,'*> which
has recently been shown to be activated and can promote
a proinflammatory environment, inhibit apoptosis and stimu-
late cell proliferation.** Of note, this study found that
DARPP-32 expression was upregulated in MNNG-induced
PLGC rats, indicating that angiogenesis was occurring.
Consistent with gastric carcinogenesis, the activation of the
NF-kB/DARPP-32 pathway is involved in the progression of
PLGC. Protein levels of DARPP-32, one of the critical
downstream genes of NF-kB, were increased in the model
group and downregulated in the calycosin treatment group.

Taken together, these results suggested that the therapeutic
effects of calycosin may be mediated in part by modulation
of the integrin f1/NF-«B/DARPP-32 pathway in MNNG-
induced PLGC rats (Figure 10).

Furthermore, consistent with the proposed link between
inflammation and angiogenesis, STAT3 has been implicated in
tumor angiogenesis in many human cancers.*>*® Numerous
investigations have shown that the activities of STAT3 and
NF-«B are elevated in many cancers.*”** Our results showed
that STAT3 and NF-kB protein levels were increased in the
PLGC model group, consistent with the published literature.*’
STAT3 nuclear translocation was observed by immunohisto-
chemistry staining. Normally, STAT3 is activated for a short
time and then deactivated to maintain homeostasis; under
abnormal conditions, persistent STAT3 activation triggers
oncogene transcription.”® We speculated that chronic inflam-
mation may constitute abnormal conditions. Our results
showed high expression of p-NF-kB in PLGC model rats.
Studies have demonstrated that p-NF-xB induces expression
of genes involved in inflammation, such as IL-6.** Evidence
has shown that the IL-6/STAT3 signaling pathway completes
the link between inflammation and cancer.’! In other words,
NF-«B activation is a manifestation of inflammation or the
consequence of an inflammatory microenvironment formed
during malignant progression.”” Inflammation may be
a prominent inducer, and later lead to microvascular injury,>
driving angiogenesis by direct and indirect mechanisms to
promote endothelial proliferation and vessel sprouting.>*
Studies have demonstrated that inhibition or knockdown of
STAT3
cancers.”> >’ In this study, calycosin downregulated STAT3

suppressed angiogenesis in different human
levels when compared with levels in non-treated rats. The data
suggest that calycosin may act in part via inhibition of integrin
B1/NF-kB signaling, later suppressing STAT3 expression, in
MNNG-induced PLGC rats.

Perhaps the most interesting aspect of these studies was
that the expression levels of integrin f1, NF-xkB, DARPP-
32 and STAT3 in the model provided in vivo support for
the link between NF-xB activation, inflammation, and
angiogenesis in PLGC. If intestinal metaplasia and dyspla-
sia are the “match that lights the fire” of gastric carcinoma,
angiogenesis and some types of uncontrolled inflammation
may provide the “fuel that feeds the flames”.

In summary, the study mainly focused on the protective
effect of calycosin against PLGC. Calycosin is derived from
a traditional tonic herb, Astragalus membranaceus.™ It is a
flavonoid, which is a class of compounds that have broad
spectrum pharmacological activities as well as toxicity.
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Figure 10 Summary of the molecular effects of calycosin. Calycosin protected gastric mucosa by regulating the integrin §|/NF-kB/DARPP-32 pathway and decreasing STAT3
expression in MNNG-induced PLGC rats. The green arrow represents the promotion, and the red arrow represents the direction of the final result.

Studies have shown that flavonoids decreased both iodide ion
uptake and incorporation and are associated with thyroid
diseases.””** With respect to the toxicity of calycosin, our
previously published results from in vivo experiments
demonstrated that intravenous calycosin significantly sup-
pressed the growth of established glioblastoma xenografts
without causing any loss in body weight. Calycosin exhibited
relatively low toxicity toward normal tissues.”* Research and
application of natural products requires attention to not only
positive but also negative biological effects and mechanisms.
We will further focus on the specific toxic effects of calycosin
in future studies.

Conclusion

In conclusion, the mechanism for the gastro-protective
effect of calycosin may be associated with regulation of
the integrin B1/NF-xB/DARPP-32 pathway and suppres-
sion of STAT3 expression in MNNG-induced PLGC rats.
With increased interest in this pathway, it can be antici-
pated that numerous pharmacological inhibitors may be
developed with promising prospects for treatment of
patients with PLGC.
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