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Abstract

Chronic atrophic gastritis (CAG) is a critical initial step in gastric cancer tumorigenesis accompanied by high malignancy.
Erianin has been proposed as a promising agent in treating precancerous lesions of gastric cancer. Considering that little
work has been implemented concerning the specific role and possible regulatory mechanism of Erianin in CAG, the goal of
the study is to disclose the effects and mechanism of erianin on the malignant transformation in the process of CAG. CAG
cell model was generated in human gastric epithelium GES-1 cells induced by Nmethyl-N’-nitro-N-nitrosoguanidine
(MNNG). CCK-8 method determined cell viability. ELISA and corresponding assay kits severally appraised the contents of
inflammatory cytokines and oxidative stress markers. Cellular reactive oxygen species (ROS) formation was measured by
flow cytometry analysis using DCFH-DA probe. GFP-LC3 immunofluorescence staining and Western blotting evaluated
autophagy. Also, Western blotting analyzed the expression of components in mitogen activated protein kinase (MAPK)/
mechanistic target of rapamycin (mTOR) signaling. The results manifested that MNNG treatment diminished the viability
and autophagy whereas intensified the inflammation and oxidative stress in GES-1 cells, which were all reversed by Erianin.
Besides, Erianin blocked mTOR/MAPK signaling in MNNG-exposed GES-1 cells. Autophagy inhibitor 3-methyladenine
(3-MA) or p38 MAPK agonist asiatic acid partially counteracted the protection elicited by Erianin against viability loss,
inflammatory reaction as well as oxidative stress in MNNG-induced GES-1 cells. Combined with the findings, Erianin might
mediate autophagy to improve MNNG-elicited CAG via MAPK/mTOR signaling.

Keywords Autophagy - chronic atrophic gastritis * GES-1 - Nmethyl-N’-nitro-N-nitrosoguanidine - mitogen activated protein
kinase/mechanistic target of rapamycin signaling

Introduction

Chronic atrophic gastritis (CAG) is a prevalent serious and
insidious illnesses of digestive system, notoriously featured
by atrophy of the epithelium or thinning of the gastric
mucosa, loss or atrophy of gastric mucosal glands, and
thickening of the mucosal base, or coupled with intestinal
metaplasia and dysplasia [1]. Patients with CAG may suffer
from indigestion, belching, abdominal discomfort, loss of
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appetite and weight [2]. CAG is well established as a pre-
disposing factor for gastric carcinogenesis which is recog-
nized as one of the major drivers of cancer incidence and
fatality, representing a huge health and psychological bur-
den for patients globally [3, 4]. Current treatment modalities
mainly include eradication of Helicobacter pylori, antacid
and mucosal protective agents [5]. Considering the tight
association between CAG and gastric cancer (GC), the
active exploration of effective drugs is conducive to
obstruct the malignant transformation from CAG into GC.

Recent researches have concentrated on the active role of
Traditional Chinese medicine (TCM) in treating CAG, in
view of favorable clinical effects and minimal side effects
[6, 7]. Dendrobium chrysotoxum Lindl is a species of Den-
drobium which is a medicinal and edible plant indexed in the
Chinese Pharmacopoeia (2010 version) [8]. As a bibenzyl
compound present in Dendrobium chrysotoxum Lindl, Erianin
has also been supported to harbor a broad spectrum of bio-
logical properties such as anti-angiogenic, anti-oxidative, anti-
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tumor, anti-inflammatory antibacterial effects [9, 10]. More-
over, Wang et al. have proposed Erianin as a promising
candidate in the prevention and therapy for precancerous
lesions of gastric cancer [11]. Nonetheless, the functional role
of Erianin in CAG is indistinct.

Mitogen activated protein kinase (MAPK) and mechan-
istic target of rapamycin (mTOR) are both crucial intracel-
lular signal transduction pathways implicated in cell
survival, proliferation, metabolism, and other cellular func-
tions [12, 13]. Mounting evidence has exposed the invol-
vement of MAPK and mTOR signaling cascades in the
progression of GC [14-16]. Coincidentally, Erianin has been
reported to inactivate MAPK signaling in hepatocellular
carcinoma [17] and mTOR signaling in lung cancer [18].

Collectively, the goal of the current work was to specify
the impacts and response mechanism of Erianin in CAG.

Materials and Methods
Culture and Treatment of Cells

Human gastric epithelium GES-1 cells (BeNa Culture
Collection, BNCC; Beijing, China) were subjected to high
glucose Dulbecco’s modified Eagle medium (DMEM,;
Macgene, Beijing, China) comprising 10% fetal bovine
serum (FBS; Clark Bio, Claymont, DE, USA) in a moist
incubator equilibrated with 5% CO,. GES-1 cells were
cultivated with 40 pM Nmethyl-N’-nitro-N-nitrosoguani-
dine (MNNG; Aladdin, Shanghai, China) [19] and treated
by 20, 40 and 80 nM Erianin (Aladdin, Shanghai, China)
[11]. Besides, GES-1 cells were pretreated by 2.5uM
autophagy inhibitor 3-methyladenine (3-MA; Tocris
Bioscience, Bristol, UK) for 2h or 30uM p38 MAPK
agonist asiatic acid (Aladdin, Shanghai, China) for 1 h.

Cell Counting Kit-8 (CCK-8)

GES-1 cells inoculated into 96-well plates (5000 cells/well)
were treated by 10, 20, 30, 40 and 50 uM MNNG or 20, 40
and 80 nM Erianin in the presence or absence with 40 uM
MNNG, or pretreated by 2.5uM 3-MA or 30 uM asiatic
acid prior to incubation with MNNG at the concentration of
40 uM and Erianin at the concentration of 80 nM. 10 uL
CCK-8 solution (MCE, Shanghai, China) was pipetted to
cells for 2 h incubation, followed by the absorbance detec-
tion under the microplate reader (Fluorocount, Packard,
Germany) at 450 nm.

Enzyme-linked Immunosorbent Assay (ELISA)

In compliance with the standard protocol of ELISA Kkits
(Multi Sciences, Hangzhou, China), tumor necrosis factor-
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alpha (TNF-q; cat. no. EK182HS), interleukin-1beta (IL-1p;
cat. no. EKI01BHS), interleukin-6 (IL-6; cat. no.
EK106HS), interleukin-8 (IL-8; cat. no. EK108HS) and
interleukin-10 (IL-10; cat. no. EK110HS) contents were
determined after GES-1 cells were centrifuged at 300 x g for
10 min. Under a microplate reader, the absorbance detection
was carried out at 450 nm.

Measurement of Oxidative Stress Levels

In compliance with the standard protocol of relevant assay
kits (Abbkine, Wuhan, China), superoxide dismutase (SOD;
cat. no. KTB1030), glutathione (GSH; cat. no. KTB1600)
and malondialdehyde (MDA; cat. no. KTB1050) con-
centrations were detected after GES-1 cells were cen-
trifuged at 12000 x g for 5 min. Under a microplate reader,
the absorbance detection was carried out at 450 nm.

Dichloro-dihydro-fluorescein Diacetate (DCFH-
DA) Assay

Reactive oxygen species (ROS) accumulation was assayed
by CheKine™ Reactive Oxygen Species (ROS) Detection
Fluorometric Assay Kit (Abbkine, Wuhan, China) referring
to the guidance provided by manufacturer. GES-1 cells
were probed with DCFH-DA probe (10 pmol/l) at 37 °C for
half an hour without light exposure. Following PBS wash-
ing, the fluorescence intensity was subjected to flow cyto-
metry analysis (Ex, 488 nm; Em, 525 nm) (Aceabio, San
Diego, CA, USA) or was observed under a fluorescence
microscope (Keyence Corporation).

Immunofluorescence (IF) Staining

Following respective cell immobilization and permeabili-
zation with 4% paraformaldehyde for half an hour and 0.1%
Triton X-100 for 10 min, GES-1 cells were saturated with
PBS harboring 1% BSA for 1h, followed by being pro-
cessed for immunofluorescence with LC3B antibody (cat.
no. ab232940; Abcam) overnight at 4 °C prior to the addi-
tion of secondary antibody conjugated with Alexa Fluor 488
(cat. no. ab150077; Abcam) for 1 h at room temperature.
1 mg/ml DAPI was applied for the nuclear staining. Fluor-
escence intensity was recorded under a fluorescence
microscope.

Western Blot

Following the employment of RIPA buffer (BioRad, Her-
cules, CA, USA), the extracted proteins were cultivated
with 12% SDS-PAGE and passed to the PVDF membranes.
Afterwards, the non-specific binding sites of the membranes
were impeded by 5% BSA and the membranes were labeled
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Fig. 1 Erianin improves MNNG-stimulated decline on GES-1 cell
viability. A CCK-8 method appraised the viability of GES-1 cells
challenged with increasing concentrations of MNNG. **P<0.01,
*¥#%P<0.001 vs. Oum MNNG. B CCK-8 method appraised the

by primary antibodies resisting p62 (cat. no. ab109012; 1/
10000; Abcam), Beclin-1 (cat. no. ab210498; 1/1000;
Abcam), LC3B (cat. no. ab192890; 1/2000; Abcam), p-p38
MAPK (cat. no. #AF4001; 1/1000; Affinity Biosciences),
p38 MAPK (cat. no. ab308333; 1/1000; Abcam), p-mTOR
(cat. no. ab109268; 1/1000; Abcam), mTOR (cat. no.
ab32028; 1/1000; Abcam) and f-actin (cat. no. ab8227; 1/
1000; Abcam) as well as HRP-linked secondary antibody
(ab6721; 1/2000; Abcam). By means of ECL substrate
(Advansta, USA), color development was performed.

Statistical Analyses

All experimental values analyzed by GraphPad Prism
8.0 software (San Diego, CA, USA) were reported as the
mean + SD. Multiple data sets were compared by One-way
ANOVA as well as Tukey’s post hoc test. P-values less
than 0.05 were denoted significant in statistics.

Results

Erianin Improves MNNG-stimulated Decline on GES-
1 Cell Viability

Prior to the generation of CAG cell model induced by MNNG,
GES-1 cell viability was measured upon exposure to MNNG at
the concentrations of 10, 20, 30, 40 and 50 uM. As described in
Fig. 1A, a prominent downward trend was observed in GES-1
cell viability in a concentration-dependent manner when treated
by varying doses of MNNG and 40 uM MNNG in which the
best survival rate of GES-1 cells was demonstrated was
employed to induce cellular models of CAG. Similarly, the
impacts of Erianin on GES-1 cell viability were also estimated
and Erianin with increasing concentrations (20, 40 and 80 nM)
was discovered to exert no significant effects on GES-1 cell
viability (Fig. 1B). Further, the experimental data from CCK-8

viability of GES-1 cells treated by ascending doses of Erianin. GES-1
cells were administrated with increasing concentrations of Erianin
upon exposure to 40 uM MNNG. C CCK-8 method assayed cell
viability. ***P <0.001 vs. Control; # P <0.01 vs. MNNG

assay illuminated that the diminished viability of GES-1 cells
challenged with MNNG was heightened by FErianin in a
concentration-dependent manner (Fig. 1C).

Erianin Relieves MNNG-elicited Inflammatory
Reaction and Oxidative stress in GES-1 Cells

In addition, the results from ELISA presented that MNNG
exposure resulted in the elevation on TNF-a, IL-6, IL-1p,
IL-8 activities and the decline on IL-10 activity. In GES-1
cells treated by MNNG, Erianin concentration-dependently
reduced TNF-a, IL-6, IL-1B, IL-8 activities whereas ele-
vated IL-10 activity (Fig. 2A). It was also noticed that MDA
and ROS contents were both raised whilst SOD and GSH
contents were both lowered by MNNG in GES-1 cells,
which were all reversed by increasing doses of Erianin (Fig.
2B-D).

Erianin Aggravates the Autophagy of MNNG-treated
GES-1 Cells

As depicted by immunofluorescence staining, Further
Western blot analysis hinted that LC3 fluorescence intensity
was attenuated in MNNG-exposed GES-1 cells, which was
then intensified by Erianin in a dose-dependent manner
(Fig. 3A). Besides, p62 expression was ascending and
Beclinl, LC3II/I expression were descending in GES-1
cells challenged with MNNG. However, Erianin markedly
decreased p62 expression while promoted Beclinl, LC3B
expression in MNNG-induced GES-1 cells in a
concentration-dependent manner (Fig. 3B).

Erianin Blocks AMPK/mTOR Signaling in MNNG-
challenged GES-1 Cells

Interestingly, through Western blot, MNNG exposure was
found to raise p-p38 MAPK and p-mTOR expression in
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Fig. 2 Erianin relieves MNNGe-elicited inflammatory reaction and
oxidative stress in GES-1 cells. GES-1 cells were administrated with
increasing concentrations of Erianin upon exposure to 40 uM MNNG.
A Inflammatory levels by ELISA. B Relevant assay kits determined

GES-1 cells. In MNNG-treated GES-1 cells, the addition of
Erianin evidently down-regulated p-p38 MAPK/p38 MAPK
and p-mTOR/mTOR expression again (Fig. 4). Based on
these findings, Erianin at the concentration of 80nM
showed the most prominent effect, therefore being adopted
for the follow-up experiments.

Erianin Exerts Anti-inflammatory and Anti-oxidant
properties in MNNG-induced CAG Cell Model
Dependent on MAPK/mTOR Signaling-mediated
Autophagy

To identify the potential downstream mechanism of Erianin

in MNNG-stimulated cellular model of CAG associated
with autophagy mediated by MAPK/mTOR signaling,

@ Springer

FLB-A:FITC-A

FLB-A:FITC-A FLB-A:FITC-A

oxidative stress levels. C, D DCFH-DA fluorescence probe evaluated
ROS generation. ***P <(0.001 vs. Control; #P<0.05, *P<0.01,
##P <0.001 vs. MNNG

autophagy inhibitor 3-MA or p38 MAPK agonist asiatic
acid was adopted. The data from CCK-8 assay expounded
that the reinforced viability of MNNG-treated GES-1 cells
imposed by Erianin was partially eliminated by inhibition of
autophagy or inactivation of p38 MAPK (Fig. 5A). As
expected, 3-MA or asiatic acid enhanced p-p38 MAPK/p38
MAPK and p-mTOR/mTOR expression again which were
both repressed in Erianin-treated GES-1 cells challenged
with MNNG (Fig. 5B). Additionally, LC3 fluorescence
intensity was strengthened, p62 expression was depleted
and Beclinl, LC3II/T expression in MNNG-treated GES-
1 cells were raised by Erianin, which were all restored by
pretreatment with 3-MA or asiatic acid (Fig. 5C, D).
Meanwhile, relative to the MNNG group, TNF-a, IL-6, IL-
1B, IL-8 concentrations were eliminated and IL-10
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Fig. 3 Erianin aggravates the autophagy of MNNG-treated GES-
1 cells. GES-1 cells were administrated with increasing concentrations
of Erianin upon exposure to 40 uM MNNG. A Immunofluorescence

concentration was enhanced in MNNG + 80 nM Erianin
group. However, 3-MA or asiatic acid improved TNF-a, IL-
6, IL-18 and IL-8 concentrations while lowered IL-10
concentration in comparison with the MNNG + 80 nM
Erianin group (Fig. 6A). Furthermore, Erianin prominently
suppressed MDA, ROS levels and boosted SOD, GSH
levels in MNNG-exposed GES-1 cells, which were all
abrogated by 3-MA or asiatic acid (Fig. 6B-D).

Discussion

Chronic atrophic gastritis (CAG) is a frequently-occurring
intractable disease in the digestive system with diverse
etiologies [1]. N-nitrosamines are highly toxic substances
present in environmental sources and food, excess intake of
which is viewed as an initiating factor of CAG [20]. N-
methyl-N’-nitro-N-nitrosoguanidine (MNNG) is a sort of
N-nitrosamine ingredient, which can be applied in labora-
tory as chemical mutagen and carcinogen [21]. In particular,
MNNG chiefly expedites the conversion of nitrosamine and
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staining detected LC3 expression. B Western blot examined the
expression of proteins associated with autophagy. ***P <0.001 vs.
Control; *P<0.05, #P <0.01, *P <0.001 vs. MNNG

other carcinogens from nitrate in the stomach, which leads
to CAG, even GC [21]. The malignant transformation of
GES-1 cells stimulated by MNNG has been proved to
motivate the developmental process of precancerous lesions
in the gastric mucosa [22]. Hence, MNNG may be utilized
to imitate CAG-induced cell injury in gastric epithelium
cells. Here, the viability of GES-1 cells was assessed
exposed to varying concentrations of MNNG and it was
observed that GES-1 cell viability was concentration-
dependently diminished by MNNG treatment. Moreover,
40 pM MNNG was employed to induce cellular models of
CAG to maintain the cell survival.

Dendrobium chrysotoxum Lindl has been commonly
applied to clinical treatment of chronic gastritis, a major
bisbenzyl compound of which, Erianin, has also been
reported to have great therapeutic potential in precancerous
lesions of gastric cancer [11]. A great body of evidence has
demonstrated that Erianin may play the tumor-suppressing
role in oral squamous cell carcinoma [23, 24], osteosarcoma
[25], colorectal cancer [26] through inhibiting cell pro-
liferation. In our study, the possibly protective role of
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Fig. 4 Erianin blocks AMPK/mTOR signaling in MNNG-challenged
GES-1 cells. GES-1 cells were administrated with increasing con-
centrations of Erianin upon exposure to 40 uM MNNG. Western blot

Erianin was suggested in MNNG-induced CAG cell model
in gastric epithelial cells, as manifested by the boosted
viability of MNNG-challenged GES-1 cells by increasing
doses of Erianin. Inflammatory response has been com-
monly determined as a crucial factor driving the occurrence
and progression of CAG and that the sustained inflamma-
tory response reflected by the secretion of pro-inflammatory
cytokines (TNF-a, IL-1P and IL-6) in the gastric mucosa is
the main inducement of CAG [27]. Mounting evidence has
documented the potent anti-inflammatory activity of Erianin
in ulcerative colitis [28] and NLRP3-related diseases [29].
The present experimental results expounded that the
ascending concentrations of pro-inflammatory enzymes
including TNF-a, IL-6, IL-1p, IL-8 and the descending
concentration of anti-inflammatory IL-10 in GES-1 cells
exposed to MNNG were all dose-dependently reversed by
administration with Erianin. Oxidative stress is closely
involved in the pathological process of CAG [30]. As
reported, the level of oxidants like MDA is increased in the
blood of CAG patients in comparison with healthy indivi-
duals [31]. Importantly, Erianin has been mentioned to
protect against diabetic nephropathy [32] and ulcerative
colitis [28] through reducing oxidative damage. In the
current work, we discovered that increasing doses of Eria-
nin repressed MDA and ROS levels whereas raised the
levels of antioxidants like SOD and GSH. All these findings
underlined the anti-inflammatory and ant-oxidative stress
properties of Erianin in MNNG-stimulated in vitro model of
CAG for the first time.
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examined the expression of proteins associated with AMPK/mTOR
signaling. ***P<0.001 vs. Control; *P<0.01, *P<0.001
vs. MNNG

Autophagy is the process of cellular self-digestion in
response to extrinsic stimuli, by which damaged macro-
molecules and organelles are targeted to lysosomes through
autophagic vesicles to maintain cell differentiation, home-
ostasis, and survival [33]. Beclinl is a core factor in trig-
gering the initiation of autophagy [34]. Lipidated LC3 is a
marker of autophagosomes, while p62 is a substrate of
autophagy [35]. Previous study has introduced that autop-
hagy plays the regulatory role during the process of CAG
[36]. Notably, Erianin has been reported to serve as an
autophagy inducer in oral squamous cell carcinoma [24]
and osteosarcoma [25]. Through investigation, Erianin was
also noted to activate autophagy in MNNG-challenged
GES-1 cells, evidenced by the intensified LC3 fluorescence
intensity, the down-regulated p62 expression and the up-
regulated Beclinl, LC3B expression, implying that the
activation of autophagy mediated by Erianin might play the
protective role in CAG. This finding was completely con-
trary to the study conducted by Zhu et al. which has
reported the high autophagy level in the precancerous
lesions of gastric cancer rat model [37].

Recent literatures have clarified that Erianin can function
in hepatocellular carcinoma and lung cancer through
blocking MAPK signaling and mTOR signaling [17, 18].
As expected, in MNNG-treated GES-1 cells, Erianin also
robustly lowered p-p38 MAPK/p38 MAPK and p-mTOR/
mTOR expression. Furthermore, Liu et al. have proposed
that Rhein inactivates MAPK signaling in the gastric
mucosa of mice with CAG [38]. Intriguingly, it is generally
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Fig. 5 Erianin modulates autophagy in MNNG-induced CAG cell
model via MAPK/mTOR signaling. Asiatic acid or 3-MA was to
pretreat Erianin-administrated GES-1 cells exposed to 40 uM MNNG.
A CCK-8 method assayed cell viability. B Western blot examined the
expression of proteins associated with AMPK/mTOR signaling.

C Immunofluorescence staining detected LC3 expression. D Western
blot examined the expression of proteins associated with autophagy.
#4%P<0.001 vs. Control; #P<0.01, *P<0.001 vs. MNNG;
&P <0.05, &&P <0.01, &&&P <0.001 vs. MNNG+80nM Erianin
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Fig. 6 Erianin exerts anti-inflammatory and anti-oxidant properties in
MNNG-induced CAG cell model dependent on MAPK/mTOR
signaling-mediated autophagy. Asiatic acid or 3-MA was to pretreat
Erianin-administrated GES-1 cells exposed to 40uM MNNG.

believed that the MAPK pathway is an upstream inhibitor of
autophagy [39] and mTOR signaling is also identified as a
master regulator of autophagy [40, 41]. As a result, our
experimental results illuminated that the pretreatment with
autophagy inhibitor 3-MA or p38 MAPK agonist asiatic
acid partially reversed the impacts of Erianin on the viabi-
lity, MAPK/mTOR signaling, autophagy, inflammatory
reaction as well as oxidative stress in GES-1 cells upon
exposure to MNNG.

However, there are some limitations to this study. More
signaling pathways that might be mediated by Erianin in

@ Springer

FLE-AFITC-A

FLB-AFITC-A FLB-A = FITC-A

A Inflammatory levels by ELISA. B Relevant assay kits determined
oxidative stress levels. C, D DCFH-DA fluorescence probe evaluated
ROS generation. ***P <0.001 vs. Control; ##P < 0.001 vs. MNNG;
&&P <0.01, &&&P <0.001 vs. MNNG+80Nm Erianin

CAG need to be investigated in future studies. Also, con-
sidering the discrepancies in the autophagy level in CAG
and precancerous lesions of gastric cancer, the autophagy
level needs to be detected again in animal experiments in
our future studies.

Taken together, Erianin relieves inflammatory reaction
and oxidative damage initiated by MNNG during the pro-
gression of CAG, the main mechanism of which is asso-
ciated with activation of autophagy mediated by blockade
of MAPK/mTOR signaling. This finding may provide a
pharmacological basis for treating CAG by Erianin, and
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would possibly open a new venue for Erianin as a ther-
apeutic strategy in CAG, and may highlight the importance
of Erianin derivatives or newly identified Erianin targets in
treating CAG .
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