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Abstract  Lycium barbarum polysaccharide (LBP) in addition to modifying inorganic nanoparticles
shows different biological functions such as anti-cancer, antibacterial, and anti-aging performances.
However, the potential mechanism of LBP on inhibition of cancer cell proliferation, particularly
gastric cancer (GC), remains unknown. The goal of this study was to show how LBP induces its
anti-cancer effects through regulation of the miR-202-5p/PIK3CA axis in GC. The MTT assay
was used to assess the viability of AGT and GES-1 cells. Using quantitative real-time PCR we
assessed miR-202-5p expression in AGS, BCG-823, GES-1, MKN-45, and SGC-790a cells. AGS
cells were transfected with miR-202-5p, an inhibitor, and a small interfering RNA (siRNA) target-
ing PIK3CA. To show whether miR-202-5p directly targets PIK3CA, the luciferase reporter assay
was used. Also, to assess protein levels of PIK3CA/AKT/mTOR, Bax/Bcl-2, Cleaved Caspase-3,
and MMP9 and GC cell migration ability, western blot and transwell assays were used, respectively.
The results showed that LBP decreased GC cell viability in a dose- and time-dependent manner.
Furthermore, GC cell treatment with LBP substantially decreased cell proliferation and migration,
while increased GC cell apoptosis. LBP induced the upregulation of caspase-3/7 and miR-202-5p in
GC cells and directly and functionally targets PIK3CA, as verified by luciferase assay and anti-miR-
202-5p’s capability to reverse the inhibitory effects of LBP on PIK3CA. LBP was also shown to
decrease the expression of PIK3CA downstream members such as AKT and mTOR through
miR-202-5p up-regulation. Anti-cancer properties of LBP in GC cells are possibly due to the up-
regulation of miR-202, which inhibits the PIK3CA/AKT/mTOR axis.
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access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Lycium barbarum polysaccharide (LBP) is a key functional
component of the Lycium barbarum fruit, also known as
“Goji” or “‘wolfberry”, and has been used medicinally
(Kulezynski and Gramza-Michalowska, 2016). LBP is benefi-
cial and exhibits anti-tumor functions against various cancer
cells (Zhang et al., 2017; Du et al. 2022) and it has been iden-
tified that LBP inhibits tumor growth by inducing apoptosis
and cell-cycle arrest (Ma et al., 2022). LBP also suppresses
the growth of carcinoma cells in human bladder cancer
(Zhang et al., 2017) and has anti-cancer properties in gastric
cancer (GC) cells (Miao et al., 2010).

LBP’s anti-cancer properties are mainly attributed to differ-
ent mechanisms, including suppression of cell proliferation
(Zhu and Zhang, 2013; Ma et al. 2022), induction of cell-
cycle arrest and apoptosis (Gong et al., 2020), and regulation
of different signaling pathways (Huang et al., 2012; Shen
and Du, 2012; Qi et al. 2022). Besides, at molecular levels,
the regulatory effects of LBP on microRNA (miRNA or
miR) expression have been suggested (Niu et al., 2018; Qi
et al. 2022) as a key functional mechanism. With almost 22
nt, miRNAs are a subclass of non-coding RNAs that can
induce degradation or suppress translation of target mRNAs
in different developmental and cellular processes (Razmara
et al., 2021a; Razmara et al., 2019; Razmara et al., 2021b).

GC is the third leading cause of cancer death worldwide
(Cordova-Marks et al., 2022), hence any steps taken to
treat this type of cancer may have global implications
(Joshi and Badgwell, 2021). Despite increased efforts to
improve the chances of successful GC treatment (Joshi
and Badgwell, 2021), a substantial number of patients are
diagnosed at advanced stages that in turn increase their
morbidity and mortality rates (Li et al., 2021a). From a
molecular perspective, it has been identified that aberrant
regulation of different signaling pathways (e.g., PI3K/
AKT/mTOR axis) plays a significant role in the pathophys-
iology of GC (Cordova-Marks et al., 2022). In fact, the
PI3K/AKT signaling is critical for cell proliferation
(Bitaraf et al., 2021; Razmara et al., 2019), neovasculariza-
tion (Abdelgawad et al., 2021), tumor growth (Duggan
et al., 2021), and survival (Mezynski et al., 2021). Further-
more, it has been demonstrated that miR-202-5p, as a
tumor suppressor, targets PIK3CA in prostate cancer
(Zhang et al., 2018). This miRNA is also thought to be
a novel tumor suppressor in GC (Zhao et al, 2013).
Despite some evidence of LBP’s anti-tumor roles in differ-
ent cancers, such as GC, the underlying molecular mecha-
nisms by which LBP may exert its functions in GC are
not clearly understood.

Herein, we aimed to investigate whether miR-202-5p/
PIK3CA signaling axis can be influenced by LBP and, if so,
how this process affects GC cell-proliferation, migration, and
apoptosis. To this end, we looked into the effects of LBP on
GC cell lines. To investigate the anti-GC mechanism of LBP,
we also measured protein levels of Bax/Bcl-2 as well as
Caspase-3/7 activity, both of which are important apoptotic
signal transduction pathways. Identifying molecular mecha-
nisms by which LBP functions in GC may broaden the hori-
zons to designing effective therapeutic agents to treat,
control, and prevent GC in the not-too-distant future.

2. Materials and methods

2.1. Lycium barbarum polysaccharide

A stock solution of 5.0 g/L of LBP was prepared in Dulbecco’s
Modified Eagle’s Medium (DMEM; Seromed, Milano, Italy)
and stored at — 20 °C. The purity of LBP was around 90 %.
To achieve different concentrations (100, 200, 400, and
800 pg/mL), the stock solution was diluted with DMEM.
Instead of LBP, the same amount of DMEM was added to
the media of control cultures.

2.2. Cell culture and treatment

AGS and GES-1 cells were cultured in DMEM that was previ-
ously enriched with 10 % fetal bovine serum (FBS) (BioWest,
France), 200 U/mL penicillin and 200 pg/mL streptomycin
(Sigma-Aldrich, VIC, Australia). Then, the cells were cultured
in a humidified atmosphere at 37 °C with 5 % CO,. Besides,
SGC-7901, BGC-823, and MKN-45 cells were also cultured
in the same conditions to measure intracellular levels of
miR-202-5p.

2.3. MTT assay

The viability of AGS and GES-1 cells was checked by 3-(4, 5-
dimethylthiazol-2-yl)-2, S-diphenyltetrazolium bromide
(MTT) assay. For this purpose, ~4 x 107 cells were cultured
and treated with varying concentrations of LBP (0, 100, 200,
400, and 800 pg/mL) and the assessments were carried out at
24 and 48 h after LBP treatment. A final concentration of
0.5 mg/mL of MTT was prepared and added to each well.
Finally, the viability of each cell type was measured by reading
the absorbance at 450 nm wusing a spectrophotometer
(DTX880, Florida, USA). Besides, trypan blue staining was
undertaken to count cells at 24 and 48 h after LBP treatment.

2.4. RN A isolation and quantitative real-time PCR (qRT-PCR)

RNA samples were extracted from cell lineages using the TRI-
zol® reagent (Invitrogen, Milan, Italy) and then incubated
with RNase-Free DNase (Invitrogen, NSW, Australia) to
remove any likely DNA contaminations. Nanodrop™ 2000c
(Thermo Fisher Scientific, Denmark) was used to check
RNA purity and concentration. Approximately 1 pg of RNA
was converted to complementary DNA (cDNA) using the Pri-
meScript RT Master Mix (TAKARA, Japan) and then qRT-
PCR was carried out on an ABI PRISM 7900HT real-time
PCR instrument (Applied Biosystems, Clayton, VIC, Aus-
tralia). To measure the expression of miR-202-5p, miRNA
First-Strand cDNA synthesis kit (Agilent Technologies, Milan,
Italy) was used to reverse RNA transcriptions. MiR-202-5p
expression was measured using a specifically designed primer
and MystiCq® microRNA gqPCR Assay Primer (Sigma-
Aldrich, QL, Australia). Relative expression of each candidate
mRNA transcript and miR-202-5p was compared to Glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH) and small
nuclear RNA (snRNA) U6, respectively. For each sample, fold
change was calculated using the 2724¢" method (Livak and
Schmittgen, 2001).



Lycium barbarum polysaccharide with potential anti-gastric cancer effects mediated by regulation of miR-202-5p/PIK3CA 3

2.5. Western blot analysis

To perform a western blot assay, total protein was isolated
from cells using Radio-Immunoprecipitation Assay lysis buffer
(Sigma-Aldrich; Saint Quentin Fallavier, France) containing
1 x protease inhibitor cocktail and quantified using a BCA
protein assay kit (ThermoFisher, Scoresby, Australia). Total
proteins were isolated by 10 % sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE), which were
then transferred onto a polyvinylidene difluoride membrane
(Millipore, Sydney, NSW, Australia). The membranes were
treated with primary antibodies (1:1,000) at 4 °C for at least
16 h before being washed 3 times by 1 x Tris-buffered saline
containing 0.1 % Tween-20. Then, a secondary antibody that
was conjugated with horseradish peroxidase (1: 5,000; Cell sig-
naling technology, MB, Canada) was added and each target
was visualized using a Bio-Rad ChemiDoc XRS (Bio-Rad,
Hercules, CA, USA). GAPDH was employed as a loading
control.

2.6. Detection of apoptosis

Caspase-3 and Caspase-7 enzyme activities were measured
using the Caspase-Glo®3/7 assay kit (Promega, Madison,
WI, USA). To that purpose, AGS cells were treated with cas-
pase substrates at 23 °C for at least 1 h and luminescence was
measured using an LB 953 luminometer (Berthold, EG&G Co,
Germany) according to the manufacturer’s recommendations.
Furthermore, to show either induction or inhibition of apopto-
sis, protein levels of Bax, Bcl-2, and cleaved caspase-3 were
ascertained. Cell apoptosis was also demonstrated by using a
FACSCanto II flow cytometer (BD Biosciences, NJ, United
States) after staining with an Annexin V-FITC apoptosis kit
(BD Biosciences, San Jose, CA) according to the manufac-
turer’s protocol.

2.7. DNA constructs and luciferase assay

TargetScan v.5.1 predicted that the 3'-untranslated region (3'-
UTR) of PIK3CA interacts with miR-202-5p. To create a
reporter vector, 3'-UTR sequence of PIK3CA (wild-type;
WT) was amplified and inserted into the psi-CHECK2 plas-
mid. The WT 3’-UTR of PIK3CA was used as a template to
construct a mutant (Mut) 3-UTR vector, with multiple muta-
tions made within the predicted target site. To analyze the luci-
ferase activity, GC cells were co-transfected with the PIK3CA
WT or Mut 3-UTR and 50 nM of miR-202-5p mimic or
scramble. After 48 h, the dual-luciferase assay was done using
DharmaFECT Duo transfection reagent (Thermo Fisher, Lon-
don, UK) containing the ‘Firefly (F)’ and ‘Renilla (R)’ luci-
ferases; F to R ratio was measured and normalized.

2.8. Short-interference RNA (siRNA) knocked down PIK3CA

AGS cells were grown in antibiotic-free medium before being
transfected with 50 nmol/L of siRNAs against PIK3CA (si-
PIK3CA) or silencing negative control (si-control; all from
Ambion, Austin, TX, USA) using Lipofectamine RNAI
MAX (Invitrogen, Sydney, NSW, Australia) according to the
manufacturer’s recommendation.

2.9. Transwell assay

To evaluate GC cell migration after LBP treatment, a tran-
swell assay was performed. In detail, LBP-treated cells were
maintained in serum-free medium and added into the upper
chamber of each transwell chamber (Corning Costar, IL,
USA), while ~ 600 pL complete medium was added into the
lower chamber. After 24 h, the cells remaining on the upper
membrane were removed using a cotton swab. Methanol was
used to fix the cells and crystal violet staining was carried
out before imaging and counting the cells.

2.10. Statistical analysis

All data was averaged and presented as mean + standard
deviation (SD) and was repeated three times. Where applica-
ble, two-tailed Student’s t-tests were used to show any differ-
ences between two groups, while for multiple comparisons,
we used one-way analysis of variance (ANOVA). P-
values < 0.05 were considered statistically significant.

3. Results

3.1. LBP decreases cell viability and promotes apoptosis in GC
cells

To investigate whether LBP induces cytotoxic effects on GC
cells, AGS (stomach adenocarcinoma cell model) and GES-1
(normal gastric epithelium cells) cells were incubated with dif-
ferent concentrations of LBP (100, 200, 400, and 800 pg/mL)
and compared to those of cells treated only with DMEM.
MTT assay was carried out to evaluate GC cell viability and
showed that at the concentration of 400 pg/mL, LBP decreased
61.80 % and 49.0 % of AGS cell viability at 24 and 48 h after
treatment, respectively. On the other side, LBP in the same
concentrations did not significantly change cell viability in
GES-1 cells. As a result, for subsequent experiments, we used
an LBP concentration of 400 g/mL. In sum, these findings
show that LBP substantially decreases AGS cell viability in a
dose- and time-dependent pattern (Fig. 1A-D).

To show how LBP-treatment affects the intrinsic pathway
of apoptosis in GC cells, the protein levels of Bax, Bcl-2,
and cleaved caspase-3 were determined in the LBP-
stimulated AGS cells. LBP treatment substantially increased
cleaved caspase-3 and Bax levels while decreasing Bcl-2
(Fig. 2A). Thus, the ratio of Bax to Bcl-2 and cleaved
caspase-3 levels were increased after LBP treatment compared
to control cells (Fig. 2B, C). Besides, a caspase-3/7 activity
assay was performed which showed that AGS cell treatment
with 400 pg/mL of LBP significantly increased caspase-3/7
activity (P-value < 0.0001; Fig. 2D), suggesting that LBP
has apoptotic effects on AGS GC cells. In addition to AGS
cells, we examined the effect of LBP treatment on another
GC-derived cell line, MKN-45. Again, we found that LBP
treatment (400 pg/mL) led to an increase in the protein levels
of Bax and cleaved caspase-3 while reducing Bcl-2 protein level
(Fig. 2E-G). Moreover, caspase-3/7 activity assay indicated
that LBP treatment significantly increased the caspase-3/7
activity in MKN-45 cells (P-value < 0.0001; Fig. 2H). AGS
and MKN-45 GC cells were treated with 400 ng/mL LBP for
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Fig. 1  Lycium barbarum polysaccharide (LBP) decreases GC cell viability in a dose- and time-dependent pattern. A-D. LBP inhibits GC

cell survival in a dose-dependent pattern. Treating gastric cell models—AGS and GES-1

with different concentrations of LBP and

evaluating their viability after 24 and 48 h of treatment confirmed dose- and time-dependent pattern. These findings were resulted in

determining IC50 value for further experiments.

48 h to explore the effects of LBP treatment on cell apoptosis,
and inducing apoptosis was quantified after staining with
Annexin-V-FITC. Results showed that treatment of AGS
and MKN-45 cells with 400 pg/mL LBP increased the rate
of those cells undergoing apoptosis (Fig. 2I), suggesting that
LBP has apoptotic effects on GC cells.

3.2. miR-202-5p is down-regulated in GC cells and tissues

We also examined miR-202-5p expression levels in different
GC cell models including AGS, SGC-790a, BCG-823, and
MKN-45. QRT-PCR showed that miR-202-5p is down-
regulated in all GC cell models compared to normal human
gastric GES-1 cells (Fig. 3A).

In order to explore whether down-regulation of miR-202-
5p in GC cells is clinically significant, expression data from
The Cancer Genome Atlas (TCGA) database was used. The
expression level of miR-202-5p was compared between 40
GC patients and 40 normal specimens (Source ID:
GSE23739; https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?
acc = GSE23739). As depicted in Fig. 3B, 3C, the expression
level of miR-202-5p was lower in all GC tumor samples
compared to normal tissues. These findings show that

down-regulation of miR-202-5p is a common process in
human GC cells, which may substantiate the importance of
this miRNA in GC development and progression.

3.3. miR-202 targets PIK3CA and functionally regulates AKT)/
mTOR signaling axis

To examine whether miR-202-5p directly targets PIK3CA in
GC cells, luciferase reporter plasmids were constructed. We
identified that miR-202-5p suppressed luciferase activity in
GC cells using a plasmid containing 3-UTR of WT PIK3CA
(Fig. 4A, B). This suppression shows that miR-202-5p binds
and targets WT PIK3CA and no significant changes were
detected in luciferase activity of the Mut 3-UTR PIK3CA con-
struct. Our findings verified that miR-202-5p suppresses
PIK3CA mRNA by binding to specific target sites in the 3'-
UTR. To reveal how miR-202-5p may affect PIK3CA expres-
sion, AGS cells were treated with either miR-202-5p mimics or
scramble. Consistently, PIK3CA expression was reduced in
response to the transfection of GC cells with miR-202-5p mim-
ics (Fig. 4C). Similar results were obtained when siRNA was
used (si-PIK3CA), which resulted in a decrease in PIK3CA
protein levels (Fig. 4C). Because AKT and mTOR are impor-
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Fig.2  Lycium barbarum polysaccharide (LBP) promotes apoptosis in GC cells. A) Western blot assay showed the increase of Bax to Bcl-2
ratio in AGS GC cells that were treated with LBP at the concentration of 400 pg/mL. GAPDH was employed as a loading control. Also,
LBP increased cleaved caspase-3 in AGS GC cells. B) The ratio of Bax to Bcl-2 was increased (***P <0.001) in AGS cells that were
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assay showed the increase of Bax to Bcl-2 ratio in MKN-45 GC cells that were treated with LBP at the concentration of 400 pg/mL. Also,
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tant downstream molecules of PIK3CA signaling pathways, to 3.4. LBP inhibits PIK3CA/AKT/mTOR axis in GC cells
find out the functional importance of PIK3CA transcription through miR-202 up-regulation
levels of AKT and mTOR were measured after GC cell trans-

fection with miR-202-5p mimics. EXPFESSiOI? apalysis showed 1 Bp may exert its anti-cancer functions by modulating differ-
AKT and mTOR transcript levels were significantly lower ent miRNAs (Liu and Zhang, 2019; Niu et al., 2018). Herein,

(P-values < 0.01) in AGS cells transfected with miR-202-5p we found out that miR-202-5p was up-regulated in GC cells

mimics compared to cells transfecteq WiFh Séfamble that were treated with LBP at the concentration of 400 pg/
(Fig. 3D). These findings suggest' a mpdel 1n'whlch mlR-ZQZ- mL compared to the control group (Fig. 5A). In essence,
5p modulates AKT/mTOR signaling axis by targeting LBP up-regulates miR-202-5p in GC cells.

PIK3CA.
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Moreover, LBP-induced up-regulation of miR-202-5p sub-
stantially decreased PIK3CA mRNA level in a time-dependent
model (Fig. 5B). Since PIK3CA is a critical member of the
mTOR/AKT signaling axis, we hypothesized that LBP-
induced miR-202-5p up-regulation may also affect AKT/
mTOR signaling as well. To answer, AKT/mTOR mRNA
expression levels were measured in AGS GC cells after LBP
treatment. As a result, LBP-induced up-regulation of miR-
202-5p substantially suppressed AKT/mTOR expression in
AGS cells (Fig. 5C). Additionally, western blot analy-
sis showed that p-AKT levels were significantly decreased in
LBP-treated cells compared to the control group. These data
suggested that AKT/mTOR signaling pathway was signifi-
cantly inhibited in LBP-treated GC cells (Fig. 5D).

To provide necessary evidence whether LBP can suppress
AKT/mTOR signaling through stimulating miR-202-5p
expression, AGS GC cells were treated with a miR-202-5p
inhibitor that, in turn, decreased miR-202-5p expression
(P < 0.01; Fig. SE). Interestingly, a miR-202-5p inhibitor
reversed LBP’s suppressive effects on AKT/mTOR expression,
suggesting that what stimulates AKT/mTOR signaling axis
after LBP treatment is the up-regulation of miR-202-5p
(Fig. 5F, G).

3.5. LBP inhibits GC cell proliferation and migration through
up-regulation of miR-202-5p and MM P-9 suppression

To show the possible effects of LBP-mediated up-regulation of
miR-202-5p on GC cell proliferation and migration, AGS cells
were treated with LBP (400 pg/mL) which in turn decreased

GC cell proliferation after 48 h (Fig. 6A). To unveil the molec-
ular mechanism, we identified that transfection of GC cells
with miR-202-5p mimicked the inhibitory effects of LBP on
cell proliferation (Fig. 6A). Furthermore, to find out any cor-
relation between LBP and miR-202-5p in inhibiting GC cell
proliferation, LBP-treated GC cells were co-transfected with
either anti-miR-202-5p or scramble at the same time. These
findings illustrated that suppressing miR-202-5p reduces or
reverses the LBP’s suppressive effects on AKT/mTOR signal-
ing (Fig. 5F, G), thereby rescuing GC cells from the anti-
proliferative effects of LBP (Fig. 6A).

Moreover, the possible effects of LBP on cell migration
were also investigated. After 48 h of treatment, AGS GC cells
that were either incubated with 400 pg/mL of LBP or trans-
fected with miR-202-5p mimics showed a lower migration rate
than control cells. AGS cell transfection with anti-miR-202-5p
led to the decrease of LBP’s suppressive effects on cell migra-
tion as well (Fig. 6B). Indeed, extracellular matrix degradation
is required for tumor migration and metastasis (Winkler et al.,
2020), and MMPs (e.g., MMP9) are important extracellular
matrix degradation enzymes (Mahgoub et al., 2020; Wang
et al., 2021). Additionally, miR-202-5p has been identified to
negatively correlate with cancer cell migration (Yu and Pan,
2020). These findings prompted us to investigate the possible
effects of LBP-induced up-regulation of miR-202-5p on
MMP9 expression. As depicted in Fig. 6C, transfection of
GC cells with miR-202-5p mimics or treatment with LBP sup-
pressed MMP9 expression. On the other hand, transfection
with miR-202-5p inhibitor diminished the suppressive func-
tions of LBP while restoring MMP9 expression.
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Fig. 4 miR-202-5p directly and functionally targets PIK3CA. A) TargetScan v.5.1 predicted that miR-202-5p may target 3*UTR of
PIK3CA. B) Luciferase assay underscored that miR-202-5p directly targets PIK3CA. Relative luciferase reporter activity for GC cells that
were co-transfected with wild-type (WT) or mutant (Mut) PIK3CA 3-UTR plasmids and miR-202-5p molecule (miR-202-5p mimics) are
depicted. miR-202-5p decreases luciferase activity in GC cells that were treated with WT PIK3CA 3’-UTR. On the other hand, by co-
transfecting GC cells with Mut mTOR 3’-UTR and miR-202-5p, no significant effect on luciferase activity was detected. C) PIK3CA
expression was measured in AGS cells that were transfected with either miR-202-5p or scramble (Sc). GC cell transfection with miR-202-
Sp increased PIK3CA transcript levels. PIK3CA mRNA levels in GC cells that were treated with miR-202-5p substantially decreased,
showing that this miRNA targets PIK3CA. Similarly, GC cell transfection with siRNA against PIK3CA (si-PIK3CA) decreased PIK3CA
transcript levels. On the other side, GC cell transfection with silencing negative control (si-control) increased PIK3CA mRNA levels. The
assays were performed 48 h after transfection. D) Expression analysis of mMTOR and AKT, as downstream molecules of PIK3CA, showed
that GC cell transfection with miR-202 decreased the expression of these molecules. In this figure: **P < 0.01 and ns: not significant.

4. Discussion however, regarding GC, the functions and exact molecular
mechanisms by which LBP affects these cells need to be
revealed (Qi et al., 2022). LBP mainly modulates apoptosis
and proliferation of target cells through regulation of cell sig-
nal transduction pathways (Qi et al., 2022). From the molecu-
lar point of view, we also suggested that LBP may exert its

Despite some advances towards better GC diagnosis and treat-
ment, the precise molecular pathways of GC formation and
progression remain unknown (Cordova-Marks et al., 2022,
Tse et al., 2022). In fact, GC is the 5th most frequently diag-

nosed cancer worldwide (Cordova-Marks et al., 2022). Among functions b.y modulatlng mlRNA expression. L
different countries, China makes a contribution to more than Al?errdtlon mlRNA, cxpression has bgen observed in differ-
half of all GC cases (Qin et al., 2022; Wang et al., 2019; ent kinds of cancers, indicating that miRNAs take a center

stage in tumorigenesis, cancer development, and progression
(Behbahani et al., 2017; Bitaraf et al., 2020; Maminezhad
et al., 2020; Tang et al., 2022). It was also suggested that some
function as key regulators of gene expression (Huangfu specific miRNAs could act as a therapeutic molecule with

et al., 2022; Ghaffari-Makhmalbaf et al., 2021; Maminezhad some modulatory functions (Toden et al., 2021; Arghiani

et al., 2020). Besides, previous research has shown that LBP and Shah, 2,022)' .In the present study, we p.roposc.ed that
can change the expression pattern of downstream molecules LBP exerts its anti-tumor effects by upregulating miR-202-

such as miRNAs (Zhu et al., 2022; Liang and Yue, 2019), S5p. Several mechz.inisms have been proposed by Whi.Ch miR-
202-5p may function. For example, it has been identified that

miR-202-5p regulates Gli family which is an activator of
downstream target genes (Zhao et al., 2013; Ahmed et al.,
2022). Also, numerous studies show that miR-202-5p is
down-regulated in tissue samples of GC patients (Zhao
et al., 2013; Ahmed et al., 2022). Thus, miR-202-5p is a tumor
suppressor miRNA in GC (Gao et al., 2018), as a result its

Zong et al., 2016). Thus, shifting investigations to the discov-
ery of new biomarkers is helpful and leads to the development
of targeted therapeutics; among these biomarkers, miRNAs

implying that it may play a key role in biological pathways.
Polysaccharides have the potential to be used as novel
agents in cancer treatment. For example, Guo et al. showed
that Astragalus polysaccharides suppress ovarian cancer cell
growth through down-regulating miR-27a (Guo et al., 2020).
Also, another previous study found that LBP could be used
to prevent and treat breast cancer (Wawruszak et al., 2016);
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Fig. 5 Lycium barbarum polysaccharide up-regulated miR-202-5p. A) miR-202-5p was up-regulated in GC cells that were treated with
LBP (400 pg/mL) in a time-dependent manner (at 12, 24, and 48 h after LBP treatment). B) LBP-induced up-regulation of miR-202-5p
gave rise to a substantial decrease of PIK3CA mRNA levels in a time-dependent manner. C) LBP-induced up-regulation of miR-202-5p
substantially suppressed AKT/mTOR expression in AGS cells. D) Western blot assay showed that p-AKT level was considerably
decreased in LBP-treated cells compared to the control group. E) GC cell transfection with a miR-202-5p inhibitor (anti-miR-202-5p) that
in turn led to a decrease of miR-202-5p expression. F, G) LBP decreased AKT/mTOR expression, whereas GC cell transfection with
simultaneously LBP and anti-miR-202-5p reversed suppressive effects on AKT/mTOR expression, suggesting what stimulates AKT/
mTOR signaling axis after LBP treatment is the up-regulation of miR-202-5p. In this figure: *P < 0.05, **P < 0.01, and ***P < 0.001.

restoration suppresses GC proliferation, e.g., through inducing
cell apoptosis by direct interaction with Glil (Sun et al., 2014;
Ahmed et al., 2022).

MMP1/9, an important oncogene involved in GC patho-
genesis, is regulated by miR-202-5p (Shi et al., 2019;
Tiansheng et al., 2020; Ahmed et al., 2022). This regulation
has been identified to modulate the proliferation, migration,
and metastasis of cancer cells, indicating that LBP can affect
MMPs mainly through miR-202-5p (Li et al., 2021b). Simi-
larly, Chen et al. showed that MMP9 up-regulation promotes
GC cell migration and invasion (Chen et al., 2016). Herein, we
demonstrated that the up-regulation of miR-202-5p suppresses
MMP9 expression, attributing that anti-tumor roles of LBP is
mediated by regulation of miR-202-5p.

We first focused on PIK3CA in this study because it has
been shown to be an important contributor to chemoresistance
due to its high expression in GC cells. Among PIK3CA-
targeting miRNAs, miR-202 was a tumor suppressor miRNA
whose expression was reduced in GC patients. Despite the fact
that LBP has a great anti-tumor effect on GC, the underlying
molecular mechanisms by which LBP may exert its functions
in GC are not well characterized. As a result, we aimed to
investigate whether LBP’s anti-cancer effects in GC cells may
be mediated by up-regulating miR-202. One of the reasons

for the regulation of miR-202 expression by LBP could be
the cellular and molecular effects of this polysaccharide on
GC cells, especially in the terms of epigenetic alterations.
Herein, we demonstrated that LBP treatment up-regulates
miR-202-5p in GC cells. We then hypothesized that miR-
202-5p could also regulate the PIK3CA/AKT/mTOR signaling
axis in GC. In fact, LBP has been indicated to inhibit pro-
grammed death-ligand 1 expression via PI3K/AKT suppres-
sion of bladder cancer cells (Piao et al., 2021). According to
Zhang et al., mTOR/AKT is one of the important signaling
pathways involved in GC development (Zhang et al., 2020),
so modulating it by different compounds may open the doors
to cancer treatment. Using a luciferase assay, we confirmed
that miR-202-5p not only targets PIK3CA directly, but also
influences the expression of downstream molecules such as
mTOR and AKT.

We also elucidated that LBP decreased cancer cell prolifer-
ation and migration, which was in line with the previous stud-
ies casting light on the anti-proliferative and migratory effects
of LBP (Liu et al., 2012; Zhang et al., 2005; Ma et al., 2022).
LBP’s inhibitory impressions on cell proliferation and migra-
tion were partially reversed when GC cells were transfected
with anti-miR-202-5p, indicating that LBP inhibits GC cell
proliferation and migration by up-regulating miR-202-5p and
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Fig. 6 LBP inhibits GC cell proliferation and migration via up-regulation of miR-202-5p. A) LBP (400 pg/mL) inhibits GC cell
proliferation after 24 h and 48 h of treatment. Transfection of anti-miR-99a along with LBP transfection abolished GC cell proliferation.
B) GC cell treatment and transfection with LBP and miR-202-5p, respectively, decreased cell migration. GC cell transfection with anti-
miR-202-5p diminished cell migration or anti-migratory effects of LBP at 48 h after treatment. C) Transfection of AGS and MKN-45 GC
cells with miR 202-5p mimics or treatment with LBP suppressed MMPY expression. On the other hand, transfection with miR-202-5p
inhibitor diminished the suppressive effect of LBP and restored MMP9 expression. In this figure: *P < 0.05, **P < 0.01, and ***P

< 0.001.

through the PIK3KCA signaling pathway. In fact, altered
expression of different proliferative markers (e.g., Cyclin D1)
suggested that LBP mediates cell cycle as well (Miao et al.,
2010; Ma et al., 2022). For example, Ma et al. showed that
LBP changes the functions of cell-cycle-associated protein,
cyclins, and cyclin-dependent kinases to induce cell cycle arrest
(Ma et al., 2022).

We also showed that LBP stimulates caspase-3/7 activity.
Caspase-3 and —7 cleave the majority of proteins during apop-
tosis (Cetraro et al., 2022), implying that caspase-3, an apop-
totic enzyme, is activated via many intrinsic and extrinsic
mechanisms (Koohpeyma et al., 2020; Xia et al., 2020; Yang
et al. 2021). Considering the fact that Bax binds to Bcl-2 and
result in release of cytochrome C, which promotes apoptosis
(Moldoveanu and Czabotar, 2020; Goorabjavari et al. 2021),
our findings showed that LBP increases the rate of Bax to
Bcl-2 and promotes apoptosis in GC cells. These findings are
consistent with previous studies that attribute some apoptotic
roles for both LBP and miR-202-5p. For example, Zhao et al.
demonstrated that miR-202-5p induced GC cell apoptosis both
in vitro and in vivo (Zhao et al., 2013). Also, LBP triggers
apoptosis in HeLa cells and is being investigated as a potential
chemotherapeutic drug candidate for human cervical cancer
(Zhu and Zhang, 2013). It also induces apoptosis in human
hepatoma QGY7703 and SMMC-7721 cells (Zhang et al.,

2005; Zhang et al., 2015), however, it can attenuate neuronal
apoptosis in mice (Wang et al., 2014). These show that LBP
may exert its beneficial effects through promoting or suppress-
ing apoptosis in different cells.

5. Conclusion

In conclusion we found that, LBP may exert its anti-tumor
functions through different mechanisms resulting from the
up-regulation of miR-202-5p: (i) decreases cell proliferation
and migration of GC cells, (ii) decreases MMP-9 expression
in such cells, (iii) increases GC cell apoptosis, and (iv) down-
regulates PIK3CA/AKT/mTOR axis. Anti-tumor activities
of LBP in GC cells, to some extent, can be chalked up to the
up-regulation of miR-202-5p which inhibits the PIK3CA/
AKT/mTOR signaling pathway. Given the significant effects
of LBP investigated in this study, it appears that LBP treat-
ment could be used as a supplement to GC therapy.

Declaration of Competing Interest
The authors declare that they have no known competing

financial interests or personal relationships that could have
appeared to influence the work reported in this paper.



10

L. Wang et al.

Acknowledgements

The authors highly appreciate the help of all colleagues
involved in conducting this project.

References

Abdelgawad, L.M., El-hamed, M.A., M., Sabry, D., Abdelgwad, M.,,
2021. Efficacy of Photobiomodulation and Metformin on Diabetic
Cell Line of Human Periodontal Ligament Stem Cells through
Keapl/Nrf2/Ho-1 Pathway. In: Reports of Biochemistry and
Molecular Biology, pp. 30-40.

Ahmed, E.A., Rajendran, P., Scherthan, H., 2022. The microRNA-202
as a Diagnostic Biomarker and a Potential Tumor Suppressor. Int.
J. Mol. Sci. 23 (11), 5870-6585.

Arghiani, N., Shah, K., 2022. Modulating microRNAs in cancer:
Next-generation therapies. Cancer Biology & Medicine 19 (3), 289~
299.

Behbahani, G.D., Ghahhari, N.M., Javidi, M.A., Molan, A.F., Feizi,
N., Babashah, S., 2017. MicroRNA-mediated post-transcriptional
regulation of epithelial to mesenchymal transition in cancer.
Pathol. Oncol. Res. 23, 1-12.

Bitaraf, A., Babashah, S., Garshasbi, M., 2020. Aberrant expression of
a five-microRNA signature in breast carcinoma as a promising
biomarker for diagnosis. J. Clin. Lab. Anal. 34, 23063-23071.

Bitaraf, A., Razmara, E., Bakhshinejad, B., Yousefi, H., Vatanmaka-
nian, M., Garshasbi, M., Cho, W.C., Babashah, S., 2021. The
oncogenic and tumor suppressive roles of RNA-binding proteins in
human cancers. J. Cell. Physiol. 236 (9), 6200-6224.

Cetraro, P., Plaza-Diaz, J., MacKenzie, A., Abadia-Molina, F., 2022.
A Review of the Current Impact of Inhibitors of Apoptosis
Proteins and Their Repression in Cancer. Cancers 14 (7), 1671—
2167.

Chen, S.W., Zhang, Q., Xu, Z.F., Wang, H.P., Shi, Y., Xu, F., Zhang,
W.J., Wang, P., Li, Y., 2016. HOXC6 promotes gastric cancer cell
invasion by upregulating the expression of MMP9. Mol. Med.
Report. 14, 3261-3268.

Cordova-Marks, F.M., Carson, W.0O., Monetathchi, A., Little, A.,
Erdrich, J., 2022. Native and Indigenous Populations and Gastric
Cancer: A Worldwide Review. Int. J. Environ. Res. Public Health
19 (9), 437-445.

Du, X., Zhang, J., Liu, L., Xu, B., Han, H., Dai, W., Pei, X., Fu, X,
Hou, S., 2022. A novel anticancer property of Lycium barbarum
polysaccharide in triggering ferroptosis of breast cancer cells.
Journal of Zhejiang University-SCIENCE B 23 (4), 86-299.

Duggan, M.R., Weaver, M., Khalili, K., 2021. PAM (PIK3/AKT/
mTOR) signaling in glia: potential contributions to brain tumors in
aging. Aging (Albany NY) 13, 1510-2159.

Gao, S., Cao, C., Dai, Q., Chen, J., Tu, J., 2018. miR-202 acts as a
potential tumor suppressor in breast cancer. Oncol. Lett. 16, 1155—
1162.

Ghaffari-Makhmalbaf, P., Sayyad, M., Pakravan, K., Razmara, E.,
Bitaraf, A., Bakhshinejad, B., Goudarzi, P., Yousefi, H., Pour-
naghshband, M., Nemati, F., 2021. Docosahexaenoic acid reverses
the promoting effects of breast tumor cell-derived exosomes on
endothelial cell migration and angiogenesis. Life Sci. 264, 118719~
118725.

Goorabjavari, S.V.M., Golmohamadi, F., Haririmonfared, S.,
Ahmadi, H., Golisani, S., Yari, H., Hasan, A., Edis, Z., Ale-
Ebrahim, M., Sharifi, M., Rasti, B., 2021. Thermodynamic and
anticancer properties of inorganic zinc oxide nanoparticles synthe-
sized through co-precipitation method. J. Mol. Liq. 330, 115602~
211569.

Guo, Y., Zhang, Z., Wang, Z., Liu, G., Liu, Y., Wang, H., 2020.
Astragalus polysaccharides inhibit ovarian cancer cell growth via
microRNA-27a/FBXW?7 signaling pathway. Biosci. Rep. 40 (3), 1-
10.

Huang, X., Zhang, Q.-Y., Jiang, Q.-Y., Kang, X.-M., Zhao, L., 2012.
Polysaccharides derived from Lycium barbarum suppress IGF-1-
induced angiogenesis via PI3K/HIF-10/VEGF signalling pathways
in MCF-7 cells. Food Chem. 131, 1479-1484.

Huangfu, L., Fan, B., Wang, G., Gan, X., Tian, S., He, Q., Yao, Q.,
Shi, J., Li, X., Du, H., Gao, X., 2022. Novel prognostic marker
LINCO00205 promotes tumorigenesis and metastasis by competi-
tively suppressing miRNA-26a in gastric cancer. Cell Death
Discovery 8 (1), 1-10.

Joshi, S.S., Badgwell, B.D., 2021. Current treatment and recent
progress in gastric cancer. CA Cancer J. Clin. 71, 264-279.

Koohpeyma, H., Goudarzi, 1., Salmani, M.E., Lashkarbolouki, T.,
Shabani, M., 2020. Folic acid protects rat cerebellum against
oxidative damage caused by homocysteine: the expression of Bcl-2,
Bax, and Caspase-3 apoptotic genes. Neurotox. Res. 37, 564-577.

Kulczynski, B., Gramza-Michatowska, A., 2016. Goji berry (Lycium
barbarum): composition and health effects—a review. Polish Journal
of Food and Nutrition Sciences 66, 67-76.

Li, X., Chen, X., Hu, X., Shen, Y., Xu, R., Wu, L., Shen, X., 2021a.
Overexpression of GUCY1A2 Correlates With Poor Prognosis in
Gastric Cancer Patients. Front. Oncol. 11, 1977-1985.

Li, Y., Huang, H., Ye, X., Huang, Z., Chen, X., Wu, F., Lin, T.,
2021b. miR-202-3p negatively regulates MMP-1 to inhibit the
proliferation, migration and invasion of lung adenocarcinoma cells.
Cell Cycle 20, 406-416.

Liang, W., Yue, Z., 2019. Lycium barbarum polysaccharides promote
osteoblasts viability by regulating microRNA-17/PTEN. Life Sci.
225, 72-78.

Liu, H., Fan, Y., Wang, W., Liu, N., Zhang, H., Zhu, Z., Liu, A.,
2012. Polysaccharides from Lycium barbarum leaves: isolation,
characterization and splenocyte proliferation activity. Int. J. Biol.
Macromol. 51, 417-422.

Liu, Y., Zhang, Y., 2019. Lycium barbarum polysaccharides alleviate
hydrogen peroxide-induced injury by up-regulation of miR-4295 in
human trabecular meshwork cells. Exp. Mol. Pathol. 106, 109-115.

Livak, K.J., Schmittgen, T.D., 2001. Analysis of relative gene
expression data using real-time quantitative PCR and the 2—
AACT method. Methods 25, 402-408.

Ma, W., Zhou, Y., Lou, W., Wang, B., Li, B., Liu, X., Yang, J., Yang,
B., Liu, J., Di, D., 2022. Mechanism regulating the inhibition of
lung cancer A549 cell proliferation and structural analysis of the
polysaccharide Lycium barbarum. Food Bioscience 47, 101664—
101671.

Mahgoub, E.O., Razmara, E., Bitaraf, A., Norouzi, F.-S., Montazeri,
M., Behzadi-Andouhjerdi, R., Falahati, M., Cheng, K., Haik, Y.,
Hasan, A., 2020. Advances of exosome isolation techniques in lung
cancer. Mol. Biol. Rep., 1-23

Maminezhad, H., Ghanadian, S., Pakravan, K., Razmara, E.,
Rouhollah, F., Mossahebi-Mohammadi, M., Babashah, S., 2020.
A panel of six-circulating miRNA signature in serum and its
potential diagnostic value in colorectal cancer. Life Sci. 258,
118226-118235.

Mezynski, M.J., Farrelly, A.M., Cremona, M., Carr, A., Morgan, C.,
Workman, J., Armstrong, P., McAuley, J., Madden, S., Fay, J.,
2021. Targeting the PI3K and MAPK pathways to improve
response to HER2-targeted therapies in HER2-positive gastric
cancer. J. Transl. Med. 19, 1-16.

Miao, Y., Xiao, B., Jiang, Z., Guo, Y., Mao, F., Zhao, J., Huang, X.,
Guo, J., 2010. Growth inhibition and cell-cycle arrest of human
gastric cancer cells by Lycium barbarum polysaccharide. Med.
Oncol. 27, 785-790.

Moldoveanu, T., Czabotar, P.E., 2020. BAX, BAK, and BOK: a
coming of age for the BCL-2 family effector proteins. Cold Spring
Harb. Perspect. Biol. 12, 036319-036327.

Niu, T., Jin, L., Niu, S., Gong, C., Wang, H., 2018. Lycium barbarum
polysaccharides alleviates oxidative damage induced by H202
through down-regulating microRNA-194 in PC-12 and SH-SY5Y
cells. Cell. Physiol. Biochem. 50, 460-472.


http://refhub.elsevier.com/S1878-5352(22)00478-6/h0005
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0005
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0005
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0005
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0005
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0010
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0010
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0010
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0015
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0015
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0015
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0020
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0020
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0020
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0020
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0025
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0025
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0025
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0030
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0030
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0030
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0030
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0035
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0035
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0035
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0035
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0040
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0040
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0040
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0040
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0045
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0045
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0045
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0045
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0050
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0050
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0050
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0050
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0055
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0055
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0055
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0060
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0060
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0060
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0065
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0065
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0065
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0065
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0065
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0065
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0070
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0070
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0070
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0070
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0070
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0070
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0075
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0075
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0075
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0075
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0080
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0080
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0080
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0080
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0085
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0085
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0085
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0085
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0085
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0090
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0090
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0095
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0095
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0095
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0095
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0100
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0100
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0100
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0100
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0105
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0105
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0105
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0110
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0110
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0110
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0110
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0115
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0115
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0115
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0120
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0120
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0120
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0120
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0125
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0125
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0125
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0130
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0130
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0130
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0135
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0135
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0135
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0135
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0135
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0140
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0140
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0140
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0140
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0145
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0145
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0145
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0145
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0145
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0150
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0150
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0150
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0150
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0150
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0155
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0155
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0155
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0155
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0160
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0160
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0160
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0165
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0165
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0165
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0165

Lycium barbarum polysaccharide with potential anti-gastric cancer effects mediated by regulation of miR-202-5p/PIK3CA 11

Piao, S., Chen, C., Wang, X., Mo, L., Hong, T., Ke, M., 2021. Lycium
barbarum Polysaccharides Enhance T-Cell Function by Inhibiting
Programmed Death-Ligand 1 via Phosphoinositide-3-Kinase/Pro-
tein Kinase B Suppression in Bladder Cancer Cells. Current Topics
in Nutraceutical Research 19, 1-9.

Qi, Y., Duan, G., Fan, G., Peng, N., 2022. Effect of Lycium barbarum
polysaccharides on cell signal transduction pathways. Biomed.
Pharmacother. 147, 112620-211269.

Qin, S., Wang, X., Li, S., Tan, C., Zeng, X., Luo, X., Yi, L., Peng, L.,
Wu, M., Peng, Y., Wang, L., 2022. Clinical benefit and cost
effectiveness of risk-stratified gastric cancer screening strategies in
China: a modeling study. Pharmacoeconomics 40 (7), 725-737.

Razmara, E., Bitaraf, A., Yousefi, H., Nguyen, T.H., Garshasbi, M.,
Cho, W.-C.-S., Babashah, S., 2019. Non-Coding RNAs in Carti-
lage Development: An Updated Review. Int. J. Mol. Sci. 20, 4475—
4483.

Razmara, E., Bitaraf, A., Karimi, B., Babashah, S., 2021a. SNAI
family play roles in chondrocyte to osteocyte development. Ann. N.
Y. Acad. Sci 1503 (1), 5-22.

Razmara, E., Salehi, M., Aslani, S., Bitaraf, A., Yousefi, H., Colon, J.
R., Mahmoudi, M., 2021b. Graves’ disease: introducing new
genetic and epigenetic contributors. J. Mol. Endocrinol. 66, 33-55.

Shen, L., Du, G., 2012. Lycium barbarum polysaccharide stimulates
proliferation of MCF-7 cells by the ERK pathway. Life Sci. 91,
353-357.

Shi, C., Wu, L., Lin, W, Cai, Y., Zhang, Y., Hu, B., Gao, R., Im, H.-
J., Yuan, W., Ye, X., 2019. MiR-202-3p regulates interleukin-1p-
induced expression of matrix metalloproteinase 1 in human nucleus
pulposus. Gene 687, 156-165.

Sun, Z., Zhang, T., Hong, H., Liu, Q., Zhang, H., 2014. miR-202
suppresses proliferation and induces apoptosis of osteosarcoma
cells by downregulating Gli2. Mol. Cell. Biochem. 397, 277-283.

Tang, S., Liao, K., Shi, Y., Tang, T., Cui, B., Huang, Z., 2022.
Bioinformatics analysis of potential Key IncRNA-miRNA-mRNA
molecules as prognostic markers and important ceRNA axes in
gastric cancer. American Journal of Cancer Research 12 (5), 2397—
2405.

Tiansheng, G., Junming, H., Xiaoyun, W., Peixi, C., Shaoshan, D.,
Qianping, C., 2020. IncRNA metastasis-associated lung adenocar-
cinoma transcript 1 promotes proliferation and invasion of non-
small cell lung cancer cells via down-regulating miR-202 expres-
sion. Cell Journal (Yakhteh) 22, 375-383.

Toden, S., Zumwalt, T.J., Goel, A., 2021. Non-coding RNAs and
potential therapeutic targeting in cancer. Biochimica et Biophysica
Acta (BBA)-Reviews on. Cancer 1875 (1), 188491-218849.

Tse, J., Pierce, T., Carli, A.L., Alorro, M.G., Thiem, S., Marcusson, E.
G., Ernst, M., Buchert, M., 2022. Onco-miR-21 Promotes Stat3-
Dependent Gastric Cancer Progression. Cancers 14 (2), 264-269.

Wang, S., Zheng, R., Zhang, S., Zeng, H., Chen, R., Sun, K., Gu, X.,
Wei, W., He, J., 2019. Epidemiological characteristics of gastric
cancer in China, 2015. Zhonghua liu xing bing xue za zhi=
Zhonghua liuxingbingxue zazhi 40, 1517-1521.

Wang, T., Li, Y., Wang, Y., Zhou, R., Ma, L., Hao, Y., Jin, S., Du, J.,
Zhao, C., Sun, T., 2014. Lycium barbarum polysaccharide prevents
focal cerebral ischemic injury by inhibiting neuronal apoptosis in
mice. PLoS ONE 9, 90780-99079.

Wang, C., Zhang, R., Wang, X., Zheng, Y., Jia, H., Li, H., Wang, J.,
Wang, N., Xiang, F., Li, Y., 2021. Silencing of KIF3B Suppresses
Breast Cancer Progression by Regulating EMT and Wnt/B-Catenin
Signaling. Front. Oncol. 10, 3063-3309.

Wawruszak, A., Czerwonka, A., Okta, K., Rzeski, W., 2016.
Anticancer effect of ethanol Lycium barbarum (Goji berry) extract
on human breast cancer T47D cell line. Nat. Prod. Res. 30, 1993—
1996.

Winkler, J., Abisoye-Ogunniyan, A., Metcalf, K.J., Werb, Z., 2020.
Concepts of extracellular matrix remodelling in tumour progression
and metastasis. Nat. Commun. 11, 1-19.

Xia, N., Huang, Y., Cui, Z., Liu, S., Deng, D., Liu, L., Wang, J., 2020.
Impedimetric biosensor for assay of caspase-3 activity and evalu-
ation of cell apoptosis using self-assembled biotin-phenylalanine
network as signal enhancer. Sens. Actuators, B 320, 128436
128445.

Yang, H., Sun, A., Yang, J., Cheng, H., Yang, X., Chen, H., Huanfei,
D., Falahati, M., 2021. Development of doxorubicin-loaded
chitosan—heparin nanoparticles with selective anticancer efficacy
against gastric cancer cells in vitro through regulation of intrinsic
apoptosis pathway. Arabian J. Chem. 14 (8), 103266-103272.

Yu, H., Pan, S., 2020. MiR-202-5p suppressed cell proliferation,
migration and invasion in ovarian cancer via regulating HOXB2.
Eur. Rev. Med. Pharmacol. Sci 24, 2256-2263.

Zhang, S., Cai, J., Xie, W., Luo, H., Yang, F., 2018. miR-202
suppresses prostate cancer growth and metastasis by targeting
PIK3CA. Exp. Ther. Med. 16, 1499-1504.

Zhang, M., Chen, H., Huang, J., Li, Z., Zhu, C., Zhang, S., 2005.
Effect of lycium barbarum polysaccharide on human hepatoma
QGY7703 cells: inhibition of proliferation and induction of
apoptosis. Life Sci. 76, 2115-2124.

Zhang, Q., Lv, X., Wu, T., Ma, Q., Teng, A., Zhang, Y., Zhang, M.,
2015. Composition of Lycium barbarum polysaccharides and their
apoptosis-inducing effect on human hepatoma SMMC-7721 cells.
Food Nutr. Res. 59, 28696-28703.

Zhang, Q., Wang, X., Cao, S., Sun, Y., He, X., Jiang, B., Yu, Y.,
Duan, J., Qiu, F., Kang, N., 2020. Berberine represses human
gastric cancer cell growth in vitro and in vivo by inducing cytostatic
autophagy via inhibition of MAPK/mTOR/p70S6K and Akt
signaling pathways. Biomed. Pharmacother. 128, 110245-110254.

Zhang, X.-J., Yu, H.-Y., Cai, Y.-J., Ke, M., 2017. Lycium barbarum
polysaccharides inhibit proliferation and migration of bladder
cancer cell lines BIU87 by suppressing Pi3K/AKT pathway.
Oncotarget 8, 5936-5943.

Zhao, Y., Li, C., Wang, M., Su, L., Qu, Y., Li, J., Yu, B, Yan, M.,
Yu, Y., Liu, B., 2013. Decrease of miR-202-3p expression, a novel
tumor suppressor, in gastric cancer. PLoS ONE 8, ¢69756.

Zhu, C.P., Zhang, S.H., 2013. Lycium barbarum polysaccharide
inhibits the proliferation of HeLa cells by inducing apoptosis. J.
Sci. Food Agric. 93, 149-156.

Zhu, Y., Zhao, Q., Jiang, Y., 2022. Lycium barbarum polysaccharides
attenuates high glucose-induced diabetic retinal angiogenesis by
rescuing the expression of miR-15a-5p in RF/6A cells. J.
Ethnopharmacol. 283, 114652-114661.

Zong, L., Abe, M., Seto, Y., Ji, J., 2016. The challenge of screening for
early gastric cancer in China. The Lancet 388, 2606.


http://refhub.elsevier.com/S1878-5352(22)00478-6/h0170
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0170
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0170
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0170
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0170
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0175
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0175
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0175
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0180
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0180
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0180
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0180
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0185
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0185
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0185
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0185
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0190
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0190
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0190
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0195
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0195
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0195
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0200
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0200
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0200
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0205
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0205
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0205
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0205
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0210
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0210
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0210
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0215
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0215
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0215
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0215
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0215
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0220
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0220
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0220
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0220
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0220
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0225
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0225
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0225
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0230
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0230
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0230
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0235
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0235
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0235
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0235
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0240
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0240
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0240
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0240
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0245
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0245
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0245
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0245
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0250
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0250
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0250
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0250
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0250
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0255
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0255
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0255
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0260
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0260
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0260
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0260
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0260
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0265
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0265
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0265
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0265
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0265
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0270
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0270
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0270
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0275
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0275
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0275
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0280
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0280
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0280
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0280
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0285
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0285
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0285
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0285
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0290
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0290
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0290
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0290
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0290
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0295
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0295
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0295
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0295
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0300
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0300
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0300
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0305
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0305
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0305
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0310
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0310
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0310
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0310
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0315
http://refhub.elsevier.com/S1878-5352(22)00478-6/h0315

	Lycium barbarum polysaccharide with potential anti-gastric cancer effects mediated by regulation of miR-202-5p/PIK3CALycium barbarum polysaccharide with potential anti-gastric cancer effects mediated by regulation of miR-202-5p/PIK3CA --
	1 Introduction
	2 Materials and methods
	2.1 Lycium barbarum polysaccharide
	2.2 Cell culture and treatment
	2.3 MTT assay
	2.4 RNA isolation and quantitative real-time PCR (qRT-PCR)
	2.5 Western blot analysis
	2.6 Detection of apoptosis
	2.7 DNA constructs and luciferase assay
	2.8 Short-interference RNA (siRNA) knocked down PIK3CA
	2.9 Transwell assay
	2.10 Statistical analysis

	3 Results
	3.1 LBP decreases cell viability and promotes apoptosis in GC cells
	3.2 miR-202-5p is down-regulated in GC cells and tissues
	3.3 miR-202 targets PIK3CA and functionally regulates AKT/mTOR signaling axis
	3.4 LBP inhibits PIK3CA/AKT/mTOR axis in GC cells through miR-202 up-regulation
	3.5 LBP inhibits GC cell proliferation and migration through up-regulation of miR-202-5p and MMP-9 suppression

	4 Discussion
	5 Conclusion
	Declaration of Competing Interest
	Acknowledgements
	References


