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Abstract

Oxymatrine (OMT) as a type of alkaloids collected from Sophora flavescens Ait exerts some biological functions including
anticancer properties. Here, we investigated the therapeutic effects of OMT in gastric cancer cells (HGC 27 and AGS).
As a result, the exposure of gastric cancer (GC) cells to OMT contributed to the suppression of cell proliferation
and invasion. Interleukin 21 receptor (IL-21R) was identified to be differentially expressed between OMT treatment
group (4mg/mL) and control group (0mg/mL), and knockdown of IL-2IR repressed cell proliferation and invasion via
inactivation of the JAK2/STAT3 pathway. The rescue experiment showed that IL-2IR overexpression attenuated the
anti-tumor effects of OMT through activation of the JAK2/STAT3 pathway. Moreover, the expression of IL-2IR was
significantly upregulated in GC samples compared with the adjacent normal tissues and associated with overall survival
(OS) and tumor recurrence of GC patients. Taken together, in this study, we evaluated the anti-tumor effects of OMT
on GC by investigating proliferation and invasion ability changes, and our findings show that OMT exhibits effects via
regulation of JAK/STAT signaling pathway. Through the mechanism study, we may enlighten the potential therapeutic
target for treatment of GC.
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Introduction

Gastric cancer (GC) as one of the most common
malignant tumors remains a leading cause of
cancer mortality worldwide, with an estimated
1,000,000 GC patients per year.!:> The activity
imbalance of oncogenes and anti-oncogenes has
been proved to be implicated in gastric carcinogen-
esis.>* Accumulating evidence has shown that tar-
geted inhibition of the oncogenes or regulation of
the downstream genes related to cancer progres-
sion may provide effective means for intervention
of carcinogenesis and metastasis.>¢

Interleukin-21 (IL-21), identified as a member
of the IL-2 family, is involved in biological activity
in cancer and autoimmunity via binding to its

receptor IL-21R,7 which is highly expressed in
hematologic malignancies®® and enhances the
aggressiveness of follicular lymphoma.!® 1L-21/
IL-21R axis results in the pathogenesis of leukemia
and large cell lymphoma through activation of the
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JAK/STAT signaling pathway!l-12 and presents a
cancer therapeutic target.

Activation of JAK/STAT signaling is implicated
in the development of inflammatory diseases and
cancer.!3-15 Interleukin-6 (IL-6)-activated JAK/
STAT signaling induces angiogenesis,'®!7 pro-
motes growth!8-20 and cellular invasion,?' and reg-
ulates cell apoptosis'® in the tumorigenesis.
Inhibition of the JAK/STAT pathway induces cycle
arrest and apoptosis in GC cells.?>?3 Thus, many
studies are focused on the therapeutic efficacy of
JAK1/2 inhibitors on tumor growth, proliferation,
apoptosis, angiogenesis, and metastasis in various
solid tumors,?*2¢ indicating that JAK/STAT signal-
ing is a promising marker for the diagnosis and
therapy for multiple malignancies.

Oxymatrine (OMT) has numerous pharmacolog-
ical activities?’3! in cardiovascular protection®? and
anti-cancer properties®3-3° via suppression of tumor
growth and invasion, induction of cycle arrest and
apoptosis, and reduction of chemotherapy-induced
cell toxicity.?® We previously confirmed the inhibi-
tory effects of OMT on vascular and lymph node
invasion in GC.37 Herein, we found that OMT dis-
played anti-tumor effects via regulation of JAK/
STAT signaling pathway, suggesting the potential
therapeutic target for treatment of GC.

Materials and methods

Materials

The antibodies of IL-21R, p-JAK3, p-STATS3,
MMP-2, and MMP-9 used in our experiment were
provided by Cell Signaling Technologies (Beverly,
MA, USA); OMT (C15H24N202, Cas no. 16837-
52-8, HPLC>98%) used in this study was supplied
by Shanghai Golden Harvest Biotechnology Co.,
Ltd (Shanghai, PR China).

Clinical data

The prognostic data (overall survival (OS) or recur-
rence time and status) for 412 cases of GC patients
and 36 adjacent normal tissues as well as the rela-
tive expression level of IL-21R were downloaded
from The Cancer Genome Atlas (TCGA) 2015
RNA sequencing database (https://genome-cancer.
ucsc.edu). The protocols used in our study were
approved by the Ethics Committee of Shanghai
Sixth People’s Hospital.

Cell culture

The human gastric cancer cell lines SGC-7901,
MGC-803, BGC-823, HGC-27, AGS, and GES-1
were purchased from Chinese Academy of Sciences
Shanghai Cell Bank and were cultured in
Dulbecco’s modified Eagle’s medium supple-
mented with 10% fetal bovine serum (Invitrogen,
Carlsbad, CA, USA).

Vector construction and cell transfection

IL-21R siRNA (silL-21R), IL-21R-overexpressed
vectors, and negative control were synthesized
by Shanghai GenePharma Co. Ltd. (Shanghai,
PR China) for transfection into the GC cell lines.
The following sequence was used to target
IL-21R:CCTACACCTGCCACATGGATGTATT.
The sequence of the negative control was
CCTCCACGTCACGTATAGTGACATT. Target
cells were transfected with these vectors using
Lipofectamine 2000 (Life  Technologies,
Carlsbad, CA, USA). The cells were harvested
48 h after transfection.

Quantitative real-time polymerase chain
reaction

To detect the messenger RNA (mRNA) expression
level of IL-21R in GC cell lines, quantitative real-
time polymerase chain reaction (QRT-PCR) was
performed. Total RNA of each clone was extracted
with TRIzol according to the manufacturer’s proto-
col. Reverse transcription was carried out using
Moloney murine leukemia virus (M-MLV) Reverse
Transcriptase (RT), which is a recombinant DNA
polymerase that synthesizes a complementary
DNA (cDNA) strand from single-stranded RNA,
DNA, or an RNA:DNA hybrid, and cDNA amplifi-
cation using SYBR Green Master Mix kit (Life
Technologies). IL-21R gene was amplified using
specific oligonucleotide primer and human
GAPDH gene was used as an endogenous control.
The polymerase chain reaction (PCR) primer
sequences of IL-2IR gene were as follows:
5'-CGTGGGAGTCAGCATGCC-3" and 5'-TGTC
GTCGGCCATGAAGTG-3"; GAPDH, 5-CAACG
AATTTGGCTACAGCA-3" and 5-AGGGGTCTA
CATGGCAACTG-3". The two-step PCR procedure
was as follows: 95°C for 30, followed by 40 cycles
of denaturation at 95°C for 5s and annealing/
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extension at 60°C for 30s. The relative expression
levels of IL-21R gene were calculated with the 2-
AACT method. And three separate experiments
were performed.

Western blotting analysis

Detailed procedure was described elsewhere.*8 After
treatment, GC cell lines were harvested and extracted
using lysis buffer (Tris-HCI, sodium dodecyl sulfate
(SDS), mercaptoethanol, glycerol). The primary
antibodies against IL-21R, p-JAK3, p-STATS3,
MMP-2, and MMP-9 were diluted according to the
manufacturer’s instructions and incubated overnight
at 4°C. Then, horseradish peroxidase-linked second-
ary antibodies were added at a dilution ratio of
1:1000 and incubated at room temperature for 2h.
The membranes were washed with phosphate-buff-
ered saline (PBS) for three times and the immunore-
active bands were visualized using ECL-PLUS/Kit
according to the manufacturer’s instruction. The
relative protein level in different groups was nor-
malized to B-actin concentration.

Cell viability assay

Cell counting kit-8 (CCK-8) was purchased from
Dojindo (Kumamoto, Japan), and the detailed pro-
cedure was described elsewhere.®* GC cells
(2x103/well) were seeded in 96-well plates at
37°C, 5% CO,. After treated with different con-
centrations of OMT (0—10mg/mL) for 48 h, CCK-8
solution (10 uL) was added into each well, followed
by incubation for 2h. The optical densities at
492 nm were measured using a Microplate Reader
(Molecular Devices, Sunnyvale, CA, USA).

Transwell invasion assay

Corning HTS Transwell 24 Well Permeable Supports
(CLS3396) was purchased from the Sigma-Aldrich,
and detailed procedure was described elsewhere.’® In
the end, the number of cells invading through the
matrigel was counted in three randomly selected vis-
ual fields from the central and peripheral portion of
the filter using an inverted microscope (200x magni-
fication). Each assay was repeated three times.

Statistical analysis

Data were analyzed as mean+ SEM. Kruskal-Wallis
H test and chi-square test were used to analyze the

differential expression of IL-21R between GC and
adjacent normal tissues. The effects of IL-21R on
cell growth and invasion in vitro and in vivo were
calculated using one-way analysis of variance, and
the Student’s t-test was used for cell growth and
invasion in vitro and in vivo evaluations. Kaplan—
Meier analysis was conducted to analyze the corre-
lation of IL-21R expression with OS and tumor
recurrence. Differences were considered significant
at P<0.05 (*P<0.05, **P<0.01). NS represents no
significance.

Results

OMT exerts cytotoxicity to GC cells

The chemical structure of OMT is illustrated in
Figure 1(a). We assessed the effects of OMT on GC
cell viability. Five human GC cell lines and GES-1
were exposed to different concentrations of OMT (0—
10mg/mL) for 48h. Cell viability was examined by
the CCK-8 assay. As shown in Figure 1(b), OMT
exerted obvious growth inhibition of GC cells with
IC,, values of about 1.8-5.4mg/mL for 48 h, of which
HGC-27 and AGS were sensitive to the cytotoxic
effect of OMT (ICs values: 2.2 and 1.8 mg/mL.

OMT inhibits cell proliferation and invasion

As HGC-27 and AGS cell lines were sensitive to
OMT, the results showed that OMT exerted growth
inhibition with IC, values nearly 4mg/mL at 24h.
Thus, we selected the concentration of 4.0 mg/mL for
OMT treatment group and O mg/mL for the non-treat-
ment group (NC); the inhibitory efficacy of OMT on
cell proliferation was assessed by the CCK-8 assay.
The major characteristics of GC are its excessive
local invasion and systemic metastasis. Cell invasion
was determined by Transwell assay, indicating that
OMT exhibited markedly inhibitory effects on cell
proliferation (Figure 1(c) and (d)) and invasion
(Figure 2(a) and (b); **P<0.01).

IL-2 IR knockdown inhibits cell proliferation
and invasion through downregulating JAK/STAT
signaling

To determine the downstream target of OMT, we
screened out the differentially expressed gene [L-21R
between OMT-treatment group and non-treatment
group by RNA expression profile (Figure 2(c)) and
verified the levels of IL-21R were significantly
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Figure I. OMT exerts cytotoxicity to GC cells and inhibits cell proliferation. (a) Chemical structure of OMT. (b) OMT displayed a
significant growth inhibition in GC cells with IC;, values. (c, d) CCK-8 assay indicated the effects of OMT of different concentrations
on cell proliferation in HGC-27 and AGS cells.
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Figure 2. OMT inhibits cell invasion and IL-2IR was identified to be affected by OMT treatment. (a, b) Transwell assay showed the
effects of OMT on cell invasion in HGC-27 and AGS cells. (c) RNA expression profile was used to screen the differentially-expressed
gene IL-21R between OMT-treatment group (4 mg/mL) and non-treatment group (0mg/mL). (d) The effects of OMT on IL-2I1R
expression levels in GC HGC-27 and AGS cells by qRT-PCR analysis. Data are the means +SEM of three experiments. **P<0.01.
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Figure 3. L-2IR knockdown inhibits cell proliferation and invasion through down-regulating JAK2/STAT3 signaling. (a) CCK-8
assay indicated the effects of IL-2IR knockdown on cell proliferation in HGC-27 and AGS cell lines. (b, c) Transwell assay indicated
the effects of IL-2IR knockdown on cell invasion. (d) The effects of IL-21R knockdown on the protein expression levels of JAK2/
STAT3 signaling were determined by Western blotting analysis. Data are the means+SEM of three experiments. *P<0.01.

down-regulated by OMT in HGC-27 and AGS cells
by qRT-PCR (Figure 2(d)). Furthermore, we inves-
tigated the function and molecular regulation of
IL-21R in GC cells, indicating that knockdown of
IL-21R gene tremendously attenuated cell prolif-
eration (Figure 3(a)) and invasion (Figure 3(b) and
(c)) and reduced the protein expression of p-JAK2
and p-STAT3 (Figure 3(d)).

IL-2 |R overexpression attenuated OMT-
mediated JAK2/STAT3 signaling inactivation

To have a detailed understanding of how IL-21R
mediated OMT regulation of JAK/STAT signaling
in GC cells, we further constructed the IL-21R vec-
tor, which was transfected into the HGC-27 and
AGS cells which were pretreated with 4mg/mL
OMT for 24h, and then cell proliferation activity,
cell invasive potential, and the activity of JAK/

STAT signaling were respectively assessed. We
found that IL-21R overexpression weakened the
anti-tumor effects of OMT on cell proliferation
(Figure 4(a)) and invasion (Figure 4(b)) and
declined the inhibitory effects of OMT on the activ-
ity of JAK signaling (Figure 4(c)). These findings
suggested that IL-21R attenuated OMT-mediated
inactivation of JAK/STAT signaling in GC.

Upregulation of IL-2 IR expression was
associated with OS and tumor recurrence of
GC patients

It was found that the expression level of IL-21R
was markedly increased in the pair-matched GC
samples (n=36) as well as in total GC samples
(n=412) compared with the adjacent normal tissues
using The Cancer Genome Atlas (TCGA) sequenc-
ing data (Figure 5(a)). Then, according to the OS
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Figure 4. IL-2IR overexpression weakened OMT-mediated inactivation of JAK2/STAT3 signaling pathway. (a) CCK-8 assay
indicated that IL-2|R overexpression reversed the anti-proliferation effects of OMT in HGC-27 and AGS cell lines. (b) Transwell
assay indicated that IL-2 R overexpression reversed the anti-invasion effects of OMT. (c) Western blotting indicated that IL-21R
overexpression decreased the inhibitory effects of OMT on the protein expression levels of JAK2/STATS3 signaling. Data are the
means + SEM of three experiments. *P<0.05; **P<0.01.

NC: the empty vector; IL-21R: overexpression of IL-2I1R. And the concentration of OMT is 4 mg/mL.

time, OS status, and IL-21R expression level, we  characteristic (ROC) curve and area under the curve
obtained the cutoff value (5.531) of IL-21R in GC  (AUC) were used to assess the sensitivity and speci-
samples (n=260; Figure 5(b)) and divided the ficity of IL-21R expression, which indicated that the
patients into two groups: IL-21R high expression  sensitivity, specificity, and AUC of IL-21R were,
and IL-21R low expression. Receiver operating  respectively, 81.7%, 32.0%, and 0.53 (Figure 1(b)),
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Figure 5. IL-2IR expression was associated with OS and tumor recurrence of GC patients. (a) TCGA cohort analysis of the
differentially expressed levels of IL-2IR in pair-matched tumor tissues as well as in total GC samples. P<0.001. (b) The cutoff
value, sensitivity and specificity of IL-2|R was assessed in GC samples (n=260). (c, d) Kaplan—Meier analysis of the correlation of
IL-21R high or low expression with the OS and tumor recurrence of the patients with GC. P<0.01. Kaplan—Meier analysis of the
correlation of IL-2IR high or low expression with the OS and tumor recurrence of GC patients (e, f) in early stage (stage | +1I;

P<0.01) and (g, h) late stage (stage Ill+1V; P>0.05).

suggesting that IL-21R expression might be
a potential marker for GC patients. We further ana-
lyzed the correlation of IL-21R expression with the
prognosis of GC patients. Kaplan—-Meier analysis
showed that the patients with IL-21R high expres-
sion had shorter survival time (Figure 5(c)) and
higher tumor recurrence rate (Figure 5(d)) com-
pared with those with IL-21R low high expression.
Besides, the patients in early stage (stage [+1I) with
IL-21R high expression had shorter survival time
(Figure 5(e)) and higher tumor recurrence rate
(Figure 5(f)), but those in late stage (stage III+1V)
with IL-21R high expression displayed no differ-
ence in OS (Figure 5(g)) and tumor recurrence
(Figure 5(h)) compared with those with IL-21R low
expression.

Discussion

The JAK/STAT signaling pathway participates in
the carcinogenesis and metastasis of various can-
cers. The expression levels of JAK/STAT signaling
compounds such as JAK3 and STAT-3 are corre-
lated with the lymph node metastasis and OS of
patients with lung adenocarcinoma, colorectal can-
cer,*0 and esophageal squamous cell carcinoma.*!
Importantly, IL-21/IL-21R axis activates JAK/
STAT signaling participating in the pathogenesis of
disease including GC.*? In our study, IL-21R
expression was found upregulated and correlated
with OS and tumor recurrence of the patients with
GC in a large sample size from TCGA data. Our
results were supported by other studies* and



International Journal of Immunopathology and Pharmacology

suggested that IL-21R might be involved in the GC
tumorigenesis.

Despite advances in chemotherapies, radiother-
apies, and bio-therapies for treatment of GC in the
decades, the mortality of GC patients remains
exceedingly high. Some traditional Chinese medi-
cines have been widely applied for GC treatment
in China. We dedicated to developing new, effec-
tive, and safe drugs from natural products for GC
therapy.¥* OMT from traditional Chinese herbal
medicine Sophora flavescens Ait reveals multiple
pharmacological activities including anti-tumor
activities.®* We have also reported that OMT com-
bined with low-dose 5-fluorouracil (FU) or angio-
genesis inhibitor NM-3 exhibits anti-tumor
activity in GC cells.?”** Guo et al.*> have found
that OMT inhibits the proliferation and invasion
of GC cells via blockade of EGFR/AKT pathway.
Here, we found that OMT exerted obvious anti-
cancer effects on GC cells, which was related to
inhibiting cell growth and invasion, arresting cell
cycle, and inducing cell apoptosis, showing that
OMT might be a novel candidate for adjuvant
treatment of GC.

Disruption of the activated JAK/STAT signaling
by JAK inhibitors or novel small molecular inhibi-
tors can inhibit the tumorigenicity in multiple can-
cer cells.?#26 [L-21 and IL-21R are involved in
promoting growth, migration, and invasion in
breast cancer through activation of JAK/STAT
signaling.*¢ Interestingly, OMT protects septic
shock-induced myocardial injury through inhibi-
tion of the JAK/STAT signaling. Whether IL-21R
mediates the OMT regulation on JAK2/STAT3
signaling in GC cells is still elusive. Here, we
found that IL-21R was differentially expressed in
OMT treatment group and non-treatment group,
and knockdown of IL-21R by siRNA suppressed
GC cell growth and invasion, while IL-21R over-
expression counteracted the anti-tumor activity of
OMT on GC via inactivation of JAK2/STAT3 sign-
aling. These findings indicated that OMT might
impede the development of GC cells via inhibition
of the IL-21R-activated JAK2/STAT3 signaling.

In conclusion, our findings demonstrate that
OMT derived from Sophora flavescens Ait exhibits
potential anti-tumor activity through inactivation of
IL-21R-mediated JAK2/STAT3 signaling. Although
the pharmacologic and toxicologic experiments are
not performed, our results indicate OMT as a chem-
otherapeutic agent for the treatment of GC and
other JAK/STAT signaling-related tumors.
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