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Anlotinib suppresses proliferation, migration, and immune escape of gastric
cancer cells by activating the cGAS-STING/IFN-f pathway
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This article reported the mechanism of Anlotinib in gastric cancer treatment. Gastric cancer cells were treated with
Anlotinib (8 uM) and transfected by STING shRNA and STING vectors. Cell counting kit-8 assay, wounding healing assay,
and Transwell experiment were applied for proliferation, migration, and invasion detection. PD-L1 fluorescence intensity in
gastric cancer cells was explored by flow cytometry. IFN-f level was researched by enzyme-linked immunosorbent reaction.
Xenograft tumor experiment was performed by administering mice with Anlotinib and anti-PD-L1 antibody. Immuno-
histochemistry and western blot were used for proteins expression detection. Quantitative real-time reverse transcription-
polymerase chain reaction was applied for mRNA expression detection. Hematoxylin and eosin staining was conducted
on lung, liver, kidney, and cerebral cortex of mice. Gastric cancer cells treated with Anlotinib exhibited reduced prolifera-
tion, migration, and invasion (p<0.01). Anlotinib treatment reduced PCNA, CDK1, and MMP2 protein expressions and
increased E-cadherin protein expression in gastric cancer cells (p<0.01). Anlotinib treatment suppressed PD-L1 expression
and activated the cGAS-STING/IFN-P pathway in gastric cancer cells (p<0.01). STING knockdown partially reversed the
inhibition of Anlotinib on gastric cancer cells proliferation, migration, invasion, and immune escape (p<0.05 or p<0.01).
However, STING overexpression exhibited the opposite effect. Anlotinib synergistically improved anti-tumor efficacy of
anti-PD-L1 in vivo. Anlotinib synergistic anti-PD-L1I increased CD3+, CD8+ T cells, and activated the cGAS-STING/IFN-f
pathway in xenograft tumor. Anlotinib was non-toxic to lung, liver, cortex, and kidney. Anlotinib suppressed gastric cancer

cells proliferation, migration, and immune escape by activating the cGAS-STING/IFN-f pathway.
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Gastric cancer is the most common gastrointestinal
cancer and is the third leading cause of cancer-related
deaths in the world [1]. The tumorigenesis of gastric cancer
involves multiple factors, such as Helicobacter pylori infec-
tion, excessive salt intake, gastric ulcers, alcoholism, and
genetic factors [2]. According to the statistics, about 8.2%
of cancer-related deaths were due to gastric cancer [3]. The
5-year overall survival of gastric cancer cases is still less than
30% despite great advancements in diagnosis and treatment
[4]. A large proportion of gastric cancer patients develop
advanced tumors at initial diagnosis, thereby leading to
a worse prognosis [5]. The standard treatment for gastric
cancer is surgical resection and postoperative chemotherapy
[6]. Several chemotherapeutic drugs for gastric cancer have
appeared clinically. However, the unsatisfactory chemo-
therapy effect is one of the main reasons for gastric cancer
recurrence and metastasis postoperative [7]. Therefore, it is

of great importance to find more effective drugs for gastric
cancer chemotherapy.

Anlotinib is a multitarget tyrosine kinase inhibitor, which
possesses antitumor effects in multiple solid tumors. Clinical
trials had been discovered that Anlotinib was conducive to
hepatocellular carcinoma, renal carcinoma, non-small cell
lung cancer treatment [8, 9]. In a recurrent glioblastoma
case, Anlotinib showed a well therapeutic effect. The case
exhibited partial response after 2 months of treatment with
Anlotinib [10]. Phase III trial about refractory metastatic
colorectal cancer cases indicated that Anlotinib administra-
tion obviously improved patients’ progression-free survival,
objective remission rate, and disease control rate [11]. For
advanced non-small cell lung cancer, Anlotinib showed well
tolerability and effectiveness [12]. Additionally, Anlotinib
improved the overall survival and progression-free survival
of refractory epithelial ovarian cancer cases [13]. All of this
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evidence illustrated that Anlotinib might be a novel and effec-
tive treatment option for cancer patients. Recently, studies
revealed that Anlotinib might be useful for the treatment
of gastric cancer [14, 15]. However, currently available data
about Anlotinib in gastric cancer treatment are still limited.
Tumor immune escape is an important way for tumors
to survive and metastasize, and immunosuppression is
one of the main mechanisms for tumor immune escape.
Immunosuppression can suppress T lymphocytes activa-
tion and enhance tumor cells immune tolerance, resulting
in tumor cells immune escape [16]. Programmed death
ligand-1 (PD-L1) is an essential member of tumor immuno-
suppression, which helps tumor cells escape from immune
surveillance [17]. Therefore, this study researched the effect
of Anlotinib on gastric cancer progression by exploring its
effect on immune escape. It was hoped that the findings in
this paper could provide a more theoretical basis for the
clinical application of Anlotinib in gastric cancer treatment.

Materials and methods

Gastric cell lines and culture. Gastric cell lines, AGS
and HS746T, were purchased from the American Type
Culture Collection (ATCC, Manassas, VA, USA). Dulbecco’s
modified Eagle’s medium (DMEM, Solarbio, Beijing, China)
containing 10% fetal bovine serum (FBS, Solarbio, Beijing,
China) was applied to culture cells at 37°C and 5% CO, in a
humidified incubator.

Anlotinib treatment. DMEM containing 10% FBS and
Anlotinib (a final concentration of 0.25, 0.5, 1, 2, 4, 8, 16, and
32 uM) was prepared. AGS and HS746T cells were collected
in the logarithmic growth period, followed by being cultured
with DMEM containing 10% FBS and Anlotinib at 37°C
and 5% CO,. AGS and HS746T cells cultured in DMEM
containing 10% FBS were used as the control group, and
those cultured in DMEM containing 10% FBS and 8 uM
Anlotinib served as the Anlotinib group.

Cell transfection and Anlotinib treatment. AGS cells
were harvested in the logarithmic growth period. Phosphate
buffered saline (PBS) was applied to wash AGS cells 3 times.
Then AGS cells were prepared into cell suspension by using
DMEM (without FBS) with a density of 1x10° cells/ml. The
AGS cell suspension was plated into 6-well plates with 1 ml/
well. STING shRNA and negative control, STING expres-
sion vectors and empty vectors were all purchased from
GeneChem (Shanghai, China). According to the instruc-
tion of Lipofectamine 3000 (Thermo Fisher Scientific,
Waltham, MA, USA), AGS cells were transfected by STING
shRNA, negative control, STING expression vectors, and
empty vectors. Post-transfection, AGS cells transfected by
negative control and empty vectors were cultured in DMEM
containing 10% FBS (Control+shNC group and Control+NC
group), or with DMEM containing 10% FBS and Anlotinib
(a final concentration of 8 uM) (Anlotinib+shNC group
and Anlotinib+NC group). AGS cells transfected by STING

shRNA and STING expression vectors were cultured
in DMEM containing 10% FBS and Anlotinib (a final
concentration of 8 uM) (Anlotinib+shSTING group and
Anlotinib+STING group). AGS cells of the three groups were
kept at 37°C and 5% CO.,.

Cell counting kit-8 (CCK-8) assay. Cell proliferation
was reflected by the CCK-8 assay. Using 96-well plates, AGS
and HS746T cells (1x10* cells) were cultured in 100 ul of
DMEM containing 10% FBS and different concentrations of
Anlotinib (a final concentration of 0.25, 0.5, 1, 2, 4, 8, 16,
and 32 uM) at 37°C and 5% CO, for 48 h. Additionally, AGS
cells (1x10* cells) of Control+shNC group, Anlotinib+shNC
group, and Anlotinib+shSTING group were cultured in
96-well plates with 100 pl of a medium at 37°C and 5% CO,
for 48 h. After that, CCK-8 solution was added to treat cells
for 2 h at 37°C. The optical density (OD) value was measured
using a multi-well microplate reader.

Wounding healing assay. AGS and HS746T cells of
Control group and Anlotinib group, as well as AGS cells
of Control+shNC group, Anlotinib+shNC group, and
Anlotinib+shSTING group, were grown in 6-well plates
(1x107 cells/well) using 1 ml of a medium at 37°C and 5%
CO,. After culturing for 24 h, a wound was made using a
sterile pipette tip through the center of each well bottom. The
wound width was labeled as the initial wound width. Cells
were cultured with fresh medium for another 24 h at 37°C
and 5% CO,. The wound width was measured and labeled as
the final wound width. Relative wound width was calculated
by final wound width/initial wound width.

Transwell experiment. Matrigel (Boster, Wuhan, China)
was used to pre-coat the 6-well Transwell inserts (8 pm
pore size). AGS and HS746T cells of Control group and
Anlotinib group, and AGS cells of Control+shNC group,
Anlotinib+shNC group, and Anlotinib+shSTING group,
were plated into the upper chambers of 6-well inserts (1x10*
cells per insert) using 500 pl of a medium (without FBS). A
total of 600 ul DMEM containing 10% FBS was plated into
the lower chambers. Cells were maintained for 48 h at 37°C
and 5% CO,. The invasion cells were fixed with 4% parafor-
maldehyde and stained with 0.1% violet crystal, followed by
being counted under a microscope. The number of invasion
cells was counted in 5 random fields of view.

Flow cytometry. AGS and HS746T cells (1x10° cells)
of Control group and Anlotinib group, and AGS cells
of Control+shNC group, Anlotinib+shNC group, and
Anlotinib+shSTING group (1x10° cells), were treated by
pre-cooled 70% alcohol for 1 h at 4°C. PBS was applied
to wash cells 3 times. Goat serum was added into cells to
block cells for 1 h at room temperature. Cells were probed
by anti-human PD-L1 antibody (1:100, ab205921, Abcam,
Cambridge, UK) or control IgG (1:100, ab17273, Abcam,
Cambridge, UK) for 12 h at 4°C. After washing with PBS,
cells were treated for 2 h by using Alexa Fluor 488 conjugated
anti-rabbit IgG second antibody (1:2000, ab150077, Abcam,
Cambridge, UK) at room temperature. PD-L1 fluorescence
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intensity of cells in each group was detected by a FACSCal-
ibur flow cytometer (Becton Dickinson, Franklin Lakes, NJ,
USA).

Enzyme-linked immunosorbent reaction (ELISA). AGS
and HS746T cells (1x10° cells) of Control group and Anlotinib
group, and AGS cells (1x10° cells) of Control+shNC group,
Anlotinib+shNC group, and Anlotinib+shSTING group,
were grown in 6-well plates with 1 ml medium for 48 h at
37°C and 5% CO,. Afterward, cells were harvested and
washed 3 times using PBS. According to the instruction of
the ELISA kit (Kanglang Biological Technology, Shanghai,
China), the level of IFN- in gastric cancer cells was detected.

In vivo study. A total of 20 C57BL/6 mice (6 weeks old)
were purchased from the Shanghai Animal Experiment
Center, Chinese Academy of Sciences. All mice were kept
in a 22°C room under pathogen-free conditions. Water and
food were freely available for all mice. This study has been
approved by the animal ethics committee of Shanghai Tenth
People’s Hospital. The animal experiment was conducted
in line with the Guide for the Care and Use of Laboratory
Animals.

Mice of randomly divided into 4 groups: NC group
(n=5), Anlotinib group (n=5), Anti-PD-L1 group (n=5), and
Anlotinib+Anti-PD-L1 group (n=5). A total of 1x10° AGS
cells (dispersed into 100 ul PBS) were injected subcutane-
ously into the back of all mice. After 7 days of cells inocu-
lation, mice of Anlotinib group and Anlotinib+Anti-PD-L1
group were administered through oral gavage for 2 consecu-
tive weeks. The dose of Anlotinib was 1.5 mg/kg every day.
For mice of Anti-PD-L1 group and Anlotinib+Anti-PD-L1
group, anti-PD-L1 antibody (200 pg/mouse/5 days) was
injected subcutaneously after 11 days of cells inoculation. The
injection frequency of the anti-PD-L1 antibody was every
5 days [18]. From cells inoculation, the tumor volume was
measured every 7 days using (lengthxwidth?)/2. On the 28
day of inoculation, mice were euthanized after being anesthe-
tized by subcutaneous injection of pentobarbital (60 mg/kg).
The xenograft tumor of each group was removed. After being
weighted, the xenograft tumor was stored at -80 °C immedi-
ately. Simultaneously, lung, liver, kidney, and cerebral cortex
of mice in each group were obtained and stored at -80°C
immediately.

Immunohistochemistry (IHC). Xenograft tumor tissues
were fixed with 10% formaldehyde solution for 24 h at 4°C.
Tissues were cut into sections after embedding into paraffin.
Sections were baked at 60°C for 20 min, followed by being
treated with xylene for 10 min. Gradient alcohol was used
to immerse sections for rehydration. After antigen retrieval,
sections were treated with 0.1% Triton X-100 for 5 min and
3% H,0, for 30 min. Goat serum was added to treat sections
for 30 min at room temperature. Primary antibodies (1:200)
were added to treat sections overnight at 4°C. Primary
antibodies were as below: rabbit anti-cGAS (ab224144,
Abcam, Shanghai, China), rabbit anti-STING (ab252560,
Abcam, Shanghai, China), rabbit anti-CD3 (ab16669,

Abcam, Shanghai, China), rabbit anti-CD8 (ab217344,
Abcam, Shanghai, China), and rabbit anti-IFN-p (XY-500-
P32B-50, Xiyuan Biological Technology, Shanghai, China).
Then, goat anti-rabbit secondary antibody (1:200, ab205718,
Abcam, Shanghai, China) was used to treat sections for 2
h at room temperature. The color reaction was achieved by
dripping (DAB) onto the sections. Hematoxylin was used for
counterstaining the sections. Sections were sealed in neutral
resin before being observed under a microscope.

Western blot. Gastric cancer cells of each group were
collected and lysed by RIPA buffer for 30 min on ice. The
lysate was centrifuged at 12,000xg for 15 min at 4°C. The
supernatant containing total proteins was harvested.
The BCA kit was responsible for total protein concentra-
tion detection based on the manual. After that, 30 g total
proteins underwent separation at 40 V for 4 h through
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE). At 60 V, total proteins were electrotransferred
onto polyvinylidene fluoride (PVDF) membrane for 2 h.
The membrane was immersed in 5% non-fat milk for 2 h
blocking. After being probed by primary antibodies (1:1000)
for 12 h at 4°C, the PVDF membrane was incubated with
horseradish peroxidase (HRP)-conjugated goat anti-rabbit
secondary antibody (1:2000, ab6721, Abcam, Shanghai,
China) for 2 h at room temperature. Primary antibodies
were as below: rabbit anti-PCNA (1:1000, ab18197, Abcam,
Shanghai, China), rabbit anti-CDK1 (1:1000, ab131450,
Abcam, Shanghai, China), rabbit anti-MMP2 (1:1000,
ab97779, Abcam, Shanghai, China), rabbit anti-E-cadherin
(1:1000, ab15148, Abcam, Shanghai, China), rabbit anti-PD-
L1 (1:1000, ab233482, Abcam, Shanghai, China), rabbit anti-
c¢GAS (1:1000, ab224144, Abcam, Shanghai, China), rabbit
anti-STING (1:1000, ab252560, Abcam, Shanghai, China),
rabbit anti-IFN-f (1:1000, XY-500-P32B-50, Xiyuan Biolog-
ical Technology, Shanghai, China), and rabbit anti-GAPDH
(1:1000, ab9485, Abcam, Shanghai, China). An enhanced
chemiluminescence reagent (Boster, Wuhan, China) was
added to the PVDF membrane to develop protein bands. The
proteins were quantified using Image] software with GAPDH
as a control.

Quantitative  real-time  reverse transcription-
polymerase chain reaction (QRT-PCR). Gastric cancer cells
were collected and washed 3 times by PBS. Total RNA in cells
was extracted using Trizol reagent according to the manual.
Additionally, total RNA in xenograft tumor tissues was also
extracted using the same method. Prime Script TM RT reagent
Kit (Takara, Dalian, China) was applied for the synthesis of
cDNA in line with the manual. An ABI 7900 system (Applied
BioSystems, Foster City, CA, USA) was responsible for PCR
analysis. The parameters were as below: 10 min at 95°C, and
39 cycles of 15 s at 95°C and 60 s at 60°C. mRNAs relative
expression was determined by the 224 method. The primers
were: cGAS, sense 5-ATGCAAAGGAAGGAAATGGT-3
and anti-sense 5-TTTAAACAATCTTTCCTGCAACA-3.
STING, sense 5-GAGCAGGCCAAACTCTTCTG-3’
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and anti-sense 5-TGCCCACAGTAACCTCTTCC-3"
IFN-B, sense 5-GTCTCCTCCAAATTGCTCTC-3’
and anti-sense 5-ACAGGAGCTTCTGACACTGA-3’.
Granzyme B, sense 5-CCTGGGAAAACACTCACAC-3
and anti-sense 5-CACGCACAACTCAATGGTA-3’.
TNF-a, sense 5-GGAAAGGACACCATGAGC-3’,
anti-sense 5-CCACGATCAGGAAGGAGA-3’. IFN-g,
sense 5-TGGGTTCTCTTGGCTGTTA-3’, anti-sense
5-TTCTGTCACTCTCCTCTTTCC-3". CCL5 sense
5-GCAGAGGATCAAGACAGCA-3’, anti-sense 5-GGG-
CAGTAGCAATGAGGA-3" CXCL9, sense 5-GGGACTATC-
CACCTACAATCC-3; anti-sense 5-AATCAGTTCCTTCA-
CATCTGC-3"CXCL10,sense 5-AAGCAGTTAGCAAGGAA-
AGG-3, anti-sense 5-GTAGGGAAGTGATGGGAGAG-3.
IL1b, sense 5-TTGAGTCTGCCCAGTTCC-3’, anti-sense
5-TTTCTGCTTGAGAGGTGCT-3" IL12b, sense 5-GGT-
ATCACCTGGACCTTG-3) anti-sense 5-GCGAATGGC-
TTAGAACCTC-3" IL15, sense 5-CATTTTGGGCTGTT-
TCAGT-3, anti-sense 5-TTACATTCACCCAGTTGGCS3.
IL17a, sense 5-CTGATGGGAACGTGGACT-3; anti-sense
5-ACTGCTTTGGGGAGTGTG-3". GAPDH, sense
5-CAGAACATCATCCCTGCCTCT-3" and anti-sense
5-GCTTGACAAAGTGGTCGTTGAG-3. GAPDH was used
as an internal control.

Hematoxylin and eosin (HE) staining. Lung, liver,
kidney, and cerebral cortex of mice in each group were fixed
with 10% formaldehyde solution for 24 h at 4 °C. These tissues
were then embedded in paraffin, followed by being cut into
tissue sections. After being treated with xylene, tissue sections
were rehydrated by gradient alcohol. Thereafter, hematoxylin
and eosin were sequentially used to stain tissue sections for 3
min. Dehydration of tissue sections was achieved by gradient
alcohol. Tissue sections were transparentized before being
sealed in neutral resin. The structure and damage of tissue
sections were observed under a microscope.

Statistical analysis. All data were exhibited as mean *
standard deviation and processed by SPSS 19.0 software.
Student’s t-test was for the difference analysis between the
two groups. One-way analysis of variance (ANOVA) with
Tukey’s post hoc test was for the difference analysis in
multiple groups (more than two groups). A p-value <0.05
indicated a statistically significant difference.

Results

Anlotinib inhibited the proliferation and invasion of
gastric cancer cells. Anlotinib at different doses was used
to treat gastric cancer cells. Gastric cancer cells treated by 2,
4, 8, 16, and 32 pM Anlotinib showed lower cell prolifera-
tion ability than gastric cancer cells without any treatment
(p<0.05, p<0.01, or p<0.001). Anlotinib at doses of 0.25,
0.5, and 1 pM did not affect cell proliferation ability when
compared with gastric cancer cells without any treatment
(Figure 1A). In a subsequent study, Anlotinib at a dose of
8 uM was selected to treat gastric cancer cells (set as the

Anlotinib group). Gastric cancer cells without any treatment
were set as the Control group.

The wound-healing assay revealed higher relative wound
width in gastric cancer cells of the Anlotinib group compared
with the Control group (p<0.01, Figure 1B). By Transwell
experiment, gastric cancer cells of the Anlotinib group
exhibited a decreased invasion ability than the Control group
(p<0.01, Figure 1C). Relative to the Control group, reduced
PCNA, CDK1, MMP2 protein expression, and enhanced
E-cadherin protein expression were seen in gastric cancer
cells of the Anlotinib group (p<0.01, Figure 1D).

Anlotinib suppressed the PD-L1 expression but
activated the cGAS-STING/IFN-B pathway in gastric
cancer cells. This study used western blot to detect PD-L1
expression in gastric cancer cells. Compared with the
Control group, gastric cancer cells of the Anlotinib group
expressed lower PD-L1 protein levels (p<0.01, Figure 2A).
Consistently, flow cytometry revealed lower PD-L1 fluores-
cence intensity in gastric cancer cells of the Anlotinib group
when compared with the Control group (p<0.01, Figure 2B).
The mRNAs and protein expressions of cGAS, STING, and
IFN-p in gastric cancer cells were explored by qRT-PCR and
western blot. As a result, higher mRNA and protein expres-
sions of cGAS, STING, and IFN-f occurred in gastric cancer
cells of the Anlotinib group when compared with the Control
group (p<0.01, Figures 2C-D). ELISA was utilized to detect
the level of IFN-p in gastric cancer cells. In comparison with
the Control group, a higher IFN-f level in gastric cancer cells
of the Anlotinib group was observed (p<0.01, Figure 2E).

Anlotinib inhibited gastric cancer cell prolifera-
tion, migration, and immune escape by activating the
c¢GAS-STING/IFN-f pathway. Gastric cancer cells of the
Anlotinib+shNC group displayed lower cell proliferation
ability, higher relative wound width, and lower invasion
ability than that of the Control+shNC group (all p<0.01).
Compared with the Anlotinib+shNC group, gastric cancer
cells of the Anlotinib+shSTING group presented higher
cell proliferation ability, lower relative wound width, and
higher invasion ability (p<0.05 or p<0.01, Figures 3A-C). In
comparison with the Control+shNC group, gastric cancer
cells of the Anlotinib+shNC group expressed lower PCNA,
CDK1, MMP2 proteins, and higher E-cadherin protein levels
(p<0.01). However, higher PCNA, CDK1, MMP2 protein
expressions, and lower E-cadherin protein expression
occurred in gastric cancer cells of the Anlotinib+shSTING
group when relative to the Anlotinib+shNC group (p<0.01,
Figure 3D). Western blot and flow cytometry demon-
strated lower PD-L1 protein level and fluorescence inten-
sity in gastric cancer cells of the Anlotinib+shNC group
when compared with the Control+shNC group (p<0.01).
Oppositely, compared with the Anlotinib+shNC group,
PD-L1 protein level and fluorescence intensity were increased
in gastric cancer cells of the Anlotinib+shSTING group
(p<0.01, Figures 3E-F). ELISA revealed an increased IFN-f3
protein level in gastric cancer cells of the Anlotinib+shNC



ANLOTINIB WEAKENED GASTRIC CANCER PROGRESSION 811

A AGS HS746T
. = 1.0
E E 08
o 2 0.6
% < 04
8 802
0.0
0 02505 1 2 4 8 16 32 002505 1 2 4 8 16 32
Anlotinib (uM) Anlotinib (uM)
B Control Anlotinib Control Anlotinib
' il o it M Control
7 Anlotinib
Oh 08 *k
g g 0.64 *%
o=
=304
Sl
55
24h & 2= 021
0.0-
S A AGS HS746T
HS746T
I Control
250.- Anlotinib
— 2001
8 [
LS F
§ 2 1001
= 50_ R *%
| 2% Ak 0
A 0 AGS  HST746T
Tk e B 3
iﬂ".’dv'.».-a'tm“ v
o o o 0
D 0&‘0 <3~§Q 0&0 &6“"\ M Control M Control
A = Anlotinib 0.6/ Anlotinib
0.8 acs “© Hs746T
PCNA WS === Sme s _ 5 c3
g 506 S § 06
o = Q) ==
CDK! mumme W= Smmp = 55,4, - -
g7 w230
=2 g *k =0 *%
MMP2 G W= G s 5021 - 3 & 0.2 wx [l sx
X g r o
E-cadherin e Sy === s— 0.0- 0.0-
NS e ¥ NN e
F & g S F &g S
GAPDH E--- L & & E & & S
AGS HS746T % <

Figure 1. Anlotinib inhibited the proliferation and invasion of gastric cancer cells. A) Proliferation of gastric cancer cells by CCK-8 assay. *p<0.05,
**p<0.01, and ***p<0.001 vs. gastric cancer cells without any treatment. B) Migration of gastric cancer cells by wound-healing experiment. **p<0.01 vs.
the Control group. C) Invasion of gastric cancer cells by Transwell experiment. **p<0.01 vs. the Control group. D) Proteins expression in gastric cancer
cells by western blot. **p<0.01 vs. the Control group



812

Min YUAN, et al.

A H Control 5, H Control
C & @ _— 1.07M Anlotinib AGs foat 2 | 5.1 Anlotinib
¢ & & & 59 100 100 —-c
N & £ N L3908 —Control —Control -4 9o
<) et (@) v o= go] —8HmollL 0] —8 kmoliL Ac
[ £
S5 06 o910
POLT jy w——— 0 7 . co0 s 3 « B..
o 04 S 40 S 53 . T
S5 g 2 05
GAPDH GED GHID GND GNP O < 02 2 20 x £
AGS HS746T 0.0 ’ ’ 200
AGS  HS746T 10%0" 10? 10> 10*10° 10%0" 10? 10> 10*10° AGS; HSzaeT
PD-L1 PD-L1
R R\
C D \@ N .<P\ \6\\0 M Control I Control
= Control W Control ST Anlotinib Anlotinib
Anlotinib Anlotinib ¥ ¥
AGS 0.51 HS746T 06,48 1,07 HST46T
04 *k ’ CGAS W= Summe === W ’ *k £
g | 3 £ T T 2 0.8 *x
Z o Z D = 2 L
Zgo03 ” & 5804 . gco06
N i E STING #ws e v e = o I % B
S 9 A 22 £ 304 ok
= 2 2z 8 g0 :
;:;50.1 ) ﬁ IFN-B e R o - § %0‘2 2 %o2
0.0 0.0 0.0
> © & GAPDH D GEED S S > o > © R
AN <Y X Y AN
S N N PN R & &K
o ¢ o N )
AGS HS746T
E I Control
@ Anlotinib
z03 r
P il
g 0.2 * Figure 2. Anlotinib suppressed PD-L1 expression but activated the cGAS-STING/IFN-f pathway in
- = gastric cancer cells. A) PD-L1 protein expression in gastric cancer cells by western blot. B) PD-L1
% 0.1 fluorescence intensity in gastric cancer cells by flow cytometry. C) The mRNA expressions of cGAS,
s STING, and IFN-f in gastric cancer cells by QRT-PCR. D) The protein expressions of cGAS, STING,
§ 0.0 = . and IFN-f in gastric cancer cells by qRT-PCR. E) IFN-f level in gastric cancer cells by ELISA. **p<0.01
HS746T

AGS vs. the Control group

group relative to the Control+shNC group (p<0.01). A
reduced IFN-f level was observed in gastric cancer cells of
the Anlotinib+shSTING group when compared with the
Anlotinib+shNC group (p<0.05, Figure 3G).

Additionally, in comparison to the Control+NC group,
lower cell proliferation ability, higher relative wound
width, and lower invasion ability were observed in gastric
cancer cells of the Anlotinib+NC group (p<0.01). Relative
to the Anlotinib+NC group, gastric cancer cells of the
Anlotinib+STING group had lower cell proliferation ability,
higher relative wound width, and lower invasion ability
(p<0.01, Figures 4A-C). Western blot exhibited that gastric
cancer cells of the Anlotinib+NC group expressed lower
PCNA, CDK1, MMP2 protein levels, and higher E-cadherin
protein level than the Control+NC group (p<0.01). Lower
PCNA, CDK1, MMP2 protein expressions, and higher
E-cadherin protein expression occurred in gastric cancer
cells of the Anlotinib+STING group when relative to the
Anlotinib+NC group (p<0.01, Figure 4D). Meanwhile,
lower PD-L1 protein level and fluorescence intensity in
gastric cancer cells of the Anlotinib+NC group were found
when compared to the Control+NC group (p<0.01). Gastric
cancer cells of the Anlotinib+STING group also displayed
lower PD-L1 protein level and fluorescence intensity than
that of the Anlotinib+NC group (p<0.01, Figures 4E-F). A
higher IFN-B level was presented in gastric cancer cells of

the Anlotinib+NC group in comparison to the Control+NC
group (p<0.01). At the same time, the IFN-f level was higher
in gastric cancer cells of the Anlotinib+STING group when
relative to the Anlotinib+NC group (p<0.05, Figure 4G).
All of the above data indicated that Anlotinib might inhibit
gastric cancer cell proliferation, migration, and immune
escape by activating the cGAS-STING/IFN-{ pathway.
Anlotinib synergistically improved the anti-tumor
efficacy of anti-PD-L1 in vivo. This study investigated the
effects of Anlotinib on the anti-tumor efficacy of PD-LI
blockade. As presented in Figures 5A and 5B, lower xenograft
tumor volume and weight were displayed in the Anlotinib
group and the Anti-PD-L1 group when compared with
the NC group (p<0.01). Interestingly, compared with the
Anlotinib group and the Anti-PD-L1 group, the xenograft
tumor volume and weight were both decreased in the
Anlotinib+Anti-PD-L1 group (p<0.01). CD3+ and CD8+ T
cells are two subpopulations of T cells, which exert an anti-
tumor immune response by repressing the immune escape
of tumor cells [19, 20]. Therefore, the expression of CD3+
and CD8+ T cells in xenograft tumors was explored by IHC.
Relative to the NC group, Anlotinib or anti-PD-L1 promoted
the number of CD3+ and CD8+ T cells in tumor tissue. The
combination treatment of Anlotinib and anti-PD-L1 showed
a synergistic reaction (Figure 5C). The expression of cytotoxic
effector cytokines was detected by qRT-PCR. As shown in
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Figure 3. Anlotinib knockdown promoted gastric cancer cells’ proliferation, migration, and immune escape by reducing the cGAS-STING/IFN-$
pathway activity. A) Proliferation of gastric cancer cells by CCK-8 assay. **p<0.01 vs. the Control+shNC group; #p<0.05 vs. the Anlotinib+shNC group.
B) Migration of gastric cancer cells by wound-healing experiment. **p<0.01 vs. the Control+shNC group; ##p<0.01 vs. the Anlotinib+shNC group. C)
Invasion of gastric cancer cells by Transwell experiment. **p<0.01 vs. the Control+shNC group; ##p<0.01 vs. the Anlotinib+shNC group. D) Protein
expressions in gastric cancer cells by eestern blot. **p<0.01 vs. the Control+shNC group; ##p<0.01 vs. the Anlotinib+shNC group. E) PD-L1 protein
expression by western blot. **p<0.01 vs. the Control+shNC group and the Anlotinib+shSTING group. F) PD-L1 fluorescence intensity in gastric cancer
cells by flow cytometry. **p<0.01 vs. the Control+shNC group and the Anlotinib+shSTING group. G) IFN-p level in gastric cancer cells by ELISA.

**p<0.01 vs. the Control+shNC group; #p<0.05 vs. the Anlotinib+shNC group.

Figures 5D-F, compared with the NC group, Anlotinib or
anti-PD-L1 treatment increased the expression of cytotoxic
effector cytokines (granzyme B, TNF-a, and IFN-g), tumor-
suppressive chemokines (CCL5, CXCL9, and CXCL10) and
immunosurveillance enhancing interleukins (IL1b, IL12b,
and IL15), whereas inhibited tumor-promoting cytokines
(IL17a) expression (p<0.05 or p<0.01). In comparison with
the Anlotinib group or the Anti-PD-L1 group, the combina-
tion treatment of Anlotinib and anti-PD-L1 showed a syner-
gistic reaction in regulating the expression of these above
cytotoxic effector cytokines (p<0.05 or p<0.01).

Anlotinib activated the cGAS-STING/IFN-f pathway
in xenograft tumors and was non-toxic to lung, liver,
cortex, and kidneys. The cGAS, STING, and IFN- expres-
sion in xenograft tumors was reflected by IHC. As exhibited
in Figure 6A, xenograft tumors of the Anlotinib group and
the Anti-PD-L1 group presented more cGAS, STING, and
IEN-B positive particles than that of the NC group. Simul-

taneously, more cGAS, STING, and IFN-f positive particles
were observed in xenograft tumors of the Anlotinib+Anti-
PD-L1 group when compared with the Anlotinib group and
the Anti-PD-L1 group.

The damage of Anlotinib to other organs of mice,
including lung, liver, cortex, and kidneys, was detected by HE
staining. The results are shown in Figure 6B. It could be seen
that the lung, liver, cortex, and kidney tissue of mice in the
four groups were arranged tightly and regularly. Cells had a
regular structure. These phenomena indicated that Anlotinib
was non-toxic to lung, liver, cortex, and kidneys of mice.

Discussion

In this study, Anlotinib at a dose of 8 uM could effectively
suppress gastric cancer cells’ proliferation, migration, and
invasion in vitro. Proliferating cell nuclear antigen (PCNA)
possesses the ability to enhance tumor cell proliferation
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Figure 4. Anlotinib inhibited gastric cancer cells’ proliferation, migration, and immune escape by activating the cGAS-STING/IFN-f pathway. A)
Proliferation of gastric cancer cells by CCK-8 assay. B) Migration of gastric cancer cells by wound-healing experiment. C) Invasion of gastric cancer
cells by Transwell experiment. D) Protein expressions in gastric cancer cells by western blot. E) PD-L1 protein expression by western blot. F) PD-L1
fluorescence intensity in gastric cancer cells by flow cytometry. G) IFN-p level in gastric cancer cells by ELISA. **p<0.01 vs. the Control+NC group;
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through participating in DNA metabolism (such as DNA
replication and repair, etc.) and energy metabolism (such as
glycolysis) [21, 22]. Cyclin-dependent kinase 1 (CDK1) is
a member of the CDK family, which is essential for driving
cell cycle progression [23]. CDKI1 upregulation promotes
tumor cell proliferation via accelerating cell cycle progres-
sion and is associated with multiple tumors progression [24].
In this study, it was detected that Anlotinib at a dose of 8
uM decreased the expression of PCNA and CDKI proteins
in gastric cancer cells. Thus, Anlotinib might suppress gastric
cancer cells’ proliferation by reducing PCNA and CDKI1
protein expressions. Additionally, matrix metalloproteinase 2
(MMP-2) and E-cadherin are two well-known genes related
to epithelial-to-mesenchymal transition (EMT). MMP-2
is a Zn** dependent endopeptidase, which is famous for
promoting tumor invasion and metastasis via degrading type
IV collagen [25]. MMP-2 high expression has been identi-
fied to facilitate unfavorable prognosis in multiple malig-
nant tumors [26, 27]. The downregulation of E-cadherin is

considered to be a key event during EMT. E-cadherin could
enhance cell-cell adhesion, and then prevent the separation
of individual cells from the primary tumor mass. E-cadherin
downregulation often indicated metastasis of tumors [28].
Anlotinib at a dose of 8 uM was observed to reduce MMP-2
expression and elevate E-cadherin expression in gastric
cancer cells. This indicated that Anlotinib might inhibit
gastric cancer cells’ migration and invasion by decreasing
MMP-2 expression and increasing E-cadherin expression.
This study researched the effect of Anlotinib on immune
escape in gastric cancer cells. Data illustrated that Anlotinib
reduced the expression of PD-L1 in gastric cancer cells.
The highly expressed PD-L1 in tumor cells usually binds
to programmed cell death receptor 1 (PD-1) on activated T
cells. This process causes a decreased activity or increased
apoptosis of T cells and eventually leads to immune escape
[29, 30]. Therefore, interaction blockade between PD-L1
and PD-1 can augment the T-cell response to enhance
antitumor activity [31]. A previous study had discovered that
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Figure 5. Anlotinib synergistically improved the anti-tumor efficacy of anti-PD-L1 in vivo. A) Photographs of xenograft tumor and xenograft tumor
volume curves. B) Xenograft tumor weight in nude mice. C) The expression of CD3+ and CD8+ T cells in tumor tissue was explored by IHC. D-F) The
expression of cytotoxic effector cytokines was detected by qRT-PCR. *p<0.05 and **p<0.01 vs. the NC group. #p<0.05 and ##p<0.01 vs. the Anlotinib

group and the Anti-PD-L1 group

the upregulated PD-L1 facilitated the resistance of gastric
cancer cells to the immune responses. PD-L1 high expres-
sion helped gastric cancer cells escape T cells killing, and
then enhanced gastric cancer cells’ proliferation [32, 33]. This
study revealed that Anlotinib could suppress gastric cancer
cells’ immune escape by reducing PD-L1 expression. In vivo
data indicated that Anlotinib reduced gastric cancer cells’
growth in mice. The clinical application had demonstrated
that the anti-PD-L1 antibody had well safety and activity in
multiple types of advanced cancer patients. The anti-PD-
L1 antibody prolonged tumor stabilization and induced
durable tumor regression [34]. In advanced gastric cancer,
the anti-PD-L1 antibody therapy exhibited effective and safe
anti-tumor activity and tolerable adverse effects [35, 36].
This study exhibited that the anti-PD-L1 antibody treatment
suppressed gastric cancer cell growth in mice. More interest-

ingly, Anlotinib and anti-PD-L1 synergistically suppressed
gastric cancer cells’ growth in mice. Thus, Anlotinib might be
an effective drug for gastric cancer treatment.

More importantly, this research explored that Anlotinib
increased the expression of cGAS, STING, and IFN-f in
gastric cancer cells and xenograft tumors. STING knock-
down partially reversed the inhibitory effect of Anlotinib
on gastric cancer cells proliferation, migration, invasion,
and immune escape. However, STING overexpression
enhanced the inhibition of Anlotinib on the above malig-
nant phenotype of gastric cancer cells. According to these
data, it was inferred that Anlotinib might suppress gastric
cancer malignant phenotype and immune escape by
reducing PD-L1 expression via activating the cGAS-STING/
IFN-p pathway. A previous study revealed that the activated
cGAS-STING pathway possessed an anti-tumorigenic role
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by activating T cells for tumor control [37]. cGAS-STING
agonist had been proposed to be used as a sensitizer for
several tumor immunotherapies [38]. Recent data revealed
that the efficacy of multiple anti-tumor therapies depended
on the cGAS-STING pathway activation, especially clinical
immunotherapy [39]. IFN-f was originally identified as one
of the immunomodulatory cytokines because of its antiviral
activity [40]. As a downstream signal of cGAS-STING,
IFN-B expression was discovered to be STING-dependent
[37]. Recent data indicated that IFN-p had strong anti-
tumor effects, such as anti-proliferation, apoptosis induc-
tion, immunomodulatory activities, arresting of the cell
cycle, and chemotherapy sensitivity enhancement. IFN-f
was thus suggested to be used for malignant tumor treat-
ment and immune-mediated diseases [40-42]. This study
demonstrated for the first time that Anlotinib might exhibit
its anti-tumor effect in gastric cancer by activating the
c¢GAS-STING/IFN-p pathway.

CD3+ T cells, the main subpopulation of T cells, can
suppress tumor cells immune escape [19]. The toxicity of
CD3+ T cells to tumor cells makes it a promising immuno-
therapy strategy for the treatment of solid tumors [43]. As
another subpopulation of T cells, CD8+ T cells can mediate
the anti-tumor immune response, which can infiltrate the
tumor site to kill tumor cells [20]. In this study, Anlotinib
synergistic anti-PD-L1 increased CD3+ and CD8+ T
cells in xenograft tumors. This research also revealed that
Anlotinib synergistic anti-PD-L1 increased the expression
of cytotoxic effector cytokines (granzyme B, TNF-a, IFN-g),
tumor-suppressive chemokines (CCL5, CXCL9, CXCL10),
immunosurveillance enhancing interleukins (IL1b, IL12b,
IL15), whereas inhibited tumor-promoting cytokines
(IL17a) expression. This discovery provided more reliable
evidence for the use of Anlotinib in gastric cancer treatment.
Additionally, by HE staining, the toxicity of Anlotinib to
other vital organs was investigated. The results indicated that
Anlotinib was non-toxic to lung, liver, cortex, and kidneys of
mice. Thus, Anlotinib was effective and safe in the treatment
of gastric cancer.

There is a limitation in this study. It may be more
convincing if more data were provided on other molecules
on the IFN-B pathway. However, these studies cannot
currently be performed due to laboratory limitations. This
will be the focus of our future research. This paper researched
the effect of Anlotinib in gastric cancer treatment. The results
illustrated that Anlotinib effectively suppressed gastric
cancer cells’ proliferation, migration, and immune escape
by activating the cGAS-STING/IFN-B pathway. In vivo data
indicated that Anlotinib obviously inhibited gastric cancer
cell growth and activated the cGAS-STING/IFN-B pathway.
Moreover, Anlotinib might be safe in gastric cancer treat-
ment, as it was non-toxic to lung, liver, cortex, and kidneys of
mice. All of the results suggested that Anlotinib was effective
and safe in the treatment of gastric cancer. It could be applied
in gastric cancer treatment clinically.
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