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Introduction: Long non-coding RNAs (IncRNAs) have been demonstrated to participate in
many biological processes and severs as important regulators during the progression of
gastric cancer.

Methods: Here, we introduced human IncRNA SNHG15 which was highly expressed in
gastric cancer and cells. Interestingly, the expression of SNHG15 was correlated with
programmed cell death ligand 1 (PD-L1), which promotes the resistance of gastric cancer
cells to immune responses. Meanwhile, SNHG15 downregulation suppressed the expression
of PD-L1 and resistance of immune responses.

Results: Further, our results suggested that SNHG15 acted as a competing endogenous RNA
(CeRNA) to sponge miR-141, which was downregulated in gastric cancers and negatively
correlated to PD-L1.

Conclusion: Our results suggested that SNHG15 improved the expression of PD-L1 by
inhibiting miR-141, which in turn promoted the resistance of stomach cancer cells to the
immune responses.
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Introduction

Gastric cancer is a common malignant tumor with poor prognosis in the world
which has becoming a serious threat to human health.' According to Jacques Ferlay
et al, there were about 951,000 new cases of gastric cancer worldwide in 2012 and
about 723,000 deaths from gastric cancer, which were ranking 5th in malignant
tumor morbidity and 3rd in mortality.” More than 70% of new cases of stomach
cancer occur in developing countries.' ™ However, based on current therapeutic
strategies, it is difficult to be cured for advanced gastric cancer. Therefore, a better
understanding of molecular mechanism is important to improve the early diagnosis
and targeted therapy for gastric cancer.

Long non-coding RNAs (IncRNAs) are RNA molecules with more than 200
nucleotides in length which has a limit or no protein-coding ability.” Over the past
decade, a series of studies have shown that IncRNA can be served as tumor marker
for cancers.®” Abnormally expressed IncRNAs are suggested play an important
regulatory role in the development of cancer which some of them were functionally
characterized to be involved in multiple cellular biological processes, such as cell

proliferation, invasion, apoptosis, cancer metastasis and even tumor genesis.®’
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Several IncRNAs have been reported to be related to
gastric cancer.® Some IncRNAs such as TINCR, TUSC7,
UCAI mediate cell proliferation and invasion.*'*!" Other
IncRNAs including CCAT1, GAPLINC, GASS, H19 play
oncogenic or tumor suppressor roles.'>'> The human
SNHG15 gene is an 837-bp-long transcript without pro-
tein-coding which located on chromosome 7p13.'° It has
been reported that SNHGI1S is up-regulated in GC tissues,
breast cancer, papillary thyroid carcinoma, colon cancer,

Osteosarcoma,  etc.'®?!

hepatocellular  carcinoma,
However, the function of SNHG1S in gastric cancer is
still unclear.

Here in this study, the biological function of IncRNA
SNHGI1S5 and gastric cancer was investigated. First, we
examined the expression of SNHG15 in gastric cancer
tissue and found that its expression was significantly up-
regulated, and the same result was also found in gastric
cancer cells. This phenomenon indicates that SNHG15
may play an important role in gastric cancer.
Interestingly, the expression of SNHG15 was correlated
with programmed cell death ligand 1 (PD-L1) which
promotes the resistance of gastric cancer cells to immune
responses. Meanwhile, overexpression of SNHGI15
improved the expression of PD-L1 and thus promoted
immune escape of HGC-27 cells while knocking down
SNHGI15 showed the opposite results. Further studies
had found that the expression of miR-141 was negatively
correlated with the expression of SNHG15 and PD-L1.
The target relationship between SNHG15 and miR-141,
PD-L1 and miR-141 were also verified. At last, our work
demonstrated that LncRNA SNHGI15 contributes to
immuno-escape of gastric cancer cells through regulating
the inhibition of PD-L1 by miR141. At the same time, it
also provides a new therapeutic target and direction for

the diagnosis and treatment of gastric cancer.

Methods

Sample Collection
Nine gastric cancer samples were obtained from patients
who were confirmed by two pathologists by histopatholo-
gical diagnosis in the Affiliated Hospital of Jiangsu
University. Primary cancer tissues and paired adjacent
non-cancerous tissues were immediately frozen in liquid
nitrogen after excision and stored at —80°C before RNA
extraction. The study was approved by the Research Ethics
of the Affiliated Hospital

Committee of Jiangsu

University, China. Informed consents were obtained from
all patients.

Cell Culture and Transfection

The gastric mucosal cell line GES-1 and human gastric
adenocarcinoma cancer cell line HGC-27 were obtained
from the Chinese Academy of Sciences Committee on
Type Culture Collection cell bank (Shanghai, China).
Cells were cultured using RPMI-1640 medium (Gibco,
USA) supplemented with 10% fetal bovine serum
(Gibco, USA) which maintained at 37°C in a humidified
5% CO, incubator.

For transfection, cells were transfected with the plas-
mid of SNHG15 over-expression, siRNA against SNHG15
(Sense: 5'- UCA AAC UUG CUC AAU UAA GGU-3',
Anti-sence:3'- CUU AAU UGA GCA AGU UUG AAA-
5"), miR-141 mimic (Guide strand: 5'-UAA CAC UGU
CUG GUA AAG AUG G-3', Passenger strand: 5-CAU
CUU CCA GUA CAG UGU UGG A-3"), miR-141 inhi-
bitor (5'-CCA UCU UUA CCA GAC AGU GUU A-3"),
plasmid of PD-L1 or their negative corresponding controls
(purchased from Synthgene, China) using transfection
reagent Lipofectamine 2000 (Invitrogen, CA, USA)
according to the manufacturer’s instructions.

RNA lIsolation, gRT-PCR Analysis

Trizol reagent (Invitrogen, Shanghai, China) was used to
extract total RNA from tissues and cells. The expression
levels of SNHG15 were analyzed by HiScript I One Step
gRT-PCR SYBR Green Kit (Vazyme, Nanjing, China)
with the GAPDH gene as a standard control. The primer
sequences used are as follows: SNHGI15 (Forward: 5'-
CAACCATAGCGGTGCAACTGTGC-3', Reverse: 5'-
GTACTGAACGTTGAACCAAGTCGG-3"); GAPDH
(Forward: 5-CAGTGCCAGCCTCGTCTAT-3', Reverse:
5'-CTTCTGACACCTACCGGGGA-3'). For the detection
of miR-141 expression, extracted RNA was reverse-
the TagMan MicroRNA Reverse
Transcription Kit and miRNA-specific stem-loop primers

transcribed using

(Applied Biosystems, USA). The reaction conditions were
16 °C for 30 min, 42 °C for 30 min, 85 °C for 5 min, and 4
°C until the end of the reaction. Real-time PCR assays of
the transcribed cDNA were performed using the TagMan
MicroRNA assays (Applied Biosystems, USA). The reac-
tion conditions were 95 °C for 10 min, followed by 40
cycles at 95 °C for 15 s, and 60 °C for 1 min. The
reactions were carried out using 0.5 pg of RNA extracted
from cells and U6 was used as internal control.
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Luciferase Constructs and Transfection
According to the information of TargetScan, the potential
target of miR-141 was predicted. The sequences of
SNHG15 that could bind to miR-141 were partly mutated
and inserted into the reporter plasmid in order to identify
the binding specificity. The WT/MUT plasmids, miR-141
mimic and its control were co-transfected into HGC-27
cells. After 48 h of transfection, the relative luciferase
activities were detected by the Dual-Glo Luciferase
Assay System (Promega, Shanghai, China) approved by
protocol. Renilla signals were used to normalize luciferase
activity.

Cell Apoptosis Detection

HGC-27 cells were seeded on a 6-well plate. After reach-
ing 80% confluency, HGC-27 cells were transfected with
SNHG15 plasmid, SNH15 siRNA, or miR-141 mimic by
Lipofectamine 2000 according to the manufacturer’s pro-
tocol. After 24 h, PBMCs (MT-BIO, Shanghai) were
resuscitated and activated with 100 ng/mL CD3 anti-
body,100 ng/mL CD28 antibody, and 10 ng/mL IL2 for
24 h. Then, activated PBMCs were incubated with HGC-
27 cells at an effector-to-target ratio of 5:1 at 37 °C for
another 24 h. Then, the mixed cells were rinsed with PBS
for 5 times to remove PBMCs, and HCT-116 cells were
collected and identified through flow cytometry by using
an Annexin V-FITC/PI staining kit according to manufac-
turer’s protocol.

Detection of Surface PD-LI

HGC-27 cells were seeded on a 6-well plate. After reach-
ing 80% confluency, HGC-27 cells were transfected with
SNHG15 plasmid, SNH15 siRNA, or miR-141 mimic by
Lipofectamine 2000 according to the manufacturer’s pro-
tocol. After 48 h, cells were collected. After wash with
PBS for 3 times, cells were blocked with 0.1% BSA for 30
min, stained with FAM-labeled PD-L1 antibody
(BioLegend, USA) (1:200) for another 30 min. After
wash with PBS for 3 times, FAM-positive cells were
then analyzed by flow cytometry.

Western Blot

Samples were lysed in RIPA with PMSF, and BCA assay
was detected in protein concentrations. Next, total protein
was separated on a 10% SDS—-PAGE and transferred onto
PVDF membrane. The membranes were incubated with
primary antibodies at 4 °C overnight followed washed

with TBST, and incubated with secondary antibody at
room temperature for 1 h. Finally, the membranes were
detected by chemiluminescence (ECL, Thermo Fisher,
MA, USA). Anti-GAPDH antibody was used as a control.

Statistical Analysis

All experiments were conducted independently for 3
times. All quantitative data were presented as the mean +
SD. Statistical analyses were performed using two-tails
Student’s t-tests.
significant.

Values of P<0.05 were considered

Results
The Expression of LncRNA SNHG15
Was Up-Regulated in Gastric Cancer

Tissues and Cells

To verified the function of LncRNA SNHG15, its expres-
sion was firstly evaluated in both normal tissue and gastric
tissue. Compared to normal tissue, the expression of
LncRNA SNHGI15 in cancer tissue was significantly
increased (P < 0.001, Figure 1A). Correspondingly, the
SNHG15 expression was 4-fold higher in gastric cancer
cell line (HGC-27) than that in normal human gastric
epithelial cells (GES-1) (P < 0.001, Figure 1B). These
results indicated that SNHG15 was associated with gastric
cancer.

SNHGI5 Facilitated the Expression of

PD-LI and Immuno-Escape

To invest the relationship between LncRNA SNHG15 and
gastric cancer, LncRNA SNHGI5 was overexpressed
(SNHG15 OE) and knocked down (SNHG15 KD) respec-
tively, in HGC-27 cells and the expression level of
SNHG15 was then evaluated by qPCR (P < 0.001,
Figure 2A). Further, the expression of whole cell PD-L1
was examined both in SNHG15 OE and SNHG15 KD
cells using Western blot (P < 0.01, Figure 2B) which
inferred that PD-L1 and SNHG15 were positively corre-
lated. Consistent results were also exhibited flow cytome-
try (FACS) analysis of surface PD-L1 expression (P <
0.001, Figure 2C). It is reported that the expression of PD-
L1 promoted immune escape of tumor cells, so we further
examined whether SNHG15 promoted the immune escape
of HGC-27 cells. As shown in Figure 2D, over-expression
of SNHG1S5 significantly reduced the proportion of cell
apoptosis after incubated with peripheral blood mononuc-
lear cells (PBMCs) for 24 h, while decreased SNHG15
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Figure | SNHGI5 was up-regulated in gastric cancer tissues and cells. (A) qRT-PCR showed the SNHGI5 expression in gastric cancer tissues and adjacent non-tumor
gastric tissues. (B) qRT-PCR showed the SNHGI5 expression in gastric cancer cells and gastric mucosal GES-1 cells. Mean values (+SD) were calculated from three

replications. **P < 0.001.

expression showed crosscurrent (P < 0.001, Figure 2D)
when they were compared to NC. These results suggested
that SNHG15 availed the expression of PD-L1 and pro-
moted the immune escape of HGC-27 cells.

SNHG15 Mediated Immunotherapy
Through Regulating miR-141

It was reported that SNHG15 could directly interact with miR-
141 to promote cell proliferation, invasion and autophagy in
osteosarcoma cells.?' Therefore, we also evaluated the regula-
tion of miR-141 by SNHGIS5. As shown in Figure 3A, the
expression of miR-141 was negatively correlated to the
expression of SNHG15 (P <0.01, Figure 3A) which suggested
miR-141 was negatively regulated via SNHGI15. Lower
expression of miR-141 was also detected in gastric tissues
compared to normal tissues or HGC-27 cells compared to
normal GES-1 cells (P <0.001, Figure 3B and C). In addition,
to investigate whether SNHG15 mediated the development of
gastric cancer by down-regulated miR-141, miR-141 mimic
was transfected into SNHGI150E cell lines to detect the
expression of PD-L1 and cell apoptosis. Using Western blot
and FACS analysis, the results had shown that the sharp rise in
PD-L1 expression was reversed to normal condition when
SNHGI150E cell line was supplied with miR-141 mimic
compared to negative controls (P < 0.001, Figure 3D and E).
In addition, the cell apoptosis at the presence of PBMC was
also elevated. Compared to SNHG5OE cells, the proportion of
cell apoptosis was significantly increased and reached a level
consistent with that of the control group when miR-141 mimic

was transfected into SNHGS5OE cells (P < 0.001, Figure 3D
and 3E).

SNHGI5 and PD-L| Were Targets of
miR-141

To study the relationship between SNHG15, miR-141 and PD-
L1, the potential target binding sites were analyzed using
DIANA tools — LncBase Predicted v2 (http://carolina.imis.
athena-innovation.gr/diana tools/web/index.php?r=Incba

sev2/index-predicted) and targetscans - TargetScanHuman 7.2
(http://www.targetscan.org/vert 72/). As shown in Figure 4A,
both SNHG15 and PD-L1 were predicted to be direct targets
of miR-141. Dual-luciferase activity assays were further per-

formed to evaluate the predicted target relationship. Both the
luciferase activity of SNHG15 and PD-L1 were significantly
inhibited by extra miR-141 mimic, but not the mutations (P <
0.001, Figure 4B). The expression level of PD-L1 was sig-
nificantly reduced in miR-141 mimic treated group and
increased in miR-141 inhibitor group compared to that in
control group (P < 0.01, Figure 4C and D). These results
indicated that SNHG15 and miR-141 had a corresponding
binding target relationship and PD-L1 was a target of miR-
141 which its expression was negatively regulated by
miR-141.

miR-141 Regulated Immune Escape
Through Regulating PD-LI

To further confirm the direct effect of miR141 regulating
PD-L1 on immune escape of stomach cancer cells. PD-L1
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Figure 2 SNHGI5 promoted the expression of PD-L| and inhibited cell apoptosis. (A) The expression of SNHG 15 in HGC-27 cells after different treatments. (B) Whole
cell PD-LI expression was detected with Western Blot. (C) Surface PD-LI expression was detected with flow cytometry. (D) Cell apoptosis was detected with flow
cytometry after HGC-27 cells was transfected with SNHG 5 overexpression plasmid or siRNA and incubated with PBMC for another 24 hours. Mean values (+SD) were

calculated from three replications. **P < 0.01, **P < 0.001.

over-expression plasmid and miR-141 mimic were used.
As shown in Figure 5SA and B which were detected by
Western blot and FACS analysis, respectively, the decline
in the level of PD-L1 expression caused by miR-141
mimic was reversed by overexpression PD-L1. Then, the
immune escape of gastric cells at the presence of PBMC
was also evaluated. Treating HGC-27 cells with miR-141
mimic alone significantly increased the rate of apoptosis
while this increase was abandoned by extra overexpressed

of PD-L1 (Figure 5C). These results suggested that miR-
141 directly affected the immune escape of gastric cancer
cells by regulating the expression of PD-L1.

LncRNA SNHGI5 Contributes to
Immuno-Escape of Gastric Cancer
Through Targeting miR-141/PD-LI

We have verified in another gastric cancer cell line (MKN45)
to further illustrate that LncRNA SNHG15 can promote the
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immune escape of gastric cancer by targeting miR-141/PD-  miR-141 was decreased (Figure 6A and B). To further confirm
L1. First, we examined the expression of IncRNA SNHG15 the direct effect of miR141 regulating PD-L1 on the immune
and miR-141 in MKN45 cells. Compared to normal human  escape of stomach cancer cells. PD-L1 over-expression plas-
gastric epithelial cells (GES-1), the expression of LncRNA  mid and miR-141 mimic were used. Further, the expression of
SNHG15 in MKN45 cells was significantly increased and  whole cell PD-L1 was examined using Western blot and the
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results had shown that the sharp rise in PD-L1 expression was
reversed to normal condition when SNHG150E cell line was
supplied with miR-141 mimic compared to negative controls
(P < 0.01, Figure 6C). In the previous study, we verified the
conclusion that miR-141 directly affects the immune escape of
gastric cancer cells by regulating the expression of PD-L1 in
HGC-27 cells. Similarly, we also further verified it in another
cell line KMN45. Consistent results were also exhibited flow
cytometry (FACS) analysis of surface PD-L1 expression
(Figure 6D). Then, the immune escape of gastric cells at the
presence of PBMC was also evaluated. Treating MKN45 cells

with miR-141 mimic alone significantly increased the rate of
apoptosis while this increase was abandoned by extra over-
expressed of PD-L1 (P < 0.01, Figure 6E). We conducted
a correlation analysis and found that SNHG15 and PD-L1
were positive correlation. In addition, immunohistochemical
results also indicate that PD-L1 expression is increased in
gastric cancer tissue samples. These results suggested that
SNHGL15 improved the expression of PD-L1 by inhibiting
miR-141, which in turn promoted the resistance of stomach
cancer cells to the immune responses. The above results are

consistent with the previous.

OncoTargets and Therapy 2020:13

submit your manuscript

8553

Dove


http://www.dovepress.com
http://www.dovepress.com

Dang et al Dove

A B

Relative PD-L1 expression

Relativem RNA expression
Relative miR-141 expression

s
e

GEs-1 MKN4S GES-1 MKN4s

W Ne
1 B SNHG15 OE E
D \ | B SNHG15 OE+miR-141mimic
I SNHG15 OE+miR-141 mimic
+PD-L1 plasmid

200
L

, Jorwirien GruRaoon] | Jarmosn araien| | Tarosm SrwRoe) |, Jariim SRz T

3
8 \ . ® % : il
=} I\ | ® ) e 7
I\ \ -PBMC . . - T Iers s o [ B
]\ o ® i B g i 7 B swiorsor
/ N\ / 3 20 7B swrots OEmR141 mime
o . . — B e oo 3 ® SNHGT5 OF +miR-141 mimic+PD-L1 plasmid
102 108 ot 105 e o | aumamo|  aniiere arisizon | armasm) aussom| 3
PD-L1 T e e T e EE T T T e 3
H

PI

R R e

§ +PBMC Gl
QHLRE21%) ® O1-1183 28%) QILRS 3% ®

pamC +pBMC

Rolative PD-L1 singal

- o
Annexin

Figure 6 miR-141 regulated MKN45 cell immunotherapy through regulating PD-LI. (A) qRT-PCR showed the SNHGI5 expression in MKN45 cells and gastric mucosal
GES-1 cells. (B) The expression of miR-141 in MKN45 cells compared to normal GES-1 cells. (C) Western blotting analysis of whole cell PD-LI| expression after different
treatments. (D) Surface PD-L| expression was detected with flow cytometry. (E) Cell apoptosis was detected with flow cytometry after MKN45 cells was transfected with
miR-141 mimic or PD-L| overexpression plasmid and miR-141 mimics at the same time and incubated with PBMC for another 24 hours. Mean values (+SD) were calculated
from three replications. *P < 0.01, **P < 0.001 which were compared to NC group and P < 0.01, *#P < 0.001 which were compared to SNHGI5 OE group. The
differences between groups were calculated using Student’s t-test.

LncRNA and SNHGI5 PD-LI Was addition, immunohistochemical results also indicate that PD-

Up-ReguIated in Gastric Cancer Tissues L1 expression is increased in gastric cancer tissue samples.
We conducted a correlation analysis and found that SNHG15 ~ The above results are consistent with the previous

and PD-L1 were positive correlation (Figure 7A). In  (Figure 7B).
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Figure 7 LncRNA and SNHGI5 PD-LI was up-regulated in gastric cancer tissues. (A) Correlation analysis of LncRNA SNHGI5 and PD-LI. (B) Immunohistochemistry of
PD-LI in gastric cancer samples.
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Discussion
The occurrence and development of cancer has a very complex
regulatory mechanism and it is also a great threat to the survival
of mankind. Gastric cancer is one of the most deadly cancers.
However, the underlying mechanisms that regulate the pro-
gression of gastric cancer remain largely unclear. During this
study, we explored the effects of up-regulated IncRNA
SNHGL15 on gastric cancer and found that SNHG15 promoted
immune escape of gastric cell from PBMC by regulating the
expression of PD-L1. Further studies suggested that SNHG15
relieved the suppression of miR-141 on PD-L1 by inhibiting
the expression of miR-141 which resulted in immune escape of
gastric cell. Therefore, our results revealed that SNHG15
played an important role in the development of gastric cancer.
Long noncoding RNAs (IncRNAs) constitute a group
of transcripts that can change chromatin structure and
regulate gene expression at both transcriptional and post-
transcriptional levels.”? Emerging evidences showed that
IncRNAs have an important influence on various biologi-
cal processes, such as embryonic development, immune
response and tumor development.”*>° Dysregulation of
IncRNA is often associated with the occurrence and devel-
opment of many diseases, such as inflammatory response
and cancers. The human SNHG15 gene is a conserved
long intergenic noncoding RNA located on chromosome
7p13. SNHG15 has been demonstrated acting as an onco-
gene which is closely related to the progression of cancer.
It has been reported that SNHG15 is a potential prognostic
biomarker for hepatocellular carcinoma®® and promotes
the progression of hepatocellular carcinoma and osteosar-
coma cells by sponging miR-141.""?' In addition,
SNHG15 influences human breast cancer, papillary thyroid
carcinoma and glioma microvascular endothelial cells by
miR-200a-3p and miR-153,
respectively.'™'*?7 SNHG15 is also reported to stabilize

sponging miR-211-3p,

Slug to promote colon cancer progression.”’ In gastric
cancer, SNHG15 could directly regulate MMP2/MMP9
to effect cell proliferation and invasion.'® Competitive
endogenous RNA (ceRNA) is one of the main mechanisms
of IncRNA regulation.”? In this study, we explored that
SNHG15 sponged miR-141 (Figures 3 and 4) which
served as CeRNA in gastric cancer and further broadened
the role of SNHGIS in the progression of gastric cancer.
Furthermore, we also verified that PD-L1 was a functional
target of miR-141 using miR-141 mimic and miR-141 inhibi-
tor (Figures 3-5). It has been reported in the literature that the
lipoprotein HP1454 of Helicobacter pylori regulates the T cell

response by forming T cell receptor signals. In addition, their
study also shows that HP1454 is an important bacterial factor
that exerts its proinflammatory activity by directly regulating
the T-cell response. Meanwhile, the results provide evidence
that a significant proportion of T cells in chronic gastritis and in
gastric adenocarcinoma. PD-L1 is a ligand of PD-1 which is
a co-suppression receptor molecule induced on activated T and
B cells and crucial in regulating peripheral tolerance.”*° PD-
L1, usually expressed on dendritic cells, macrophages and
parenchymal cells, can inhibit the function of PD-1 expressing
T cells which results in suppression of the immune response by
inducing apoptosis, unresponsiveness and functional exhaus-
tion of T cells.’®' In this study, we demonstrated that
SNHG15 and PD-L1 were positive correlation. In gastric
cells, up-regulated SNHGI15 suppressed the expression of
miR-141, the inhibitor of PD-L1, resulting in an increase in
PD-L1 expression which caused the resistance of gastric can-
cer cells to immune responses. Our study suggests a new
IncRNA-mediated mechanism for gastric cancer cells to
escape immune response and the SNHG15/miR-141/PD-L1
may act as a novel therapeutic target for gastric cancer.
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