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Background: Cisplatin resistance results in the failure of platinum-based chemotherapy and
relapse of gastric cancer. We aimed to investigate the potential regulating role of SNHG6/
miR-325-3p/GITR in reversing cisplatin resistance.

Patients and Methods: A total of 137 gastric cancer patients were recruited. qQRT-PCR and
ELISA were used to test the expression of target genes. CCK-8 and caspase 3/7 kit were used
to test the cell viability and apoptosis rate. Dual luciferase reporter gene and RNA-pull down
assay were used to investigate the potential interaction between target genes.

Results: SNHG6 and GITR were up regulated in gastric cancer; however, miR-325-3p was
down-regulated. Besides, SNHG6, miR-325-3p and GITR expression were associated with
gastric cancer prognosis. Then, we found that GITR and SNHG6 promoted proliferation and
inhibited apoptosis of MKN45 and MKN45 cisplatin resistance cell line; however, miR-325-
3p inhibited proliferation and promoted apoptosis of these cell lines. Furthermore, SNHG6
might bind to miR-325-3p to regulate its expression, and miR-325-3p directly interacted with
the 3'UTR of GITR.

Conclusion: SNHG6 binds to miR-325-3p, which directly interacted with GITR to regulate
cisplatin resistance of gastric cancer.
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Introduction
Gastric cancer is a life-threatening malignant tumor worldwide; due to its tendency
to distant metastasis and local recurrence, the prognosis for gastric cancer patients
is always poor.' Platinum based chemotherapy, especially CDDP (cisplatin), is
currently the mainstay in controlling gastric cancer relapse after surgery.”
Currently, cisplatin resistance always leads to the failure of platinum based che-
motherapy, resulting in the relapse of gastric cancer.” We aimed to investigate genes
that regulate the cisplatin resistance in order to provide potential therapeutic targets.
GITR (Glucocorticoid-induced TNFR related protein), also named TNFRSF18,
is found to be involved in the activation of various immune cells, including T cells,
B cells, NK cells, etc.* Current evidences have shown the important role of GITR in
modulating the CD8 and Treg ratio to regulate the treatment efficiency of immune
therapy.” Besides, Lu et al illustrated that targeting GITR therapy can improve the
anti-PD-1 treatment efficacy; and furthermore, sensitize ovarian cancer and breast
cancer cells to cisplatin treatment.® Currently, evidences for the specific role of
GITR in cisplatin resistance of gastric cancer is lacking.
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Accumulating evidences have reported the emerging role
of long non-coding RNAs (IncRNAs), characterized as
RNAs’ length that is greater than 200 nucleotides, in regulat-
ing cisplatin resistance of gastric cancer.” For example,
IncRNA HULC, negatively regulated by METase, was
to be
resistance.® The oncogenic role of SNHG6 (small nucleolar

shown negatively associated with cisplatin
RNA host gene 6) has been reported in gastric cancer, breast
cancer and colorectal cancer.” "' Furthermore, accumulating
evidence pointed out that SNHG6 was involved in drug
resistance and radio-resistance.'> SNHG6 was reported to
promote the 5-fluorouracil resistance in colorectal cancer
by regulating miR-26a-5p."* Also, SNHG6 sponges miR-
485-3p to enhance radio-resistance.'? Thus, it can be inferred
that SNHG6 regulate 5-fluorouracil resistance and radio-
resistance through mediating DNA damage response path-
way, which is the main cause for cisplatin resistance as well.
Besides, Cao et al reported that SNHG6 enhanced paclitaxel
resistance as well, indicating its potential role in regulating
the cell cycle.'* Among all predicted microRNAs regulated
by SNHG6, miR-325-3p was shown to be a vital tumor
suppressor in regulating chemotherapy and immune therapy

resistance, 16

which is similar to the biological function of
GITR. For example, Li et al has presented valuable informa-
tion that miR-325-3p could suppress the doxorubicin resis-

tance by targeting DAPGT1 in hepatocellular carcinoma.'

Patients and Methods

Patients

A total of 137 gastric cancer patients’ cancer tissues and
adjacent normal gastric epithelium tissues were collected dur-
ing gastrectomy or gastroscopy. However, 3 patients’ tissues
failed to pass the quality control to extract RNA. Patients were
followed up every 3 months for up to 5 years. During the
follow-up, routine blood test and chest CT were performed to
identify the local recurrence and progression of gastric cancer
lesions. Patients who did not experience local recurrence or
cancer progression were considered as cisplatin sensitive, or
they would be deemed as cisplatin resistant. All patients have
been informed about the obtain of their tissues and signed the
consent. Our study meets the requirement of Helsinki declara-
tion and is approved by the ethnics of First affiliated hospital of
Xi'an Jiaotong University. The approval number is 2016-30.

Cell Culture
MKNA4S5 cisplatin resistance cell was purchased from TongPa
Biotechnology (Shanghai, China). MKN45 and AGS cell

was purchased from Cell Bank at the Chinese Academy of
Sciences (Shanghai, China). All cells were cultured at 5%
CO, and 37°C with 10% Fetal bovine serum and RPMI-1640
(GIBCO, supplemented with NaHCO3 1.5g/L, glucose
2.5g/L, Sodium Pyruvate 0.11g/L).

SNHG knockdown, GITR knockdown, GITR overex-
pression, miR-325-3p knockdown and miR-325-3p over-
expression plasmids were designed and constructed by
Genechem (Shanghai, China). Lipofectamine 2000 trans-
fection reagent (Invitrogen) was used to assist in transfect-
ing plasmids into target cells.

gRT-PCR

Total RNA from MKN45 and MKN45-R was isolated
using TRIzol (Invitrogen, USA) according to the manu-
facturer’s protocol. TRIzol (Invitrogen, USA) was used to
extract total RNA from gastric cancer tissues and adjacent
normal tissues. SYBR Green PCR Kit (Takara, Japan) and
ABI 7500 System were used to detect the expression of
SNHG6 and miR-325-3p. miDETECT A Track Kit
(RiboBio, China) was used to detect the expression of
miR-325-3p. As for miR-325-3p, U6 was employed for
the normalization control. As for SNHG6, GAPDH was
used for normalization control. SYBR Premix Ex Taq
(Takara, Japan) was used for the qRT-PCR.

ELISA

GITR in vitro SimpleStep ELISA® (Enzyme-Linked
Immunosorbent Assay) kit (Abcam, Shanghai, China) was
purchased to evaluate the expression of GITR in MKN45 and
MKN45-R cell extracts. 50 pL cell samples and 50 pL anti-
body cocktail were incubated at room temperature for 1 hour.
Then, TMB development solution and stop solution were
added. Finally, OD results were measured at 450 nm.

Cell Viability Test

Cell Counting Kit 8 (WST-8) (Abcam, Shanghai, China)
was purchased to test the cell viability for target cells.
We have cultured target cells for 24, 48 and 72 hours
respectively for the cell viability test. After culture,
100 pL 1x10° cells were added to each well and
10 puL WST solution was added to each well and incu-
bated for 4 hours at 37 °C. Then OD results were
measured at 460 nm.

Transwell Assay
Transwell chambers (24-well and 8.0-um pore mem-
branes) (Corning USA) were used to investigate the
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migration ability of GBM cells. Cells were seeded in the
upper chamber at the concentration of 1x10° cells per
well. To each upper chamber well was added 100 pL of
serum-free RPMI-1640 culture medium; and to each lower
chamber well was added 600 pL RPMI-1640 medium
supplemented with 15% FBS. Cells were then cultured at
37 °C and 5% CO, for 24 hours. Then, the lower mem-
brane surface cells were fixed with 4% paraformaldehyde
and stained with 0.1% crystal violet. Finally, fixed
migrated cells were counted.

Apoptosis

Caspase 3/7 Activity Apoptosis Assay Kit (Sangon
Biotech, Shanghai, China) is purchased to evaluate the
apoptosis level. Cells were resuspended; and 90 pL
20,000 cells per well were added to a 96 well plate. 100
puL/well caspase 3/7 assay loading solution was added to
each well and incubated at room temperature for 2 hours.
The fluorescence intensity was measured. (Ex:490 nm,
Em 525nm).

The FITC Annexin V Apoptosis Detection Kit I (BD
Pharmingen TM, New Jersey, USA) was used for apopto-
sis testing. Target cells were stained with Annexin V-
FITC at room temperature for 15 min, followed by flow
cytometry to detect fluorescence intensity.

Dual Luciferase Gene Reporter Assay
SNHG6-wild type and SNHG6-mutant (The potential
binding site of miR-325-3p was muted) was designed
and cloned into PGL3 dual-luciferase vector (Promega,
Madison, WI, USA) by Genechem (Shanghai, China).
And GITR-wild type and GITR-mutant was designed and
cloned into PGL3 dual-luciferase vector as well by
Genechem. miR-325-3p plasmids or negative control plas-
mids were co-transfected with plasmids, stated before
respectively, for two days. Then the dual-luciferase repor-
ter assay system was used to assess the relative luciferase
activities.

RNA-Pull Down Assay

The biotin-labeled RNAs were designed and synthesized
by Genecreate (Wuhan, China). Biotin-labeled RNAs
were purified by RNeasy Mini Kit (Qiagen, Valencia,
CA). The 3'end biotinylated miR-325-3p-Wt or miR-
325-3p-Mut (20 nmol/L) were transfected into the
MKN45 cells.
with

The transfected cells were incubated

Streptavidin-coated  magnetic  beads  (Life

Technologies). qRT-PCR was used to evaluate the
expression of SNHG6.

RIP

Magna RNA-binding protein immunoprecipitation kit
(Millipore, Bedford, MA) was used to perform the RIP
assay with the assistance of Genecreate (Wuhan, China).
Anti-Ago2, anti-GFP and anti-IgG were used to incubate
with the target cell lysates. qPCR was used to detect the
expression of SNHG6.

Statistics

All statistics analysis was performed using R 3.3.1.
Student’s ¢-test was used to compare the differences
between two groups. The one-way variance analysis
was used to analyze the differences among multiple
P < 0.05 were
significant.

groups. considered statistically

Results
SNHG6, miR-325-3p and GITR
Expression Were Associated with Gastric

Cancer Prognosis

We used online bioinformatics tools and RNA sequen-
cing results to predict candidate microRNAs for
SNHG6. Expression profiles of candidate microRNAs
were detected in gastric cancer patients’ tissues; and
we found that miR-1297, miR-186-5p, miR-944, miR-
325-3p and miR-539-3p were
regulated

significantly down-
1A).
However, only miR-325-3p expression was associated

in gastric cancer tissues (Figure
with cisplatin resistance in gastric cancer (Figure 1B).
We have used the RNA-sequence method to identify the
potential downstream targets for miR-325-3p (Figure
1C) and following PCA analysis showed that GITR
(GITR contributed the most to PC1, which accounted
for 93.1% of the between-group difference (Figure 1D))
was the main miR-325-3p downstream targets in
MKN45 CDDP resistant gastric cell line.

Among 134 gastric cancer patients, we found that
SNHGS6 (t = 8.16, P = 0.00, Figure 2A) and GITR (t =
34.36, P = 0.00, Figure 2B) were highly expressed in
gastric cancer tissues; however, miR-325-3p was down
regulated in gastric cancer tissues (t = 16.52, P = 0.00,
Figure 2C). In the meantime, GITR (x*= 30.73, P = 0.00,
Figure 2D) and SNHG6 (3*= 26.91, P = 0.00, Figure 2E)
high and miR-325-3p low

expression expression
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Figure | (A) Candidate microRNAs expression in gastric cancer tissues compared with normal gastric tissues. (B) Candidate microRNAs expression in cisplatin resistant
gastric cancer tissues. (C) Heatmap for differential expressed genes in miR-325-3p knock down cells compared with NC cells based on RNA-sequence method. (D) PCA
analysis for differentially expressed genes in miR-325-3p knock down cells compared with NC cells.
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Figure 2 Expression profile of SNHG6, GITR and miR-325-3p in gastric cancer patients. (A) Expression of SNHG6 in 134 gastric cancer and normal gastric tissues. (B)
Expression of GITR in 134 gastric cancer and normal gastric tissues. (C) Expression of miR-325-3p in 134 gastric cancer and normal gastric tissues. (D) K-M plots for
SNHGS6 in 134 gastric cancer and normal gastric tissues. (E) K-M plots for GITR in |34 gastric cancer and normal gastric tissues. (F) K-M plots for miR-325-3p in 134 gastric
cancer and normal gastric tissues. (G) Expression of SHNG® in cisplatin sensitive and cisplatin resistant gastric cancer patients. (H) Expression of GITR in cisplatin sensitive
and cisplatin resistant gastric cancer patients. (I) Expression of miR-325-3p in cisplatin sensitive and cisplatin resistant gastric cancer patients. *indicates that P value<0.05.

(x*= 31.03, P = 0.00, Figure 2F) leads to shorter overall  6.63, P = 0.00, Figure 2H) were up regulated in cisplatin
survival in 134 gastric cancer patients. We found that resistance gastric cancer patients, whereas miR-325-3p
SNHG6 (t = 4.52, P = 0.01, Figure 2G) and GITR (t = was low expressed (t = 5.29, P = 0.00, Figure 2I).
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GITR Promoted Proliferation and
Inhibited Apoptosis of Gastric Cancer
qRT-PCR and ELISA results indicated that GITR was up
regulated in gastric cancer cells (Figure 3A and B (t =
12.33, P =0.00) and (t = 26.18, P = 0.00)). Then, we found
that down regulation of GITR led to decreased cell pro-
liferation rate and increased apoptosis rate of MKN45 and

AGS cell line (Figure 3C-D) and (t = 5.17, P = 0.02, 3E;
t =7.92, P = 0.00, 3F); however, up regulation of GITR
resulted in increased cell proliferation rate and decreased
apoptosis rate (Figure 3G-H and (t = 6.32, P = 0.00, 3I; t =
9.72, P = 0.00, 3J). Transwell assay showed that GITR
knock down significantly decreased the migration (Figure
3K). Besides, further flow cell cytometry confirmed that
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Figure 3 Biological functions of GITR in vitro. (A) Expression of GITR in MKN45 and AGS cell line compared with GESI cell line by gRT-PCR. (B) Expression of GITR in
MKN45 and AGS cell line compared with GES| cell line by ELISA. (C and D) CCK8 assay for GITR knock down MKN45 and AGS cell line. (E and F) Caspase 3/7 apoptosis
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knock down MKN45(L) and AGS(M) cell line. *indicates that P value<0.05.
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GITR knock down enhanced apoptosis rate in MKN45 cell
(Figure 3L) and AGS cell (Figure 3M) respectively.

SNHG6 Promoted Gastric Cancer
Progression by Targeting miR-325-3p
According to Figure 4A and B, SNHG6 was highly
expressed in MKN45 cell line (t = 7.15, P = 0.00), how-
ever, miR-325-3p (t = 8.21, P =
expressed. As for biological functions, down regulation

0.00) was lowly

of SNHG®6 led to impaired cell proliferation ability and
enhanced apoptosis level (Figure 4C and t = 5.93, P =
0.02, Figure 4D and E). Moreover, overexpression of miR-
325-3p led to impaired cell proliferation ability and
enhanced apoptosis level as well (Figure 4F and t = 3.96,
P = 0.03, Figure 4G and H). The rescue experiments
showed that miR-325-3p knock down can reverse the
suppressive ability of SNHG6 knock down on cell prolif-
eration and apoptosis (Figure 41 and t = 5.88, P = 0.01, 4J).

Furthermore, we found that SNHG6 knock down led to
decreased N-cadherin expression and increased E-cadherin
expression, indicating that SNHG6 might promote gastric
cancer progression by regulating the
(Figure 4K).

EMT process

GITR, SNHG6 and miR-325-3p Regulated

Cisplatin Resistance of Gastric Cancer
We found that GITR (t = 5.38, P = 0.01) and SNHG®6 (t =
4.39, P = 0.01) were overexpressed in MKN45-CDDP cell
rather that in MKN45 cell line; and miR-325-3p (t = 6.83,
P = 0.00) was low expressed in MKN45-CDDP (Figure
5A-C). After treating with different concentrations of
CDDP, we found that GITR knock down significantly
decreased the cell viability, but up regulation of GITR
could increase the cell viability of MKN45-CDDP
(Figure 5D and E). Further experiments showed that
SNHG6 down regulation and miR-325-3p up regulation
significantly inhibited the cell viability of MKN45-CDDP
(Figure S5F and G). In addition, miR-325-3p overexpres-
sion decreased the expression of Bcl2 (Figure SH). Then
we found that GITR up regulation leads to up regulation of
Bel2 (Figure 5I) and GITR knock down resulted in
decreased Bcl2 expression (Figures 4 and 5).

SNHG6 Interacted with miR-325-3p in

Gastric Cancer Cell
After down regulating SNHG6, we noticed that miR-325-3p
expression was significantly up regulated (t = 27.27, P =

0.00, Figure 6A) and GITR expression was down regulated
(t = 17.34, P = 0.00, Figure 6B); and miR-325-3p knock
down could reverse the inhibitory effect of SNHG6 knock
down on GITR expression (Supplementary Figure S1). In

the MKN45 cell line, dual luciferase reporter gene assay
showed that, the relative luciferase activity was significantly
suppressed in SNHG6-Mutant+miR-325-3p group, indicat-
ing that SNHG6 might interact with miR-325-3p (t = 6.75,
P = 0.00, Figure 6C). RNA pull-down test showed that the
expression of miR-325-3p in SNHG6-wt group was signifi-
cantly higher than that in SNHG6 mutant group (t = 19.34,
P = 0.00, Figure 6D). Further rip results suggest that miR-
325-3p can be significantly enriched in SNHG6-wt group (t
=14.19, P = 0.00, Figure 6E). Moreover, the up regulation
of miR-325-3p could rescue the inhibitory regulation of
SNHG6 knock down on GITR expression (t = 22.99, P =
0.00, Figure 6F). Combined with the above experiments, we
verified the hypothesis that SNHG6 regulates the expression
of miR-325-3p through the mechanism of ceRNA.

miR-325-3p Inhibits GITR Expression by

Binding to GITR 3'UTR

In MKN45 cells, the expression of GITR decreased sig-
nificantly after up regulation of miR-325-3p (t=31.82, P =
0.00, Figure 7A); and down regulation of miR-325-3p led
to an increased expression of GITR (t = 18.90, P = 0.00,
Figure 7B). Further, the luciferase activity of GITR-mutant
+ miR-325-3p group was significantly reduced in the dual
luciferase reporter gene experiment, suggesting that miR-
325-3p may interact with GITR 3'UTR (t = 16.66, P =
0.00, Figure 7C). After over expression of GITR, we
found that the ability of miR-325-3p to inhibit cell prolif-
eration and apoptosis (Figure 7D and t = 4.72, P = 0.01,
7E) was reversed.

Discussion

SNHG6 is reported to be an important oncogene in
a plethora of cancers.”!' In gastric cancer, Yan et al
reported that SNHG6 was up regulated in gastric cancer
patients and was associated with a poor prognosis;
besides, in vitro experiments showed that SNHG6 pro-
moted gastric cancer proliferation and migration through
activating the EMT process.'® Moreover, it was shown
that SNHG6’s oncogenic function is dependent on the
p21 activation through JNK pathway.'” In this manu-
script, we noticed that SNHG6 expression was asso-
ciated with T stage, N stage, M stage and cisplatin
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resistance of gastric cancer patients. Therefore, we patients. Further in vitro experiments have shown that
assumed that SNHG6 might be an important regulator SNHG6 could influence the cell viability of cisplatin

in promoting cisplatin resistance of gastric cancer resistance gastric cancer cells.
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Furthermore, we predicted that SNHG6 and miR-325-
3p could target GITR to promote cisplatin resistance.
Further RNA sequencing results indicated that GITR
could be the main downstream target for miR-325-3p in
MKN4S5 cisplatin resistant cell line. The aberrant expres-
sion of miR-325-3p in gastric cancer both in vivo and
in vitro, indicating its important tumor suppressor role.
Besides on current findings, miR-325-3p was reported to
be a tumor suppressor in non-small cell lung cancer,'®
hepatocellular carcinoma, etc.'” In this manuscript, we
further found that miR-325-3p could sensitize gastric can-
cer cells to cisplatin by targeting GITR. Similarly, miR-
325-3p could sensitize hepatocellular carcinoma cells to
doxorubicin by suppressing the expression of PDAGTI
and its low expression was related to the poor response
of trans arterial chemoembolization of hepatocellular
carcinoma."” Our study has further shown the involvement
of miR-325-3p in regulating the cisplatin resistance of
gastric cancer. The dual luciferase reporter gene assay,

RIP assay and RNA pull down assay confirmed the direct
interaction between miR-325-3p and SNHG6; and miR-
325-3p and GITR. These results indicate the essential role
of SNHG6/miR-325-3p/GITR in regulating cisplatin resis-
tance of gastric cancer and might provide clues for poten-
tial therapeutic targets.

GITR is a vital immune therapy regulator, which is
proved to be associated with platinum resistance.”’ In
this manuscript, we found that GITR promotes the cis-
platin resistance of gastric cell line mainly through reg-
ulating Bcl2 to mediate the apoptosis rate. Therefore, we
assumed that targeting GITR might be a novel way to
suppress cisplatin resistance. A previous study has
already shown GITR mAb treatment activated the innate
anti-tumor immune response and enhanced the cisplatin
effect as well.° A. Marijne Heeren’s group found that
tumor-infiltrating T cells, especially CD3+CD8- T cells,
can be significantly suppressed and cytotoxic CD8+
T cells was induced by cisplatin treatment; besides, the
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combination of cisplatin and paclitaxel induced more
tumor-infiltrating T cells and led to better prognosis.?!
It can be inferred that the application of immune therapy
could assist in improving the treatment efficacy of cis-
platin treatment. Combined with our results that target-
ing GITR could improve cisplatin sensitivity, GITR
might be an important therapeutic target to enhance the
treatment effect of the combination of cisplatin-based
regimen and immune therapy in gastric cancer.

However, the mechanism of how GITR improves the
cisplatin effect needs to be clarified. In this manuscript, we
hypothesized that targeting GITR can reverse the cisplatin
resistance of gastric cancer cells. In vitro experiments have
shown that GITR knock down significantly impairs the
cell viability and promotes apoptosis of cisplatin resistance
cells when treated with cisplatin. We can infer that GITR
can be an important regulator for re-sensitizing cisplatin
resistance cells to cisplatin. Based on the in vivo and
in vitro experiments, we have realized the essential func-
tion of SNHG6/miR-325-3p/GITR in regulating cisplatin
resistance of gastric cancer.

In this study, we have presented the potential associa-
tion of SNHG6, miR-325-3p and GITR expression with
cisplatin resistance status in gastric cancer patients.
Further, in vitro experiments showed that GITR, SNHG6
and miR-325-3p regulation could influence the cell viabi-
lity and apoptosis rate of gastric cancer cells when treated
with cisplatin.
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