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Natural killer (NK) cells play significant roles in spontaneous antitumor response in multiple cancers, including gastric
cancer. Currently, IncRNAs were identified as essential modulators in the development of NK cells via competing for the
target miRNA. However, the regulatory mechanism of GAS5 in NK cells remains largely elusive. The expressions of GAS5
and miR-18a in NK cells were measured by qRT-PCR. The killing effects of NK cells were conducted by lactate dehydroge-
nase (LDH) assay. Detection of IFN-y and TNF-a level was carried out using ELISA assay. The interaction between GAS5
and miR-18a was determined by the luciferase reporter system and RIP assay, respectively. We found that GAS5 expression
was downregulated while miR-18a expression was upregulated in primary NK cells isolated from GC patient compared
with the healthy controls. Moreover, activation of NK cells stimulated by IL-2 enhanced the secretion of IFN-y, TNF-q,
and the expression of GAS5. The deficiency of GAS5 significantly suppressed the secretion of IFN-y and TNF-a as well as
the killing effect of NK cells. Subsequently, luciferase reporter and RIP assay confirmed the interaction between GAS5 and
miR-18a. In addition, miR-18a inhibitor attenuated GAS5 silencing induced inhibition of the cytotoxicity of activated NK
cells. In conclusion, GAS5 promotes the killing effect of the natural killer cells against GC by regulating miR-18a, providing
promising strategies for NK cells based antitumor therapies.
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Gastric cancer (GC) is malignant cancer which ranks as
the second leading cause of cancer-related deaths globally
[1]. Currently, surgical excision is considered as the most
effective treatment for GC patients and postoperative
immune response improves the therapeutic outcomes [2, 3].
Natural killer (NK) cells refer to innate immune cells with
cytotoxic functions and cytokine secretion to kill virally-
infected and transformed cells [4]. Generally, they partici-
pate in spontaneous antitumor response in multiple cancers,
such as pancreatic carcinoma, hepatocarcinoma, and breast
cancer [5-7]. Various signals are involved in the activation
of NK cells, such as interleukin-2 (IL-2), IL-12, IL-15, and
IL-18. In particular, IL-2 stimulates the activation of NK
cells and the release of cytokines and chemokines, including
interferon-y (IFN-y) and tumor necrosis factor alpha
(TNF-a) [8]. However, the biological mechanism of NK cells
in GC remains controversial.

Long non-coding RNAs (IncRNAs) are a class of RNAs
more than 200 nucleotides in length that play pivotal roles
in growth, infiltration, epithelial-to-mesenchymal transition

(EMT), differentiation, angiogenesis, and apoptosis processes
of different cancers [9-11]. Despite the limited protein
coding ability, they are able to modulate cancer cell behavior
by chromatin modification and posttranscriptional regula-
tion [12, 13]. LncRNA growth arrest-specific transcript 5
(GAS5), lowly expressed in many tumors, has been identified
as a biomarker of multiple cancers, including non-small-cell
lung cancer, bladder cancer, and osteosarcoma [14-16]. For
instance, GAS5 acts as competing endogenous RNA (ceRNA)
to repress cell proliferation by upregulating hZIP1 expres-
sion via sponging miR-223 in clear cell renal cell carcinoma
[17]. Consistently, the upregulation of GAS5 suppressed
tumor angiogenesis, metastasis, and invasion of colorectal
cancer through Wnt/B-catenin signaling pathway [18]. On
the contrary, deficiency of GAS5 facilitated ovarian cancer
cell progression by competing miR-196-5p and regulating
HOXAD5 [19]. Therefore, the regulatory effect of GAS5 on GC
requires further investigation.

MicroRNAs (miRNAs), small non-coding RNAs with
19-25 nucleotides, function as oncogenes or tumor suppres-
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sors to modulate tumorigenesis and metastasis [20]. They are
essential regulators of multiple physiological and patholog-
ical processes, including proliferation, migration, inflamma-
tion, differentiation, and apoptosis, by targeting messenger
RNA (mRNA) and resulting in mRNA degradation and
protein translation inhibition [21-23]. Aberrant expression
of miRNA is involved in the pathogenesis of many diseases,
including cancer. For example, miR-18a was capable of
reactivating the Epstein-Barr virus (EBV) following defec-
tive DNA damage response to improve genomic instability
in EBV-associated lymphomas [24]. In addition, miR-18a
was upregulated in human glioblastoma tumor tissues and
cell lines, and the abundance of miR-18a promoted cell cycle,
proliferation, migration, and invasion of glioblastoma [25].
Conversely, Hua Wang et al. demonstrated that the downreg-
ulation of miR-18a accelerated the progression of hyaluro-
nate treated human corneal epithelial cells by elevating CTGF
expression [26]. Therefore, elucidation of the role of miR-18a
in GC cell progression is in need urgently.

In this study, we demonstrated that GAS5 enhanced the
killing effect of NK cells by sponging miR-18a in GC. We
found GAS5 was downregulated while miR-18a was upregu-
lated in primary NK cells from GC patients. Moreover, the
GAS5 knockdown attenuated the killing effect of activated
NK cells. Those findings provided promising targets for NK
cell-based antitumor therapies.

Patients and methods

Isolation of NK cells. A total of 24 GC patients and 12
healthy donors were recruited from the First Affiliated
Hospital of Zhengzhou University. All those volunteers have
signed informed consent and our protocols were approved
by the Ethics Committee of the First Affiliated Hospital of
Zhengzhou University. Peripheral blood mononuclear cells
(PBMC:s) were isolated from those GC patients and healthy
volunteers using the Human PBMCs separation kit (Solarbio,
Beijing, China). Afterward, primary NK cells were extracted
and purified from PBMCs using magnetic-activated cell
sorting human NK cell isolation kit (Sangon Biotech,
Shanghai, China) following the manufacturer’s instruction.

Cell culture. GC cell line MGC-803 was purchased from
the Cell Research Institute of the Chinese Academy of Sciences
(Shanghai, China), human NK cell line NK-92 was purchased
from the American Type Culture Collection (ATCC,
Manassas, VA, USA). MGC-803 cells were cultured in DMEM
medium (Gibco, Grand Island, NY, USA) containing 10% FBS
and 0.1% penicillin and streptomycin (Invitrogen, CA, USA)
in 5% CO, incubator at 37°C. Primary NK cells and NK92
cells were maintained in RPMI-1640 medium containing
10% FBS, 0.1% penicillin and streptomycin, and 2 mM
L-glutamine. Primary NK cells and NK92 cells were treated
with IL-2 (20 ng/ml) for 24 h for the activation of NK cells.

Cell transfection. The miR-18a mimic (miR-18a),
miR-18a inhibitor (anti-miR-18a), miRNA negative control

(miR-NC), and miRNA negative control inhibitor (anti-
miR-NC) were purchased from RIBOBIO (Guangzhou,
China). Small interfering RNA (siRNA) targeting GAS5
(si-GAS5), negative control (si-NC), GAS5 overexpression
vector (GAS5) were synthesized by Genepharma (Shanghai,
China). Those vectors were transfected in NK92 cells for 24 h
using Lipofectamine 2000 (Invitrogen).

Quantitative real time polymerase chain reaction
(qQRT-PCR). Primary NK cells and NK92 cells were
incubated with TRIzol reagent (Invitrogen) to extract
total RNA. Complementary DNA was synthesized using
the PrimeScript RT reagent kit (TaKaRa, Dalian, China).
qRT-PCR was conducted to measure GAS5 and miR-18a by
SYBR green (Applied Biosystems, Foster City, CA, USA).
The primers for GAS5, miR-18a, and GAPDH were listed
as follows: GAS5, (Forward, 5-AGCTGGAAGTTGAA-
ATGG-3’; Reverse, 5-CAAGCCGACTCTCCATACC-3’);
miR-18a, (Forward, 5-GGTAAGGTGCATCTAGTG-3;
Reverse, 5-GACTGTTCCTCTCTTCCTC-3’); GAPDH,
(Forward, 5-CCCACTCCTCCACCTTTGAC-3’; Reverse,
5-GGATCTCGCTCCTGGAAGATG-3).

Cytotoxicity assay. Cell cytotoxicity was evaluated using
the LDH assay according to the manufacturer’s instruc-
tion. Briefly, transfected NK cells were co-incubated with
MGC-803 at effector cell/target cell (E:T) ratios of 5:1 for 6 h.
Then, the supernatant was collected and cytotoxicity of NK
cells against GC cell was measured using the LDH Activity
Assay kit (Jiancheng Bioengineering, Nanjing, China).

ELISA. Primary NK cells and NK92 cells (5000 cells/well)
were seeded into 96-well plate for 4 h. Then, the cells were
centrifuged and the supernatants were collected. The secre-
tion of IFN-y and TNF-a was detected using human IFN-y
ELISA kit (Abcam) or human TNF-a ELISA kit (Abcam).

Luciferase reporter assay. Wild type and mutant type
luciferase vectors (GAS5-WT and GAS5-MUT) were
constructed and co-transfected with miR-18a mimics or
miR-NC into NK92 cells using Lipofectamine 2000 trans-
fection reagent. Afterward, luciferase activities were deter-
mined by the dual-luciferase assay kit (Promega, Madison,
WI, USA).

RNA immunoprecipitation (RIP). RIP assay was
conducted using the Magna RIP™ RNA Binding Protein
Immunoprecipitation Kit (Millipore). Briefly, NK cells were
lysed by RIP lysis buffer containing RNase inhibitor and
protease inhibitor. The lysate of NK cells was incubated
with RIP buffer containing magnetic beads conjugated
with human anti-Agol or negative control IgG. Next, RNA
immunoprecipitated complex was purified using RNase-free
DNase I (Thermo Fisher Scientific).

RNA pull-down assay. To further confirm the interac-
tion between GAS5 and miR-18a, RNA pull-down assay was
conducted. In brief, NK92 cells were transfected with bioti-
nylated (bio)-miR-18a-WT or miR-18a-MUT (50 nM) using
Lipofectamine RNAiMax Reagent (Thermo Fisher Scientific,
Waltham, MA, USA), followed by the transfection for 48
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h. Treated NK92 cells were collected and ultrasound, then,
the remaining cell lysates were maintained with Magnetic
Beads (Thermo Fisher Scientific) for 2 h at 4°C, followed
by analysis with the RNeasy Mini Kit (Qiagen, Hilden,
Germany). Finally, the RNA enrichment was detected by
using the RT-qPCR assay.

Statistical analysis. Our data were presented as the
means * standard deviation (SD) and statistical analyses
were carried out using SPSS 13.0 software (Chicago, IL) and
GraphPad Prism 7 (GraphPad Inc., San Diego, CA, USA).
Student’s t-test or ANOVA was utilized to compare between
two or more groups. A p-value <0.05 was considered as
statistically significant.

Results

Downregulation of GAS5 in NK cells of patients with
GC. GAS5 expression in primary NK cells isolated from
24 GC patients and 12 healthy controls was measured by
qRT-PCR to investigate the function of GAS5 in NK cells.
Also, demographic and clinicopathological data of registered
gastric cancer patients and healthy controls are presented in
Table 1. As illustrated in Figure 1A, GAS5 was downregu-
lated dramatically in primary NK cells from 24 GC patients
compared with 12 healthy controls group. More importantly,
the cytotoxicity was reduced distinctly after the co-incuba-
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tion of NK cells with MGC-803 cells compared with the
healthy controls group (Figure 1B). Moreover, the phenotype
of NK cells is displayed in Supplementary Figure S1A. And
the percentage of NK cells screened is shown in Supplemen-
tary Figures S1B and S1C. Furthermore, compared with the
healthy controls group, the levels of IFN-y and TNF-a were
downregulated in primary NK cells from 24 GC patients
(Figures 1C, 1D). Those results implicated that GAS5 might
be associated with NK cell cytotoxicity against GC cells
positively.

Table 1. Demographic parameters and clinicopathologic information of
patients and healthy donors who participated in the present study.

No. of No. of
Assessable . % healthy %
patients donors
Male 15 62.5 8 66.7
Gender
Female 9 37.5 4 333
=55 14 58.3 7 58.3
Age (years)
<55 10 41.7 5 41.7
I-1I 17 70.8
TNM stage
II-1v 7 29.2
. >5cm 16 66.7
Tumor size
<5cm 8 333
. e Well to moderate 16 66.7
Differentiation
Poor 8 333
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Figure 1. GAS5 was downregulated in NK cells of patients with GC. NK cells were obtained through isolation of peripheral blood from patients with
GC (n=24) and healthy controls (n=12). A) Relative GAS5 level in primary NK cells isolated from GC patients and healthy controls was measured by
qRT-PCR. B) Primary NK cells were co-incubated with MGC-803 cells to evaluate cytotoxicity using lactate dehydrogenase (LDH) cytotoxicity assay.
C, D) The concentration of IFN-y and TNF-a in healthy and cancer derived NK cells was measured using ELISA. *p<0.05
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Upregulation of GAS5 in activated NK cells. After-
ward, primary NK cells from GC patients and human NK
cell line NK92 were stimulated with IL-2 to assess the effect
of GAS5 on activated NK cells. We observed that the secre-
tion of IFN-y was increased apparently in primary NK cells
and NK92 cells treated with IL-2 compared with the control
group (Figures 2A, 2B). Consistently, an obvious enhance-
ment of TNF-a expression was discovered in NK cells
activated by IL-2 in comparison with the untreated group,
indicating the killing effect was promoted after activation of
NK cells (Figures 2C, 2D). In addition, GAS5 expression was
elevated in primary NK cells and NK92 cells after IL-2 treat-
ment (Figures 2E, 2F). Collectively, GAS5 might be involved
in IL-2-induced cytotoxicity activities of NK cells.
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GAS5 knockdown suppresses the killing effect of NK
cells. To further explore the regulatory effect of GAS5 on NK
cells and primary NK cells, NK92 cells and primary NK cells
were treated with IL-2 for 24 h and transfected with si-GAS5
(si-GAS5-1 and si-GAS5-2) or si-NC. As shown in Figure 3A,
the GAS5 expression was elevated after IL-2 treatment and
repressed after GAS5 silencing. In addition, the abundance
of GAS5 enhanced the secretion of IFN-y and TNF-a in the
supernatant of NK92 cells or primary NK cells. However, the
GAS5 knockdown attenuated the promotive effect of IL-2 on
IFN-y and TNF-a secretion (Figures 3B, 3C). Then, the killing
effect of NK92 cells or primary NK cells was examined by
the LDH cytotoxicity assay. As expected, after the co-incuba-
tion of NK92 cells or primary NK cells, the cytotoxicity was
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Figure 2. GAS5 was upregulated in activated NK cells. Primary NK cells from GC patients and human NK cell line NK92 were treated with IL-2 (20 ng/
ml) for 24 h to activate NK cells. Untreated cells were used as the control group. A, B) The secretions of IFN-y in primary NK cells (A) and NK92 cells
(B) after IL-2 treatment compared with the control group examined by ELISA. C, D) The secretions of TNF-a in primary NK cells (C) and NK92 cells
(D) after IL-2 treatment compared with the control group. E, F) Relative GAS5 level in primary NK cells (E) and NK92 cells (F) after IL-2 treatment

compared with the control group. *p<0.05
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Figure 3. GAS5 knockdown attenuated the killing effect of activated NK cells. NK92 cells and primary NK cells were treated with IL-2 (20 ng/ml) for 24
h and transfected with si-GAS5 and si-NC. A) GAS5 expression in transfected NK92 cells and primary NK cells. B, C) The secretion of IFN-y (B) and
TNF-a (C) in NK92 cells and primary NK cells at 24 h post-transfection. D) NK92 cells or primary NK cells were co-incubated with MGC-803 cells after
si-GAS5 and si-NC transfection and cytotoxicity was detected using LDH cytotoxicity assay. *p<0.05

increased in the IL-2 treatment group and decreased in the
IL-2 + si-GAS5 group (Figure 3D). Considering these results,
we chose si-GAS5-1 for further experiments and concluded
that GAS5 knockdown abolished the promotion induced by
IL-2 on the killing effect of NK cells or and primary NK cells
against GC cells.

GAS5 acts as a molecular sponge of miR-18a. Based
on bioinformatics prediction provided by the online
database starBase, GAS5 has the potential binding sites
to target miR-18a (Figure 4A). Luciferase reporter system
and RIP assay were carried out to evaluate the interaction
between GAS5 and miR-18a. Typically, wild type GAS5
(GAS5-WT) and mutant type GAS5 (GAS5-MUT) vector
were constructed and co-transfected with miR-18a mimics
or miR-NC in NK92 cells to establish a luciferase reporter
system. As exhibited in Figure 4B, the luciferase activity
was reduced remarkably in NK92 cells co-transfected with
GAS5-WT and miR-18a whereas that remained unchanged
in the GAS5-MUT group. RIP assay result revealed that
miR-18a elevated the enrichment of GAS5 in NK92 cells
compared with the miR-NC group (Figure 4C). Further-
more, to further validate the binding between GAS5 and
miR-18a, RNA pull-down assay was performed. Data showed
that folded enrichment of GAS5 was distinctly upregulated
in NK92 cells transfected with bio-miR-18a-W'T, compared
with NK92 cells transfected with bio-miR-18a-MUT and
bio-NC (Figure 4D). Moreover, the expression of miR-18a

was inhibited by GAS5 and enhanced after GAS5 silencing
(Figure 4E). These findings indicated that GAS5 could
directly regulate miR-18a in NK92 cells.

Suppression of miR-18a by activating NK cells. We
measured the expression of miR-18a in primary NK cells
isolated from GC patients and healthy controls by qRT-PCR
to investigate the role of miR-18a. We noticed that miR-18a
expression was upregulated in NK cells from cancer patients
compared with healthy controls (Figure 5A). Additionally,
the expression of miR-18a was suppressed in both primary
NK cells and NK92 cells treated with IL-2 in comparison
with the untreated group (Figures 5B, 5C). Taking together,
activation of NK cells by IL-2 suppresses miR-18a expression.

GAS5 promotes NK cell cytotoxicity by regulating
miR-18a. NK92 cells and primary NK cells were treated with
IL-2 for 24 h and transfected with si-GAS5, anti-miR-18a,
anti-miR-NC, and si-NC to clarify the influence of GAS5/
miR-18a axis on the killing effect of NK cells. As illustrated
in Figure 6A, the expression of miR-18a was decreased by
IL-2 treatment and increased after GAS5 silencing; however,
miR-18a inhibitor reversed GAS5 silencing mediated the
promotion on miR-18a expression. Meanwhile, miR-18a
inhibitor restored GAS5 silencing induced suppressive
effects on the secretion of IFN-y and TNF-a in activated NK
cells and primary NK cells (Figures 6B, 6C). Furthermore,
the LDH cytotoxicity assay result indicated that cytotoxicity
was downregulated after GASS5 silencing and upregulated by
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Figure 4. The interaction between GAS5 and miR-18a. A) The putative binding sites of GAS5 and miR-18a searched by starBase. B) Luciferase activity
of NK92 cells co-transfected with GAS5-WT or GAS5-MUT and miR-18a mimics or miR-NC. C) The enrichment of GAS5 in NK92 cells transfected
with miR-18a and miR-NC evaluated by RIP assay. D) RNA pull-down assay was executed in NK92 cells extracts to validate that GAS5 could directly
bind to miR-18a. E) The expression of miR-18a in NK92 cells transfected with GASS5, si-GASS5, si-NC, and vector. *p<0.05
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Figure 5. The expression of miR-18a was inhibited by IL-2. A) The expression of miR-18a in primary NK cells isolated from GC patients and healthy

controls. B, C) The expression of miR-18a in primary NK cells (B) and NK92 cells (C) treated with IL-2. *p<0.05

miR-18a inhibitor in activated NK cells and primary NK cells
(Figure 6D). All the data suggesting that GAS5 enhances the
killing effect of NK cells and primary NK cells by regulating
miR-18a.

Discussion

It is well acknowledged that NK cells play essential roles
in the prognosis of tumors since they could induce immune
response after tumor treatment [27]. Moreover, NC cells
are capable of lysing the target cells by releasing cytotoxic
granules containing perforin and granzyme [28]. In addition,
accumulating evidence has validated that IncRNAs widely
contribute to the regulation of NK cytotoxicity in many

cancer patients by specifically sponging the corresponding
miRNA [29]. GAS5, encoded at prostate cancer associ-
ated locus 1q25, is widely accepted as a tumor suppressor
of many cancer types [30]. For example, overexpression of
GAS5 promoted NK cell cytotoxicity by accelerating IFN-y
secretion through regulating miR-544/RUNX3 axis whereas
GAS5 knockdown significantly inhibited NK cell cytotoxicity
in liver cancer [31]. In addition, GAS5 has been reported to
suppress proliferation migration, invasion, and EMT of oral
squamous cell carcinoma and triple-negative breast cancer by
regulating miR-21/PTEN axis and miR-196a-5p, respectively
[32, 33]. However, whether GAS5 regulates NK cell cytotox-
icity of GC patients by interacting with the target miRNA is
still obscure.
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Figure 6. GAS5 enhanced the killing effect of NK cell cytotoxicity by regulating miR-18a. NK92 cells and primary NK cells were treated with IL-2 for
24 h and transfected with si-GAS5, anti-miR-18a, anti-miR-NC and si-NC. A) The expression of miR-18a in transfected NK92 cells and primary NK
cells. B, C) The secretion of IFN-y (B) and TNF-a (C) in NK92 cells and primary NK cells at 24 h post-transfection. D) NK92 cells and primary NK cells
were co-incubated with MGC-803 cells after si-GAS5, anti-miR-18a, anti-miR-NC, and si-NC transfection, and cytotoxicity was detected using LDH

cytotoxicity assay. *p<0.05

Growing evidence has identified that IncRNAs exert
their function by acting as molecular sponges of the specific
miRNA [34]. According to online database prediction
searched by starBase, GAS5 has the potential binding sites
to bind to miR-18a. Recently, miR-18a has been clarified as
prognostic biomarker of a variety of cancers, like renal cell
carcinoma, esophageal cancer, and pediatric acute lympho-
blastic leukemia [35, 36]. Zhang et al. reported that miR-18a
exerts its oncogenic function by regulating the PTEN-PI3K-
AKTmTOR signaling axis to improve Cyclin D1 expression
and further accelerate cell cycle progression of esophageal
squamous cell carcinoma cells [37]. Likewise, miR-18a was
found to upregulate PIAS3 expression at the post-transcrip-
tional level to facilitate malignant mesothelioma cell growth
[38]. Besides, the deficiency of miR-18a was discovered to
improve cisplatin sensitivity to non-small cell lung cancer
cells by targeting PTEN [39]. Thus, understanding the
regulatory effect of the GAS/miR-18a axis in GC is of great
significance clinically.

We assumed that GAS5 could alter the killing effect of NK
cells by interacting with the target miR-18a. Based on the
assumption, we detected the expression of GAS5 and miR-18a
by qRT-PCR and discovered that GAS5 was downregu-
lated whereas miR-18a was upregulated in primary NK
cells isolated from GC patients, implying that GAS5 might
inversely regulate miR-18a. In addition, enhanced expres-
sion of GAS5 was observed following the activation of NK
cells by IL-2. However, GAS5 silencing hindered the killing

effect of NK cells. Luciferase reporter and RIP assay further
confirmed the interaction between GAS5 and miR-18a. More
importantly, miR-18a inhibitor reversed GAS5 silencing
induced suppressive effects on the cytotoxicity of activated
NK cells.

In conclusion, we firstly clarified the effect of the GAS5/
miR-18a axis on the cytotoxicity of NK cells against GC.
Activation of NK cells by IL-2 enhanced IFN-y, TNF-a
secretion, GAS5 expression, and cytotoxicity of NK cells by
regulating miR-18a. Our study represented potential targets
for GC treatment.

Supplementary information is available in the online version
of the paper.
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