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Abstract

This study aimed to explore the role of INcRNA GASS in the regulation of the killing effect of NK cells on liver cancer.
Compared with a control group, IncRNA GAS5, RUNX3, and NCR| were down-regulated in NK cells of patients with
liver cancer, whereas miR-544 expression was up-regulated in NK cells of patients with liver cancer. Activated NK cells
had higher IFN-y level. Knockdown of GASS in activated NK cells decreased IFN-y secretion, NK cell cytotoxicity, the
percentage of CD107a+ NK cells, and the apoptosis rate of HepG2 and Huh7 cells. We also proved the interaction of
GASS5 and miR-544, and the negative regulation role of GAS5 on miR-544. GAS5 overexpression in activated NK cells
increased RUNX3 expression, IFN-y secretion, the NK cell cytotoxicity, the percentage of CD107a+ NK cells, and the
apoptosis rate of HepG2 cells, while miR-544 mimic abolished the promotion effect of GAS5 overexpression. Finally, in
vivo experiments indicated an inhibition effect of GAS5 in tumor growth. LncRNA GASS5 overexpression enhances the

killing effect of NK cell on liver cancer through regulating miR-544/RUNX3.
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Introduction

Liver cancer is the fifth leading cause of cancer death in
the United States, with a 5-yr relative survival rate as
low as 18%; it is estimated that 17,414 new deaths
occurred in the United States every year.! Liver trans-
plantation and resection are the main radical cures;
however, these treatments always lead to more compli-
cations and increase the risk of recurrence.’?
Therefore, it is important to develop new therapeutic
methods for the treatment of liver cancer. Liver has a
high proportion of innate immune cells containing NK
cells, NKT cells, dendritic cells, and others. Because of
the capacity of NK cells to eliminate virus-infected or
transformed cells, NK cells are considered as the first
line of defense against infection and cancer.*’
Recently, MRI-guided interventional NK cell delivery
permits local delivery to liver cancers to improve clin-
ical outcomes in patients with liver cancer.® Thus, focus
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on NK cells might be a new direction to find new ther-
apies for the treatment of liver cancer.

NKp46 is an activating receptor encoded by natural
cytotoxicity receptor 1 (NCR1) and can be expressed in
resting and activated NK cells, which induces IFN-y
release, enhances the killing effect, and inhibits tumor
growth and metastasis.” Lai et al. found that Runt-
related transcription factor 3 (RUNX3) is involved in
the transcription regulation of NCRI1/NKp46, and
enhanced the strength of the NCR1 promoter in NK
cells, and RUNX3 overexpression increased NCRI1
expression.® Our previous report has shown that
miR-544 promoted immune escape through regulating
the RUNX3/NCRI1/NKp46 pathway in liver cancer.’
Hence, the RUNX3/NCR1/NKp46 pathway is impor-
tant in modulating the killing effect of NK cells and
cancer progression.

Long non-coding RNAs (IncRNAs) are RNAs
longer than 200 nucleotides that modulate apoptosis,
invasion, metastasis, epithelial-to-mesenchymal transi-
tion regulation, etc.''® LncRNA GAS5 (growth
arrest-specific transcript 5) is expressed widely in hepa-
tocellular carcinoma, breast cancer, bladder cancer,
osteosarcoma, etc.”>'> Sun et al. reported that
IncRNA GASS5 was down-regulated in gastric cancer
tissues, and GASS overexpression decreased gastric
cancer cell proliferation and inhibited gastric cancer
cells tumorigenesis in vivo.'® Qian et al. found that
GASS inhibited liver fibrosis, liver tumor migration,
and invasion.'” Tao et al. indicated that GAS5 might
act as a proto-oncogene in hepatocellular carcinoma.'®
Bioinformatics software predicted binding sites
between IncRNA GASS5 and miR-544, which indicated
the regulation of miR-544 by GASS5. Besides, IncRNA
GASS5 is an immune-related IncRNA that can be
expressed in CD4+4T cells, macrophages, and leuko-
cytes.!” 2! Thus, we speculated that IncRNA GASS5
might be involved in the regulation of the killing
effect of NK cells on liver cancer through the miR-
544/RUNX3//NCR1/NKp46 pathway.

In this study, we found that IncRNA GASS was
down-regulated in the NK cells of patients with liver
cancer, and GASS inhibition suppressed the cytotoxic-
ity of NK cells. GASS overexpression increased IFN-y
secretion and enhanced NK cell cytotoxicity through
miR-544/RUNX3.

Materials and methods

Isolation of primary human NK cells

Venous blood was obtained from healthy controls
(n=12) and patients with liver cancer (n=20) in The
Second Affiliated Hospital and Yuying Children’s
Hospital, and PBMCs were isolated from venous

blood by Histopaque-1077 (Sigma, St. Louis, MO,
USA) according to the manufacturer’s instructions.
All patients signed informed consent. NK cells were
harvested using a Human NK cells separation
medium kit (Sangon Biotech, Shanghai, China) accord-
ing to the manufacturer’s instructions, and purified by
differential attachment using flow cytometry as previ-
ously reported.’

Cell culture and transfection

Human NK cell line NK92 was purchased from the
American Type Culture Collection (ATCC, Manassas,
VA, USA), and cultured in Minimum Essential Medium
o (MEM a, Gibco, Waltham, MA, USA) supplemented
with 12.5% horse serum (Gibco), 12.5% FBS (Gibco),
2mM L-glutamine (Sinopharm Chemical Reagent,
Shanghai, China) and 1.5g/l sodium bicarbonate
(Sinopharm Chemical Reagent) at 37°C under humidi-
fied air with 5% CO.,. For the activation of NK92 cells,
NKO92 cells were stimulated with 100 U/ml of IL-2 (BD
Biosciences, Franklin Lakes, NJ, USA) for 24h.
Lentiviral expression vector was constructed by
ViraPower™ 1II Lentiviral Gateway'™ Expression
System (Invitrogen, Carlsbad, CA, USA). NK92 cells
were transfected with lentivirus-mediated GAS5 knock-
down (si-GASY), lentivirus-mediated GASS5 overexpres-
sion (lenti-GASS), lentivirus negative control (lenti-
NCQO), lentivirus-mediated miR-544 mimic, or scramble
sequence set as negative control (pre-NC).

Co-culture of NK92 cells and HepG2 cells or
Huh7 cells

Human hepatic cancer cell line HepG2 or Huh7 was
purchased from ATCC, and 1.5 x 10° cells/ml diluted
with DMEM medium (Gibco) supplemented with 10%
FBS were seeded in 96-well plates at 100 pl/well. IL-2-
activated NK92 cells with different transfection were
co-cultured with HepG2 or Huh7 at effector cell/
target cell (E:T) ratios of 10:1 for 4 h at 37°C. NK92
cells were collected for testing the cytotoxicity using
flow cytometry.

Cytotoxicity assay

NK cell cytotoxicity was detected by CytoTox 96 Non-
Radioactive Cytotoxicity Assay according to the man-
ufacturer’s instructions. Briefly, 2 x 10* cells/100 pl
cells were seeded in 96-well plates, and 10 ul of 10x
Lysis Solution/100 pul was added 45 min before adding
CytoTox 96® Reagent. Then, 50 pl of the CytoTox 96
Reagent was added to each well. The plate was incu-
bated at dark for 30 min at room temperature before
adding 50 ul of Stop Solution to each well; absorbance
at 490nm was recorded within 1h. Percent



Fang et al.

101

cytotoxicity = 100 x Experimental ~ LDH Release

(OD490)/Maximum LDH Release (OD490).

ELISA

NK92 cells or primary NK cells were seeded in 96-well
plates at a density of 5x 10° cells/well for 4h, and
centrifuged at 200 g for 4 min. The supernatants were
collected to detect the levels of IFN-y using IFN-y
Human ELISA Kit (Invitrogen). Optical density
(OD) was measured at 450 nm with an iMark reader
(Bio-Rad, Hercules, CA, USA).

Analysis of CD107a+ NK cells

NK92 cells were incubated with PE Mouse anti-human
CD107a (BD Biosciences) for 30min at 4°C. After
washing twice with PBS, cells were incubated with
FITC-labeled goat anti-mouse IgG (BD Biosciences)
in the dark for 30 min at 4°C, and analyzed by
FACSCalibur flow cytometer (BD Biosciences).

Annexin V-PI double staining assay

HepG2, Huh7, or primary liver cancer cells were col-
lected and washed in cold PBS. Annexin-binding buffer
(1X) was prepared, then 5 pl of the 1 mg/ml PI solution
was diluted in 45l 1X annexin-binding buffer. Cells
were re-suspended in 1X annexin-binding buffer to
1 x 10° cells/ml. FITC annexin V (5 pl) and PI solution
(1 pl) were added to 100 pl cell suspension for 15 min at
room temperature (25°C). Then, 400 pul 1X annexin-
binding buffer was added, gently mixed, and the mix-
tures were kept on ice. The stained cells were analyzed
by flow cytometry.

Quantitative real-time RCR (qRT-PCR)

Total RNAs from primary human NK cells or NK92
cells were extracted by Trizol (Invitrogen), and inverse-
ly transcribed into ¢cDNA using the High-Capacity
cDNA  Reverse  Transcription kit  (Applied
Biosystems, Foster City, CA, USA). qRT-PCR was
conducted to measure GASS, miR-544, and NCRI1
expression using PowerUp™ SYBR™ Green Master
Mix (Invitrogen). The relative expressions of GASS,
miR-544 and NCR1 were calculated using the 244t
method. Specific primers for GAS5, miR-544, and
NCR1 were as follows: GAS5, F: 5- AGCTGG
AAGTTGAAATGG-3" and R: 5-CAAGCCGACT
CTCCATACC-3; miR-544, F: 5-GGAACTCGAGC
CGCTGCCTTAAGTCACTCTCTAT-3' and R: 5'-
GGAAGGATCCCACAACTGACCACAGTTT-3,;
NCRI1, F: 5¥-TCTAGACGGCAGT AGAAGGTC-3
and R: 5-CTTGCTGGATCTGG TGGTAA-3'.

Western blot

NK cells, NK92 cells, and tumor tissues were lysed in
Radio Immunoprecipitation Assay (RIPA) buffer
(Beijing Solarbio Science and Technology, China).
Protein samples was separated by 10% SDS-PAGE
and transferred to polyvinylidene fluoride membrane
(Millipore, Bedford, MA, USA). The membrane was
incubated with primary Abs against RUNX3 (1:1000;
Cell Signaling Technology, Danvers, MA, USA),
NCRI1 (1:500; Abcam, Cambridge, MA, USA) at 4°C
overnight, and then incubated with HRP-conjugated
secondary Ab (Abcam, USA) at room temperature for
1 h. Bands were visualized by an enhanced chemilumi-
nescence reagent (Bio-Rad), and band intensities were
quantified using image software Image Lab (Bio-Rad).
B-Actin (Abcam) was used as an internal control.

RNA immunoprecipitation (RIP) assay

RIP was performed using Magna RIP™ RNA-
Binding Protein Immunoprecipitation Kit (Millipore).
NK cell lysate was prepared from 2 x 107 cells using
100 ul RIP lysis buffer added with 0.25 ul RNase inhib-
itor and 0.5 pl protease inhibitor on ice. After centrifu-
gation of cell lysate, the supernatant was incubated
with RIP buffer containing protein-A/G-Sepharose
beads conjugated with anti-AGO2 Ab or negative con-
trol IgG. After obtained the RNA-binding protein
complex, GASS, and miR-544 in the precipitates were
detected by qRT-PCR.

RNA pull-down

The biotin labeled IncRNA GASS was transcribed with
the Biotin RNA Labeling Mix (Roche, Basel,
Switzerland) and T7 RNA polymerase (Roche). NK
cell extract was prepared by 2x 10’ cells in RIP
buffer, mixed with biotin-labeled GAS5 for 1 h at
4°C, and then adding beads and incubating for 1h at
room temperature. Western blotting was used to detect
AGO2 in GASS5 pull-down complex, and qRT-PCR
was used to detect miR-544 in the precipitates.

Xenograft in nude mice

Male BALB/c nude mice (7wk old, 18-20 g) were pur-
chased from Laboratory animal center of Wenzhou
Medical University. All animal experiments were
approved by the Ethics Committee of The Second
Affiliated Hospital and Yuying Children’s Hospital of
Wenzhou Medical University. HepG2 cells (6x 10°
cells) were injected subcutaneously into the armpit of
the right forelimb of BALB/c nude mice. IL-2 stimulated
LNK cells (3 x 10° cells) transfected with lenti-GAS5 or
lenti-NC were injected intravenously twice at 2h after
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HepG?2 implantation and at d 7, so nude mice were divid-
ed into lenti-GASS group (n=06) or lenti-NC group
(n=06). Tumor volume was measured every 5d, and
the nude mice were sacrificed at d20. Tumor tissues
were collected and GASS5, miR-544, and RUNX3 expres-
sions were detected by qRT-PCR and Western blot.

Statistical analysis

Data were presented as mean + SD, and analyzed by
SPSS software (version 18.0). The differences between
groups were assessed by two-sided Student’s z-test or
ANOVA with a P value <0.05 considered statistical-
ly significant.

Results
LncRNA GAS5 was down-regulated in NK cells of
patients with liver cancer

To investigate the abnormal expression of IncRNA
GASS, miR-544, RUNX3, and NCRI in patients

with liver cancer, qRT-PCR and Western blot were
performed. We observed that IncRNA GASS5 was
down-regulated in NK cells of patients in the liver
cancer group compared with the control group, where-
as miR-544 was up-regulated in NK cells of the liver
cancer group compared with the control group (Figure
la). mRNA level of activating NK cell receptor NCR1
and protein level of RUNX3 and NCR1 were down-
regulated in NK cells of the liver cancer group com-
pared with the control group (Figure 1b).

LncRNA GAS5 was up-regulated in activated
NK cells

To observe the effect of IncRNA GASS5 on activated
NK cells, NK92 cells were stimulated with 100 U/ml
IL-2. As shown in Figure 2a, IFN-y secretion in the
supernatant of NK92 cells was increased in the IL-2
group compared with the control group, which indicat-
ed that the killing effect of NK cells was enhanced. And
IncRNA GASS was up-regulated in NK92 cells of the
IL-2 group compared with the control group
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Figure 1. IncRNA GAS5 was down-regulated in NK cells of patients with liver cancer. NK cells were isolated from peripheral blood
of healthy controls (n = 12) and patients with liver cancer (n = 20). (a) qRT-PCR was used to detect the relative expression of IncRNA
GAS5 and miR-544 in control and liver cancer groups. Compared with the control group, IncRNA GAS5 was down-regulated in NK
cells of the liver cancer group, whereas miR-544 was up-regulated in NK cells of liver cancer group. (b) qRT-PCR was used to measure
the relative mRNA level of NCRI in control and liver cancer groups, and Western blot was used to measure the protein level of
RUNX3 and NCRI in control and liver cancer groups. Compared with control group, mRNA level of NCRI| and protein level of

RUNX3 and NCRI were down-regulated in NK cells of the liver cancer group. *P < 0.05, compared with control.
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(Figure 2b). In addition, primary NK cells were isolat-
ed from PBMC of healthy controls and stimulated with
100 U/ml IL-2. IFN-y secretion in the supernatant of
primary NK cells was increased in the IL-2 group com-
pared with the control group (Figure 2a), and IncRNA
GASS was up-regulated in primary NK cells of IL-2
group compared with the control group (Figure 2b).

LncRNA GAS5 knockdown inhibited the killing
effect of NK cells

Based on the up-regulation of IncRNA GASS5 on acti-
vated NK cells, we detected a role for IncRNA GASS in
the killing effect of NK cells. We isolated peripheral NK
cells from patients with liver cancer. Peripheral NK cells
were transfected with si-GASS5 or si-control, then co-
cultured with primary liver cancer cells. Cytotoxicity in
the si-GASS group was decreased compared with the si-
control group, and the apoptosis rate in si-GASS5 group
was reduced compared with the si-control group (53.1%
vs 25.4%, Supplementary Figure 1). After activation,

NK92 cells were transfected with si-control or si-
GASS. We found that IncRNA GASS5 was down-regu-
lated in NK92 cells of si-GASS group (Figure 3a). IFN-
v secretion in the supernatant of NKO92 cells was
decreased in the si-GASS group, which indicated that
the killing effect of NK cells was decreased (Figure
3b). After co-cultured NKO92 cells and HepG2 cells,
the cytotoxicity was decreased in si-GASS group than
si-control group (Figure 3c). After co-culturing NK92
cells and Huh?7 cells, cytotoxicity was decreased in the si-
GASS5 group compared with the si-control group
(Figure 3c). In addition, the percentage of CDI107a+
of NK cells was decreased in the si-GASS group com-
pared with the si-control group (Figure 3d). The annexin
V-PI double staining assay was used to detect apoptosis
of HepG2 and Huh7 cells (Figure 3e). HepG?2 cells were
divided into si-control and si-GASS groups, and the
apoptosis rate in the si-GAS5 group was reduced com-
pared with that of the si-control group (41% vs
21.49%). Huh7 cells were divided into si-control and
si-GASS groups, and the apoptosis rate in si-GASS

(a) NK92
200 - *
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50 4

Control IL-2

Relative LucRNA GASS5 level
N
1

Control IL-2

Primary NK

250 A
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IFN-g(ng/ml)
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Relative LucRNA GASS5 level

IL-2
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Figure 2. IncRNA GAS5 was up-regulated in activated NK cells. Human NK cell line NK92 was divided into two groups: control
group and IL-2 group (stimulated by 100 U/ml IL-2). Primary NK cells were isolated from PBMC of healthy controls and were divided
into two groups: control group and IL-2 group (stimulated by 100 U/ml IL-2). (a) IFN-y secreted by NK92 cells was increased in IL-2
group compared with the control group. IFN-y secreted by primary NK cells was increased in the IL-2 group compared with the
control group. (b) INcRNA GASS5 was up-regulated in NK cells of IL-2 group compared with the control group. IncRNA GAS5 was up-
regulated in primary NK cells of the IL-2 group compared with the control group. *P < 0.05, compared with control.
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Figure 3. IncRNA GAS5 knockdown inhibited the killing effect of NK cells. NK92 cells were activated by IL-2 (100 U/ml) and
transfected with si-control or si-GAS5. (a) IncRNA GAS5 was down-regulated in the si-GAS5 group compared with the si-control
group. (b) IFN-y secretion in the supernatant was decreased in the si-GAS5 group compared with the si-control group. (c) After
transfection with si-control or si-GAS5, NK cells were co-cultured with HepG2 cells, and cytotoxicity was detected by the CytoTox
96 non-radioactive cytotoxicity assay. Cytotoxicity was decreased in the si-GAS5 group compared with the si-control group. After co-
culturing NK92 cells and Huh7 cells, cytotoxicity was decreased in the si-GAS5 group compared with the si-control group. (d)
Lysosome marker CD107a of NK cells was detected by flow cytometry. The percentage of CD107a+ of NK cells was decreased in
the si-GAS5 group compared with the si-control group. (e) Annexin V-PI double staining assay was used to detect the apoptosis of
HepG2 and Huh7 cells. HepG2 cells were divided into si-control and si-GAS5 groups, and the apoptosis rate in si-GAS5 group was
reduced compared with si-control group (41% vs 21.49%). Huh7 cells were divided into si-control and si-GAS5 groups, and the
apoptosis rate in si-GAS5 group was reduced compared with si-control group (36.45% vs 13.25%). *P < 0.05, compared with
si-control.
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group was reduced compared with that of the si-control
group (36.45% vs 13.25%). These findings indicated
that inhibition of si-GASS suppressed the killing effect
of NK cells.

Regulation role of IncRNA GAS5 in miR-544

According to the bioinformatics software DIANA
tools  (http://diana.imis.athena-innovation.gr/Diana
Tools/index.php?r=site/index), there were binding
sites between GASS5 and miR-544 (Figure 4a). AGO2
Ab was used for RNA immunoprecipitation. AGO2
protein was detected in Input and AGO2 groups by
IP-Western (Figure 4b). GAS5 and miR-544 levels in
the AGO2 group were higher than that of the Input
group (Figure 4b). AGO2 was observed in the GASS
pull-down complex, and miR-544 was enriched in the
GASS5 pull-down complex, whereas miR-544 was
slightly increased in the LOC pull-down complex com-

of lenti-GASS5, the miR-544 level was significantly
decreased (Figure 4d), which indicated that miR-544
was negatively regulated by GASS.

LncRNA GAS5 enhanced the killing effect of NK
cells through miR-544/RUNX3

Based on the regulation of RUNX3 by miR-544 in liver
cancer, the IncRNA GAS5/miR-544/RUNX3 pathway
might involve regulation of the killing effect of NK
cells in liver cancer. To demonstrate whether IncRNA
GASS enhanced the killing effect of NK cells through
miR-544/RUNX3, we transfected activated NK92 cells
with lenti-NC, lenti-GASS, lenti-GASS5+pre-NC, or
lenti-GAS5+miR-544 mimic. As shown in Figure Sa,
GASS expression was up-regulated in the lenti-GASS
group, and miR-544 mimic did not change the GASS5
level. Protein level of RUNX3 and NCR1 was up-reg-
ulated in the lenti-GASS5 group, and miR-544 mimic

pared with beads alone (Figure 4c). After transfection reversed the promotion effect of lenti-GASS
(a)
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Figure 4. Regulation role of IncRNA GAS5 in miR-544. (a) Bioinformatics software predicted binding sites between GAS5 and miR-
544. (b) AGO2 Ab was used for RNA immunoprecipitation. AGO2 protein level was detected by IP-Western, and GAS5 and miR-544
were detected by qRT-PCR. GAS5 and miR-544 were enriched in AGO2. (c) AGO2 in GAS5 pull-down complex was detected by
Western blot, and miR-544 enrichment in GAS5 pull-down complex was detected by qRT-PCR. Loc, negative control of GASS5 pull-
down complex. (d) NK92 cells were transfected with lenti-NC or lenti-GAS5. Compared with the lenti-NC group, miR-544 level was
significantly decreased in lenti-GAS5 group. *P < 0.05, compared with lenti-NC.
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(Figure 5b). IFN-y secretion in the supernatant was
increased in the lenti-GASS group, and miR-544
mimic reversed the promotion effect of lenti-GASS
(Figure 5c). Then, NK cells were co-cultured with
HepG2 cells. The cytotoxicity of NK cells was
enhanced in the lenti-GAS5 group, and miR-544

mimic reversed the promotion effect of lenti-GASS
(Figure 5d). The percentage of CD107a+ of NK cells
was increased in the lenti-GASS group, and miR-544
mimic reversed the promotion effect of lenti-GASS
(Figure 5e). Annexin V-PI double staining assay
showed that the apoptosis rates of HepG2 cells in
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Figure 5. IncRNA GAS5 enhanced the killing effect of NK cells through miR-544/RUNX3. NK92 cells were activated by IL-2
(100 U/ml), transfected with lenti-GAS5 or miR-544 mimic, and divided into lenti-NC, lenti-GAS5, lenti-GAS5 + pre-NC, lenti-
GAS5 + miR-544 mimic groups. (a) GAS5 expression was up-regulated in the lenti-GAS5 group compared with the lenti-NC group,
and an miR-544 mimic did not change the GASS5 level. (b) Protein level of RUNX3 was up-regulated in the lenti-GAS5 group compared
with the lenti-NC group, and an miR-544 mimic reversed the promotion effect of lenti-GASS5. (c) IFN-y secretion in the supernatant
was increased in the lenti-GAS5 group, and miR-544 mimic reversed the promotion effect of lenti-GAS5. (d) After transfection, NK
cells were co-cultured with HepG2 cells. Cytotoxicity was enhanced in the lenti-GAS5 group, and an miR-544 mimic reversed the
promotion effect of lenti-GASS5. (e) The percentage of CD107a+ of NK cells was increased in the lenti-GAS5 group, and an miR-544
mimic reversed the promotion effect of lenti-GASS. (f) Annexin V-PI double staining assay showed that apoptosis rate of HepG2 cells
in lenti-NC, lenti-GASS, lenti-GAS5 + pre-NC, or lenti-GAS5 4 miR-544 mimic was 41.83%, 53.61%, 58.84%, and 44.58%, respec-
tively. *P < 0.05, compared with lenti-NC; #P < 0.05, compared with lenti-GAS5 + pre-NC.
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lenti-NC, lenti-GASS, lenti-GASS5 + pre-NC, or lenti-
GAS5 +miR-544 mimic were 41.83%, 53.61%,
58.84%, and 44.58%, respectively (Figure 5f).

GASS5 over-expression inhibited tumor growth in
HepG2 xenograft in nude mice

To further confirm the role of GASS in tumor growth
in vivo, HepG2 cells were injected subcutaneously into
BALB/c nude mice, and activated NK cells transfected
with lenti-GASS or lenti-NC were injected intravenous-
ly twice at 2h after HepG2 implantation and at d7.
Tumor volume in lenti-GASS was decreased than
lenti-NC group (Figure 6a). Besides, IncRNA GASS
was up-regulated in the lenti-GASS group (Figure
6b), miR-544 was down-regulated in the lenti-GASS
group (Figure 6c), and RUNX3 and NCRI1 were up-
regulated in lenti-GASS5 group (Figure 6d). These data
indicated that GASS overexpression suppressed tumor
growth, and that GASS5 negatively regulates miR-544
and positively regulates RUNX3 in vivo.

Discussion

This study investigated the role of IncRNA GASS in
the killing effect of NK cells in liver cancer, and its

Our data showed that, compared with healthy controls,
expression levels of IncRNA GASS5, NCRI, and
RUNX3 were down-regulated in NK cells of patients
with liver cancer, whereas miR-544 expression was up-
regulated NK cells of patients with liver cancer.
Activated NK cells had higher IFN-y levels, which
indicated the enhanced killing effect of NK cells.
After knockdown of GASS in activated NK cells,
IFN-vy secretion and NK cell cytotoxicity decreased,
and the percentage of CD107a+ NK cells was reduced.
We proved the interaction of GASS5 and miR-544, and
the negative regulation of GASS on miR-544. After
GASS5 overexpression in activated NK cells, IFN-y
secretion, NK cell cytotoxicity, and the percentage of
CDI107a+ NK cells increased, while an miR-544 mimic
abolished the promotion effect of GASS5 over-
expression. In vivo experiments strongly indicated an
inhibition effect of GASS in tumor growth.
Numerous studies have suggested that enhancing
immune function and suppressing immune escape can
suppress the growth and metastasis of liver cancer.”* >*
NK cells have natural cytotoxicity ability, and the per-
centage of NK cells in liver is more than five times as
high as the percentage in peripheral blood, which indi-
cates that NK cells may play a vital role in the immune
function of the liver.”> Recently, more and more

interaction with the miR-544/RUNX3 pathway. researchers have focused on NK cell-based
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Figure 6. Xenograft in nude mice. HepG2 cells (6 x 10° cells) were injected subcutaneously into BALB/c nude mice. NK cells
transfected with lenti-GAS5 or lenti-NC were injected intravenously twice at 2 h after HepG2 implantation and at d 7, and nude mice
were divided into lenti-GAS5 or lenti-NC groups, with six mice in each group. (a) Tumor volume was measured every 5 d, and the
nude mice were sacrificed at d 20. (b) IncRNA GASS5 was up-regulated in the lenti-GAS5 group. C. miR-544 was down-regulated in the
lenti-GAS5 group. (d) RUNX3 was up-regulated in the lenti-GAS5 group. *P < 0.05, compared with lenti-NC.
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immunotherapy in the treatment of liver cancer.
Kamiya et al. reported that IL-2 activated NK cells
exerted higher cytotoxicity against liver cancer cell
lines than NK cells without stimulation.?® Inhibition
of the activity of NK cells and decrease of the
number of NK cells facilitated tumor growth and
metastases in a murine liver metastasis model.”” In
this study, IL-2 activated NK cells had higher IFN-y
secretion, indicating the enhanced killing effect of NK
cells in liver cancer, which was consistent with previ-
ous reports.*

A number of studies have reported that IncRNAs
can be expressed abnormally in liver cancer, and play
vital roles in regulating the proliferation and migration
of liver cancer cells, self-renewal of liver tumor-
initiating cells and acquired immune system, etc.”®3°
Several studies have shown that IncRNA GASS was
down-regulated in liver cancer tissue or cell lines, and
indicated a poor prognosis in liver cancer.’'*
However, the expression of IncRNA GASS5 in NK
cells and the role of IncRNA GASS in the killing
effect of NK cells in liver cancer are still not known.
In this study, we report for the first time that IncRNA
GASS is down-regulated in NK cells of patients with
liver cancer compared with healthy controls, and
IncRNA GASS is up-regulated in IL-2 activated NK
cells compared with NK cells without stimulation. Our
previous report found that the miR-544/RUNX3/
NCRI1/NKp46 pathway was involved in promotion
of immune escape in liver cancer.” Based on this
result, we further confirmed the interaction between
IncRNA GASS5 and miR-544, and found that GASS
negatively regulated miR-544 and positively regulated
RUNX3. GASS5 overexpression decreased tumor
volume markedly in HepG2 xenograft nude mice,
which indicated that GAS5 could be a biological
target for the treatment of liver cancer.

In conclusion, our study found that IncRNA GASS
was down-regulated in NK cells of patients with liver
cancer. GAS5 overexpression in activated NK cells
increased IFN-y secretion, NK cell cytotoxicity, and
the percentage of CD107a+ NK cells through miR-
544/RUNX3, which indicated that the killing effect of
NK cell was enhanced, thus providing potential targets
for the treatment of liver cancer.
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