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Abstract
Long noncoding RNA NUTM2A-AS1 has been shown to be dysregulated in non-
small cell lung carcinoma. To date, it is unclear whether NUTM2A-AS1 plays a role 
in gastric cancer progression. The purpose of this study is to elucidate the molecu-
lar mechanism of the role of NUTM2A-AS1 in gastric cancer. mRNA and protein 
levels were measured by RT-qPCR and western blot methods. Invasion ability was 
examined by transwell assay. Cell viability was determined by MTT assay. Dual-
luciferase assay, RNA pull down, and RNA immunoprecipitation were used to con-
firm direct binding of between miR-376a and NUTM2A-AS1 or TET1. Xenografting 
tumor assay and TCGA analysis showed the contributory role of NUTM2A-AS1 in 
vivo and human clinical setting. Our results suggested that NUTM2A-AS1 promoted 
cell viability, invasion, and drug resistance of gastric cancer cells, which was largely 
rescued by miR-376a. More interestingly, TET1 and HIF-1A were negatively regu-
lated by miR-376a. TET1 could interact with HIF-1A to modulate PD-L1. Finally, 
we revealed that PD-L1 was key to NUTM2A-AS1- and miR-376a-mediated tumo-
rigenesis and drug resistance. In summary, our conclusions facilitate us understand 
the underlying mechanism and develop novel treatment strategy for gastric cancer.
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1 |  INTRODUCTION

Gastric cancer (GC) has been shown as the fourth most prev-
alent cancer type.1 It ranks as the second leading cause of 
cancer-related mortality around the world.2 Five-year sur-
vival rate of GC patient is 5%–20% and the median overall 
survival is <1 year.3,4 To date, chemotherapy (like cisplatin) 
is used as the first-line treatment.5 Because of multidrug re-
sistance (MDR), advanced GC patients have poor prognosis.6

Long noncoding RNAs (LncRNAs) are characterized as 
~200 nt long RNAs and have no protein translation capacity.7 A 
large number of evidence show that lncRNAs function in various 
biological pathways, including transcriptional regulation, cancer 
progression, and drug resistance.8,9 Recently, Amelia Acha-
Sagredo et al reported that NUTM2A-AS1 was upregulated in 
non-small cell lung carcinoma, implying that NUTM2A-AS1 
might exert oncogenic role.10 Based on this, it is important to 
explore the role of NUTM2A-AS1 in gastric cancer.

To date, it is widely accepted that microRNAs are dysreg-
ulated in a variety of cancers and contribute to tumorigenesis 
and drug resistance.11,12 In previous studies, miRNAs could 
act as oncogenes (e.g., miR-21) or tumor suppressor genes 
(e.g., miR-497) during cancer progression.13,14 In gastric can-
cer, miR-376a was downregulated and associated with prog-
nosis.15 It is hypothesized that miR-376a may be potential 
target of NUTM2A-AS1 in gastric cancer.

DNA methylation is generally believed to involve can-
cer cell growth and metastasis.16 Hao Liu et al. showed that 
5hmC was altered in primary gastric cancer.17 Ten-eleven 
translocation (TET) protein was responsible for conversion 
of 5mC into 5hmC.18 TET1 acted as coactivator of HIF-1α 
to modulate gene expression and epithelial-mesenchymal 
transition (EMT).19 More importantly, TET1 could reduce 
5hmC levels and was downregulated in gastric cancer cells.20

Here, the purpose of our research is to investigate the spe-
cific role of NUTM2A-AS1 in gastric cancer tumorigenesis 
and drug resistance. We sought to decipher the mechanism 
underlying gastric cancer progression, which will advance 
our understanding of gastric cancer.

2 |  MATERIALS AND METHODS

2.1 | Cell culture

Human gastric cancer cells (HGC-27 and SNU-1) were ob-
tained from Chinese Academy of Sciences Cell Bank of 
Type Culture Collection. We cultured the cells in Dulbecco's 
Modified Eagle's Medium (Hyclone) supplemented with 10% 
of fetal bovine serum and 1% of penicillin/streptomycin. Human 
gastric mucosal epithelial cell GES-1 was from Procell Inc. and 
cultured in RPMI-1640 medium (Hyclone) supplemented with 
10% of fetal bovine serum and 1% of penicillin/streptomycin.

2.2 | Generation of stable cell lines

shNUTM2A-AS1-1 and shNUTM2A-AS1-2 stable GC cell 
lines were generated as standard. Briefly, shRNAs were directly 
ligated into pLKO.1 vector. Then, 1 µg of total vectors (0.5 µg 
of pCDH-shRNA, 0.25 µg of pVSVG, 0.25 µg of pPAX2) were 
transfected into 293 T cells by lipo2000 for 36–48 h. Lentivirus 
were collected from supernatant of culture media.

Lentivirus were used to infect GC cells with polybrene for 
12  h. After that, the virus-containing media were replaced 
with fresh DMEM media and 1 µg/ml of puromycin was uti-
lized to select resistant cells.

2.3 | Transwell assay

HGC-27 and SNU-1 cells (2 × 104 cells) were resuspended in 
200 µl of medium without serum. Then, the cells were seeded in 
upper chamber (Millipore) with 8 μm pore and matrigel-coated 
membranes. Then, 300 µl culture medium plus 10% of FBS was 
added to the bottom chamber as chemoattractant. After 24 h, the 
non-invaded cells were removed and invaded cells were stained 
with 0.05% of crystal violet for 1 h at room temperature. The num-
ber of invaded cells were counted under microscope (Olympus).

2.4 | Dual-luciferase reporter assay

Wildtype and mutant forms of NUTM2A-AS1 or 3′-UTR of 
TET1 were amplified and subcloned into the pGL3 firefly 
luciferase vector with double restriction enzymes (KpnI and 
XhoI). After 48 h of transfection, we examined luciferase ac-
tivities using the reporter system kit (Promega). Firefly lucif-
erase activity was normalized to Renilla luciferase activity.

2.5 | Cell Counting kit-8 (CCK-8) assay

HGC-27 and SNU-1 cells (5  ×  103/well) were treated with 
1 µmol/L of cisplatin (Selleck) for 0, 24, 48, and 72 h. This 
assay was performed according to the instructions (Dojindo 
Molecular Technologies). Cells were digested and resus-
pended in DMEM medium. Then, cells were plated in 96-well 
plates and incubated at 37°C, 5% CO2 for a period of 3 days. 
At the second day, cell growth was stopped by adding 10 µl 
of CCK-8 solution (5 mg/ml) to the medium. Finally, OD490 
values were measured using a microplate reader (BioTek).

2.6 | Cell transfection

PD-L1 cDNA was cloned and inserted into pCMV vector. The 
recombinant DNA was mixed with lipo2000 (Invitrogen) to 



   | 9501WANG et Al.

transfect into GC cells. In addition, we employed lipofectamine 
RNAiMAX Reagent (Life Technologies) to bring miRNAs 
(50 nmol/L) into GC cells. miR-376a mimic or miR-376a in-
hibitor sequences were designed and generated by Shanghai 
GenePharma.

NC mimic: 5′-GUACACGCAUCCAAUGAACUCU-3′;
miR-376a mimic: 

5′-AUCCGUACCUUAGGUCAUCGAA-3′;
NC inhibitor: 5′-CAGUCAUUUACUGUACAUCAA-3′;
miR-376a inhibitor: 

5′-UCUAGGUCCAUGCCAUUCAAG-3′;

2.7 | Western blot

Protein levels were examined by western blot analy-
sis. In this experiment, ~50 µg of proteins were loaded 
and separated in 10% of SDS-PAGE gel. Proteins in 
SDS-PAGE gel were transferred to PVDF membrane. 
PVDF membrane was blocked with 5% of nonfat milk 
in TBST solution. The proteins were recognized with 
corresponding primary antibodies for overnight at 4°C 
and secondary antibodies for 1 h at room temperature. 
The membrane with proteins was incubated with ECL 
solution. The signalings were exposed using Bio-Rad 
chemiluminescence system. All antibodies were used: 
anti-TET1 antibody (MA5-16312, 1:1000, Invitrogen), 
anti-HIF-1A antibody (20960-1-AP, 1:1000, 
Proteintech), anti-GAPDH antibody (AF0911-BP, 
1:1000, Affinity Biosciences), anti-mouse IgG anti-
body (ab6728, 1:3000, Abcam), anti-rabbit IgG anti-
body (ab97051, 1:3000, Abcam).

2.8 | Reverse transcription-quantitative PCR 
(RT-qPCR)

RNAs were extracted from cells using TRIzol® reagent 
(Invitrogen). cDNA was synthesized from 1  µg of RNAs 
using PrimeScript RT kit (Takara Biotechnology). Reaction 
condition of reverse transcription: 42°C, 30 min; 85°C, 5 s. 
The cDNAs were diluted with 40  µl of RNase-free water. 
Next, 1 µl of cDNA was used for real-time PCR experiment 
in 10 µl system with SYBR Green I Master Mix kit (Thermo 
Fisher Scientific) and primers. The program for PCR on ABI 
7500: 94°C for 10 min, 40 cycles of 94°C for 30 s, 60°C for 
30  s, and 70°C for 30  s. The relative gene expression was 
calculated using 2−ΔΔCT method.

The primers were used in real-time PCR experiments:
NUTM2A-AS1-Forward: TACCTCTAGTTCTTCCCGGC;
NUTM2A-AS1-Reverse: TTTTGCTTTTCTCCTGGCCC;
MiR-376a-Forward: TAAAAGGTAGATTCTCC;

MiR-376a-Reverse: GAAAACGTGGATTTTCC;
TET1-Forward: CAGTGTGTGCTCCTTTTCCC;
TET1-Reverse: TAGGAGACGTAGACCCACCA;
HIF-1A-Forward: TCCAAGAAGCCCTAACGTGT;
HIF-1A-Reverse: TGATCGTCTGGCTGCTGTAA;
PD-L1-Forward: CCACCACCACCAATTCCAAG;
PD-L1-Reverse: TGGCTCCCAGAATTACCAAGT;
GAPDH-Forward: CAGCCTCAAGATCATCAGCA;
GAPDH-Reverse: ATGATGTTCTGGAGAGCCCC;
U6-Forward: AGAAGATTAGCATGGCCCCT;
U6-Reverse: ATTTGCGTGTCATCCTTGCG.

2.9 | RNA pull down

lncRNA NUTM2A-AS1 was labeled with biotin. HGC-27 
cells transfected with indicated vectors were lysed by lysis 
buffer with RNase inhibitor DEPC. Then, NUTM2A-AS1-
biotin was incubated with the supernatant of lysis buffer for 
4–6 h at 4°C. Streptavidin beads were added to reaction solu-
tion at room temperature for 1–2 h. The beads were washed 
for 2–3 times. Pulled down miR-376a was examined by 
RT-qPCR.

2.10 | Lymphatic vessel formation assay

HDLEC cells were subject to treatment of conditioned me-
dium (CM) of GC cells on GFR Matrigel diluted with PBS 
buffer (1:5). Diluted GFR Matrigel solution was used to 
coat 24-well plates and incubated at 37°C for at least 5 h. 
HDLEC cells were seeded in DMEM medium at density of 
~40,000 cells/well. We used inverted microscope to observe 
tube length.

2.11 | Trypan blue staining

LD50 was determined by this assay, 0.4% of trypan blue 
solution (Beyotime) was added and the cells were counted 
under Countess Automated Cell Counter (Invitrogen). Dead 
cells were defined as cells could not exclude the dye.

2.12 | Xenograft experiment

In this experiment, eight NOD-SCID mice (four mice per 
group) were used. Mice were injected subcutaneously with 
a million of HGC-27 cells. After 4  weeks, the mice were 
sacrificed and tumors were excised. The animal protocol 
was approved by the Animal Welfare Committee of The 
Second Affiliated Hospital of Soochow University. Tumor 
volume = 0.5 × length × width2.
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2.13 | The Cancer Genome Atlas (TCGA)

The gene expression datasets of stomach adenocarcinoma 
were downloaded from TCGA datasets (211 normal tissues 
and 408 tumors). Gene expression box plot, Stage plot, and 
Kaplan–Meier plot analyses were performed by GraphPad 
Prism software.

2.14 | RNA immunoprecipitation 
(RIP) assay

RIP was performed using a Magna RNA Immunoprecipitation 
kit (Millipore). Lysates of HGC-27 cells (1 × 107) were incu-
bated with protein A/G magnetic beads conjugated with normal 
mouse IgG or anti-Ago2 antibody. The detailed protocol was ref-
erenced by manufacturers’ instructions. The immunoprecipitated 
NUTM2A-AS1 and miR-376a were detected by RT-qPCR.

2.15 | Isolation of cytoplasmic and 
nuclear RNA

Cytoplasmic and nuclear RNAs of HGC-27 and SNU-1 cells 
were extracted and purified using PARIS™ Kit (AM1921, 
Invitrogen) according to the manufacturer's instructions.

2.16 | Northern blot analysis

In this experiment, 40  μg of RNA was separated by for-
maldehyde gel electrophoresis. Then, the RNA-contained 
gel was transferred to a Biodyne Nylon membrane that was 
fixed by UV crosslinking. After prehybridization in Ultrahyb 
buffer (Ambion) at 62°C for 1  h, the membrane was hy-
bridized in Ultrahyb buffer with digoxin-labeled probes 
for NUTM2A-AS1 at 62°C overnight. The membrane was 
then incubated with anti-DIG-biotin antibody (BOSTER 
Biological Technology) for 2 h at room temperature. Then, the 
membrane was incubated with HRP-conjugated Streptavidin 
for 30 min at room temperature. Finally, the expression of 
NUTM2A-AS1 was detected. NUTM2A-AS1 probe for 
northern blot: AGGAGAAAAGCAAAACCATATTCCT.

2.17 | Statistical analysis

GraphPad Prism 8.0 was utilized to perform statistical analysis. 
The data of three replicates were expressed as mean ± stand-
ard deviation (SD). Comparisons of two groups were analyzed 
using non-paired Student's t tests. Three or more groups com-
parisons were done by ANOVA (Tukey's post hoc test). In all 
results, p < 0.05 was considered as statistically significant.

3 |  RESULTS

3.1 | NUTM2A-AS1 knockdown-attenuated 
GC cell tumorigenesis and drug resistance

To explore the biological role of NUTM2A-AS1, we gen-
erated NUTM2A-AS1 knockdown stable cell lines (HGC-
27, SNU-1) by shRNAs (Figure 1A). Transwell assay 
showed less invaded cell number of HGC-27 and SNU-1 
cells depleted of NUTM2A-AS1 (Figure 1B,C). Moreover, 
NUTM2A-AS1 knockdown significantly impaired lym-
phatic vessel formation ability of HDLEC cells incubated 
with CM of HGC-27 and SNU-1 (Figure 1D,E). Cell vi-
ability of HGC-27 and SNU-1 cells were attenuated when 
the cells were introduced with shNUTM2A-AS1 compared 
to shNC (Figure 1F). IC50 values of HGC-27 and SNU-1 
cells transfected with shNUTM2A-AS1 were reduced by 
~40% compared to shNC group cells (Figure 1G). LD50 
of cisplatin in NUTM2A-AS1 knockdown HGC-27 and 
SNU-1 cells were lower than that of shNC cells (Figure 
1H). These results suggested that NUTM2A-AS1 played 
oncogenic role in gastric cancer tumorigenesis and drug 
resistance.

3.2 | NUTM2A-AS1 depletion inhibited 
tumor growth of GC cells in animal model and 
clinical setting

Next, we asked if NUTM2A-AS1 exerted the oncogenic 
role in animal model. shNC or shNUTM2A-AS1-expressed 
HGC-27 cells were subcutaneously implanted under skin of 
immunodeficient mice (Figure 2A). Tumor weight and vol-
ume results indicated that shNUTM2A-AS1 tumors were 
remarkably smaller than shNC tumors (Figure 2B,C). RT-
qPCR data confirmed NUTM2A-AS1 was downregulated in 
shNUTM2A-AS1 tumors (Figure 2D).

In addition to animal model, we also sought to investi-
gate whether NUTM2A-AS1 acted as oncogene in human 
clinical tissues. We found that NUTM2A-AS1 was rela-
tively elevated in gastric tumors (Figure 3A). Moreover, 
patients with high level of NUTM2A-AS1 lived for a 
shorter time period (Figure 3B). Advanced stage of tu-
mors displayed higher level of NUTM2A-AS1, compared 
with primary stages of tumors (Figure 3C). Besides, we 
carried out RT-qPCR to examine NUTM2A-AS1 levels 
in human gastric mucosal epithelial cell GES-1 and gas-
tric cancer cells HGC-27 and SNU-1. Expectedly, higher 
NUTM2A-AS1 expressions were detected in HGC-27 
and SNU-1 cells in relative to GES-1 cell (Figure 3D). 
In conclusion, our data revealed that NUTM2A-AS1 con-
tributed to gastric cancer progression in animal and clin-
ical environment.
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3.3 | miR-376a-mediated NUTM2A-
AS1 knockdown-attenuated GC cell 
tumorigenesis and drug resistance

To search for molecules involved in NUTM2A-AS1-
regulated functions in gastric cancer, we first sought to 
pinpoint the cellular location of NUTM2A-AS1. Northern 

blot result showed that NUTM2A-AS1 mainly located 
in the cytoplasmic fraction (Figure 4A). Combined with 
previous reports, we propose that miRNAs are our first-
choice among various molecular targets. Bioinformatics 
result identified a number of miRNAs as putative targets 
for NUTM2A-AS1. However, we found that only miR-
376a was reported to be associated with gastric cancer and 
the underlying mechanism remained completely unclear, 

F I G U R E  1  NUTM2A-AS1 knockdown-attenuated GC cell tumorigenesis and drug resistance. (A) RT-qPCR showed NUTM2A-AS1 
expression levels in HGC-27 and SNU-1 cells stably expressing negative control (shNC), shNUTM2A-AS1-1, shNUTM2A-AS1-2. ***p < 0.001. 
(B and C) Transwell assay showed invasion of HGC-27 and SNU-1 cells stably expressing shNC, shNUTM2A-AS1-1, shNUTM2A-AS1-2. 
***p < 0.001. (D and E) Lymphatic vessel formed by HDLEC cells cultured with conditioned medium (CM) of HGC-27 and SNU-1 cells 
transfected with shNC, shNUTM2A-AS1-1, shNUTM2A-AS1-2. ***p < 0.001. (F) CCK-8 assay showed cell viability of HGC-27 and SNU-1 
cells stably expressing shNC, shNUTM2A-AS1-1, shNUTM2A-AS1-2. ***p < 0.001. (G) IC50 measurement of cisplatin-treated HGC-27 and 
SNU-1 cells stably expressing shNC, shNUTM2A-AS1-1, shNUTM2A-AS1-2. ***p < 0.001. (H) LD50 measurement of cisplatin-treated HGC-27 
and SNU-1 cells stably expressing shNC, shNUTM2A-AS1-1, shNUTM2A-AS1-2. ***p < 0.001
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which prompted us to further investigate the miR-376a in 
our study (Figure 4B). Hence, we attempt to determine the 
role of miR-376a in gastric cancer tumorigenesis and drug 
resistance. First of all, luciferase reporter assay and RNA 
pull down experiment were carried out to show direct in-
teraction between NUTM2A-AS1 and miR-376a (Figure 
4C,D). Besides, RNA immunoprecipitation experiment was 

performed to confirm that both NUTM2A-AS1 and miR-
376a existed in Ago2 complex (Figure 4E). More impor-
tantly, we found that miR-376a inhibited NUTM2A-AS1 
expression in HGC-27 cells (Figure 4F).

We transfected miR-376a mimic into NUTM2A-AS1-
overexpressed HGC-27 cells (Figure 4G). The results of tran-
swell assay displayed that NUTM2A-AS1 overexpression 

F I G U R E  2  NUTM2A-AS1 depletion inhibited tumor growth of GC cells in vivo. (A) Xenografting tumor assay showed tumor growth of 
HGC-27 cells stably expressing shNC, shNUTM2A-AS1-1 in immunodeficient mice. n = 4. (B and C) Tumor weights (B) and volumes (C) were 
measured. **p < 0.01; ***p < 0.001. (D) RT-qPCR showed NUTM2A-AS1 expression levels in tumors formed by HGC-27 cells stably expressing 
shNC, shNUTM2A-AS1-1. **p < 0.01

F I G U R E  3  NUTM2A-AS1 was upregulated and associated with poor prognosis of GC patients. (A) NUTM2A-AS1 levels of normal tissues 
(n = 211) and tumors (n = 408) were analyzed in TCGA datasets of GC patients. *p < 0.05. (B) Kaplan–Meier analysis showed overall survival 
(OS) of GC patients by low group (n = 204) and high group (n = 204). p = 0.0025. (C) Stage plot analysis showed higher expression of NUTM2A-
AS1 in advanced stage (stage III and IV) of GC patients. (D) NUTM2A-AS1 levels of normal gastric mucosal epithelial cell GES-1 and GC cell 
lines (HGC-27 and SNU-1 cells) were examined by RT-qPCR. **p < 0.01; ***p < 0.001
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F I G U R E  4  miR-376a-mediated NUTM2A-AS1 knockdown-attenuated GC cell tumorigenesis and drug resistance. (A) Northern blot and 
western blot analysis showed NUTM2A-AS1 and GAPDH levels in total (T), cytoplasmic (C), and nuclear (N) fractions. GAPDH served as 
loading control. (B) Bioinformatics prediction (StarBase v2.0 database) of putative binding site at NUTM2A-AS1 by miR-376a. (C) Luciferase 
activity was measured in HGC-27 cells transfected with pGL3-NUTM2A-AS1 plus NC mimic, miR-376a mimic, NC inhibitor, miR-376a 
inhibitor. *p < 0.05; **p < 0.01. (D) RNA pull down was performed to detect miR-376a binding by NUTM2A-AS1. *p < 0.05; **p < 0.01. 
(E) RIP assay showed that NUTM2A-AS1 bound to miR-376a. ***p < 0.001. (F) RT-qPCR showed miR-376a and NUTM2A-AS1 expression 
levels in HGC-27 cells transfected with NC mimic, miR-376a mimic, NC inhibitor, miR-376a inhibitor. *p < 0.05; **p < 0.01; ***p < 0.001. (G) 
RT-qPCR showed miR-376a levels in HGC-27 cells stably expressing pcDNA3.1, pcDNA3.1-NUTM2A-AS1, pcDNA3.1-NUTM2A-AS1 plus 
miR-376a mimic. **p < 0.01. (H and I) Transwell assay showed invasion of HGC-27 cells stably expressing pcDNA3.1, pcDNA3.1-NUTM2A-
AS1, pcDNA3.1-NUTM2A-AS1 plus miR-376a mimic. *p < 0.05. (J and K) Lymphatic tube formation showed tube length of HDLEC cells 
incubated with conditioned medium of HGC-27 cells stably expressing pcDNA3.1, pcDNA3.1-NUTM2A-AS1, pcDNA3.1-NUTM2A-AS1 
plus miR-376a mimic. *p < 0.05; **p < 0.01. (L) CCK-8 assay showed cell viability of HGC-27 cells stably expressing pcDNA3.1, pcDNA3.1-
NUTM2A-AS1, pcDNA3.1-NUTM2A-AS1 plus miR-376a mimic. *p < 0.05; **p < 0.01. (M) IC50 measurement of cisplatin-treated HGC-27 
cells stably expressing pcDNA3.1, pcDNA3.1-NUTM2A-AS1, pcDNA3.1-NUTM2A-AS1 plus miR-376a mimic. *p < 0.05; **p < 0.01. (N) LD50 
measurement of cisplatin-treated HGC-27 cells stably expressing pcDNA3.1, pcDNA3.1-NUTM2A-AS1, pcDNA3.1-NUTM2A-AS1 plus miR-
376a mimic. *p < 0.05; **p < 0.01
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led to enhanced invasion of HGC-27 cells. miR-376a mimic 
largely suppressed NUTM2A-AS1-modulated cell invasion 
(Figure 4H,I). Furthermore, we observed that miR-376a 
mimic rescued lymphatic vessel formation ability of HDLEC 
cells co-incubated with CM of NUTM2A-AS1-overexpressed 
HGC-27 cells (Figure 4J,K). Likewise, cell viability assay 
showed that NUTM2A-AS1 promoted cell viability of HGC-
27 cells, which was reverted by miR-376a mimic (Figure 
4L). IC50 value of HGC-27 cells treated with cisplatin was 
increased by NUTM2A-AS1 overexpression, which was re-
duced by miR-376a mimic (Figure 4M). miR-376a mimic de-
creased LD50 of cisplatin in NUTM2A-AS1-overexpressed 
HGC-27 cells (Figure 4N). Taken together, miR-376a was 
critical for NUTM2A-AS1-induced gastric cancer tumori-
genesis and drug resistance.

3.4 | miR-376a targets TET1 and HIF1A

To identify the downstream effectors of miR-376a in gas-
tric cancer cells, we used bioinformatics software to find out 
the potential targets of miR-376a. Among them, an epige-
netic regulator TET1 and HIF-1A were evidently regulated 
(Figure 5A), which could bridge epigenetic mechanism with 
NUTM2A-AS1/miR-376a-regulated gastric cancer. Dual-
luciferase reporter assay demonstrated that miR-376a bound 
3’-UTR regions of TET1 and HIF-1A (Figure 5B,C). RT-
qPCR results suggested that miR-376a suppressed the ex-
pression levels of TET1 and HIF-1A (Figure 5D).

3.5 | TET1 interacts with HIF-1A to regulate 
PD-L1

CO-IP experiment showed that TET1 could endoge-
nously interact with HIF-1A in HGC-27 cells (Figure 5E). 
Interestingly, RT-qPCR results indicated that HIF-1A-
enhanced PD-L1 expression could be abrogated by TET1 
knockdown (Figure 5F). To validate this result, we utilized 
flow cytometry experiment to examine PD-L1 level of HGC-
27 and SNU-1 cells. The data suggested that PD-L1 protein 
expression pattern was similar to that of RT-qPCR (Figure 
5G).

3.6 | PD-L1 partially rescued NUTM2A-
AS1- and miR-376a-regulated GC cell 
tumorigenesis and drug resistance

To investigate the role of PD-L1 in NUTM2A-AS1- and 
miR-376a-regulated gastric cancer tumorigenesis and drug 
resistance, we overexpressed PD-L1 in shNUTM2A-AS1-1- 
and miR-376a mimic-expressed HGC-27 cells (Figure 

6A). Transwell assay result showed that PD-L1 rescued 
NUTM2A-AS1 knockdown- and miR-376a mimic-atten-
uated invasion of HGC-27 cells (Figure 6B,C). Lymphatic 
vessel formation assay showed that PD-L1 overexpression 
resulted in increased tube length of shNUTM2A-AS1-1- and 
miR-376a mimic-expressed HGC-27 cells (Figure 6D,E). In 
parallel, PD-L1 restored NUTM2A-AS1 knockdown- and 
miR-376a mimic-attenuated cell viability of HGC-27 cells 
(Figure 6F). Substantial increase in IC50 value was observed 
in PD-L1-overexpressed cells (Figure 6G). LD50 of cispl-
atin was also elevated in PD-L1-overexpressed HGC-27 cells 
(Figure 6H). To sum up, PD-L1 served as a key effector for 
NUTM2A-AS1- and miR-376a-modulated gastric cancer tu-
morigenesis and drug resistance.

4 |  DISCUSSION

In this study, we focused on investigating the role of 
NUTM2A-AS1 in gastric cancer (Figure 7). miR-376a was 
a newly identified miRNA interacting with NUTM2A-AS1 
and had key effect on NUTM2A-AS1-induced tumorigenesis 
and drug resistance of GC. Epigenetic regulator TET1 di-
rectly bound HIF-1A to regulate immune checkpoint PD-L1. 
All these conclusions related epigenetic treatment and im-
munotherapy to gastric cancer.

At present, surgical resection is the first-choice for ear-
ly-stage GC treatment. However, gastric cancer is prone to 
be resistant to chemotherapy drugs.21 Recently, combina-
tion treatment of chemotherapy and molecularly targeted 
agents has been proposed to be used in advanced stage of 
GC.22 Although big progress has been achieved, intrinsi-
cally heterogeneous trait of GC leads to poor prognosis.23 
More interestingly, immunotherapy using antibodies tar-
geting CTLA-4 and PD-L1/PD-1 (e.g., pembrolizumab, 
durvalumab, atezolizumab, and avelumab) have shown 
promising in clinical trials. In 2017, pembrolizumab was 
approved by FDA for metastatic gastric cancer as the first 
immune checkpoint inhibitor drug.24 In our study, we 
presented that PD-L1 was important for NUTM2A-AS1-
mediated gastric cancer progression.

So far, a number of evidence show that lncRNAs are involved 
in tumor progression and cisplatin resistance of gastric cancer 
via various mechanisms.25-28 NUTM2A-AS1 has not been stud-
ied in cancer, including gastric cancer. Our group, for the first 
time, prove that NUTM2A-AS1 accelerates tumor invasion, an-
giogenesis, and cisplatin resistance at cellular and animal level. 
In previous reports, lncRNAs acted as ceRNA of miRNAs by 
its miRNA-recognition elements (MREs).29 Among the pre-
diction results, miR-376a directly bound NUTM2A-AS1 and 
functioned as tumor suppressor in gastric cancer.

Epigenetic regulation is implicated in biological processes 
in mammals.30 In tumors, transcriptions of tumor suppressors 
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F I G U R E  5  miR-376a directly targeted TET1 and HIF1A. (A) Bioinformatics prediction (TargetScan database) of putative binding site at 
3’-UTRs of TET1 and HIF-1A by miR-376a. (B and C) Luciferase activity was measured in HGC-27 cells transfected with HIF-1A or TET1 
3’-UTR-fused pGL3 vector plus NC mimic, miR-376a mimic, NC inhibitor, miR-376a inhibitor. *p < 0.05; **p < 0.01. (D) RT-qPCR showed 
miR-376a, TET1, HIF-1A expression levels in HGC-27 cells transfected with NC mimic, miR-376a mimic, NC inhibitor, miR-376a inhibitor. 
*p < 0.05; **p < 0.01. (E) Co-immunoprecipitation showed interaction of TET1 with HIF-1A in HGC-27 cells. IgG served as negative control. 
(F) RT-qPCR showed PD-L1 mRNA levels in HGC-27 cells transfected with shNC, shHIF-1A, shTET1, shHIF-1A plus shTET1. **p < 0.01. (G) 
Flow cytometry analysis showed PD-L1 protein levels in HGC-27 cells transfected with shNC, shHIF-1A, shTET1, shHIF-1A plus shTET1
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are commonly inhibited by promoter hypermethylation.31 It 
is of our interest that TET1 is a downstream target of miR-
376a. TET1 serves as tumor suppressor in a variety of cancer 

types, such as colon,32 ovarian,33 pancreatic,34 and gastric 
cancer.35 Generally, TET1 exerts the roles through its enzy-
matic activity toward converting 5mC into 5hmC, 5fC and 

F I G U R E  6  PD-L1 partially rescued NUTM2A-AS1- and miR-376a-regulated GC cell tumorigenesis and drug resistance. (A) RT-qPCR 
showed PD-L1 expression levels in HGC-27 cells stably expressing shNC, shNUTM2A-AS1-1, shNUTM2A-AS1-1 plus PD-L1, NC mimic, 
miR-376a mimic, miR-376a mimic plus PD-L1. **p < 0.01. (B and C) Transwell assay showed invasion of HGC-27 cells stably expressing shNC, 
shNUTM2A-AS1-1, shNUTM2A-AS1-1 plus PD-L1, NC mimic, miR-376a mimic, miR-376a mimic plus PD-L1. *p < 0.05; **p < 0.01. (D and 
E) Lymphatic vessel formed by HDLEC cells cultured with conditioned medium of HGC-27 cells stably expressing shNC, shNUTM2A-AS1-1, 
shNUTM2A-AS1-1 plus PD-L1, NC mimic, miR-376a mimic, miR-376a mimic plus PD-L1. *p < 0.05; **p < 0.01. (F) CCK-8 assay showed cell 
viability of HGC-27 cells stably expressing shNC, shNUTM2A-AS1-1, shNUTM2A-AS1-1 plus PD-L1, NC mimic, miR-376a mimic, miR-376a 
mimic plus PD-L1. *p < 0.05; **p < 0.01. (G) IC50 measurement of cisplatin-treated HGC-27 cells stably expressing shNC, shNUTM2A-AS1-1, 
shNUTM2A-AS1-1 plus PD-L1, NC mimic, miR-376a mimic, miR-376a mimic plus PD-L1. *p < 0.05; **p < 0.01. (H) LD50 measurement of 
cisplatin-treated HGC-27 cells stably expressing shNC, shNUTM2A-AS1-1, shNUTM2A-AS1-1 plus PD-L1, NC mimic, miR-376a mimic, miR-
376a mimic plus PD-L1. *p < 0.05; **p < 0.01
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5caC.18 Unexpectedly, TET1 interacted with HIF-1A to mod-
ulate PD-L1 level in its enzymatic activity-independent man-
ner.19 One of the possible reason was that TET1 recruited 
classical transcription factors (e.g., HIF-1A) to influence 
gene expression.

Programed cell death-1 (PD-1) and its ligand PD-L1 are 
well-known immune checkpoint signaling.36 PD-L1 is upreg-
ulated and associated with immune evasion of cancer cells.37 
Muhammad Zaeem Noman et al showed that PD-L1 was direct 
target of HIF-1A.38 Consistent with this, we revealed that TET1/
HIF-1A complex positively regulated PD-L1. Moreover, PD-L1 
overexpression contributed to the function of NUTM2A-AS1/
miR-376a for malignancy of gastric cancer. Hence, it might be 
possible to treat gastric cancer by combination of cisplatin and 
anti-PD-L1 monoclonal antibody drug.

In summary, our research provides another strategy for 
GC diagnosis and treatment by targeting NUTM2A-AS1/
miR-376a/TET1/PD-L1 axis. Combinatorial utilization of 
traditional chemotherapy and immunotherapy will be more 
effective than single treatment for GC.
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