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Introduction: Growing evidences imply that multiple long non-coding RNAs (lncRNAs) 
play a significant role in the treatment of cancer. Therefore, it is of great significance to 
discover new biomarkers or therapeutic targets of gastric cancer (GC). However, the poten-
tial molecular mechanism of lncPROX1-AS1 in GC remains unknown. The objective of 
current study is to investigate the effect of PROX1-AS1 in GC.
Methods: Thus, we detect that PROX1-AS1 is over-expressed in tissues and cell lines of 
GC using qRT-PCR analysis. CCK-8, colony formation, flow cytometry, wounding healing 
and transwell analyses were performed to explore the effect of PROX1-AS1 on GC malig-
nant behaviors.
Results: It is further disclosed that silencing of PROX1-AS1 represses cell proliferation, 
migration, and invasion, whereas promotes cell apoptosis in GC. Bioinformatics analysis 
suggests that miR-877-5p is negatively regulated by PROX1-AS1 and ectopic of miR-877-5p 
alleviates the malignant behaviors of GC. Subsequently, miR-877-5p suppresses the activity 
of PD-L1-3ʹ UTR. At last, rescue assays demonstrated that the GC progression is suppressed 
by sh-PROX1-AS1 and facilitated on account of miR-877-5p inhibitors and then is retrieved 
by sh-PD-L1.
Discussion: Our findings reveal that PROX1-AS1 exerts its role via miR-877-5p/PD-L1 
axis in the GC progression, suggesting that PROX1-AS1 may represent a new therapeutic 
target for the diagnosis and treatment of GC patients.
Keywords: PROX1-AS1, miR-877-5p, PD-L1, proliferation, apoptosis, gastric cancer

Introduction
As one of the most common malignant tumors with high mortality and high 
incidence rate worldwide,1,2 the morbidity of gastric cancer (GC) has increased 
steadily over the past decade.3–5 Despite significant advancements in diagnosis and 
surgical treatment, most patients have already stepped into progressive stage upon 
definite diagnosis and the survival rate of GC remains low.6,7 Additionally, the 
underlying molecular mechanism in the process of GC remains elusive. Therefore, 
it is urgent to deeply understand the potential mechanism from the genetic and 
molecular level of GC.8

Long non-coding RNAs (lncRNAs) are non-coding RNA sequences with more 
than 200nt in length. Previous reports have proved that lncRNAs function as crucial 
regulators in tumor progression, including GC.9–13 In papillary thyroid cancer, 
lncRNA GAS8-AS1 suppresses cell proliferation by regulating ATG5.14 Moreover, 
knockdown of lncRNA UCA1 inhibits cervical cancer cell proliferation and invasion 
through targeting miR-206.15 PROX1 antisense RNA 1 (PROX1-AS1) is transcribed 
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from the antisense strand of PROX1 and a large body of 
evidence indicates that PROX1-AS1 is generally 
up-regulated and exerts its carcinogenic activity in many 
cancers. However, the potential function of PROX1-AS1 
/miR-877-5p/PD-L1 in GC remained obscure.

All these findings suggested that PROX1-AS1 might 
have therapeutic effects on tumor progression. Thus, the 
objective of our study was to explore the biological func-
tion and underlying mechanisms of PROX1-AS1 which 
interacted with miR-877-5p and PD-L1 in GC. Our study 
might provide evidence that PROX1-AS1 functioned as 
a useful target for the GC patient treatment.

Materials and Methods
Clinic Samples
Freshly dissected GC tissues and paired adjacent normal 
tissues from 30 patients in the Changshu Hospital 
Affiliated to Nanjing University of Chinese Medicine. 
Certainly, these patients had signed informed consent. 
Our project was approved by Research Ethics Committee 
of the Changshu Hospital Affiliated to Nanjing University 
of Chinese Medicine (No: 201901026). The clinic infor-
mation of patients are shown in Table 1 and we tested the 
expression level of PROX1-AS1 in patient samples and 
select the median as the classification standard, low 

expression for those lower than the median, high expres-
sion for those higher than the median.

Cell Lines and Cell Culture
Four GC cell lines (AGS, MGC-803, SGC-7901, SNU-1) 
and normal epithelial cell lines GES-1were purchased 
from ATCC (USA). GES-1 cells were maintained in 
DMEM medium (Gibco, USA) and AGS, MGC-803, 
SGC-7901 and SNU-1 cells were cultured in RPMI-1640 
medium (Life Technologies, USA) supplemented with 
10% fetal bovine serum (FBS; Gibco, USA) and cultured 
at 37°C in a humidified atmosphere comprising 5% CO2.

Quantitative Real-Time PCR (qRT-PCR) 
Analysis
TRIzol reagent (Takara, Japan) was applied to collect the 
total RNA from tissues and cells. A PrimeScript RT reagent 
kit (Takara, Japan) was used to reverse-transcribed RNA into 
cDNA. qRT-PCR was carried out by SYBR premix Ex Taq 
reagent kit (Takara, Japan) and miRNA was detected by 
a miRcute miRNA qPCR kit (TIANGEN, China) running 
by fluorescent quantitative PCR 7500 (ABI, USA). GAPDH 
and U6 were used as the internal reference. 2−ΔΔCq method 
was used to calculate the fold changes of gene expression and 
the experiment was conducted three times.

Western Blot Analysis
The total proteins were extracted and separated using 
SDS-PAGE, and then transferred into the polyvinylidene 
fluoride (PVDF) membranes. The membranes were incu-
bated by the primary antibodies at 4°C overnight after 
being blocked by skimmed milk, and probed with the 
secondary horseradish peroxidase (HRP) antibodies 
(Sigma, Aldrich) for 1 h. The primary antibodies listed 
as followed: cyclin D1 (ab40754, 1:1000), p21 (ab80633, 
1:1000), Bax (ab53154, 1:1000), Bcl-2 (ab196495, 
1:1000), cleaved caspase-3 (ab49822, 1:1000), cleaved 
caspase-9 (ab2324, 1:1000), Cox-2 (ab62331, 1:1000), 
MMP-2 (ab86607, 1:1000), MMP-9 (ab38898, 1:1000), 
PD-L1 (AB213524, 1:1000) and GAPDH (ab9435, 
1:1000). The antibodies were purchased from Abcam com-
pany. The protein bands were visualized by using Image 
J 6.0 software (Rockville, MD).

Cell Transfection
AGS and SGC7901 cells (1 × 105) were seeded into 6 well 
plates and cultured reaching to 60%-70% confluence, 
siRNAs against PROX1-AS1 (sh-PROX1-AS1), sh-NC, 

Table 1 Association of PROX1-AS1 Expression with Clinic- 
Pathological Features of GC Patients

Characteristics Number Low 
(n=15)

High 
(n=15)

P value

Sex 0.51
Male 17 9 8

Female 13 6 7

Age 0.36

≤60 17 10 7

>60 13 5 8

Tumor size, cm 0.032
≤4 18 11 7

>4 12 4 8

Pathological 

Staging

0.0452

I + II 16 11 5
III + IV 14 4 10

Metastasis 0.0247
Yes 16 5 11

No 14 10 4

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                             

Cancer Management and Research 2021:13 2670

Guo et al                                                                                                                                                              Dovepress

Powered by TCPDF (www.tcpdf.org)

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


miR-877-5p mimic, NC mimic, inhibitor, NC inhibitor or 
sh-PD-L1 were transfected into AGS and SGC7901 cells 
using Lipofectamine 2000 (Invitrogen, USA). Transfected 
cells were subjected to RT-qPCR assay to assess the trans-
fection efficacy.

Cell Counting Kit-8 (CCK-8) Assay
Cells (1 × 105) were seeded into 96-well plates and har-
vested. Then, 10 mL CCK-8 reagent (Gibco, USA) was 
added and cells were subsequently maintained for (24 h, 
48 h, 72 h and 96 h). The optical density (OD) was tested 
at 450 nm using a microplate reader (BMG Labtech, 
Germany). These tests were carried out in triplicate.

Colony Formation Analysis
Colony formation analysis was carried out to investigate 
the function of PROX1-AS1 on the proliferation of AGS 
and SGC7901 cells. In brief, 1 × 105 transfected cells were 
maintained and grew in DMEM medium containing 10% 
FBS. Fourteen days later, the medium was discarded and 
then cells were fixed in 4% paraformaldehyde after being 
stained with crystal violet for 30 min. Colonies were 
counted and photographed under a light microscope.

Flow Cytometry Analysis
Centrifuged at 1500 rpm for 10 min after a 48-h transfec-
tion, the cells (1 × 105) were trypsinized and dispersed 
into cell suspension. Then the cells were fixed with 70% 
ethanol at 4°C overnight. For cell cycle analysis, cell 
suspension was stained with 50 mg of 1% propidium 
iodide (PI) containing RNAase for 30 min, and was 
detected on a flow cytometer (BD Biosciences, Franklin 
Lakes, USA). For cell apoptosis analysis, an annexin 
V-fluorescein isothiocyanate (FITC)/PI reagent kit 
(Beyotime, China) was utilized. FITC was tested using 
a flow cytometer (Cube 6, Partec, Germany) at wave-
length of 480 and 530 nm and PI determined at wave-
length of 575 nm. The data were analyzed by FlowJo v10 
software (Tree Star, Inc.).

Wound Healing Assay
AGS and SGC7901 cells were seeded in plates and cells 
grew to approximately 90% confluence, followed by 
scratching with a 10 μL pipette tip. The migrated cells 
were photographed at 0 h and 48 h under a light 
microscope.

Transwell Chamber Assay
Transwell chamber assay was applied to assess the cell 
migration and invasion abilities. Cells were plated in 24- 
well upper uncoated chambers (BD Biosciences, CA, 
USA) with serum-free medium for migration analysis 
and the upper chamber loaded with matrigel for invasion 
analysis. Culture medium was filled in the lower chamber 
to culture for 48 h. Then the cells which did not migrated 
and invaded to the lower chamber were removed. Cells 
were fixed stained with crystal violet. Finally, the number 
of cells were counted under a light microscope (×200 
magnification) in five random fields.

Fractionation of Nuclear and Cytoplasmic 
RNA
The PROX1-AS1 nucleus fraction and cytoplasmic 
fraction of PROX1-AS1 were extract using 
Cytoplasmic and Nuclear RNA Purification Kit 
(Norgen, Belmont, CA, USA) according to the manu-
facturer’s protocol.

Dual-Luciferase Reporter Assay
We predicted the PROX1-AS1 binding sites of miR- 
877-5p and the miR-877-5p binding sites of PD-L1 
with bioinformatics tools. AGS and SGC7901 cells 
were transfected with 150 ng of empty pmirGLO-NC, 
pmirGLO-PROX1-AS1-WT or Mut. 2 ng of pRL-TK 
(Promega, WI, USA) and miR-877-5p mimics or NC 
mimics were co-transfected into AGS and SGC7901 
cells using Lipofectamine 2000 (Invitrogen, USA). The 
relative luciferase activity was assessed after 48-h trans-
fection. The principle was the same as above when 
verifying the targeting relationship between miR-877- 
5p and PD-L1. The data of these experiments were 
analyzed by FlowJo v10 software (Tree Star, Inc.).

Statistical Analysis
All of our tests were conducted for three times and the 
data were presented as the mean ± SD. Statistical 
analyses were performed using SPSS v19.0 software 
(IBM Corp.). Student’s t-test was carried out to evalu-
ate significant differences between two groups of sam-
ples. The differences among multiple groups were 
analyzed using One-way ANOVA, followed by 
Tukey’s post hoc test. P < 0.05 was considered as 
a significant difference.

Cancer Management and Research 2021:13                                                                               submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
2671

Dovepress                                                                                                                                                             Guo et al

Powered by TCPDF (www.tcpdf.org)

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


Results
PROX1-AS1 Expression is Up-Regulated 
and Positively Correlates with Poor 
Prognosis in GC
The PROX1-AS1 expression pattern was determined in 30 
GC tissues through RT-qPCR assay. The result had shown 
that PROX1-AS1 expression pattern was dramatically over-
expressed in GC tissues compared to normal tissues (mean 
ratio of 1.9-fold, P < 0.05) (Figure 1A). Furthermore, we 
explored the correlation between PROX1-AS1 expression 
and clinical pathological features. As shown in Figure 1B, 
PROX1-AS1 up-regulation correlated with advanced patho-
logical stage (III+IV; n=15) compared to I+II stage (n=15) 
(P < 0.05). Next, we analyzed whether PROX1-AS1 expres-
sion was associated with overall survival rate using the 
Kaplan-Meier method, and proved that PROX1-AS1 expres-
sion was relative to patient survival rate. In addition, patients 
with high PROX1-AS1 expression had a markedly poorer 
prognosis than those with low PROX1-AS1 expression 
(Figure 1C). Additionally, the expression pattern of PROX1- 
AS1 in GC cells was investigated. We observed that the 
abundance of PROX1-AS1 in AGS, MGC-803, SGC-7901, 

SNU-1 cells were notably higher than that in normal epithe-
lial cells (GES-1) (Figure 1D; P < 0.01). Our findings 
implied that PROX1-AS1 might be a vital biomarker in 
the progression of GC.

PROX1-AS1 Knockdown Suppresses the 
Proliferation and Enhances Apoptosis of 
GC Cells
We firstly investigated whether PROX1-AS1 affected cell 
proliferation of GC cells so as to identify the function of 
PROX1-AS1 in GC. Considering that PROX1-AS1 
expression in AGS and SGC7901 was higher than that in 
other GC cell lines, AGS and SGC7901 cells were selected 
for further assessment.

Thus, loss-of-function strategies were applied to explore 
the biological role of PROX1-AS1 in GC cells. Sh-NC and 
sh-PROX1-AS1 were transfected into AGS and SGC7901 
cells. Next, the transfection efficiency was verified by RT- 
qPCR analysis. As shown in Figure 2A, sh-PROX1-AS1 
obviously down-regulated the expression level of PROX1- 
AS1 compared to the sh-NC group (P < 0.01). Next, CCK-8 
assay found that sh-PROX1-AS1 reduced the cell viability 
compared with sh-NC group (Figure 2B; P < 0.05). Similarly, 

Figure 1 PROX1-AS1 expression is up-regulated in GC and positively correlates with poor prognosis. (A) The PROX1-AS1 mRNA level in GC tissues and the 
corresponding normal tissues were detected by RT-qPCR assay. (B) Examination of the correlation between PROX1-AS1 expression and clinical pathological features 
showed that PROX1-AS1 up-regulation correlated with advanced pathological stage. (C) Kaplan-Meier curves for overall survival analysis based on PROX1-AS1 expression. 
(D) The expression of PROX1-AS1 was assessed in GC cells. *P < 0.05, **P < 0.01, ***P < 0.001 vs Non-tumor, I+II or GES-1 group.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                             

Cancer Management and Research 2021:13 2672

Guo et al                                                                                                                                                              Dovepress

Powered by TCPDF (www.tcpdf.org)

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


Figure 2 PROX1-AS1 knockdown suppresses the proliferation and promotes apoptosis of GC cells. (A) Transfection efficiency was verified by RT-qPCR analysis. (B) Cell 
viability was examined by CCK-8 assay. (C) The functional role of PROX1-AS1 on colony formation was analyzed by colony formation assay (magnification, 40×). (D) Cell 
cycle was assessed by flow cytometry assay. (E) The expression of cell cycle regulatory proteins was analyzed using Western blot. (F) Cell apoptosis was assessed by flow 
cytometry assay. (G) The expression of cell apoptosis regulatory proteins was analyzed using Western blot. *P < 0.05, **P < 0.01, ***P < 0.001 vs sh-NC group.
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colony formation assay also indicated that congenic survival 
was reduced following inhibition of PROX1-AS1 in AGS 
and SGC7901 cells (Figure 2C; P < 0.01). Next, we per-
formed the flow cytometry and Western blot assays to explore 
the role of PROX1-AS1 on cell cycle and apoptosis. 
Following the inhibition of PROX1-AS1, the proportion of 
AGS and SGC7901 cells at the G0/G1 phase were increased, 
while the proportion at the S phase was reduced, indicating 
that PROX1-AS1 served as an inhibitor of cell cycle progres-
sion (Figure 2D; P < 0.05). In addition, the results of Figure 
2E suggested that knockdown of PROX1-AS1 repressed the 
expression levels of cyclin D1, while enhancing the level of 
p21 compared with sh-NC group (P < 0.01). Additionally, 
cell apoptotic rate was markedly increased in cells which 
were transfected with sh-PROX1-AS1 (Figure 2F; P < 
0.01). The data of Western blot analysis indicated that knock-
down of PROX1-AS1 increased Bax, cleaved-caspase-3 and 
cleaved-caspase-9 levels, while decreasing Bcl-2 levels 
(Figure 2G; P < 0.01). These results indicated that 

knockdown of PROX1-AS1 suppressed proliferation and 
enhanced apoptosis of GC cells.

Inhibition of PROX1-AS1 Suppresses the 
Migration and Invasion of GC Cells
It was generally known that cell migration and invasion was 
a significant aspect of cancer progression. Hence, we con-
ducted wound healing assay to estimate whether PROX1- 
AS1 affected the mobility of AGS and SGC7901 cells. 
Transfection of sh-PROX1-AS1 impeded the migration ability 
of AGS (37.4%) and SGC7901 (40.6%) cells compared with 
sh-NC group (Figure 3A; P < 0.01). Moreover, we performed 
transwell assay to explore the cell invasion ability. The result 
of Figure 3B indicated that knockdown of PROX1-AS1 sig-
nificantly suppressed invasion capacity of AGS and SGC7901 
cells (P < 0.01). Moreover, Western blot analysis indicated 
that sh-PROX1-AS1 repressed the migration- and invasion- 
associated protein expressions (MMP-2, MMP-9) both in 
AGS and SGC7901 cells (Figure 3C; P < 0.01). Therefore, 

Figure 3 Inhibition of PROX1-AS1 suppresses the migration and invasion of GC cells. (A, B) The wound-healing assay and transwell chamber assays were used to assess cell 
migration and invasion. (C) The protein expression levels of MMP-2 and MMP-9 in AGS and SGC7901 cells. **P < 0.01 vs sh-NC group.
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our study suggested that PROX1-AS1 knockdown exerted 
suppressive impacts on GC cell migration and invasion.

PROX1-AS1 Serves as a Molecular 
Sponge for miR-877-5p
Subcellular fractionation analysis indicated that PROX1- 
AS1 was markedly located in the cytoplasm both in AGS 
and SGC7901 cells, suggesting that PROX1-AS1 might 
serve as a competitive endogenous RNA (ceRNA) in GC 
(Figure 4A; P < 0.01). To elucidate the molecular mechan-
ism of PROX1-AS1 in regulating the progression of GC, 
StarBase v2.0 (http://starbase.sysu.edu.cn/) was applied to 
predict the potential target of PROX1-AS1. Among all the 
targets, miR-877-5p was chosen for further study, since 
functions as an important regulator controlling the occur-
rence and development of various tumors, including 
GC.16–18 The binding site between PROX1-AS1 and 
miR-877-5p are as shown in Figure 4B. Moreover, the 

result of luciferase reporter analysis indicated that the 
luciferase activity was suppressed in miR-877-5p mimic 
of wild-type PROX1-AS1 group but did not affect the 
mutant group (Figure 4C; P < 0.01). RT-qPCR results 
delineated that sh-PROX1-AS1 increased miR-877-5p 
expression levels (Figure 4D). In addition, miR-877-5p 
expression in GC tissues was assessed and found that 
miR-877-5p was lower than that in normal tissues 
(Figure 4E; P < 0.05). Further, we explored miR-877-5p 
expression in GC cell lines and same result was obtained 
(Figure 4F; P < 0.01). In concert with the above results, 
Pearson’s correlation analysis unveiled the negative rele-
vance between PROX1-AS1 and miR-877-5p (Figure 4G).

Over-Expressed miR-877-5p Inhibits GC 
Progression
RT-qPCR assay was adopted to verify the transfection 
efficiency of miR-877-5p mimic and the results are 

Figure 4 PROX1-AS1 acts as a molecular sponge for miR-877-5p. (A) The subcellular location analysis of PROX1-AS1. (B) Putative binding regions of PROX1-AS1 in miR- 
877-5p predicted by StarBase. (C) Luciferase reporter assay was conducted to verify the relationship between PROX1-AS1 and miR-877-5p. (D) RT-qPCR was used to 
detect miR-877-5p expression level after sh-PROX1-AS1 treatments. (E, F) The mRNA expression of miR-877-5p in GC tissues and cell lines were analyzed by RT-qPCR. 
(G) Pearson’s correlation analysis between PROX1-AS1 and miR-877-5p expression. *P < 0.05 vs Cytoplasmic, NC mimics, Non-tumor, or GES-1 group.
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shown in Figure 5A. Then, CCK-8 and colony forma-
tion analyses were performed to explore the effect of 
miR-877-5p on GC. The data demonstrated that ectopic 
of miR-877-5p suppressed the proliferation ability of 
AGS and SGC7901 cells when accompanying with the 
cells transfected with NC mimic (Figure 5B, C; P < 
0.01). The roles of miR-877-5p on cell apoptosis were 
verified by flow cytometry assay. As shown in Figure 
5D, cell apoptotic rate was markedly increased in cells 
transfected with miR-877-5p mimic (P < 0.01). 
Additionally, we found that miR-877-5p mimic notably 
decreased the migration and invasion capabilities com-
pared with NC mimic group both in AGS and 
SGC7901 cells by transwell assay (Figure 5E; 
P < 0.01).

PD-L1 is Target Gene of miR-877-5p
Bioinformatic analysis was used in our study to search for 
genes that were directly regulated by miR-877-5p. We 
found that PD-L1 was the putative target of miR-877-5p 
(http://starbase.sysu.edu.cn/) (Figure 6A) and down- 
regulation of PD-L1 that plays suppressive effects in GC 
cells is well known.19,20 Data of Figure 6B declared that 
miR-877-5p mimic remarkably suppressed luciferase 
activity of PD-L1 3ʹ UTR wild type, while not affecting 
the activity of mutant form through luciferase reporter 
assay (P < 0.01). The levels of PD-L1 in miR-877-5p 
mimic and NC mimic group were determined using RT- 
qPCR and Western blot analyses. Results showed that PD- 
L1 was decreased while miR-877-5p overexpressed 
(Figure 6C and D; P < 0.01). In addition, PD-L1 was 

Figure 5 Overexpression of miR-877-5p inhibits GC progression. (A) RT-qPCR was used to detect the transfection efficiency of miR-877-5p mimic. (B) Cell viability was 
examined by CCK-8 assay. (C) The functional role of miR-1303 on colony formation was analyzed by colony formation assay (magnification, 40×). (D) Cell apoptosis was 
assessed by flow cytometry assay. (E) The effects of miR-877-5p on cell migration and invasion were measured by transwell assay (magnification, 200×). *P < 0.05, **P < 0.01, 
***P < 0.001 vs NC mimic group.
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demonstrated to be up-regulated in GC tissues and cell 
lines (Figure 6E and F; P < 0.05). Moreover, Pearson’s 
correlation analysis unveiled the negative relevance 
between miR-877-5p and PD-L1 expression levels in GC 
(Figure 6G).

PROX1-AS1 Accelerates Cell Growth, 
Invasion and Suppresses Apoptosis by 
Targeting miR-877-5p/PD-L1 Axis
Rescue assays were performed to further study whether 
PROX1-AS1 executed its function in GC via miR-877-5p/ 
PD-L1 axis. As presented in Figure 7A, the transfection 
efficiencies of miR-877-5p inhibitor or sh-PD-L1 were 
measured. Functionally, CCK-8 and colony formation ana-
lyses were applied to detect the proliferation ability of 
AGS and SGC7901 cells. We found that the repression 
role of sh-PROX1-AS1 on cell proliferation was 

aggravated by miR-877-5p inhibitor and then retrieved 
when PD-L1 was silenced (Figure 7B, C; P < 0.01). On 
the contrary, flow cytometry assay demonstrated that 
PROX1-AS1 knockdown-induced cell apoptosis was abol-
ished by miR-877-5p inhibitor, while knockdown of PD- 
L1 antagonized the impact of miR-877-5p inhibitor on the 
PROX1-AS1 knockdown cells (Figure 7D; P < 0.01). 
Besides, the transwell chamber assays manifested that the 
migration and invasion capacity of AGS and SGC7901 
cells were suppressed by sh-PROX1-AS1, facilitated and 
retrieved by miR-877-5p inhibitors (Figure 7E; P < 0.01).

Discussion
As is known to all, many lncRNAs have been discovered 
due to the development of gene sequencing technology. In 
the last few years, the discovery of lncRNA which can be 
used as a prognostic marker provides a new light on the 
therapeutic targets of GC.21–23 In our study, we firstly 

Figure 6 PD-L1 is target gene of miR-877-5p. (A) The predicted binding site of miR-877-5p in the 3ʹ-UTR of PD-L1. (B) The relative luciferase activity was detected. (C, D) 
Relative expression of PD-L1 was examined by RT-qPCR and Western blot assay. **P < 0.01 vs NC mimic. (E, F) The mRNA expression of PD-L1 in GC tissues and cell lines 
were analyzed by RT-qPCR. (G) Pearson’s correlation analysis between miR-877-5p and PD-L1 expression. *P < 0.05, **P < 0.01, ***P < 0.001 vs NC mimics, Non-tumor, or 
GES-1 group.
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explored the expression pattern of PROX1-AS1 in GC and 
adjacent non-cancerous tissues. We found that PROX1- 
AS1 was extremely up-regulated in GC tissues. 
Likewise, previous studies have found that PROX1-AS1 
is frequently induced in many cancer tissues. For example, 
lncRNA PROX1-AS1 is up-regulated and promotes pro-
liferation in papillary thyroid carcinoma.24 Furthermore, 
PROX1-AS1 has been proved to promote the GC prolif-
eration and migration by activating FGFR1.25 

Additionally, PROX1-AS1 accelerates tumor progression 
by targeting miR-647 in GC.26 Among them, PROX1-AS1 
serves as an oncogene in GC progression.

To probe the biological effect and mechanism of 
PROX1-AS1 in the progression of GC, we performed loss- 

of-function tests. The results indicated that down- 
regulation of PROX1-AS1 impeded the proliferation and 
migration, invasion, while accelerating apoptosis of GC 
cells, indicating that PROX1-AS1 was an oncogene in GC. 
Furthermore, we confirmed that miR-877-5p was 
a potential target of PROX1-AS1 on the basis of bioinfor-
matic analysis. Afterwards, the dual luciferase report assay 
was performed to validate the predication, and we found 
that miR-877-5p mimic inhibited the activity of luciferase 
reporter fused with WT PROX1-AS1 3ʹ UTR, but not 
fused with MUT PROX1-AS1 3ʹ UTR. By using qRT- 
PCR, we discovered that the miR-877-5p expression 
level was low expressed in GC tissues and cell lines, and 
negatively correlated with the expression of PROX1-AS1.

Figure 7 PROX1-AS1 promotes cell growth, invasion and inhibits apoptosis by targeting miR-877-5p/PD-L1 axis. (A) The RT-qPCR assay was implemented to certify 
transfection efficiency for miR-877-5p inhibitor and sh-PD-L1. (B–E) CCK-8, colony formation, flow cytometry, and transwell assays were employed to estimate the role of 
PROX1-AS1/miR-877-5p/PD-L1 axis in GC cell proliferation, migration, invasion and apoptosis. **P < 0.01, ***P < 0.001 vs NC inhibitor group. #P < 0.01, ##P < 0.05 vs miR- 
877-5p inhibitor group.
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It is well established that miRNAs regulate the biolo-
gical effects of cancer cells' function binding to the mRNA 
3ʹ UTR and thereby negatively regulating mRNA 
expression.3,27–30 Research proves that miR-877-5p sup-
presses bladder cancer cell proliferation by up-regulating 
p16.31 Additionally, miR-877-3p is related to myofibro-
blast differentiation and lung fibrosis by targeting 
Smad7.32 According to the inhibition role of miR-877-5p 
on tumor progression previously reported, we explored the 
effect of miR-877-5p on GC progression. Results of the 
present study suggested that ectopic of miR-877-5p 
expression suppressed the cell proliferation, invasion and 
induced cell apoptosis of GC. More importantly, we 
demonstrated that PD-L1 serving as a direct target of 
miR-877-5p was negatively regulated. A series of experi-
ments illustrated that miR-877-5p directly correlated with 
PD-L1. Mechanistically, as evidenced by rescue experi-
ment, we demonstrated that PROX1-AS1 knockdown 
induced reduction in cell proliferation, and invasion ability 
was promoted by the miR-877-5p inhibitor, while the 
effect of miR-877-5p inhibitor was subsequently recovered 
by PD-L1 depletion.

Taken together, these results indicated that knock-
down of PROX1-AS1 suppressed the proliferation and 
migration, while enhancing the apoptosis of GC cells 
via miR-877-5p/PD-L1 axis. In short, our study pro-
vided a novel target for the diagnosis and treatment 
for GC patients.
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