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Aim: Circular RNAs (circRNAs) play important roles in the progression of human cancers.

circRNA nuclear receptor interacting protein 1 (circNRIP1) has been reported to play as an

oncogene in gastric cancer. However, the mechanism underlying circNRIP1 in gastric cancer

progression is far from understood.

Patients and Methods: Forty-five gastric cancer patients were recruited and overall survival of

patients was analyzed. Gastric cancer cell lines MGC-803 and AGS cells were cultured for study

in vitro. The expression levels of circNRIP1, microRNA (miR)-182 and rho-associated protein

kinase 1 (ROCK1) were detected by quantitative real-time polymerase chain reaction or Western

blot. Cell migration, invasion, cell cycle distribution and apoptosis were determined by transwell,

flow cytometry andWestern blot assays, respectively. The target association between miR-182 and

circNRIP1 or ROCK1 was assessed by luciferase reporter assay and RNA immunoprecipitation.

Results: circNRIP1 expression was enhanced in gastric cancer tissues and cells and high expres-

sion of circNRIP1 indicated poor survival of patients. Knockdown of circNRIP1 suppressed cell

migration and invasion, arrested cell cycle at G0-G1 phase and promoted apoptosis in gastric cancer

cells. miR-182was a target of circNRIP1 and its deficiency reversed the effect of circNRIP1 silence

on cell migration, invasion, cell cycle distribution and apoptosis in gastric cancer cells. Moreover,

ROCK1 was validated as a target of miR-182 and competitively regulated by circNRIP1.

Conclusion: Silence of circNRIP1 inhibited progression of gastric cancer by increasing

miR-182 and decreasing ROCK1, providing a novel target for the treatment of gastric

cancer.
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Introduction
Gastric cancer is a serious health problem with the leading causes of cancer-related

death around the world.1 In recent years, many advances have been gained in the

diagnosis and management of gastric cancer.2 However, the overall survival of patients

especially those with advanced gastric cancer remains poor in most countries.3

Therefore, it is expected to explore new targets for the treatment of gastric cancer.

CircularRNAs (circRNAs) are a class of novel noncodingRNAswhich are associated

with the occurrence and development of multiple diseases and cancers.4 Moreover,

previous research has indicated that circRNAs could serve as pivotal targets for the

diagnosis and development of gastric cancer.5 For example, circRNAproteasome subunit

C3 (circPSMC3), hsa_circ_0001368 and protein kinase B3 (circAKT3) have been

reported to act as competing endogenous RNAs (ceRNAs) to promote or inhibit gastric
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cancer progression by regulating proliferation, metastasis and

drug resistance.6–8As for circRNAnuclear receptor interacting

protein 1 (circNRIP1), a novel circRNAs exhibits a promoting

role in the development of gastric cancer.9 However, the

mechanism by which circNRIP1 participates in gastric cancer

progression remains elusive.

MicroRNA (miR)-182 has been reported to act as an

oncogene or tumor suppressor by regulating cell pro-

cesses including proliferation, cell cycle, apoptosis,

migration and invasion in different cancers because of

the varying microenvironment.10,11 Furthermore, pre-

vious studies demonstrate that miR-182 displays the

suppressive role in gastric cancer development.12–14

Rho-associated protein kinase 1 (ROCK1) is an impor-

tant oncogene in human cancers, including gastric

cancer.15–19 To explore the association among

circNRIP1, miR-182 and ROCK1, we used starBase

online to predict the putative seed sites of miR-182

and circNRIP1 or ROCK1. Hence, we hypothesized

that miR-182 and ROCK1 might be responsible for the

regulatory mechanism of circNRIP1 in gastric cancer.

In this work, we measured the expression level of

circNRIP1, investigated the effect of circNRIP1 on migration,

invasion and apoptosis, and explored the potential association

among circNRIP1, miR-182 and ROCK1 in gastric cancer.

Patients and Methods
Patients and Tissues
Tumor tissues and corresponding adjacent samples were har-

vested from 45 patients with gastric cancerwho did not receive

any treatment before surgery in Department of Oncology,

Shangqiu First people’s Hospital. All patients have provided

the written informed consent, and supported the study and

agreed to publish a manuscript. And this was conducted in

accordancewith theDeclaration ofHelsinki. The sampleswere

maintained at−80°Cuntil used. The overall survival of patients

was analyzed according to themedian level of circNRIP1. This

research was accepted by the ethics committee of Department

of Oncology, Shangqiu First people’s Hospital.

Cell Culture and Transfection
The human gastric cancer cell lines (MGC-803, AGS,

HGC-27 and SGC-7901) and normal human gastric muco-

sal epithelial cell GES-1 were purchased from Bena

Culture Collection (Beijing, China). DMEM medium

(Sigma, St. Louis, MO, USA) plus 10% fetal bovine

serum and antibiotics was applied to the culture of gastric

cancer cells and normal cells at 37°C with 5% CO2.

The overexpression vector of circNRIP1 (has_-

circ_0002711) was generated by inserting into pcDNA3.1

empty vector (pcDNA) (Thermo Fisher Scientific,

Wilmington, DE, USA). Small interfering RNA (siRNA)

against circNRIP1 (si-circNRIP1) (5ʹ-ACGCACAA

AGAAAGAAGTGTT-3ʹ), siRNA negative control (si-

NC) (5ʹ-UCUCCGAACGUGUCACGUTT-3ʹ), miR-182

mimic (miR-182) (5ʹ-UUUGGCAAUGGUAGAAC

UCACACU-3ʹ), miRNA negative control (miR-NC) (5ʹ-

CCUGGUAAUGGUAGAAUCUACACU-3ʹ), miR-182

inhibitor (anti-miR-182) (5ʹ-AGUGUGAGUUCUACCA

UUGCCAAA-3ʹ) and inhibitor negative control (anti-

miR-NC) (5ʹ-UAAUUCAAAAGACUAAAGGAAUCA

-3ʹ) were generated by GenePharm (Shanghai, China).

These constructed oligonucleotides (20 nM) or vectors (1

μg) were transfected into MGC-803 and AGS cells using

Lipofectamine 3000 (Thermo Fisher Scientific). The non-

transfected cells were regarded as the mock group. After

the transfection for 24 h, cells were collected and used for

further experiments.

Quantitative Real-Time Polymerase Chain

Reaction (qRT-PCR)
Total RNA from gastric cancer tissues and cells was iso-

lated using Trizol reagent (Thermo Fisher Scientific) and 1

μg extracted RNA was reversely transcribed using the

special RT-PCR Kit (Thermo Fisher Scientific). For the

purity of circRNAs, the RNA was incubated with RNase

R (Geneseed, Guangzhou, China). The diluted product was

used for qRT-PCR using SYBR Green mix (Vazyme,

Nanjing, China) along with specific primers: circNRIP1

(Forward, 5ʹ-ACAGCCAGAAGATGCACACTTG-3ʹ;

Reverse, 5ʹ-TGGGGCTACGAGATAAAGGAGA-3ʹ);

ROCK1 (Forward, 5ʹ- AACATGCTGCTGGATAAATC

TGG-3ʹ; Reverse, 5ʹ- TGTATCACATCGTACCATGCCT-

3ʹ); miR-182 (Forward, 5ʹ-ACCTGGATTTGGCAATG

GTAG-3ʹ; Reverse, 5ʹ-TATGCTTGTTCTCGTCTCTGT

GTC-3ʹ). The relative RNA levels were normalized to

GAPDH (Forward, 5ʹ- TGGTGAAGGTCGGTGTGAAC-

3ʹ; Reverse, 5ʹ-GCTCCTGGAAGATGGTGATGG-3ʹ) or

U6 (Forward, 5ʹ- TGCGGGTGCTCGCTTCGGCAGC-3ʹ;

Reverse, 5ʹ- CCAGTGCAGGGTCCGAGGT-3ʹ). The

experiments were repeated 3 times. The data were ana-

lyzed by 2−ΔΔCt method.20
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Transwell Assay
The abilities of invasion and migration were assessed by

transwell chambers with or without pro-coat of Matrigel (BD

Biosciences, San Jose, CA, USA). Transfected MGC-803 and

AGS cells (1 × 104/well) in 200 μL DMEM medium without

serum were placed into the upper chambers and lower cham-

bers were filled with 600 μL medium containing 10% fetal

bovine serum. The samples were prepared in triplicate. After

24 h, migrated or invasive cells were stained with 0.5% crystal

violet and observed under a microscope (Olympus, Tokyo,

Japan).

Flow Cytometry
Cell cycle distribution and apoptosis of MGC-803 and AGS

cells were analyzed using flow cytometry. For cell cycle assay,

MGC-803 and AGS cells were fixed with 100% ethanol over-

night after the indicated transfection for 72 h. The samples

were prepared in triplicate. After washing with cold PBS, cells

were incubated with RNase A and PI for 20 min in the dark.

Cell cycle distribution was measured by a flow cytometer (BD

Biosciences) and the percentage of cells in G0-G1, S or G2-M

phase was analyzed by Cell Quest software.

For cell apoptosis assay, MGC-803 and AGS cells were

collected after the transfection for 72 h. The samples were

prepared in triplicate. The cells that incubated in binding buffer

were interacted with Annexin V-FITC and PI solution in the

Annexin V-FITC Apoptosis Detection kit (Beyotime,

Shanghai, China). The stained cells were analyzed with

a flow cytometer. The apoptotic rate of MGC-803 and AGS

cells at early apoptosis was expressed as the percentage of cells

with Annexin V-FITC staining positive and PI staining

negative.

Western Blot
MGC-803 and AGS cells were washed with PBS and lysed in

RIPA lysis. After the centrifugation and quantification, protein

lysates (30 μg) were loaded onto SDS-PAGE and then suffered

from the membranes transfer using PVDF membranes pur-

chased fromMillipore (Billerica, MA, USA). The membranes

were blocked with 5% non-fat milk, incubated with primary

antibodies against Bax (ab199677, 1:1000 dilution, Abcam,

Cambridge, MA, USA), Bcl-2 (ab196495, 1:5000 dilution,

Abcam), ROCK1 (ab97592, 1:2000 dilution, Abcam) at 4°C,

and then interacted with HRP- conjugated IgG (ab205718,

1:10,000 dilution, Abcam) for 2 h. The antibody against β-
actin (ab227387, 1:10,000 dilution, Abcam) was used as load-

ing control. The protein band signaling was developed by

enhanced chemiluminescence solution (Beyotime) and grays-

cale value was analyzed by Image Lab software (Bio-Rad,

Hercules, CA, USA).

Luciferase Reporter Assay and RNA

Immunoprecipitation (RIP)
StarBase online (http://starbase.sysu.edu.cn/) predicted the

binding sites of miR-182 and circNRIP1 or ROCK1. The

sequences of circNRIP1 or 3ʹ UTR fragments of ROCK1

containingwild-type (WT) ormutant (MUT)miR-182 binding

sites were inserted into the downstream of luciferase reporter

gene in pmirGLO luciferase reporter vector (Promega,

Madison, WI, USA), generating the corresponding luciferase

reporter vectors circNRIP1-WT, circNRIP1-MUT, ROCK1-

WTandROCK1-MUT, respectively.MGC-803 andAGScells

were co-transfected with miR-182 or miR-NC and these con-

structed luciferase reporter vectors. At 48 h after the transfec-

tion, luciferase activity assay was performed in each group

with a luciferase reporter assay kit (Promega).

For RIP assay, MGC-803 and AGS cells transfected with

miR-182 ormiR-NCwere collected and incubatedwithMagna

RNA immunoprecipitation kit (Millipore) following the man-

ufacturer’s protocols. The magnetic beads were conjugated

with antibody against Ago2 (ab32381, Abcam) or IgG

(AP112, Sigma). The abundances of circNRIP1 and ROCK1

enriched byAgo2 and IgGRIPwere determined by qRT-PCR.

Statistical Analysis
The experimental data from three independent repeats were

analyzed and presented as mean ± standard deviation (SD),

processed by SPSS 17.0 (Chicago, IL, USA). The overall

survival of patients was assessed by Kaplan–Meier method

and a Log-rank test. The comparisons of two or more groups

were performed by Student’s t-test or ANOVAwith Tukey’s

post hoc test. P<0.05 was defined as statistically significant.

Results
The Expression of circNRIP1 Is Increased

in Gastric Cancer
To obtain the expression of circNRIP1 in gastric cancer, 45

cancer tissues and corresponding normal samples were col-

lected. Compared with that in adjacent group, the level of

circNRIP1 was significantly increased in tumor tissues

(Figure 1A). Moreover, the abundance of circNRIP1 in gastric

cancer cell lines (MGC-803, AGS, HGC-27 and SGC-7901)

was higher than that in GES-1 cells (Figure 1B). In addition,

the patients were divided into high (n=23) or low circNRIP1
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group (n=22) according to the median value of circNRIP1 in

cancer tissues. As shown in Figure 1C, the patients with high

circNRIP1 level displayed lower overall survival (P=0.033).

Knockdown of circNRIP1 Inhibits

Migration and Invasion and Promotes

Apoptosis in Gastric Cancer Cells
To explore the role of circNRIP1 in gastric cancer, MGC-803

and AGS cells with the relatively higher level of circNRIP1

were transfected with si-circNRIP1 or si-NC. As shown in

Figure 2A and B, the expression of circNRIP1 was unchanged

by si-NC treatment compared with that in mock group but

obviously decreased by the transfection of si-circNRIP1 in

MGC-803 and AGS cells. Moreover, the data of transwell

assay revealed that knockdown of circNRIP1 evidently

decreased the abilities of migration and invasion in MGC-

803 and AGS cells (Figure 2C–F). Furthermore, silence of

circNRIP1 induced cell cycle arrest at G0-G1 stage in the two

cell lines, revealed by the increased percentage of G0-G1

phase and reduced percentage of S phase (Figure 3A and B).

In addition, analysis of flow cytometry described that

circNRIP1 knockdown led to great apoptosis production in

MGC-803 and AGS cells (Figure 3C and D). Meanwhile,

Western blot assay displayed that interference of circNRIP1

resulted in obvious decrease in Bcl-2 level and increase in Bax

level (Figure 3E and F).

circNRIP1 Is a Decoy of miR-182
StarBase online predicted the potential target of circNRIP1 and

provided the binding sites of circNRIP1 and miR-182

(Figure 4A). To validate the association between them, the

luciferase reporter vectors circNRIP1-WT and circNRIP1-

MUTwere generated (Figure 4A) and transfected into MGC-

803 andAGS cells. As shown in Figure 4B and C, overexpres-

sion ofmiR-182 led to the great reduction of luciferase activity

in circNRIP1-WT group, while it did not affect the activity in

circNRIP1-MUT group. Moreover, addition of miR-182

induced higher level of circNRIP1 enriched by Ago2 RIP in

MGC-803 and AGS cells, whereas it showed little enrichment

in IgGRIP group (Figure 4D andE). Besides, the abundance of

miR-182 inMGC-803 and AGS cells was evidently decreased

by circNRIP1 overexpression and increased via circNRIP1

knockdown (Figure 4F and G).

Inhibition of miR-182 Reverses the Effect

of circNRIP1 Knockdown on Migration,

Invasion and Apoptosis in Gastric Cancer

Cells
To explore whether miR-182 is required for circNRIP1-

addressed regulation of gastric cancer, MGC-803 and

AGS cells were transfected with si-NC, si-circNRIP1,

si-circNRIP1 and anti-miR-NC or anti-miR-182. As

shown in Figure 5A–D, miR-182 knockdown markedly

restored circNRIP1 silence-mediated inhibition of

migration and invasion in MGC-803 and AGS cells.

Moreover, silence of circNRIP1-induced G0-G1 phase

arrest was obviously attenuated via deficiency of miR-

182 (Figure 5E and F). Meanwhile, the increased apop-

totic rate caused by circNRIP1 knockdown in MGC-803

and AGS cells was weakened by miR-182 exhaustion

(Figure 5G and H). Besides, the effect of circNRIP1

deletion on Bcl-2 and Bax protein levels was reversed

via miR-182 down-regulation in MGC-803 and AGS

cells (Figure 5I and J).

Figure 1 The expression of circNRIP1 in gastric cancer. (A) qRT-PCR assay detected circNRIP1 expression in 45 gastric cancer tissues and adjacent samples. (B) qRT-PCR
assay was performed to measure circNRIP1 level in gastric cancer cells. (C) The overall survival of gastric cancer patients was analyzed in low and high circNRIP1 level

groups. *P<0.05, **P<0.01, ***P<0.001, compared with adjacent tissue group or GES-1 group.
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Figure 2 The effect of circNRIP1 on migration and invasion of gastric cancer cells. (A and B) qRT-PCR assay detected the level of circNRIP1 in MGC-803 and AGS cells after

transfection of si-circNRIP1 or si-NC. (C–F) Transwell assay was performed to analyze the migration and invasion of MGC-803 and AGS cells transfected with si-circNRIP1

or si-NC. **P<0.01, ***P<0.001, compared with si-NC group.
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ROCK1 Is a Target of miR-182
StarBase exhibited the seeding sites of miR-182 and

ROCK1, predicting that ROCK1 might be a target of

miR-182 (Figure 6A). To validate this prediction, we

constructed the luciferase reporter vectors ROCK1-WT

and ROCK1-MUT. Moreover, luciferase activity in

MGC-803 and AGS cells transfected with ROCK1-WT

was markedly reduced by miR-182 overexpression,

while the activity in ROCK1-MUT group was not

affected (Figure 6B and C). In addition, the level of

ROCK1 enriched by Ago2 RIP was increased by

4.6-fold and 5.4-fold by miR-182 overexpression in the

Figure 3 The effect of circNRIP1 on cell cycle and apoptosis of gastric cancer cells. (A–D) Flow cytometry was used to determine cell cycle distribution and apoptosis of

MGC-803 and AGS cells transfected with si-circNRIP1 or si-NC. (E and F) Western blot assay detected the expression levels of Bcl-2 and Bax protein in MGC-803 and AGS

cells transfected with si-circNRIP1 or si-NC. **P<0.01, ***P<0.001, compared with si-NC group.
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two cell lines (Figure 6D and E). Besides, the protein

level of ROCK1 was specially reduced via miR-182

overexpression but enhanced by miR-182 knockdown

in MGC-803 and AGS cells (Figure 6F and G).

circNRIP1 Promotes ROCK1 Expression

by Competitively Sponging miR-182 in

Gastric Cancer Cells
To further confirm the ceRNA network, the effect of

circNRIP1 on ROCK1 was investigated. As displayed in

Figure 7A and B, the luciferase activity of MGC-803

and AGS cells transfected with ROCK1-WT was sig-

nificantly inhibited by miR-182 overexpression, but this

event was alleviated by the introduction of circNRIP1.

Moreover, the protein level of ROCK1 in MGC-803 and

AGS cells was notably decreased by circNRIP1 over-

expression, which was weakened by miR-182 addition

(Figure 7C and D). Meanwhile, the protein level of

ROCK1 reduced via silence of circNRIP1 was restored

by exhaustion of miR-182 (Figure 7E and F).

Discussion
circRNAs could play as the promising targets for the diagno-

sis, therapeutics and prevention of gastric cancer.21 However,

little is known about the underlying mechanism of circNRIP1

in gastric cancer progression. By comparing with adjacent

tissues and normal epithelial cells, the expression of

circNRIP1 was enhanced in gastric cancer, indicating the

potential carcinogenic role of circNRIP1 in gastric cancer. In

the present study, we investigated the inhibitive role of

circNRIP1 knockdown in gastric cancer development and

this study was the first time to confirm the regulatory mechan-

ism of circNRIP1/miR-182/ROCK1 in vitro.

The abilities of migration and invasion are the major

malignancies in gastric cancer.22 Our study showed that

circNRIP1 knockdown blocked migration and invasion of

gastric cancer cells, which was also in agreement with the

data in former report.14 Moreover, cell cycle is associated with

cell death in cancer development.23 Bcl-2 family is known as

key regulators associated with apoptosis process of cells, in

which Bcl-2 is an oncogene-derived protein and Bax is

a promoting death protein by competing with Bcl-2.24

Through flow cytometry and Western blot assays, we found

that silence of circNRIP1 led to apoptosis production, revealed

by cell cycle arrest at G0-G1 phase, the decreased Bcl-2 level

and increased Bax abundance. These data uncovered the ther-

apeutic effect of circNRIP1 inhibition on gastric cancer.

The ceRNA network is a key mechanism underlying the

function of circRNA in human cancers.25,26 Former work

indicated that circNRIP1 could function as a ceRNA to med-

iate Akt1 by competitively sponging miR-149-5p.9 To figure

out a novel mechanism for circNRIP1, we found that miR-182

might act as a target of circNRIP1, which was validated in

gastric cancer cells by luciferase reporter assay and RIP. Tang

et al reported thatmiR-182 could suppress cell proliferation via

regulating cell cycle process by targetingZincfingerAN1-type

Figure 4 The association between circNRIP1 and miR-182 in gastric cancer cells. (A) starBase online predicted the binding sites of circNRIP1 and miR-182. (B–E) Luciferase
reporter assay and RIP were used to analyze the association between circNRIP1 and miR-182 in MGC-803 and AGS cells transfected with miR-182 or miR-NC. (F and G)

qRT-PCR assay detected the abundance of miR-182 in MGC-803 and AGS cells transfected with pcDNA, circNRIP1, si-NC or si-circNRIP1. **P<0.01, ***P<0.001, compared

with miR-NC group, pcDNA group or si-NC group.
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containing 4 in gastric cancer.27 Moreover, Qin et al revealed

that miR-182 could repress cell viability, migration and inva-

sion and induce apoptosis in gastric cancer.14 These reports

suggested that miR-182 might play an anti-cancer role in

gastric cancer development. In the present study, results dis-

played that inhibition of miR-182 abrogated the suppressive

effect of circNRIP1 knockdown on gastric cancer progression,

indicating that circNRIP1was involved in gastric cancer devel-

opment by sponging miR-182.

ROCK1 has been regarded as an oncogene by pro-

moting proliferation, migration and invasion and decreas-

ing apoptosis in gastric cancer.19,28 To further explore the

ceRNA network of circNRIP1, here we first confirmed

ROCK1 as a functional target of miR-182 in gastric

cancer cells. Furthermore, introduction of circNRIP1

derepressed ROCK1 expression from miR-182, indicating

that circNRIP1 could act as a ceRNA for miR-182 to

increasing ROCK1 expression in gastric cancer in vitro.

Previous studies suggested that nuclear factor-κB (NF-

κB) signaling is an important pathway for the develop-

ment of gastric cancer and ROCK1 is a key mediator of

this spathway.29–32 Hence, we hypothesized that NF-κB

signaling might be involved in the regulatory mechanism

addressed by circNRIP1/miR-182/ROCK1 axis in gastric

cancer, which is needed to be explored in the future.

In conclusion, this research demonstrated that

circNRIP1 inhibited progression of gastric cancer through

decreasing the abilities of migration and invasion and

Figure 5 The rescue effect of miR-182 on circNRIP1-mediated progression of gastric cancer cells. Cell migration (A and B), invasion (C and D), cell cycle distribution

(E and F), apoptotic rate (G and H) and protein levels of Bcl-2 and Bax (I and J) were examined in MGC-803 and AGS cells transfected with si-NC, si-circNRIP1, si-

circNRIP1 and anti-miR-NC or anti-miR-182. **P<0.01, ***P<0.001, compared with si-NC group or si-circNRIP1 + anti-miR-NC group.
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increasing apoptosis production, possibly by miR-182/

ROCK1 axis. This study highlighted a novel mechanism

for understanding the pathogenesis of gastric cancer.
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