
9915

Abstract. – OBJECTIVE: Nasopharyngeal car-
cinoma (NPC) is one of the most ordinary malig-
nant tumors. Recent studies have revealed that 
circular RNAs play an important role in the pro-
gression of tumorigenesis. This study aims to 
identify how circular RNA_LARP4 functions in 
the progression of NPC. 

PATIENTS AND METHODS: We performed 
Real Time quantitative-Polymerase Chain Re-
action (RT-qPCR) in 58 paired NPC patients’ 
tissue samples and cell lines to detect circular 
RNA_LARP4 expression. The function of circu-
lar RNA_LARP4 in the NPC proliferation was 
identified by performing proliferation assay and 
colony formation assay. Moreover, the function 
of circular RNA_LARP4 in NPC metastasis was 
measured by performing scratch wound assay 
and transwell assay in vitro. Furthermore, the 
underlying mechanism was explored through 
Western blot assay and RT-qPCR. 

RESULTS: Circular RNA_LARP4 expression 
was significantly lower in NPC tissues com-
pared to that in adjacent samples. Cell prolifer-
ation of NPC was inhibited after overexpression 
of circular RNA_LARP4 in vitro. Cell migration 
and invasion of NPC was inhibited after overex-
pression of circular RNA_LARP4 in vitro. Fur-
thermore, the results of further experiments 
revealed that Rho-associated kinase 1 (ROCK1) 
was downregulated via overexpression of circu-
lar RNA_LARP4 and was also a direct target of 
circular RNA_LARP4 in NPC.  

CONCLUSIONS: This study suggests that cir-
cular RNA_LARP4 inhibits NPC cell prolifera-
tion and metastasis via targeting ROCK1 in vitro.
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Introduction

Nasopharyngeal carcinoma (NPC), which is a 
malignancy arising from the nasopharynx epithe-
lium, is one of the most common head and neck 
epithelial cancers globally, especially in Southern 
China and Southeast Asia1. Despite the advance 
in radiotherapy technique and chemotherapy 
strategies, approximately 30% of NPC cases suf-
fered from treatment failure2. Moreover, the ma-
jority of patients with NPC cases are predisposed 
to metastasis at initial diagnosis which contrib-
utes to the poor prognosis, with a median survival 
of about 12 months3,4. Therefore, it is urgent to 
identify the cellular and molecular mechanisms 
of NPC and promote the development of effective 
individualized therapy for NPC.

Recently, although much technological progress 
has been made in human genome sequencing, the 
molecular mechanisms of NPC remain unclear. 
With the development of technology, it is widely 
known that the majority of human DNA is convert-
ed into noncoding RNAs (ncRNAs). Circular RNAs 
(circRNAs) is a subtype of ncRNAs, which has 
caught much attention in recent years for the crucial 
function in the progression of cancers. For exam-
ple, by downregulating the expression of RhoA and 
circRNA_000839, miR-200b inhibits cell invasion 
and cell migration in hepatocellular carcinoma5. 
Through the sponging of miR-370, the knockdown 
of hsa_circ_0061140 inhibits cell growth and cell 
metastasis in ovarian cancer6. Through miR-506 
sponging, silencing of circRNA-000284 inhibits 
cell proliferation and cell invasion in cervical can-
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cer7. By regulating the expression of miR-29a, circ 
MYLK functions as an oncogene and promotes 
prostate cancer progression8.

Circular RNA_LARP4 was a newly discov-
ered circRNA in human diseases. Although the 
association between circular RNA_LARP4 and 
tumorigenesis has been reported in some ma-
lignant tumors, the function of circular RNA_
LARP4 in NPC remains unstudied. In our re-
search, by performing bioinformatics analysis 
and functional experiments, we discovered that 
circular RNA_LARP4 may also act as a tumor 
suppressor in NPC, which was associated with 
the oncogene Rho-associated kinase 1 (ROCK1). 
This work aims to uncover the role of circular 
RNA_LARP4 in NPC.

Patients and Methods

Tissue Specimens
58 paired tumor tissues and adjacent non-tu-

mor tissues were sequentially gathered from NPC 
patients who underwent surgery at Haining Peo-
ple’s Hospital. All cases were diagnosed with NPC 
by two independent pathologists without any con-
troversy. This investigation was approved by the 
Ethics Committee of Haining People’s Hospital. 
Signed written informed consents were obtained 
from all participants before the study.

Cell culture
Four NPC cancer cell lines (CNE2, CNE1, 

5-8F, and 6-18B), and immortalized normal na-
sopharyngeal epithelial cell line (NP69) were 
purchased from the Chinese Academy of Science 
(Shanghai, China). Cells were maintained in 10% 
fetal bovine serum (FBS; Invitrogen, Carlsbad, 
CA, USA), Roswell Park Memorial Institute 1640 
(RPMI-1640; Invitrogen, Carlsbad, CA, USA), as 
well as 1% penicillin/streptomycin (Sigma-Al-
drich, St. Louis, MO, USA). Besides, cells were 
cultured in an incubator containing 5% CO2 at 
37°C.

Cell transfection
Lentivirus directly against circular RNA_

LARP4 was provided by GenePharma (Shanghai, 
China). The empty vector was also synthesized. 
Then, circular RNA_LARP4 lentivirus or emp-
ty vector was transfected into 6-18B NPC cells 
through Lipofectamine 2000 reagent (Invitrogen, 
Carlsbad, CA, USA) according to the manufac-
turer’s protocol.

RNA Extraction and Real Time 
Quantitative-Polymerase Chain 
Reaction (RT-qPCR)

Total RNA was extracted from cells or tis-
sues by using TRIzol reagent (Takara Bio, Inc., 
Otsu, Shiga, Japan) and then reverse-transcribed 
to complementary deoxyribose nucleic acids 
(cDNAs) through the reverse Transcription Kit 
(TaKaRa, Otsu, Shiga, Japan). The primer se-
quences used for RT-qPCR were as follows: 
circular RNA_LARP4 forward: 5′-GGGCAT-
CAGGAGCAAACTTA-3′ and reverse: 5′-CTG-
GCGAATTAAAGCCATTC-3′; glyceraldehyde 
3-phosphate dehydrogenase (GAPDH), forward: 
5′-GCACCGTCAAGGCTGAGAAC-3′ and re-
verse: 5′-TGGTGAAGACGCCAGTGGA-3′. PCR 
was performed three times in the following se-
quence: pre-denaturation at 95°C for 1 min, fol-
lowed by 40 cycles at 95°C for 15 s, 60°C for 30 s, 
and 72°C for 30 s. The 2-ΔΔCt method was utilized 
to calculate relative expression.

Cell Proliferation Assay
Following the manufacturer’s protocol, 2 ×103 

transfected cells were seeded in 96-well plates and 
cell proliferation was assessed by the Cell Prolifer-
ation Reagent Kit I (MTT; Roche, Basel, Switzer-
land) at 0 h, 24 h, 48 h, and 72 h. The absorbance at 
490 nm was assessed using an enzyme-linked im-
munosorbent assay (ELISA) reader system (Mul-
tiskan Ascent, LabSystems, Helsinki, Finland).

Ethynyl Deoxyuridine (EdU) 
Incorporation Assay

According to the manufacturer’s manual, an 
EdU Kit (Roche Diagnostics, Mannheim, Germa-
ny) was utilized to monitor the cell proliferation 
of transfected cells. Zeiss Axiophot Photomicro-
scope (Carl Zeiss, Oberkochen, Germany) was 
performed to take the representative images.

Cell Cycle Assay
The 2×105/mL cells were diluted by RNase A 

in 75% ice-cold ethanol overnight. These cells 
were stained with propidium iodide (PI; 50 mg/
mL; MultiSciences Biotech Co., Ltd, Hangzhou, 
China) in the dark for 30 min at 4°C. Then, they 
were measured with a flow cytometer (FACScan, 
BD Biosciences, Franklin Lakes, NJ, USA).

Scratch Wound Assay
The cells, transferred into 6-well plates, were 

cultured in RPMI-1640 medium overnight. Once 
scratched with a plastic tip, cells were cultured 
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in serum-free RPMI-1640. Wound closure was 
viewed at 48 h. Each assay was independently re-
peated three times.

Transwell Assay
Transwell chambers with 8 μm pores were pro-

vided by Corning (Corning, NY, USA). The mem-
brane was precoated with or without 50 μL Matri-
gel (BD Biosciences, Franklin Lakes, NJ, USA). 
Cells were then seeded into the upper chambers of 
a 24-well plate. 20% FBS-RPMI-1640 was added 
to the lower chamber of the culture inserts. After 
cultured for 24 h, these inserts were fixed with 
methanol for 30 min and stained by hematoxylin 
for 20 min. The number of migrated cells was 
counted by a light microscope (Olympus, Tokyo, 
Japan). 

Western Blot Analysis
Reagent radioimmunoprecipitation assay 

(RIPA; Beyotime, Shanghai, China) was utilized 
to extract protein from cells. Bicinchoninic acid 
(BCA) protein assay kit (Pierce, Rockford, IL, 
USA) was chosen for quantifying protein con-
centrations. The target proteins were separated 
by sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE). Then they were 
incubated with antibodies after replaced to the 
polyvinylidene difluoride (PVDF) membranes 
(Roche, Basel, Switzerland). Cell Signaling Tech-
nology (CST, Danvers, MA, USA) provided us 
rabbit anti-GAPDH and rabbit anti-ROCK1, as 
well as goat anti-rabbit secondary antibody. Im-
age J software (NIH, Bethesda, MD, USA) was 
applied for the assessment of protein expression.

Statistical Analysis
All statistical analyses were performed by 

Statistical Product and Service Solutions (SPSS) 
21.0 (IBM Corp., Armonk, NY, USA). Indepen-
dent-sample t-test was used to compare the differ-
ence between the two groups. Moreover, p<0.05 
was considered a statistically significant differ-
ence.

Results

Expression Level of Circular 
RNA_LARP4 in Tissues and Cells of NPC

We performed RT-qPCR in 58 paired NPC 
patients’ tissue samples and NPC cell lines. As 
was shown in Figure 1A, downregulated circular 
RNA_LARP4 was observed in tumor tissue sam-
ples compared to that in adjacent tissues. Com-
pared to the expression in NP69, circular RNA_
LARP4 level was significantly lower in NPC cells 
(Figure 1B).

Overexpression of Circular 
RNA_LARP4 Repressed Cell 
Proliferation in 6-18B NPC Cells

To determine whether circular RNA_LARP4 
could really play a vital role in NPC, we upregulat-
ed circular RNA_LARP4 expression level in 6-18B 
cells by using lentivirus. As shown in Figure 2A, 
circular RNA_LARP4 expression was remark-
ably upregulated in RNA level after transfection 
of lentivirus. Then, cell proliferation assay, colony 
formation assay, and EdU assay were carried out 
in 6-18B cells. As shown in Figure 2B, an evident 
repression of cell proliferation via overexpression 

Figure 1. Expression levels of circular RNA_LARP4 were decreased in NPC tissues and cell lines. A, Circular RNA_LARP4 
expression was significantly decreased in the NPC tissues compared with adjacent tissues. B, Expression levels of circular RNA_
LARP4 relative to GAPDH were determined in the human NPC cell lines and immortalized normal nasopharyngeal epithelial cell 
line (NP69) by RT-qPCR. Data are presented as the mean ± standard error of the mean. *p<0.05.
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of circular RNA_LARP4 (transfection with len-
tivirus) compared to the EV (transfection with 
empty vector) was viewed in 6-18B cells (p<0.05). 
To further confirm the outcome of the methyl thi-
azolyl tetrazolium (MTT) assay, we performed 
EdU assays in 6-18B cells. As shown in Figure 2C, 
EdU positive cells were also reduced by circular 
RNA_LARP4 overexpression (p<0.05), which 
was consistent with the results of MTT assays. To 

detect the effect of circular RNA_LARP4 on NPC 
cell cycle, the cell cycle assay was performed. The 
outcome of the cell cycle assay also revealed that 
the percentage of G0/G1 cells was increased and 
the percentage of S cells was reduced after over-
expression of circular RNA_LARP4 in 6-18B 
cells (Figure 2D). Together they suggested circular 
RNA_LARP4 as a new suppressor in proliferation 
and cell cycle of NPC.

Figure 2. Overexpression of circular RNA_LARP4 inhibited 6-18B NPC cell proliferation. A, Circular RNA_LARP4 expression 
in NPC cells transfected with empty vector (EV) or circular RNA_LARP4 lentivirus (Lentivirus) was detected by RT-qPCR. GAP-
DH was used as an internal control. B, MTT assay showed that overexpression of circular RNA_LARP4 significantly repressed cell 
proliferation in NPC cells. C, EdU assay showed that the EdU positive cells were reduced in circular RNA_LARP4 lentivirus (Len-
tivirus) group compared with EV group in NPC cells. D, Cell cycle assay revealed that the percentage of G0/G1 cells was increased 
and the percentage of S cells was reduced after overexpression of circular RNA_LARP4 in 6-18B cells. The results represent the av-
erage of three independent experiments (mean ± standard error of the mean). *p<0.05, as compared with the control cells.
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Overexpression of Circular 
RNA_LARP4 Repressed Cell Migration 
and Invasion in 6-18B NPC Cells

To explore the function of circular RNA_
LARP4 in the migrated and invaded abilities of 
NPC cells, scratch wound assay and transwell as-
say were performed. Scratch wound assay showed 
that the wound closure was significantly reduced 
in 6-18B cells transfected with circular RNA_
LARP4 lentivirus (Figure 3A). Transwell assay 
showed that a significant decrease was observed 

in the number of migrated and invaded 6-18B 
cells transfected with circular RNA_LARP4 len-
tivirus (Figures 3B and 3C). These together sug-
gest circular RNA_LARP4 as a new suppressor 
in metastasis of NPC.

The Interaction Between ROCK1 
and Circular RNA_LARP4 in NPC

Starbase v2.0 (http://starbase.sysu.edu.cn/star-
base2/rbpCircRNA.php) was used to find the target 
proteins of circular RNA_LARP4. ROCK1 was 

Figure 3. Overexpression of circular RNA_LARP4 inhibited 6-18B NPC cell migration and invasion. A, Scratch wound assay 
showed that overexpression of circular RNA_LARP4 significantly reduced wound closure in NPC cells (magnification: 10×). B, 
Transwell assay showed that overexpression of circular RNA_LARP4 significantly repressed cell migration in NPC cells (magnifi-
cation: 40×). C, Transwell assay showed that overexpression of circular RNA_LARP4 significantly repressed cell invasion in NPC 
cells (magnification: 40×). The results represent the average of three independent experiments (mean ± standard error of the mean). 
*p<0.05, as compared with the control cells.
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selected from these proteins which were interacted 
with circular RNA_LARP4. As was shown in Fig-
ure 4A, the RT-qPCR assay showed that an evident 
downregulation of ROCK1 was observed after the 
overexpression of circular RNA_LARP4. Western 
blot assay revealed that the expression of ROCK1 
was downregulated after the overexpression of cir-
cular RNA_LARP4 (Figure 4B). As was shown in 

Figure 4C, upregulated ROCK1 was observed in 
tumor tissue samples compared to that in adjacent 
tissues. Compared with the expression in NP69, 
ROCK1 level was significantly higher in NPC cells 
(Figure 4D). Meanwhile, the results of the linear 
correlation analysis showed that the expression of 
ROCK1 was negatively correlated to circular RNA_
LARP4 expression in NPC tissues (Figure 4E).

Figure 4. The association between circular RNA_LARP4 and ROCK1 in NPC. A, RT-qPCR results showed that the ROCK1 ex-
pression was decreased in circular RNA_LARP4 lentivirus (Lentivirus) group compared with empty vector (EV) group. B, West-
ern blot assay results showed that the ROCK1 expression was decreased in circular RNA_LARP4 lentivirus (Lentivirus) group com-
pared with empty vector (EV) group. C, Upregulated ROCK1 was observed in tumor tissue samples compared with that in adjacent 
tissues. D, Compared with the expression in NP69, ROCK1 level was significantly higher in NPC cells. E, Linear correlation between 
the expression level of ROCK1 and circular RNA_LARP4 in NPC tissues. The results represent the average of three independent ex-
periments. Data are presented as the mean ± standard error of the mean. *p<0.05.
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Discussion

CircRNAs are recently discovered as a large 
class of noncoding RNAs which are tissue-spe-
cific and ubiquitously expressed. The majority of 
circRNAs are located in the cytoplasm which is 
more stable than linear RNA due to their resis-
tance to exonucleolytic degradation9.

CircRNAs have been reported to be potential 
prognostic biomarkers and therapeutic targets for 
many cancers, which may offer a clinical tool for 
predicting the treatment response, assessing the 
disease state and clinical outcome, including the 
progression of NPC. Serving as miRNA spong-
es is the vital function of cellular circRNAs. For 
instance, circRNA_0000285 is overexpressed 
in patients with radioresistant NPC which may 
serve as a prognostic biomarker for NPC10. Cir-
cRNA_000543 decreases irradiation sensibili-
ty of NPC by targeting miR-9/platelet-derived 
growth factor receptor B axis11.

Derived from LARP4 gene locus, circular 
RNA_LARP4 has been revealed recently to in-
hibit cancer cell migration and invasion by serving 
as a La-related RNA-binding protein. Moreover, 
circular RNA_LARP4 is significantly downreg-
ulated in ovarian cancer which may be used as a 
potential biomarker for prognosis of ovarian cancer 
patients12. Through the sponging of miR-424-5p 
and the modulation of LATS1 expression, circular 
RNA_LARP4 suppresses cell proliferation and cell 
invasion in gastric cancer13. In the present study, 
circular RNA_LARP4 was found to be downreg-
ulated in both NPC tissue and cells. Furthermore, 
after circular RNA_LARP4 was overexpressed, 
the ability of NPC cell growth, migration and inva-
sion were suppressed. These results indicated that 
circular RNA_LARP4 functioned as a tumor sup-
pressor and repressed the tumorigenesis of NPC.

Rho-associated kinase 1 (ROCK1) is a protein 
serine/threonine kinase which has been reported 
to participate in a variety of biological and patho-
logical processes, including cell motility, tumor 
metastasis, and epithelial-to-mesenchymal tran-
sition (EMT)14. For instance, silencing of URG11 
represses the cell proliferation and EMT in benign 
prostatic hyperplasia cells through the RhoA/
ROCK1 pathway15. Mst1 regulates cell apoptosis 
in non-small cell lung cancer through ROCK1/
Factin pathways that induced mitochondrial dam-
age16. LncRNA LOC441178 inhibits cell invasion 
and cell migration in oral squamous carcinoma 
via targeting ROCK117. Through miR-124 spong-
ing, circular RNA HIPK3 enhances the progres-

sion of gallbladder cancer via ROCK1 and CDK6 
pathway18. Moreover, ROCK1 expression could be 
downregulated through the overexpression of cir-
cular RNA_LARP4. The expression of ROCK1 
is upregulated in NPC cells and tissues, which 
correlate negatively to circular RNA_LARP4 ex-
pression in NPC tissues. All these results showed 
that ROCK1 was downregulated by overexpres-
sion of circular RNA_LARP4 in NPC.

Conclusions

Circular RNA_LARP4 could inhibit NPC 
cell proliferation and metastasis by downregulat-
ing ROCK1. These findings implied that circular 
RNA_LARP4 could serve as a promising marker 
for NPC.
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