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Abstract. – OBJECTIVE: The vital role of long 
noncoding RNAs (lncRNAs) in tumor progression 
has been identified in numerous studies. Naso-
pharyngeal carcinoma (NPC) is one of the most 
ordinary malignant tumors. This study aims to ex-
plore the role of lncRNA ROR1-AS1 in the metas-
tasis of NPC.

PATIENTS AND METHODS: Real Time-quanti-
tative Polymerase Chain Reaction (RT-qPCR) was 
utilized to measure ROR1-AS1 expression in 50 
NPC tissues. The function assays including wound 
healing assay and transwell assay were conducted 
to detect the behavior changes of NPC cells after 
the knockdown of ROR1-AS1, and the epitheli-
al-mesenchymal transition (EMT) process of NPC 
metastasis was further measured by performing 
the Western blot assay in vitro. Besides, the target 
miRNAs were also explored by luciferase assays 
and RNA immunoprecipitation assay (RIP).

RESULTS: ROR1-AS1 expression level was sig-
nificantly higher in NPC samples compared with 
that in adjacent tissues. The knockdown of ROR1-
AS1 reduced cell migration and cell invasion of 
NPC cells, which was identified to inhibit the EMT 
process of NPC. Furthermore, it was discovered 
that miR-375 was upregulated via knockdown of 
ROR1-AS1 and further mechanism assays showed 
that ROR1-AS1 acted as a competing endogenous 
RNA via sponging miR-375 in NPC.

CONCLUSIONS: Our study suggests that 
ROR1-AS1 could act as a sponge for miR-375 
and promote cell migration and invasion by in-
ducing EMT process in NPC. 
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Introduction

Nasopharyngeal carcinoma (NPC) is one of 
the most common malignant head and neck epi-
thelial tumors, especially in Southern China and 
Southeast Asia1. NPC origins from the nasophar-

ynx epithelium, for which surgery, radiotherapy 
technique, and chemotherapy strategies remain 
the main treatment for NPC patients2. The preva-
lence was especially high in Southern China and 
Southeast Asia3. The lack of effective systemic 
treatments and early diagnosis methods contrib-
ute to the poor prognosis of NPC patients, and ap-
proximately 30% of NPC patients would develop 
lymph node metastasis and treatment resistance4. 
These facts highlight the need for a better under-
standing of the molecular mechanism of the me-
tastasis underlying NPC and uncovering the nov-
el therapeutic management.

Noncoding RNAs (ncRNAs) account for more 
than 98% of all the sequences. As a subtype of 
ncRNAs, long noncoding RNAs (lncRNAs) are 
longer than 200 nucleotides. Several studies reveal 
that lncRNAs participate in a variety of cellular 
processes and pathways in the development of can-
cers. LncRNA PVT1 is significantly upregulated 
in gastric cancer and contributes to poor prognosis 
in patients with gastric cancer5. The knockdown 
of lncRNA MNX1-AS1 inhibits cell proliferation 
and cell migration in ovarian cancer and may be a 
potential therapeutic target for ovarian cancer6. Ln-
cRNA 91H exerts oncogenic properties by upregu-
lating the expression of H19/IGF2, which increases 
an aggressive phenotype of breast cancer cells7. By 
depressing tumor suppressor miR-143, lncRNA 
UCA1 functions as an oncogene in breast cancer 
and participates in the modulation of cell growth 
and cell apoptosis8. The overexpression of lncRNA 
NNT-AS1 facilitates the proliferation and invasion 
of cervical cancer cell through Wnt/β-catenin sig-
naling pathway9. LncRNA NR_036575.1 acts as an 
oncogene in papillary thyroid cancer by contribut-
ing to enhancing cell proliferation and cell migra-
tion, which suggests that lncRNA NR_036575.1 
could be applied as a potential biomarker and ther-
apeutic target10. 
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Our study demonstrated that ROR1-AS1 was 
remarkably upregulated in NPC tissues and cell 
lines. ROR1-AS1 was previously reported to be 
an oncogene in a few malignant cancers. Howev-
er, the role of ROR1-AS1 in NPC and its underly-
ing molecular mechanism have not been studied 
so far.

In this study, we found out that the migra-
tion and invasion of NPC cells were changed via 
knockdown of ROR1-AS1 in vitro. The epitheli-
al-mesenchymal transition (EMT) processes were 
also significantly changed by the knockdown of 
ROR1-AS1. Besides, we further explored the un-
derlying mechanism to understand how ROR1-
AS1 functioned in NPC metastasis.

Patients and Methods

Cell Lines and Clinical Samples
50 paired tumor tissues and adjacent non-tu-

mor tissues were sequentially gathered from NPC 
patients who underwent surgery during The Sec-
ond Affiliated Hospital of Xi’an Jiaotong Univer-
sity. All cases were diagnosed with NPC by two 
independent pathologists without any controver-
sy. This study was approved by the Ethics Com-
mittee of The Second Affiliated Hospital of Xi’an 
Jiaotong University. The signed written informed 
consents were obtained from all participants be-
fore the study.

Cell Culture
The human NPC cells (5-8F, CNE2, and 6-

18B) and immortalized normal nasopharyngeal 
epithelial cell line (NP69), provided by the Chi-
nese Academy of Science (Shanghai, China), 
were cultured with 10% fetal bovine serum (FBS; 
HyClone, South Logan, UT, USA), Roswell Park 
Memorial Institute-1640 (RPIM-1640) (HyClone, 
South Logan, UT, USA) and penicillin in an incu-
bator containing 5% CO2 at 37°C.

Cell Transfection
The lentivirus expressing short-hairpin RNA 

(shRNA) directly against ROR1-AS1 were pro-
vided by GenePharma (Shanghai, China) and 
then, cloned into the pGPH1/Neo vector, which 
was then used for transfection of 5-8F NPC cells 
through Lipofectamine 2000 reagent (Invitrogen, 
Carlsbad, CA, USA) according to the manufac-
turer’s protocol. The negative control shRNA was 
used as control.

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

The total RNA was extracted from the cultured 
NPC cells or patients’ tumor tissues through TRIzol 
reagent (TaKaRa Bio, Inc., Otsu, Shiga, Japan) and 
then reverse-transcribed to complementary deoxy-
ribose nucleic acids (cDNAs) through reverse Tran-
scription Kit (TaKaRa, Otsu, Shiga, Japan). The 
2-ΔΔCt method was utilized to calculate the relative 
expression. The primers using for RT-qPCR were 
as follows: ROR1-AS1 primers forward 5′-CTGAC-
GAAACACTGGAACTC-3′, reverse 5′-GTCT-
GATTTGGTAGCTTGGATG-3′; glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) primers 
forward 5′-CCAAAATCAGATGGGGCAATGCT-
GG-3′ and reverse 5′-TGATGGCATGGACTGTG-
GTCATTCA-3′. PCR was performed three times in 
the following sequence: pre-denaturation at 95°C for 
1 min, followed by 40 cycles at 95°C for 15 s, 60°C 
for 30 s, and 72°C for 30 s.

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

cultured in Roswell Park Memorial Institute-1640 
(RPMI-1640) medium overnight. After scratched 
with a plastic tip, the cells were cultured in the 
serum-free RPMI-1640. The wound closure was 
viewed at 48 h. Each assay was independently re-
peated for three times.

Transwell Assay
The transwell chambers with 8 μm pores were 

provided by Corning (Corning, NY, USA). The 
membrane was precoated with or without 50 μL 
Matrigel (BD Biosciences, Heidelberg, Germany). 
The cells were then seeded into the upper cham-
bers of a 24-well plate. 20% FBS-RPIM-1640 was 
added to the lower chamber of the culture inserts. 
48 h later, the top surface of the chambers was 
treated by methanol for 30 min after wiped by 
cotton swab and then were stained in crystal vio-
let for 20 min. Three fields were used to count the 
data for the migration and invasion membrane.

Western Blot Analysis
The protein was extracted from cells by the 

Reagent radioimmunoprecipitation assay (RIPA; 
Beyotime, Shanghai, China). The sodium do-
decyl sulphate-polyacrylamide gel electrophore-
sis (SDS-PAGE) was utilized to extract the target 
proteins which were then transferred to polyvi-
nylidene difluoride (PVDF) membranes (Milli-
pore, Billerica, MA, USA). These membranes 
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were incubated with antibodies rabbit anti-GAP-
DH and rabbit anti-N-cadherin, anti-Vimentin, 
and anti-E-cadherin, as well as goat anti-rabbit 
secondary antibody (Cell Signaling Technology, 
CST, Danvers, MA, USA). The Image J software 
(NIH, Bethesda, MD, USA) was applied for the 
assessment of the protein expression.

Luciferase Assays
ROR1-AS13ʹ-UTR was cloned into the pGL3 

vector (Promega, Madison, WI, USA) as wild-type 
(WT) 3ʹ-UTR. Then, the site-directed mutagenesis 
of the miR-375 binding site in ROR1-AS1 3ʹ-UTR 
was performed by quick-change site-directed mu-
tagenesis kit (Stratagene, La Jolla, CA, USA) as 
mutant (MUT) 3ʹ-UTR. Next, the transfection of 
WT-3ʹ-UTR or MUT-3ʹ-UTR and miR-ctrl or miR-
375 for 48 h was done. Then, the Luciferase assay 
was conducted on the dual Luciferase Reporter As-
say System (Promega, Madison, WI, USA).

RNA Immunoprecipitation (RIP) Assay
To confirm the endogenous relationship be-

tween ROR1-AS1 and miR-375, the Magna RIP 
RNA-Binding Protein Immunoprecipitation Kit 
(Millipore, Billerica, MA, USA) was conducted. 
Briefly, the treated NPC cells were collected and 
lysed in RIP lysis buffer containing protease inhib-
itor and RNase inhibitor and were incubated for 2 h 
at 4°C with the RIP buffer containing the magnetic 
beads coated with Ago2 antibodies (Millipore, Bil-
lerica, MA, USA). IgG acted as a negative control 
(input group). Then, the coprecipitated RNAs were 
gathered and monitored by RT-qPCR analysis.

Statistical Analysis
All analyses were done with Statistical Prod-

uct and Service Solutions (SPSS) 19.0 (IBM 
Corp., Armonk, NY, USA). The Student’s t-test 
was performed to compare the difference be-
tween the two groups. The statistical significance 
was defined as p<0.05.

Results

ROR1-AS1 Expression Level
in NPC Tissues and Cells

As was shown in Figure 1A, ROR1-AS1 ex-
pression was detected via RT-qPCR in 50 patients’ 
tissues and the results showed that ROR1-AS1 was 
significantly upregulated in NPC tissue samples 
compared with that in the adjacent samples. More-
over, the expression of ROR1-AS1 was detected in 

the NPC cells (5-8F, CNE2, and 6-18B) and ROR1-
AS1 was higher than that in a normal nasopharyn-
geal epithelial cell line (NP69) (Figure 1B). In this 
study, we chose 5-8F NPC cell line for the knock-
down of ROR1-AS1 and the transfection efficiency 
was detected by RT-qPCR (Figure 1C).

Figure 1. ROR1-AS1 expression in NPC tissues and cells. A, 
ROR1-AS1 expression was significantly increased in the NPC 
tissues compared with adjacent tissues. B, the expression lev-
els of ROR1-AS1 were determined in the human NPC cell 
lines and normal nasopharyngeal epithelial cell lines (NP69) 
by RT-qPCR. C, ROR1-AS1 expression in 5-8F cells trans-
duced with ROR1-AS1 shRNA and negative control was de-
tected by RT-qPCR. GAPDH was used as an internal control. 
GAPDH was used as an internal control. Data are presented 
as the mean ± standard error of the mean. *p<0.05.
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Knockdown of ROR1-AS1 
Inhibited Cell Migration and Invasion 
of NPC Cells

As was shown in Figure 2A, the scratch wound 
assay showed that the migrated length of the NPC 
cells was significantly decreased after ROR1-AS1 
was knocked down. To further confirm the out-
come of the scratch wound assay, we performed 
the transwell assay in NPC cells. The outcome of 
the transwell assay also revealed that the migrat-
ed and invaded cells were significantly reduced 
after ROR1-AS1 was knocked down in NPC cells 
(Figures 2B and 2C). Together they indicated that 
ROR1-AS1 was a novel tumor suppressor in cell 
migration and invasion of NPC.

Knockdown of ROR1-AS1 Inhibited 
the EMT Process of NPC Cells

Previous studies have reported the vital role 
of the EMT process in cancer metastasis. In our 
study, the effect of ROR1-AS1 on the EMT process 
was further studied. EMT-related proteins includ-
ed E-cadherin, N-cadherin, and Vimentin. In our 
study, RT-qPCR results showed that through the 
knockdown of ROR1-AS1, the mRNA expression 
of N-cadherin and Vimentin was downregulated, 
and the E-cadherin was upregulated in NPC cells. 
(Figure 3A). As shown in Figure 3B, the similar 
changes of EMT-related proteins through the 
knockdown of ROR1-AS1 was viewed through 
Western blot assay.

Figure 2. Loss of ROR1-AS1 repressed NPC cell migration and invasion. A, Scratch wound assay showed that the knock-
down of ROR1-AS1 significantly reduced the migrated length of the NPC cells (magnification: 40×). B, The transwell assay 
showed that the number of migrated cells was significantly decreased via knockdown of ROR1-AS1 in NPC cells (magnifica-
tion: 40×). C, The transwell assay showed that number of invaded cells was significantly decreased via knockdown of ROR1-
AS1 in NPC cells (magnification: 40×). The results represent the average of three independent experiments (mean ± standard 
error of the mean). *p<0.05
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MiR-375 Was a Direct Target 
of ROR1-AS1 in NPC

To further explore the potential mRNAs, the 
bio-informative analysis was also conducted using 
DIANA LncBASE Predicted v.2. MiR-375, contain-
ing the binding area of ROR1-AS1, was confirmed 
as the potential target of ROR1-AS1, which was 
shown in Figure 4A. RT-qPCR results showed that 
the expression level of miR-375 in NPC cells was 
significantly higher in ROR1-AS1 shRNA group 
when compared with that in the negative control 
group (Figure 4B). Besides, as shown in Figure 4C, 
the luciferase assay revealed that the co-transfection 
of ROR1-AS1-WT and miR-375 largely decreased 
the luciferase activity, while the co-transfection of 
ROR1-AS1-MUT and miR-375 had no effect on 
the luciferase activity either. Furthermore, ROR1-
AS1 and miR-375 were significantly enriched in 
Ago2-containing beads, compared to the input 
group through the RIP assay (Figure 4D).

Discussion

The metastasis is the major cause of mortality 
in NPC. Studies have demonstrated that lncRNAs 
participate in the progression of NPC. For instance, 
lncRNA-LET acts as a tumor suppressor in NPC 
by inhibiting proliferation, adhesion, and invasion 
of NPC cells11. By modulating miR-363-5p/S100A1 
signaling pathway, lncRNA FOXD2-AS1 aggra-
vates the carcinogenesis of NPC12. LncRNA FOX-

CUT facilitates cell proliferation and cell migra-
tion in NPC via targeting FOXC113. By interacting 
with miR-630, lncRNA H19 promotes cell invasion 
in NPC via regulating the expression of EZH214.

Located in 1p31.3, ROR1-AS1 has been reported 
to be overexpressed in the mantle cell lymphoma15. 
However, the role of ROR1-AS1 in NPC remains 
unknown. In the present study, ROR1-AS1 was 
firstly found to be upregulated both in NPC tissues. 
Besides, after ROR1-AS1 was knocked down, cell 
migration and invasion were repressed in NPC cells. 

EMT is a vital process in tumor metastasis and 
could be regulated by several lncRNAs in numer-
ous cancers including NPC16,17. Numerous studies 
reveal that the downregulation of E-cadherin, and 
the upregulation of N-cadherin and Vimentin oc-
curred after that the EMT process is activated. 
Our study showed that the mRNA expression of 
N-cadherin and Vimentin was downregulated, 
and E-cadherin was upregulated in NPC cells 
after ROR1-AS1 was knocked down, which in-
dicated that the EMT process could be activated 
by ROR1-AS1. The above results indicated that 
ROR1-AS1 promoted the metastasis of NPC cells 
by inducing the EMT process.

To further identify the underlying mechanism 
of how ROR1-AS1 affects NPC cell metastasis, 
we predicted and picked miR-375 as the potential 
binding microRNAs of ROR1-AS1 via DIANA 
LncBASE Predicted v.2. MiR-375 functions as a 
tumor suppressor in many cancers and regulates 
diverse biological processes. For instance, miR-

Figure 3. The knockdown of lncRNA ROR1-AS1 inhibited the process of EMT in NPC cells. A, RT-qPCR results showed 
that N-cadherin and Vimentin was downregulated, and E-cadherin was upregulated after ROR1-AS1 was knocked down in 
NPC cells. B, The Western blot assay results showed that N-cadherin and Vimentin was downregulated, and E-cadherin was 
upregulated after ROR1-AS1 was knocked down in the NPC cells. The results represent the average of three independent ex-
periments. The data are presented as the mean ± standard error of the mean. *p<0.05.
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375 is associated with the prognosis of esophageal 
cancer patients in Chinese people18. Moreover, 
miR-375 inhibits the development of the colorec-
tal carcinoma via targeting KLF419. In the present 
report, we first discovered the interaction between 
miR-375 and ROR1-AS1. The results showed that 
the expression level of miR-375 could be upregulat-
ed by the knockdown of ROR1-AS1. Furthermore, 
miR-375 could directly bind to ROR1-AS1 through 
a luciferase assay. And miR-375 was significantly 
enriched by ROR1-AS1 RIP assay. All the above 
results suggested that ROR1-AS1 functioned as a 
competing endogenous RNA for miR-375 in NPC.

Conclusions

The above data identified that ROR1-AS1 could 
enhance NPC cell migration and invasion and in-
duce EMT process by sponging miR-375, which 
suggested that ROR1-AS1/miR-375 axis may con-
tribute to the therapy for NPC as a candidate target.
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