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Abstract. – OBJECTIVE: The diagnosis and 
prognosis of nasopharyngeal cancer (NPC) are 
still difficult. To investigate the effect of long-
chain non-coding RNA GNAS-AS1 (lncRNA 
GNAS-AS1) on proliferation, migration, and in-
vasion of NPC, we carried out this research to il-
lustrate the underlying mechanism.

PATIENTS AND METHODS: Real-time quan-
titative PCR was used to detect the expression 
of GNAS-AS1 in nasopharyngeal carcinoma 
cells. The effect of transfection of si-GNAS-
AS1 on the growth of nasopharyngeal carci-
noma SUNE-1 cells was analyzed by CCK-8 as-
say and colony formation assay. The effect of 
GNAS-AS1 on the migration and invasion of 
SUNE-1 cells was detected by transwell assay 
and Matrigel assay. The expression of C-myc, 
CyclinD, and MMP2 was detected by Western 
blot. The expression of β-catenin was detect-
ed by real-time quantitative PCR and Western 
blot. 

RESULTS: GNAS-AS1 was upregulated 
in NPC. GNAS-AS1 promoted cell prolifera-
tion, cell migration, and cell invasion in vitro. 
GNAS-AS1 exerted its function by regulating 
Wnt/β-catenin pathway. GNAS-AS1 functioned 
as an oncogenic role via mediating β-catenin 
expression.

CONCLUSIONS: LncRNA GNAS-AS1 played 
an important role in the proliferation, migra-
tion, and invasion of NPC cells, suggesting that 
GNAS-AS1 may be an important gene related to 
the formation and progression of nasopharyn-
geal carcinoma. The completion of this study 
provides new potential therapeutic targets for 
nasopharyngeal carcinoma.
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Introduction

Nasopharyngeal cancer (NPC) is a malignant 
tumor associated with Epstein-Barr virus infec-
tion that occurs in the upper and lateral walls 
of the nasopharyngeal cavity1,2. The incidence 
rate of male patients is about 2 times than that 
of female patients. Surveys in recent years have 
shown that the prevalence rate increases with age. 
The onset of this disease is insidious and difficult 
to find, and most patients are already in the late 
stage of diagnosis and have a poor prognosis3. 
Therefore, the search for specific markers of 
nasopharyngeal carcinoma is of positive signif-
icance for the diagnosis of the disease and the 
improvement of the prognosis of patients. 

Long non-coding RNAs (LncRNAs) are a 
kind of RNAs with a length of more than 200 
nucleotides and a lack of potential for coding 
proteins4,5. Some studies6-8 in many tumors have 
shown that abnormal expression of lncRNA is 
related to invasion, metastasis, and malignant 
progression of tumor cells. Therefore, elucidat-
ing the potential mechanism of lncRNA in the 
invasion and metastasis of nasopharyngeal car-
cinoma will be helpful to further understand the 
development of nasopharyngeal carcinoma and 
provide new ideas for diagnosis and treatment.

In the current study, we found that GNAS-AS1 
was upregulated in NPC tissues and cell lines. 
Downregulated GNAS-AS1 restrained cell prolif-
eration, cell migration, and cell invasion in NPC 
cell lines. For further determining the underlying 
mechanism, we verified that Wnt/β-catenin path-
way participated in the regulation of the NPC 
progression. In addition, lncRNA GNAS-AS1 
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was found to exert its function by mediating 
β-catenin expression in vitro. 

Patients and Methods

Tissue Specimens
This present research was approved by the Eth-

ics Committee of Liangxiang Hospital, Capital 
Medical University. Nasopharyngeal carcinoma 
tissue specimens and normal tissues were col-
lected from Liangxiang Hospital, Capital Med-
ical University from January 2014 to December 
2016. All specimens of nasopharyngeal cancer 
were collected from patients before radiotherapy, 
which was diagnosed by histopathology. Tissue 
specimens were immediately put into liquid ni-
trogen. Written informed consents were signed 
from all participants before the study.

Cell Lines
Nasopharyngeal immortalized epithelial cells 

NP69 were inoculated in fresh Keratinocyte-SFM 
containing 10% fetal bovine serum (FBS; Gibco, 
Rockville, MD, USA). NPC cells CNE-1, CNE-2 
and SUNE-1 were inoculated into Roswell Park 
Memorial Institute-1640 (RPMI-1640) medium 
(HyClone, South Logan, UT, USA) containing 
10% FBS. Penicillin and streptomycin were add-
ed. The final concentrations of the two antibiotics 
were 100 U/L and 100 μg/L, respectively, and 
cultured in an incubator at 37°C, saturated hu-
midity, and 5% CO2.

Cell Transfection
For knockdown GNAS-AS1, siRNA technol-

ogy was performed following the standard pro-
tocol. For upregulating β-catenin, the cells were 
transfected with adenovirus vectors. All the plas-
mids were obtained from GenePharma (Shang-
hai, China).

Isolation of Total RNA and qRT-PCR
The tissue specimens were taken from liq-

uid nitrogen and the cell lines were used to 
extract the total RNA via TRIzol reagent (Invi-
trogen, Carlsbad, CA, USA) following the man-
ufacturer’s instructions. Complementary deoxy-
ribose nucleic acids (cDNAs) were synthesized 
via Reverse Transcription Kit (TaKaRa, Otsu, 
Shiga, Japan) according to standard protocol. 
The MFI2 expression level was assessed through 
SYBR Green real-time PCR, and glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) was 

taken as a normalization. GAPDH forward 5’-
3’: TATCGGACGCCTGGTTAC, reverse 5’-3’: 
TATCGGACGCCTGGTTAC; GNAS-AS1, for-
ward 5’-3’: GACGCC TTT CCT ACG G, reverse 
5’-3’: TGG TAA CGC ACC TTC G.

Cell-Counting Kit-8 Assay (CCK-8)
The Cell Counting Kit-8 assay was involved 

in examining the cell proliferation in cervical 
cancer. The transfected cells were plated into 
96-wells plates (6 × 10³/well) and then, CCK-8 
solution (Beyotime, Shanghai, China) (10 µl/well) 
was used to stain cells for 2 h at 37°C. 

Colony Formation Assay
After the selected cell lines were cultured for 

24 h and were routinely digested and suspended 
in the medium, the cell density was adjusted to be 
inoculated into 6-wells plates (3×103 cells/well). 
After 1 week of culture, cells were fixed using 
4% paraformaldehyde and then were stained with 
0.1% crystal violet for 20 min. The number of 
clone formation was counted under a light micro-
scope (more than 50 cells were one clone), and the 
colony formation rate of the three groups was cal-
culated. Clonal formation rate = number of clones 
/ number of cells inoculated × 100%.

Transwell Assay and Matrigel Assay
The cells were made into single cell suspen-

sions and washed 3 times by serum-free medium. 
200 μL of diluted Matrigel gel was added (or not) 
to the upper chamber of the Boyden chamber and 
dried overnight. 1×105 cells (200 μL) were inoc-
ulated into the upper chamber of the transwell 
chamber, and 300 μL of RPMI-1640 medium 
containing 10% FBS was added as a chemokine 
in the lower chamber. The cells were cultured in 
a 37°C, 5% CO2 incubator for 24 h, and the cham-
ber was taken out and washed twice with phos-
phate-buffered saline (PBS). Transwell upper 
transmembrane cells were fixed in 95% ethanol, 
washed twice with PBS, and stained with freshly 
prepared hematoxylin solution for 3 to 5 minutes. 
Then, the cells in the upper chamber that failed 
the filter were wiped with a cotton swab. 

Western Blot 
The radioimmunoprecipitation assay (RIPA) 

solution lysed the cells to extract the total protein. 
The protein was separated by 10% sodium do-
decyl sulphate-polyacrylamide gel electrophore-
sis (SDS-PAGE) gel electrophoresis, transfected, 
blocked with 5% skim milk powder for 1 h at 
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room temperature and was then incubated with 
primary antibody (N-cadherin, Vimentin, E-cad-
herin, β-actin antibody 1:2 000 dilution) at 4°C 
overnight. The membrane were washed 3 times, 
each time for 7 min, by Tris-Buffered Saline and 
Tween (TBST). The secondary antibody (an-
ti-rabbit 1:3 000 dilution) was incubated for 1 h at 
room temperature, TBST washed the membrane 
3 times, each time for 7 min, the dark chamber 
was added with enhanced chemiluminescence 
(ECL) luminescent liquid, and then exposed and 
developed.

Statistics Analysis
All experiments in this study were performed 

three times independently. All data recorded were 
exhibited as mean ± standard deviation (SD). The 
Student’s unpaired t-test was used to undergo 
statistics analysis. In this study, p<0.05 was ex-
pected to be significant. 

Results

LncRNA GNAS-AS1 Was 
Upregulated in NPC

Real-time quantitative PCR was involved to 
examine the expression of GNAS-AS1 in NPC, 
and the results revealed that GNAS-AS1 was sig-
nificantly upregulated in NPC (Figure 1A). The 
expression of GNAS-AS1 in NPC cells CNE-1, 
CNE-2, and SUNE-1 was subsequently exam-
ined. The results showed that GNAS-AS1 was 
overexpressed in NPC cells compared with NP69 

cells, and the difference was statistically signifi-
cant (Figure 1B).

LncRNA GNAS-AS1 Promoted Cell 
Proliferation, Cell Migration, and 
Cell Invasion In Vitro

For downregulating GNAS-AS1 expres-
sion, we recruited the siRNA technology. The 
transfection efficiency was detected by qRT-
PCR (Figure 2A). To determine the function 
of GNAS-AS1 on cell proliferation, we used 
CCK8 assay and it revealed that GNAS-AS1 
downregulated group had a relatively lower OD 
value when compared with the control group 
(Figure 2B). Similarly, the colonies generated in 
GNAS-AS1 downregulated group were expres-
sively less than the control group (Figure 2C). 
Subsequently, we took out the transwell assay 
and Matrigel assay. As Figure 2D showed, the 
down-expression of GNAS-AS1 suppressed cell 
migration and cell invasion in vitro. In sum, 
GNAS-AS1 functioned as an oncogenic role in 
NPC cell lines.

LncRNA GNAS-AS1 Functioned as an 
Oncogenic Role in NPC Via Regulating 
Wnt/β-Catenin Pathway

For further study the underlying mechanism 
through which GNAS-AS1 promoted NPC pro-
gression, we checked if Wnt/β-catenin pathway 
participated in regulation. Thus, we detected the 
expression of β-catenin in NPC tissues. The re-
sults suggested that β-catenin was upregulated in 
NPC tissues (Figure 3A). Besides, the expression 
level of β-catenin was down-expressed in GNAS-

Figure 1. LncRNA GNAS-AS1 was upregulated in NPC. A, The expression level of GNAS-AS1 in NPC tissues and normal 
tissues. B, Analysis of GNAS-AS1 expression level in NPC cell lines. Data are presented as the mean ± SD of three independent 
experiments. * p<0.05, *** p<0.001.
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Figure 2. LncRNA GNAS-AS1 promoted cell proliferation, cell migration and cell invasion in vitro. A, Transfection 
efficiency was evaluated by qRT-PCR. B, The cell proliferation ability was determined by CCK-8 assay. C, Colony formation 
assay was recruited for detecting cell proliferation (magnification: 10×). D, Transwell assay and matrigel assay were involved 
to investigate the ability of cell migration and cell invasion (magnification: 40×). Data are presented as the mean ± SD of three 
independent experiments. * p<0.05, ** p<0.01.
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AS1 downregulated group (Figure 3B, 3C). After 
that, we examined the hallmarks of Wnt/β-caten-
in pathway and it showed that the expression level 
of C-myc, Cyclind, and MMP2 were decreased in 
the GNAS-AS1 group (Figure 3D). Taken togeth-
er, we considered that lncRNA GNAS-AS1 func-
tioned as an oncogenic role in NPC via regulating 
Wnt/β-catenin pathway.

LncRNA GNAS-AS1 Exerted its Function 
by Mediating β-Catenin Expression

We found that β-catenin was upregulated in 
NPC thus we wonder whether GNAS-AS1 ex-
erted its function via mediating β-catenin ex-
pression. As Figure 4A and 4B showed, the up-
regulated β-catenin group had higher expression 
level of β-catenin. In Figure 4C, it is elucidated 
that the repression function of the down-expres-
sion GNAS-AS1 was cancelled by upregulating 
β-catenin. Similarly, over-expressed β-catenin 

restored the promotion function in cell migration 
and invasion in the GNAS-AS1 downregulated 
group (Figure 4D). Herein, we validated that 
GNAS-AS1 exerted its function by mediating 
β-catenin expression.

Discussion

NPC is a frequent head and neck malignancy 
occurring in the nasopharyngeal epithelium with 
distinct regional characteristics9. As the early 
onset of nasopharyngeal carcinoma, its symp-
toms are often not evident or lack of specificity. 
However, most of the low-differentiated NPC is 
highly malignant, prone to early lymph node me-
tastasis and distant metastasis, and most patients 
are already in the late stage when they seek med-
ical treatment10. The development of NPC is the 
result of multiple factors, which may be related to 

Figure 3. LncRNA GNAS-AS1 functioned as an oncogenic role in NPC via regulating Wnt/β-catenin pathway. A, The 
expression level of β-catenin in NPC tissues and normal tissues. B, The mRNA expression level of β-catenin in transfected 
cell lines. C, The protein expression level of β-catenin in transfected cell lines. D, The expression level of C-myc, CyclinD, and 
MMP2 in transfected cell lines. Data are presented as the mean ± SD of three independent experiments. * p<0.05, ** p<0.01, 
*** p<0.001.
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Epstein-Barr virus infection and genetic factors11. 
Scolars12 have found that nasopharyngeal cancer 
is usually sensitive to radiotherapy, but frequent 
recurrence, metastasis of nasopharyngeal cancer, 
and poor prognosis are still a major challenge for 
clinical treatment. 

Long non-coding RNA is transcribed by 
RNA polymerase II. It does not participate 
in protein coding but is involved in the gene 
regulation. Its expression is specific in tissue, 
space, and time, and it is an endogenous RNA 
regulating gene expression13,14. Some investiga-
tions15 show that lncRNA is involved in physi-
ology processes. LncRNA has high tissue spec-
ificity and can regulate the gene expression16. 
Through these regulations, lncRNA is involved 
in a variety of biological processes, especially 
the regulation of tumor cell proliferation, apop-
tosis, invasion, and metastasis17-19. LncRNA has 
become a research hotspot in recent years, and 
the abnormal expression of lncRNA has been 
detected in many tumors, which is of great 

significance for the diagnosis and prognosis of 
tumors. Previous studies20,21 have indicated that 
lncRNA is closely related to nasopharyngeal 
cancer. The study and exploration of this new 
molecular marker is not only conducive to fur-
ther understanding of the pathogenesis of na-
sopharyngeal cancer, but also conducive to the 
development of specific molecular markers for 
early prediction, early diagnosis, and prognosis 
evaluation of the disease.

Wnt/β-catenin pathway participated in numer-
ous cancer progression22. Wnt/β-catenin pathway 
was also reported to function as essential factor 
in cell proliferation, cell differentiation, cell mi-
gration, and cell invasion23,24. Herein, we wonder 
whether GNAS-AS1 serve as an oncogenic role in 
NPC by regulating Wnt/β-catenin pathway. The 
results indicated that GNAS-AS1 promoted cell 
proliferation, cell migration, and cell invasion via 
regulating Wnt/β-catenin pathway. Moreover, we 
found that β-catenin was upregulated in NPC. 
Thus, we examined the expression level of β-cat-

Figure 4. LncRNA GNAS-AS1 exerted its function by mediating β-catenin expression. A, B, Transfection efficiency was 
evaluated by Western blot and qRT-PCR. C, The cell proliferation ability was determined by CCK-8 assay. D, Transwell assay 
and Matrigel assay were involved to investigate the ability of cell migration and cell invasion. Data are presented as the mean 
± SD of three independent experiments. *p<0.05, **p<0.01, ***p<0.001.
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enin in GNAS-AS1 down-expression group and 
it turned out that β-catenin expression level was 
decreased. In rescue assay, we validated that 
GNAS-AS1 performed its function by mediating 
β-catenin expression. 

Conclusions

LncRNA GNAS-AS1 played an important role 
in the proliferation, migration, and invasion of 
nasopharyngeal carcinoma cells, suggesting that 
GNAS-AS1 may be an important gene related to 
the formation and progression of nasopharyngeal 
carcinoma. The completion of this study provides 
new potential therapeutic targets for nasopharyn-
geal carcinoma.
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