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Long non-coding RNA SNHG20 promotes nasopharyngeal
carcinoma cell migration and invasion by upregulating TGF-§1
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Abstract. Small nucleolar RNA host gene 20 (SNHG20) has
been reported to serve roles in several types of malignancies,
while its role in nasopharyngeal carcinoma remains unknown.
In the present study, tumor tissues and adjacent healthy
tissues of patient with nasopharyngeal carcinoma, as well as
blood samples from patients with nasopharyngeal carcinoma
and heathy controls were collected, and expression levels of
SNHG20 were detected by reverse transcription-quantitative
polymerase chain reaction. Receiver operating characteristic
curve and survival curve analyses were performed to evaluate
the diagnostic and prognostic values of SNHG20 expression for
nasopharyngeal carcinoma, respectively. Associations between
serum expression levels of SNHG20 and clinical data of patients
with nasopharyngeal carcinoma were analyzed using % test. A
SNHG20 expression vector was constructed and transfected into
nasopharyngeal carcinoma cells, and cell migration and invasion
were detected by Transwell assays. Expression of transforming
growth factor-pf1 (TGF-p1) was detected by western blotting.
Results indicated that the expression level of SNHG20 increased
in cancer tissues compared with healthy tissues of patients with
nasopharyngeal carcinoma. Serum level of SNHG20 increased
in patients with nasopharyngeal carcinoma compared with
healthy controls. Significant association was identified between
serum levels of SNHG20 and distant tumor metastasis. Serum
SNHG20 could serve as a potential diagnostic and prognostic
marker for nasopharyngeal carcinoma. Overexpression of
SNHG20 promoted nasopharyngeal carcinoma cell migration
and invasion, and promoted the expression of TGF-f1. TGF-f1
inhibitor reduced the effects of SNHG20 overexpression on
nasopharyngeal carcinoma cell migration and invasion, and
exhibited no significant effect on SNHG20 expression. Therefore,
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the results of the present study indicated that IncRNA SNHG20
could promote the migration and invasion of nasopharyngeal
carcinoma cells by upregulating TGF-f1.

Introduction

Nasopharyngeal carcinoma is the most common malignancy
of the nasopharynx (1). Although nasopharyngeal carcinoma
is a rare malignancy with an incidence rate below 1/100,000 in
most regions of the world, it is considered to be a major cancer
in some areas (2). Particularly, China has the highest incidence
of nasopharyngeal carcinoma globally, and the age at onset
of nasopharyngeal carcinoma in China is decreasing (3). As
a result of efforts to treat nasopharyngeal carcinoma, survival
of patients with this disease has improved markedly during
the last several decades (4). However, more than 30% of
patients with nasopharyngeal carcinoma in Southern China
develop tumor metastasis and recurrence even after radical
treatment (5), leading to poor survival rates of those patients.
Therefore, early diagnosis and accurate prognosis remain
essential for the survival of patients with nasopharyngeal
carcinoma.

The development of nasopharyngeal carcinoma is a
complex multistep process with various internal and external
factors involved (6). It has been reported that the onset,
development and progression of nasopharyngeal carcinoma
is associated with alterations in the expression levels of
certain long non-coding RNAs (IncRNAs) (7). LncRNAs
are a subgroup of non-coding RNAs composed of more than
200 nucleotides which have been recognized to serve roles
in both normal physical processes and pathological altera-
tions (8). Small nucleolar RNA host gene 20 (SNHG20) is a
recently identified IncRNA with an oncogenic role in hepa-
tocellular carcinoma (9) and colorectal cancer (10). In the
present study, IncRNA SNHG20 promoted the migration and
invasion of nasopharyngeal carcinoma cells by upregulating
transforming growth factor-f1 (TGF-p1).

Patients and methods

Patients. The present study included 55 patients with nasopha-
ryngeal carcinoma who were pathologically diagnosed and
treated for the first time in the Wei Hai Hospital affiliated to
the Medical College of Qing Dao University (Weihai, China)
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form January 2011 to February 2013. The patients included
30 males and 25 females. Distant tumor metastasis was
observed in 28 cases. The age of patients ranged from 26 to
72 years with an average age of 50.4+11.1 years. Patients with
other types of malignancies and other severe diseases were
excluded. Furthermore, 40 healthy volunteers were included
to serve as the control group. The control group included
22 males and 18 females (age range, 25-69 years; average age,
51.1+10.7 years). No significant differences in age and sex
distributions were identified between the two groups. Before
the study, all participants were informed of the experimental
protocols and each patient signed informed consent. The
present study was approved by the Ethics Committee of Wei
Hai Hospital affiliated to the Medical College of Qing Dao
University.

Specimen collection. Tumor tissues and adjacent healthy
tissues within 2 cm around the tumors were colletcted from
patients with nasopharyngeal carcinoma during surgical
resection. Blood (10 ml) was extracted from the elbow vein
of patients with nasopharyngeal carcinoma and healthy
controls on the day of admission. Following incubation at
room temperature for 2 h, blood samples were centrifuged at
room temperature for 20 min at 1,000 x g to collect serum. All
specimens were stored in liquid nitrogen for further use.

Cell lines and cell culture. Two nasopharyngeal carcinoma
cell lines 13-9B and C666-1 NP69 were purchased from
American Type Culture Collection (Manassas, VA, USA).
A normal nasopharyngeal cell line NP69 was purchased
from Xiang Ya Central Experiment Laboratory (Changsha,
China; http://gdyjzx.csu.edu.cn/zxjs/sysjs/xbs.htm). Cells were
cultured in RPMI-1640 medium (cat. no. 30-2001; American
Type Culture Collection) contaning 10% fetal bovine serum
(Thermo Fisher Scientific, Inc., Waltham, MA, USA) at 37°C
and 5% CO,. Serum was not added in case of drug treatment.
Cells were also treated with a TGF-f3 inhibitor, LY2109761
(100 nM; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany),
for 24 h at 37°C and 5% CO,.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR). Total RNA was extracted from tumor
tissues, adjacent healthy tissues and serum using TRIzol
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). Tumor
tissues and adjacent healthy tissues were ground in liquid
nitrogen prior to the addition of the TRIzol reagent.
NanoDrop™ 2000 Spectrophotometer (Thermo Fisher
Scientific, Inc.) was used to test all RNA samples and
samples with a A260/A280 ratio of 1.8-2.0 were subjected
to RT using Superscript IV Reverse Transcriptase (Thermo
Fisher Scientific, Inc.) to synthesize cDNA. PCR reaction
system was prepared using SYBR™ Green Real-Time PCR
Master Mix (Thermo Fisher Scientific, Inc.). Sequences of
primers used for PCR reactions were: IncRNA SNHG20
forward, 5S-ATGGCTATAAATAGATACACGC-3" and
reverse, 5-GGTACAAACAGGGAGGGA-3"; matrix metal-
loproteinase (MMP)-2 forward, 5'-CTCAGATCCGTGGTG
AGATCT-3' and reverse, 5'-CTTTGGTTCTCCAGCTTC
AGG-3"; MMP-9 forward, 5-ATCCAGTTTGGTGTCGCG
GAGC-3" and reverse, 5'-GAAGGGGAAGACGCACAG
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CT-3"; B-actin forward, 5'-GACCTCTATGCCAACACA
GT-3" and reverse, 5'-AGTACTTGCGCTCAGGAGGA-3".
PCR reaction conditions were: Initial denaturation at 95°C
for 40 sec; 40 cycles of 95°C for 12 sec and 58°C for 42 sec.
Relative expression levels of IncRNA SNHG20, MMP-2
and MMP-9 were normalized to endogenous control [3-actin
using the 244%4 method (11).

Construction of the SNHG20 expression vector and transfec-
tion. An EcoRI-EcoRI fragment containing SNHG20 cDNA
amplified by PCR was inserted into a pIRSE2-EGFP vector
(Clontech Laboratories, Inc., Mountainview, CA, USA) to
construct a SNHG20 expression vector. Cells were harvested
during the logarithmic growth phase and cultured overnight
to reach 80-90% confluence. Lipofectamine® 2000 reagent
(cat. no. 11668-019; Invitrogen; Thermo Fisher Scientific,
Inc.) was used to transfect 10 mM vector into 5x10° cells.
Cells were cultured for 48 h prior to subsequent experiments.
Untransfected cells were used as the control group. Cells trans-
fected with empty vectors were the negative control group.
The overexpression rate of SNHG20 was >200% compared
with untransfected cells, which was determined prior to the
current study (data not shown).

Cell migration and invasion assays. Cell migration ability
was measured using a Transwell cell migration assay kit
(BD Biosciences, Franklin Lakes, NJ, USA). Cells were
harvest during the logarithmic growth phase and single cell
suspension was prepared with a cell density of 5x10* cells per
1 ml RPMI-1640 medium. Subsequently, 0.1 ml cell suspen-
sion containing 5x10° cells was added into the upper chamber,
RPMI-1640 (Thermo Fisher Scientific, Inc.) supplemented
with 20% fetal calf serum (Sigma-Aldrich; Merck KGaA)
was used to fill the lower chamber. After incubation for 24 h,
membranes were collected and subjected to staining with
0.5% crystal violet (Sigma-Aldrich; Merck KGaA) for 20 min
at room temperature. Membranes were observed under an
optical microscope (Olympus Corporation, Tokyo, Japan)
and the stained cells were counted. The upper chamber was
pre-coated with Matrigel (cat. no. 356234; Millipore, USA)
before the cell invasion assay, all other steps were the same
as for the migration assay. Cell migration and invasion were
normalized to the group with the largest number of migrating
and invading cells, which was set to 100.

Western blot analysis. Cells were harvest during the
logarithmic growth phase and total protein was extracted using
RIPA solution (Thermo Fisher Scientific, Inc.). Bicinchoninic
acid assay was performed for protein determination.
Subsequently, 10% SDS-PAGE was performed with 20 ug
protein per lane. After the gel transfer, polyvinylidene
fluoride membranes were blocked with 5% skimmed milk at
room temperature for 1 h. Following blocking, membranes
were incubated with rabbit anti-TGF-$1 (cat. no. ab92486),
[-catenin (cat. no. ab16051), Akt (cat. no. ab126811), pan-AKT
(phospho T308; cat. no. ab38449), phospho anti-NF-«B p65
(S536; cat. no. ab28856; all 1:1,500), and GAPDH (1:1,000;
cat. no. ab9485; all Abcam, Cambridge, UK) antibodies
overnight at 4°C. The following day, the membranes were
incubated with goat anti-rabbit immunoglobulin G-horseradish
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Patients with nasopharyngeal carcinoma (n=55)

Figure 1. Expression of long noncoding RNA SNHG20 in tumor tissues and adjacent healthy tissues of 55 patients with nasopharyngeal carcinoma.
“P<0.05 vs. the adjacent healthy tissues and "P<0.05 vs. tumor tissues. SNHG20, small nucleolar RNA host gene 20.
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Figure 2. Serum level of SNHG20 in patients with nasopharyngeal carcinoma and healthy controls and the diagnostic and prognostic values of serum SNHG20
for nasopharyngeal carcinoma. (A) Serum levels of SNHG20 in patients with nasopharyngeal carcinoma and healthy controls. (B) Receiver operating charac-
teristic curve of the use of serum SNHG20 in the diagnosis of nasopharyngeal carcinoma. (C) Survival curve of patients with high and low serum expression

levels of SNHG20. "P<0.05. SNHG20, small nucleolar RNA host gene 20.

peroxidase-conjugated secondary antibody (1:1,000;
cat. no. MBS435036; MyBioSource, Inc., San Diego, CA, USA)
at room temperature for 2 h. Enhanced chemiluminescence
reagent (Sigma-Aldrich; Merck KGaA) was added to develop
the signal. Relative expression level of TGF-p1 was normalized
to the endogenous GAPDH control using ImageJ (version 1.6;
National Institutes of Health, Bethesda, MD, USA).

Statistical analysis. SPSS software (version 19.0; IBM Corp.,
Armonk, NY, USA) was used for data analysis. All experi-
ments were performed in triplicate manner. Data are presented
as the mean + standard deviation. Comparisons between two
groups were performed using a t-test and comparisons among
multiple groups were performed using one-way analysis of
variance, followed by Least Significant Difference post-hoc
test. Count data were compared using % test In y? test, patients
with smoking habits were defined as >5 cigarettes per day,
4 times per week. Patients with drinking habits were defined
as drinking >2 times per week. Patients were divided into the
high (n=28) and low (n=27) expression groups according to
the median serum level of SNHG20 and the Kaplan-Meier
method was used to draw the survival curves. Survival curves
were compared using log-rank test. P<0.05 was considered to
indicate a statistically significant difference.

Results

Expression of IncRNA SNHG20 in tumor tissue and adjacent
healthy tissues of 55 patients with nasopharyngeal carcinoma.
Expression levels of SNHG20 in tumor tissues and adjacent
healthy tissues of 55 patients with nasopharyngeal carcinoma
were detected by RT-qPCR. The expression level of SNHG20
was found to be significantly higher in tumor tissues compared
with adjacent healthy tissues (P<0.05) in 42 out of 55 patients
(Fig. 1). The expression level of SNHG20 was significantly
lower in tumor tissues compared with adjacent healthy tissues
(P<0.05) of 5 patients. No significant differences in the expres-
sion levels of SNHG20 between tumor tissues and adjacent
healthy samples were found in the remaining 8 patients.
These results suggested that upregulation of SNHG20 may be
involved in the pathogenesis of nasopharyngeal carcinoma.

Serum expression level of SNHG20 and the diagnostic and
prognostic values of serum SNHG?20 for nasopharyngeal carci-
noma.Serum levels of SNHG20 in patients with nasopharyngeal
carcinoma and healthy controls were measured by RT-qPCR.
Serum expression levels of SNHG20 were significantly higher in
patients with nasopharyngeal carcinoma compared with healthy
controls (P<0.05) (Fig. 2A). Receiver operating characteristic
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Table I. Associations between serum levels of small nucleolar RNA host gene 20 and clinicopathological characteristics of

patients.
Characteristic Group Cases, n High-expression Low-expression %2 P-value
Sex Male 30 18 12 2.18 0.14
Female 25 10 15
Age, years >50 29 13 16 091 0.34
<50 26 15 11

Distant tumor metastasis Yes 28 19 9 6.56 0.01
No 27 9 18

Smoking Yes 32 15 17 049 0.48
No 23 13 10

Alcohol consumption Yes 35 28 17 0.85 0.36
No 20 10 10

curve analysis indicated that the area under the curve of the use
of serum SNHG20 in the diagnosis of nasopharyngeal carci-
noma was 0.8377 with 95% confidence interval of 0.7563-0.9191
(P<0.0001) (Fig. 2B). The 55 patients were followed-up for
60 months to record their survival. Patients were divided into
the high (n=28) and low (n=27) expression groups according
to the median serum level of SNHG20. Kaplan-Meier method
was used to plot the survival curves for both groups, followed
by comparison of survival curves between the two groups by
log rank test. The overall survival rate of patients with the high
expression level of SNHG20 was significantly lower compared
with patients with the low expression level (P<0.001) (Fig. 2C).
These results suggested that serum expression level of SNHG20
may serve as a diagnostic and prognostic marker for nasopha-
ryngeal carcinoma.

Association between serum expression levels of SNHG20
and clinicopathological data of patients. Patients were
divided into the high (n=28) and low (n=27) expression groups
according to the median serum level of SNHG20. Associations
between serum expression levels of IncRNA SNHG20 and
clinicopathological data of patients were analyzed by y? test.
Expression levels of IncRNA SNHG20 in serum exhibited
no significant association with patients' sex, age, alcohol
consumption and smoking habits, and were significantly
associated with distant tumor metastasis (P<0.05; Table I).

Possible interaction between SNHG20 and TGF-f1 in
nasopharyngeal carcinoma. The TGF-f§ pathway serves
roles in tumor metastasis of various types of cancer (12).
The aforementioned data suggested that upregulated expres-
sion of SNHG20 may be involved in the metastasis of
nasopharyngeal carcinoma. Therefore, in the present study,
a SNHG20 expression vector was transfected into naso-
pharyngeal carcinoma cell lines 13-9B and C666-1, and a
normal human nasopharyngeal epithelial cell line NP69, and
the possible interactions between TGF-p1 and SNHG20 were
studied. Overexpression of SNHG?20 significantly increased
the expression level of active TGF-f1 in nasopharyngeal
carcinoma cell lines 13-9B and C666-1 (P<0.05), and not in

the normal human nasopharyngeal epithelial cell line NP69
(Fig. 3A). By contrast, treatment with TGF-f1 (10 ng/ml)
induced no significant effect on SNHG20 in all cell lines
included in the present study (Fig. 3B). These results suggested
that SNHG20 may serve as an upstream activator of TGF-f1
in nasopharyngeal carcinoma. In addition, in the present
study, oncogenic signaling pathways including Wnt, Akt and
NF-«B failed to respond following SNHG20 overexpression
(data not shown).

Effects of SNHG20 overexpression on the expression of
markers of epithelial-mesenchymal transition (EMT).
RT-qPCR was performed to detect the expression of markers
of EMT including MMP-2 and MMP-9 following SNHG20
overexpression. SNHG20 overexpression significantly
promoted the expression of MMP-2 (Fig. 4A) and MMP-9
(Fig. 4B) in nasopharyngeal carcinoma cell lines 13-9B and
C666-1, and not cells of the normal human nasopharyngeal
epithelial cell line NP69.

Effects of SNHG20 overexpression and treatment with
TGF-p inhibitor on cell migration and invasion. Transwell
migration and invasion assays were carried out to investigate
the effects of SNHG20 overexpression on migration and
invasion of nasopharyngeal carcinoma cell lines 13-9B and
C666-1 and a normal human nasopharyngeal epithelial cell
line NP69. SNHG20 overexpression significantly promoted
migration (Fig. 5A) and invasion (Fig. 5B) of nasopharyngeal
carcinoma cell lines 13-9B and C666-1 compared with the
C and NC groups. SNHG20 overexpression did not promote
migration and invasion in the normal human nasopharyngeal
epithelial cell line NP69. However, compared with cells with
SNHG20 overexpression alone, nasopharyngeal carcinoma
cells overexpressing SNHG20 treated with TGF-f inhibitor
LY2109761 (100 nM; Sigma-Aldrich; Merck KGaA) exhib-
ited significantly reduced migrtaion (Fig. SA) and invasion
(Fig. 5B) rates. Therefore, the TGF-f inhibitor LY2109761
significantly reduced the effects of SNHG20 overexpression
on migration and invasion of nasopharyngeal carcinoma
cells.
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Figure 3. Possible interaction between SNHG20 and TGF-f1 in nasopharyngeal carcinoma. (A) The effects of SNHG20 overexpression on the expression
levels of active TGF-f1 protein. (B) The effect of treatment with TGF-B1 on the expression levels of SNHG20 in different cell lines. "P<0.05. SNHG20, small
nucleolar RNA host gene 20; C, untransfected cells; NC, cells transfected with empty vectors; TGF-f1, transforming growth factor-f1.

Discussion

The present study revealed that IncRNA SNHG20 may be
involved in the pathogenesis of nasopharyngeal carcinoma,
which is a common malignancy in China (2). The present
study also suggested that detection of SNHG20 expression
may be performed to improve the diagnosis and prediction of
prognosis of patients with nasopharyngeal carcinoma.

The expression levels of SNHG20 were detected in naso-
pharyngeal carcinoma tissues and adjacent healthy tissues of
patients included in the present study. It has been previously
reported that SNHG20 was upregulated in hepatocellular
carcinoma tissues compared with non-tumor liver tissues (9).
Upregulated expression of SNHG20 was also observed in
colorectal cancer tissues (10). Those two previous studies indi-
cated that SNHG20 may be an oncogenic IncRNA. In the present
study, a significantly increased expression level of SNHG20
was observed in the majority of tumor tissues compared with
the adjacent healthy tissues (42 out of 55 patients accounting
for 76.4%). The expression level of SNHG20 was significantly
lower in the tumor tissues compared with the adjacent healthy

tissues in 5 patients, only accounting for 9%. These results
suggested that upregulation of IncRNA SNHG20 may be
involved in the pathogenesis of nasopharyngeal carcinoma.
Tumor metastasis and postoperative recurrence severely affect
patients' survival (5). Therefore, early diagnosis and treatment
are essential. Development of human diseases is usually accom-
panied by alterations of expression of certain substances in the
blood, and detecting the levels of those substances may provide
guidance for the diagnosis and prognosis of diseases (13,14). In
the present study, significantly increased serum expression levels
of IncRNA SNHG20 were observed in patients with nasopharyn-
geal carcinoma compared with healthy controls. Furthermore,
patients with the high serum expression level of SNHG20
exhibited significantly shortened survival time compared with
the low serum expression group. These results suggested that
serum IncRNA SNHG20 may serve as a potential diagnostic
and prognostic biomarker for nasopharyngeal carcinoma.
However, it has been previously demonstrated that expression of
IncRNAs was affected by aging (15), tobacco consumption (16)
and alcohol abuse (17). Therefore, age and living habits of
patients may affect the accuracy of serum expression of IncRNA
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SNHG20 in the diagnosis of nasopharyngeal carcinoma. In the
present study, no significant associations were identified between
serum levels of SNHG20 and patients' age, sex, and smoking and
alcohol consumption habits. Therefore, serum SNHG20 may
serve as a reliable biomarker for the diagnosis and prognosis
of nasopharyngeal carcinoma. As previously demonstrated,
SNHG20 expression is upregulated in different types of malig-
nancies (9,10). Therefore, those malignancies should be excluded
and/or multiple biomarkers should be combined to improve the
diagnosis of nasopharyngeal carcinoma.

The present study also indicated that serum expression
levels of SNHG20 were significantly associated with distant
tumor metastasis, indicating the possible roles of SNHG20 in
tumor cell invasion and migration. Transwell migration and
invasion assays in the present study confirmed that SNHG20
promoted migration and invasion of human nasopharyngeal
carcinoma cell lines and not the normal human nasopharyn-
geal epithelial cell line NP69. The TGF-f3 signaling pathway
is a regulator of metastasis of various types of cancer (18,19),
including nasopharyngeal carcinoma (12). Inhibition of
TGF-p suppresses tumor metastasis (20,21). In the present
study, SNHG20 overexpression promoted TGF-f31 expres-
sion in nasopharyngeal carcinoma cells, while treatment
with TGF-f1 exhibited no significant effects on the expres-
sion levels of SNHG20. Furthermore, treatment with TGF-f
inhibitor LY2109761 also significantly reduced the effects
of SNHG20 overexpression on migration and invasion of
nasopharyngeal carcinoma cells. In addition, in the present
study, oncogenic signaling pathways including Wnt, Akt
and NF-«B failed to respond after SNHG20 overexpression.
The results of the present study suggested that SNHG20
may promote the metastasis of nasopharyngeal carcinoma
by upregulating TGF-p1, but not other oncogenes, such as
NF-«B.

In conclusion, SNHG20 was upregulated in nasopharyn-
geal carcinoma. Serum expression level of SNHG20 could
serve as a potential diagnostic and prognostic marker for naso-
pharyngeal carcinoma. SNHG20 overexpression promoted
nasopharyngeal carcinoma cell migration and invasion, and
increased the expression of TGF-B1. TGF-f inhibitor reduced
the effects of SNHG20 overexpression on nasopharyngeal
carcinoma cell migration and invasion, and exhibited no
significant effects on SNHG20 expression. Therefore, the
present study concluded that IncRNA SNHG20 may promote
the metastasis of nasopharyngeal carcinoma cells by upregu-
lating TGF-p1.
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