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Abstract

Background
Previous studies have shown that many long noncoding RNAs (lncRNAs) are involved in the
pathogenesis of nasopharyngeal carcinoma (NPC). However, the regulatory mechanism of lncRNA
SNHG6 remains unknown. Therefore, this study was design to preliminarily elucidate the role of SNHG6
in NPC.

Methods
The mRNA expression was detected by RT-qPCR. CCK-8, Transwell and dual luciferase reporter assays
were used to investigate the function of SNHG6 in NPC.

Results
Upregulation of SNHG6 and downregulation of miR-944 were identi�ed in NPC and were associated with
TNM stage and distant metastasis in NPC patients. Additionally, SNHG6 acts as a molecular sponge of
miR-944. More importantly, SNHG6 promoted NPC cell proliferation, migration and invasion by
downregulating miR-944. Further, RGS17 was con�rmed to be a direct target of miR-944. MiR-944
restrained NPC progression by targeting RGS17. Besides that, knockdown of RGS17 was found to block
NPC progression. Upregulation of SNHG6 weakened the suppressive effect of RGS17 knockdown in NPC.

Conclusion
LncRNA SNHG6 promotes tumorigenesis of NPC by competitively binding to miR-944 with RGS17.

Introduction
Nasopharyngeal carcinoma (NPC) is a malignant tumor that occurs on the top and side walls of the
nasopharyngeal cavity. The preferred treatment for NPC patients is radiation therapy [1]. NPC has a
special ethnic aggregation and family heredity, so it still maintains a high incidence in some areas [2].
Moreover, the location of NPC is more concealed, and early symptoms are not obvious. Thus, NPC is easy
to be missed and misdiagnosed [3]. At present, early treatment and early detection have a good prognosis
for NPC. Therefore, there is an urgent need to develop new molecular markers for the diagnosis and
treatment of NPC.

With the continuous development of high-throughput gene sequencing technology, a large number of
non-coding RNAs (ncRNAs) have been discovered. Today, more and more literature proves that ncRNA
can participate in a variety of biological and disease processes [4]. As a type of ncRNA, lncRNA has been
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widely investigated in human cancers including NPC. For example, lncRNA NEAT1 targeted miR-34a-5p
and derived NPC progression [5]. On the contrary, lncRNA LINC01133 expression was decreased in NPC
and restrained NPC tumorigenesis by binding to YBX1 [6]. The role of small nucleolar RNA host gene 6
(SNHG6) has been extensively investigated in human malignancy. Upregulation of SNHG6 has been
detected in many human cancers, such as breast cancer and colorectal cancer [7, 8]. Functionally, lncRNA
SNHG6 acted as a prognostic factor to regulate cell proliferation in glioma [9]. In addition, upregulation of
lncRNA SNHG6 was found to promote esophageal squamous cell carcinoma cell malignancy and its
diagnostic value [10]. However, the function of SNHG6 in NPC remains unclear. Therefore, this research
was designed to solve the above problem.

Previous studies have demonstrated that lncRNA functions as a ceRNA for miRNAs to regulate
tumorigenesis. LncRNA SNHG6 has been found to promote cell proliferation and EMT through sponging
miR-101-3p [11]. Here, miR-944 was predicted to be an underlying target of lncRNA SNHG6. The abnormal
expression of miR-944 has been identi�ed in human cancers. Downregulation of miR-944 has been found
in non-small cell lung cancer and colorectal cancer [12, 13]. But miR-944 was upregulated in endometrial
cancer and breast cancer [14, 15]. These �ndings indicate that the expression level of miR-944 depends
on the type of cancers. However, the function of miR-944 as well as its relationship with in lncRNA
SNHG6 in NPC is largely unknown and need to be explored.

It has been reported that lncRNA SNHG6 regulates EZH2 expression by sponging miR-214 in colorectal
cancer [16]. Therefore, we suspect that lncRNA SNHG6 may regulate the target gene of miR-944 in NPC.
In this study, Regulator of G Protein Signaling 17 (RGS17) was found to have a binding site with miR-944,
which has not been reported in previous studies. Li et al has reported that RGS17 was upregulated and
promoted tumor growth and migration in [17]. In addition, Hsa-miR-182 suppressed lung tumorigenesis
through downregulation of RGS17 expression in vitro [18]. But the interaction between RGS17 and
SNHG6/miR-944 axis has not been investigated in previous studies. Therefore, we investigate the
regulatory mechanism of SNHG6/miR-944/RGS17 in NPC. This study will help us better understand the
pathogenesis of NPC.

Materials And Methods
Clinical tissues

This study was approved by the Institutional Ethics Committee of Qilu Hospital of Shandong University.
The experimental samples were obtained from 56 patients with NPC in Qilu Hospital of Shandong
University. All patients provided written informed consents. These tissues were frozen in liquid nitrogen
and stored at −80 °C.

Cell lines and culture

Normal nasopharyngeal epithelial cell line NP69 and C666-1 NPC cells were purchased from BeNa
Culture Collection (BNCC, Beijing, China). DMEM medium with 10% FBS (Gibco, Grand Island, NY, USA)
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was used to incubate these cells in an atmosphere with 5% CO2 at 37 °C.

Cell transfection

The pcDNA3.1 vector with SNHG6 and RGS17 complementary DNA, SNHG6 and RGS17 siRNA or miR-
944 mimics and inhibitor were obtained from Ribobio (Guangzhou, China). Next, Lipofectamine 2000
(Invitrogen/Thermo Fisher Scientifc) was used to transfect them in C666-1 cells.

RT-qPCR

TRIzol reagent (Invitrogen, USA) was used to extract total RNA. RNA was reversely transcript into
complementary DNA (cDNA) using PrimeScript RT reagent kit (Takara, Dalian, China). SYBR Premix Ex
Taq GC Kit (Thermo Fisher Scienti�c) and primers were used to perform RT-qPCR assay. U6 or GAPDH
was used as an internal reference for RNA and gene. Their expressions were quanti�ed with the 2−△△cq

method.

Cell Counting Kit-8 (CCK-8) assay

Transfected C666-1 cells (4×103 cells/well) in a 96-well plate were incubated for 24, 48, 72 or 96 h,
respectively. Then, the cells were incubated with 10 μL CCK-8 reagents for 4 h. The medium was
discarded and dimethyl sulfoxide was added. The absorbance at 450 nm was detected by a microplate
reader (Olympus Corp., Tokyo, Japan).

Transwell assay

Cell migration and invasion were detected in the upper chamber without or with Matrigel. Then,
transfected C666-1 cells (4×103 cells/well) were placed in Transwell upper chamber. Lower chamber was
added with DMEM medium with 10% FBS. After 24 h of incubation, the moved cells were stained with
0.1% crystal violet. Observation and photographing were performed by a light microscope.

Dual luciferase reporter assay

The pmiR-GLO vector with wt-SNHG6 and mut-SNHG6 or wt-RGS17 and mut-RGS17 was synthesized by
Promega Beijing Biotech (Beijing, China). Next, C666-1 cells with the above reporter plasmids and miR-
944 mimics were incubated for 48 h. Firefly and Renilla luciferase activities were determined by dual-
luciferase reporter assay system (Promega, USA).

Statistical analysis

Data are shown as was mean ± SD. It was analyzed by SPSS 19.0 or Graphpad Prism 6. Differences were
analyzed using Student’s t-test or one-way ANOVA. P<0.05 was regarded as statistical signi�cance.

Results
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The abnormal expression of SNHG6 and miR-944 in NPC

Here, the abnormal expression of SNHG6 and miR-944 was detected examined in NPC. SNHG6
expression was increased in NPC tissues compared with normal tissues (Fig. 1A). Additionally, SNHG6
was upregulated in stage III/IV and distant metastasis tissues (Fig. 1B, 1C). It indicates that SNHG6
expression may be related to TNM stage and distant metastasis in NPC patients. Meanwhile,
upregulation of SNHG6 was found in C666-1 NPC cells contrast to normal nasopharyngeal epithelial cell
NP69 (Fig. 1D). Next, miR-944 was found to be downregulated in NPC tissues compared to normal
tissues (Fig. 1E). Furthermore, low miR-944 expression was measured in stage III/IV and distant
metastasis tissues (Fig. 1F, 1G), suggesting that miR-944 expression may be related to TNM stage and
distant metastasis in NPC patients. Decreased expression of miR-944 was also detected in C666-1 cells
compared to NP69 cells (Fig. 1H). Based on these results, we suspect that SNHG6 and miR-944 may be
involved in the pathogenesis of NPC.

SNHG6 acts as a molecular sponge of miR-944.

Next, SNHG6 was found to have a binding site with SNHG6 in starBase database
(http://starbase.sysu.edu.cn/, Fig. 2A). Dual luciferase reporter showed that miR-944 mimics only
reduced the luciferase activity of wt-SNHG6, but had little effect on mut-SNHG6 in C666-1 cells (Fig. 2B).
Additionally, SNHG6 was negatively correlated with miR-944 expression in NPC tissues (Fig. 2C). To
further con�rm their relationship, si-SNHG6, SNHG6 vector, miR-944 mimics or miR-944 inhibitor was
transfected into C666-1 cells, respectively. We found that miR-944 expression was inhibited by SNHG6
vector and enhanced by si-SNHG6 in C666-1 cells (Fig. 2D). Meanwhile, miR-944 mimics reduced SNHG6
expression, while miR-944 inhibitor increased SNHG6 expression in C666-1 cells (Fig. 2E). These �ndings
reveal that the tendency of mutual restrain existed between SNHG6 and miR-944 expression in NPC.

SNHG6/miR-944 axis regulates NPC progression.

Then, the regulatory mechanism of SNHG6/miR-944 was investigated in NPC cells. First, miR-944
inhibitor was transfected into C666-1 cells containing si-SNHG6. We found that SNHG6 expression was
decreased by si-SNHG6. But miR-944 inhibitor restored this decreased expression of SNHG6 (Fig. 3A). In
addition, knockdown of SNHG6 was found to restrain C666-1 cell proliferation. But miR-944 inhibitor
abolished the inhibitory effect of si-SNHG6 on cell proliferation (Fig. 3B). Meanwhile, cell migration and
invasion were also suppressed by knockdown of SNHG6. And the inhibition of cell migration and
invasion was recovered by miR-944 inhibitor (Fig. 3C, 3D). To explore the role of miR-944 in NPC cells,
miR-944 mimics and SNHG6 vector were transfected into C666-1 cells. MiR-944 expression was
increased by its mimics. Upregulation of SNHG6 reduced the increased expression of miR-944 (Fig. 3E).
Functionally, overexpression of miR-944 restrained cell proliferation, migration and invasion in C666-1
cells. Furthermore, SNHG6 vector weakened the inhibitory effect of miR-944 in Y79 cells (Fig. 3F, 3G, 3H).
The results imply that SNHG6/miR-944 axis plays an important role in NPC progression.

MiR-944 directly targets RGS17.
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In addition, RGS17 was predicted to be a potential target for miR-944 in TargetScan database
(http://www.targetscan.org, Fig. 4A). Luciferase reporter assay showed that miR-944 mimics decreased
the luciferase activity of wt-RGS17, indicating that miR-944 can bind with the 3’-UTR of RGS17 (Fig. 4B).
Meanwhile, RGS17 expression was declined by miR-944 mimics and enhanced by miR-944 inhibitor in
C666-1 cells (Fig. 4C). However, upregulation of SNHG6 increased RGS17 expression, whereas SNHG6
downregulation inhibited RGS17 expression in C666-1 cells (Fig. 4D). Besides that, upregulation of
RGS17 was found in NPC tissues compared with normal tissues (Fig. 4E). Furthermore, a negative
correlation between miR-944 and RGS17 expression was identi�ed in NPC tissues (Fig. 4F). At the same
time, SNHG6 was found to be positively correlated with RGS17 expression in NPC tissues (Fig. 4G). The
results reveal that RGS17 may be involved in the regulation of SNHG6/miR-944 axis.

SNHG6/miR-944 is involved in NPC tumorigenesis by regulating RGS17.

To investigate the role of RGS17 in NPC as well as its interaction with SNHG6/miR-944, SNHG6 vector or
miR-944 inhibitor was transfected into C666-1 cells containing si-RGS17. We found that the decreased
expression of RGS17 induced by si-RGS17 was restored by SNHG6 vector or miR-944 inhibitor (Fig. 5A).
Additionally, CCK-8 assay suggested that knockdown of RGS17 inhibited C666-1 cell proliferation. This
inhibition of cell proliferation was recovered by SNHG6 upregulation or miR-944 downregulation (Fig. 5B).
Meanwhile, cell migration and invasion were also suppressed by RGS17 downregulation. SNHG6 vector
or miR-944 inhibitor also abolished the inhibitory effect of si-RGS17 on C666-1 cell migration and
invasion (Fig. 5C, 5D). Collectively, SNHG6/miR-944 axis regulates NPC progression by regulating RGS17
expression.

Discussion
Recently, more and more studies have shown that lncRNA plays a regulatory role in various diseases and
tumors. Here, the regulatory mechanism of lncRNA SNHG6 was investigated in NPC. In particular,
upregulation of SNHG6 was found in NPC. Furthermore, the abnormal expression of SNHG6 was
associated with TNM stage and distant metastasis in NPC patients. Functionally, knockdown of SNHG6
restrained cell viability and mobility in NPC. Similar to our results, SNHG6 expression was also increased
in other malignancies, such as glioma and hepatocellular carcinoma [19, 20]. In addition, high expression
of SNHG6 was correlated with clinical stage and lymph node metastasis in patients with renal cell
carcinoma [21], which is consistent with our results. The promoting effect of SNHG6 on cell proliferation,
migration and invasion was also detected in colorectal cancer and breast cancer [22, 23]. The
carcinogenesis of SNHG6 was also identi�ed in NPC.

Previous studies have demonstrated that lncRNAs exert effect in cancer initiation and progression by
acting as a ceRNA. LncRNA SNHG6 has been reported to function as a competing endogenous RNA by
sponging miR-181a-5p in colorectal cancer [24]. In this study, SNHG6 also promoted NPC progression by
sponging miR-944. In addition, downregulation of miR-944 was detected in NPC and associated with
clinical stage and lymph node metastasis. Overexpression of miR-944 was found to suppress cell
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proliferation, migration and invasion in NPC. The downregulation and inhibitory role of miR-944 has been
found in gastric cancer and lung adenocarcinoma [25, 26]. These �ndings are similar to our results.
Besides that, miR-944 has been reported to inhibit the malignancy of hepatocellular carcinoma by directly
targeting IGF-1R [27]. In our research, RGS17 was con�rmed to be a direct target of miR-944.

RGS17 has been found to be upregulated in lung cancer and prostate cancer [28, 29]. Functionally,
overexpression of RGS17 promoted cell proliferation, migration and invasion in hepatocellular carcinoma
[30]. Here, RGS17 expression was also increased in NPC. Knockdown of RGS17 played an inhibitory
effect in NPC, which is similar to the above results. Moreover, miR-944 blocked NPC progression by
suppressing RGS17 expression. Consistent with our results, miR-203 has been proposed to restrain cell
proliferation, invasion, and migration in non-small-cell lung cancer by downregulating RGS17 [31].
Linc00483 was found to accelerate tumorigenesis of cervical cancer by regulating miR-508-3p/RGS17
axis [32]. In present study, lncRNA SNHG6 was positively correlated with RGS17 expression in NPC.
Upregulation of SNHG6 could weaken the inhibitory effect of RGS17 silencing in NPC. These results
reveal that SNHG6 promoted NPC progression by upregulating RGS17.

Conclusion
In summary, SNHG6 is upregulated in NPC and serves as an oncogene. In particular, SNHG6 promotes
cell proliferation, migration and invasion by competitively binding to miR-944 and upregulating RGS17.
Our research will provide underlying therapeutically targets for the diagnosis and treatment of NPC.
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Figure 1

The abnormal expression of SNHG6 and miR-944 in NPC. (A) SNHG6 expression in NPC tissues and
normal tissues (B) SNHG6 expression in stage III/IV and I/II tissues (C) SNHG6 expression in NPC tissues
with or without distant metastasis (D) SNHG6 expression in NP69 and C666-1 cells (E) miR-944
expression in NPC tissues and normal tissues (F) miR-944 expression in stage III/IV and I/II tissues (G)
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miR-944 expression in NPC tissues with or without distant metastasis (H) miR-944 expression in NP69
and C666-1 cells *P < 0.01

Figure 2

SNHG6 acts as a molecular sponge of miR-944. (A) The binding sites between SNHG6 with miR-944. (B)
Luciferase reporter assay (C) MiR-944 was negatively correlated with SNHG6 in NPC tissues. (D) MiR-944
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expression in C666-1 cells with si-SNHG6 and SNHG6 vector (E) SNHG6 expression in C666-1 cells
containing miR-944 mimics or inhibitor ** P <0.01.

Figure 3

SNHG6/miR-944 axis regulates NPC progression. (A) SNHG6 expression in C666-1 cells with si-SNHG6 or
si-SNHG6+miR-944 inhibitor. (B, C, D) Cell proliferation, migration and invasion in C666-1 cells with si-
SNHG6 or si-SNHG6+miR-944 inhibitor (E) MiR-944 expression in C666-1 cells with miR-944 mimics or
miR-944 mimics+SNHG6 vector (F, G, H) Cell proliferation, migration and invasion in C666-1 cells with
miR-944 mimics or miR-944 mimics+SNHG6 vector ** P <0.01
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Figure 4

MiR-944 directly targets RGS17. (A) The binding site between RGS17 and miR-944. (B) Luciferase reporter
assay (C) RGS17 expression regulated by miR-944 mimics or inhibitor in C666-1 cells (D) RGS17
expression regulated by si-SNHG6 or SNHG6 vector in C666-1 cells (E) RGS17 expression in NPC tissues
and normal tissues (F) MiR-944 was negatively correlated with RGS17 in NPC tissues. (G) RGS17 was
positively correlated with SNHG6 in NPC tissues. ** P <0.01.
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Figure 5

SNHG6/miR-944 is involved in NPC tumorigenesis by regulating RGS17. (A) RGS17 expression in C666-1
cells with si-RGS17, si-RGS17+miR-944 inhibitor or si-RGS17+SNHG6 vector. (B, C, D) Cell proliferation,
migration and invasion in C666-1 cells with si-RGS17, si-RGS17+miR-944 inhibitor or si-RGS17+SNHG6
vector **P <0.01


