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Abstract. – OBJECTIVE: Lung adenocarci-
noma is one of the most ordinary malignant tu-
mors. Recent researches have proved that long 
noncoding RNAs (lncRNAs) are vital factors in 
many diseases. In this work, lncRNA SNHG14 
was studied to identify its function in the devel-
opment of lung adenocarcinoma.

PATIENTS AND METHODS: Real Time-quan-
titative Polymerase Chain Reaction (RT-qPCR) 
was utilized to detect SNHG14 expression in 
paired lung adenocarcinoma patients’ tissue 
samples and cells. Then, the function of SN-
HG14 was detected through MTT (3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) 
assay, colony formation assay, and transwell as-
say in vitro. Besides, mechanism assays and the 
interaction between SNHG14 and miR-613 were 
conducted.

RESULTS: SNHG14 was remarkably higher-ex-
pressed in lung adenocarcinoma tissues than in 
adjacent samples. Moreover, cell proliferation 
and invasion of lung adenocarcinoma were pro-
moted via overexpression of SNHG14, while cell 
proliferation and invasion of lung adenocarcino-
ma were inhibited via silence of SNHG14. More-
over, RT-qPCR results revealed that miR-613 
was downregulated via overexpression of SN-
HG14, while miR-613 was upregulated via knock-
down of SNHG14. Further experiments showed 
that miR-613 was also a direct target of SNHG14 
in lung adenocarcinoma.

CONCLUSIONS: Our study suggests that SN-
HG14 enhances lung adenocarcinoma cell pro-
liferation and invasion via targeting miR-613, 
which indicates that SNHG14 may be a poten-
tial therapeutic target in lung adenocarcinoma.

Key Words:
Long noncoding RNA, SNHG14, Lung adenocarci-

noma, MiR-613.

Introduction

Lung cancer (LC) is one of the leading causes 
of cancer-related death in males around the world 
and has been rapidly increasing in females recent-
ly. As the predominant type of LC, non-small cell 
lung cancer (NSCLC) accounts for about 85% of 
all newly diagnosed cases. Lung adenocarcinoma 
is the major subtype of NSCLC, accounting for 
about 50% of NSCLC1,2. A primary feature of 
lung adenocarcinoma is the proliferation and in-
vasion of neoplasms, which is responsible for the 
high mortality rate3. For the past few decades, the 
conventional therapeutics for advanced lung ade-
nocarcinoma patients include surgical resection, 
chemotherapy, and radiotherapy. However, the 
median survival rate of advanced lung adenocar-
cinoma patients is approximately 9-12 months3. 
Therefore, it is urgent to realize the underlying 
molecular mechanism of lung adenocarcinoma 
and find out new therapeutic methods to improve 
the poor prognosis.

Technology in human genome sequence sug-
gests that most transcripts do not code proteins 
which are called as non-coding RNAs (ncRNAs), 
among which those greater than 200 nt are defined 
as long non-coding RNAs (lncRNAs). Recently, 
several studies have indicated that lncRNAs play 
a crucial role in the development of cancers. For 
example, lncRNA OR3A4, upregulated in breast 
cancer samples and cells, may be a potential 
therapeutic target and prognostic marker4. The 
knockdown of lncRNA MALAT1 represents the 
effects of inhibiting cell proliferation and cell 
migration in esophageal squamous cell carci-
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noma cells5. LncRNA HORAIRM1 inhibits the 
progression of gastric cancer by suppressing the 
PI3K/AKT pathway6. LncRNA CCAT1 promotes 
cell proliferation and cell migration in esopha-
geal squamous cell carcinoma by regulating the 
expression of SPRY4 and HOXB137.

Previous researches have suggested that ln-
cRNA SNHG14 plays an important role in tumor 
biology and development. However, the function 
of SNHG14 in lung adenocarcinoma has not 
been studied so far. Our study demonstrated that 
SNHG14 was remarkably upregulated in lung 
adenocarcinoma tissues and cell lines. Moreover, 
the overexpression of SNHG14 promoted the pro-
liferation and invasion of lung adenocarcinoma, 
while the knockdown of SNHG14 inhibited the 
proliferation and invasion of lung adenocarcino-
ma in vitro. In addition, our further experiments 
explored that the function of SNHG14 in lung ad-
enocarcinoma was also associated with miR-613.

Patients and Methods

Tissue Specimens
62 lung adenocarcinoma patients were enrolled 

for human tissues and underwent surgery at the 
China-Japan Union Hospital of Jilin University. 
Written informed consent was achieved from 
participants before the operation. This investi-
gation was approved by the Ethics Committee of 
China-Japan Union Hospital of Jilin University.

Cell Culture
Four lung adenocarcinoma cancer cell lines 

(SPCA1, H1299, PC-9,and H358), and normal 
human bronchial epithelial cell (16HBE) were 
purchased from the Shanghai Model Cell Bank 
(Shanghai, China). The culture medium consist-
ed of 10% fetal bovine serum (FBS; Invitrogen, 
Carlsbad, CA, USA), Roswell Park Memorial 
Institute-1640 (RPMI-1640; Invitrogen, Carlsbad, 
CA, USA), 100 IU/mL penicillin, and 100 μg/mL 
streptomycin. Moreover, cells were cultured in an 
incubator containing 5% CO2 at 37°C.

Cell Transfection
Lentiviral virus targeting SNHG14 was cloned 

into the pLenti-EF1a-EGFP-F2A-Puro vector (Bi-
osettia Inc., San Diego, CA, USA). The emp-
ty vector was also synthesized. Next, SNHG14 
lentivirus or empty vector was transfected into 
SPCA1 lung adenocarcinoma cells through Li-
pofectamine 2000 reagent (Invitrogen, Carlsbad, 

CA, USA) according to the manufacturer’s pro-
tocol. Lentivirus expressing short-hairpin RNA 
(shRNA) directed against SNHG14 was provided 
by GenePharma (Shanghai, China). Negative con-
trol shRNA was also synthesized. Then, SNHG14 
shRNA or negative control shRNA was transfect-
ed into PC-9 lung adenocarcinoma cells through 
Lipofectamine 2000 reagent (Invitrogen, Carls-
bad, CA, USA) according to the manufacturer’s 
protocol.

RNA Extraction and Real T
ime-quantitative Polymerase 
Chain Reaction (RT-qPCR)

Total RNA was extracted from cultured lung 
adenocarcinoma cells or patients’ tumor tissues 
by using TRIzol reagent (TaKaRa Bio, Inc., Otsu, 
Shiga, Japan) and then reverse-transcribed to cD-
NAs through reverse Transcription Kit (TaKaRa, 
Otsu, Shiga, Japan). The primer sequences used 
for Real Time-quantitative Polymerase Chain Re-
action (RT-qPCR) were as follows: SNHG14 for-
ward: 5′-GGGTGTTTACGTAGACCAGAACC-3′ 
and reverse: 5′-CTTCCAAAAGCCTTCTG-
CCTTAG-3′; glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH), forward: 5′-GCACCGT-
CAAGGCTGAGAAC-3′ and reverse: 5′-TGGT-
GAAGACGCCAGTGGA-3′. The thermal cycle 
was as follows: 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. The 2-ΔΔCt method was 
used to calculate the 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 
Proliferation Reagent Kit I (MTT; Roche, Basel, 
Switzerland) at 0 h, 24 h, 48 h, and 72 h. Absor-
bance at 490 nm was assessed using an Enzyme 
Linked Immunosorbent Assay (ELISA) reader 
system (Multiskan Ascent, LabSystems, Helsin-
ki, Finland).

Colony Formation Assay
Cells were placed in a 6-well plate for 10 days. 

Then, colonies were treated with 10% formalde-
hyde for 30 min and stained for 5 min with 0.5% 
crystal violet. The Image-Pro Plus 6.0 (Silver 
Spring, MD, USA) was used for data analysis.

Transwell Assay
5 ×104 cells in 200 µL serum-free RPMI-1640 

were transformed to top chamber of an 8 μm 
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pore size insert (Millipore, Billerica, MA, USA) 
coated with 50 µg Matrigel (BD Biosciences, 
Franklin Lakes, NJ, USA). The bottom chamber 
was added RPIM-1640 and FBS. 48 h later, once 
wiped by cotton swab, the top surface of cham-
bers was immersed for 10 min with precooling 
methanol. Then, they were stained in crystal vio-
let for 30 min. The number of invaded cells was 
counted by a light microscope (Olympus, Tokyo, 
Japan). 

Luciferase Reporter Gene Assay
DIANA LncBASE Predicted v.2 was used to 

predict the potential target gene and fragment 
sequences containing SNHG14 reaction sites. 
The 3ʹ-UTR of SNHG14 was cloned into the 
pGL3 vector (Promega, Madison, WI, USA) as 
wild-type (WT) 3ʹ-UTR. Site-direction mutagen-
esis of the miR-613 binding site in SNHG14 
3ʹ-UTR as mutant (MUT) 3ʹ-UTR was conducted 
through Quick-change site-directed mutagenesis 
kit (Stratagene, La Jolla, CA, USA). Then, they 
were used for transfection of ovarian cancer cells. 
The luciferase assay was conducted on the dual 
luciferase reporter assay system (Promega, Mad-
ison, WI, USA). 

RNA Immunoprecipitation (RIP) Assay
To confirm the endogenous relation between 

SNHG14 and miR-613, the RIP assay was car-
ried out using the EZMagna RIP RNA-binding 
protein immunoprecipitation kit (Millipore, Bil-

lerica, MA, USA). Treated lung adenocarcino-
ma cells were collected and lysed using RIP 
lysis buffer containing protease inhibitor and 
RNase inhibitor. Cells were incubated with the 
RIP buffer containing magnetic beads coated 
with Ago2 antibodies (Millipore, Billerica, MA, 
USA). IgG acted as a negative control (input 
group). After incubation for 2 h at 4°C, copre-
cipitated RNAs were isolated and measured by 
RT-qPCR analysis.

Statistical Analysis
All statistical analyses were performed by Sta-

tistical Product and Service Solutions (SPSS) 19.0 
(SPSS, Chicago, IL, USA). Independent-sample 
t-test was selected when appropriate. Moreover, 
p<0.05 was considered to indicate a statistically 
significant difference.

Results

Expression Level of SNHG14 in Tissues 
and Cells of Lung Adenocarcinoma

RT-qPCR was conducted to detect SNHG14 
expression in 62 patients’ tissues and 4 lung ade-
nocarcinoma cells. The result indicating SNHG14 
was significantly upregulated in tumor tissue 
samples than in adjacent tissues (Figure 1A). 
Compared to the expression in 16HBE, SNHG14 
level was significantly higher in lung adenocarci-
noma cells (Figure 1B). 

Figure 1. Expression level of SNHG14 was increased in lung adenocarcinoma tissues and cell lines. A, SNHG14 expression 
was significantly increased in the lung adenocarcinoma tissues compared with adjacent tissues. B, Expression levels of 
SNHG14 relative to GAPDH were determined in the human lung adenocarcinoma cell lines and normal human bronchial 
epithelial cell (16HBE) by RT-qPCR. Data are presented as the mean ± standard error of the mean. *p<0.05.
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Overexpression of SNHG14 Promoted 
Cell Proliferation and Invasion in SPCA1 
Lung Adenocarcinoma Cells

In our study, we chose the SPCA1 cell line for 
the overexpression of SNHG14 (Figure 2A). The 
MTT assay showed that the cell growth ability 
of SPCA1 cells was markedly increased after 

SNHG14 was overexpressed (Figure 2B). Colony 
formation assay showed that the number of col-
onies was significantly increased after SNHG14 
was overexpressed (Figure 2C). Furthermore, the 
transwell assay showed that the number of invad-
ed cells was markedly increased after SNHG14 
was overexpressed (Figure 2D). 

Figure 2. Overexpression of SNHG14 promoted SPCA1 lung adenocarcinoma cell proliferation and invasion. A, SNHG14 
expression in lung adenocarcinoma cells transfected with empty vector (EV) or SNHG14 lentivirus (SNHG14) was revealed 
by RT-qPCR. GAPDH was used as an internal control. B, MTT assay showed that the cell growth ability of cells in SNHG14 
group was significantly increased compared with EV group in lung adenocarcinoma cells. C, Colony formation assay indicated 
that overexpression of SNHG14 significantly enhanced cell proliferation in lung adenocarcinoma cells (magnification: 10×). D, 
Transwell assay discovered that overexpression of SNHG14 significantly promoted cell invasion in lung adenocarcinoma 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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Silence of SNHG14 Repressed Cell 
Proliferation and Invasion in PC-9 
Lung Adenocarcinoma Cells

We chose the PC-9 cell line for the knock-
down of SNHG14 (Figure 3A). The MTT assay 
showed that the cell growth ability of PC-9 cells 
was significantly increased after SNHG14 was 

silenced (Figure 3B). Colony formation assay 
showed that the number of colonies was mark-
edly decreased after SNHG14 was silenced 
(Figure 3C). Furthermore, the transwell assay 
showed that the number of invaded cells was 
notably decreased after SNHG14 was silenced 
(Figure 3D). 

Figure 3. Knockdown of SNHG14 inhibited PC-9 lung adenocarcinoma cell proliferation and invasion. A, SNHG14 expression 
in lung adenocarcinoma cells transfected with control shRNA (control) or SNHG14 shRNA (sh-SNHG14) was detected by RT-
qPCR. B, MTT assay showed that the cell growth ability of cells in sh-SNHG14 group was markedly decreased compared with 
control group in lung adenocarcinoma cells. C, Colony formation assay indicated that knockdown of SNHG14 significantly 
inhibited cell proliferation in lung adenocarcinoma cells (magnification: 10×). D, Transwell assay discovered that knockdown 
of SNHG14 significantly repressed cell invasion in lung adenocarcinoma 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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The Interaction Between MiR-613 and 
SNHG14 in Lung Adenocarcinoma

DIANA LncBASE Predicted v.2 was used to 
find the miRNAs that contained complementary 
base with SNHG14. MiR-613 was selected from 
these miRNAs which were interacted with SN-
HG14 (Figure 4A). The RT-qPCR assay showed 
that the expression of miR-613 was lower in SN-
HG14 lentivirus group than in empty vector group 
and the expression of miR-613 was higher in 
sh-SNHG14 group than in control group (Figures 
4B and 4C). Furthermore, the luciferase assay 
revealed that co-transfection of SNHG14-WT and 

miR-613 largely decreased the luciferase activity, 
while the co-transfection of SNHG14-MUT and 
miR-613 had no effect on the luciferase activity 
either (Figure 4D). Meanwhile, the RIP assay 
also identified that SNHG14 and miR-613 were 
significantly enriched in Ago2-containing beads 
compared to input group (Figure 4E).

Discussion

Increasing evidence has demonstrated that ln-
cRNAs participate in the progression of lung ad-

Figure 4. The association between SNHG14 and miR-613 in lung adenocarcinoma. A, Binding sites of miR-613 on SNHG14. 
B, MiR-613 expression was decreased in SNHG14 group compared with EV group. C, MiR-613 expression was increased 
in sh-SNHG14 group compared with control group. D, Co-transfection of miR-613 and SNHG14-WT strongly decreased the 
luciferase activity, while co-transfection of miR-613 and SNHG14-MUT did not change the luciferase activity. E, RIP assay 
also identified that SNHG14 and miR-613 were significantly enriched in Ago2-containing beads compared to input group. The 
results represent the average of three independent experiments. Data are presented as the mean ± standard error of the mean. 
*p<0.05.
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enocarcinoma. For instance, the downregulation 
of lncRNA SFTA1P inhibits cell migration and 
cell invasion in lung adenocarcinoma8. LncRNA 
CASC2 suppresses cell metastasis and epithelial 
to mesenchymal transition of lung adenocarcino-
ma by inhibiting SOX49. LncRNA SNHG3 func-
tions as an oncogene in lung adenocarcinoma 
and enhances the tumor proliferation which may 
provide a potential new therapeutic and prognos-
tic target for lung adenocarcinoma10. By targeting 
the expression of p21, lncRNA CRNDE/PRC2 
functions as an oncogene in lung adenocarcino-
ma and contributes to the radiotherapy resistance 
of lung adenocarcinoma11. 

Small nucleolar RNA host gene 14 (SNHG14), 
a novel lncRNA located on chromosome 15q11.2, 
has been reported to be overexpressed and exert 
its oncogenic activity in various human malig-
nancies. For example, through the H3K27 acetyl-
ation, SNHG14 contributes to trastuzumab resis-
tance in breast cancer by regulating expression of 
PABPC112. SNHG14 facilitates the progression of 
cervical cancer by regulating miR-206/YWHAZ 
signaling pathway13. By sponging miR-92a-3p, 
SNHG14 promotes cell apoptosis and suppresses 
cell proliferation and invasion in glioma14. 

In the present research, SNHG14 was found to 
be upregulated in both lung adenocarcinoma tis-
sue and cells. After SNHG14 was overexpressed, 
the ability of cell growth and invasion was pro-
moted. Furthermore, after SNHG14 was knocked 
down, the ability of cell growth and invasion was 
suppressed. These results indicate that SNHG14 
functions as an oncogene and promotes the tum-
origenesis of lung adenocarcinoma.

LncRNAs have also been postulated as com-
peting endogenous RNA (ceRNA) or “RNA 
sponges” and interact with microRNAs so that 
they can sequester these molecules and reduce 
their regulatory effect on the target mRNAs. By 
silencing p27 and sponging miR-101-3p, lncRNA 
SNHG6 facilitates cell invasion and cell prolifer-
ation in gastric cancer through the epithelial-mes-
enchymal transition15. LncRNA GAS5 inhibits 
tumor growth and metastasis in osteosarcoma 
through epithelial-mesenchymal transition via 
regulating the miR-221/ARHI pathway16.

In our work, miR-613 was predicted as one 
of the potential targets of SNHG14 through the 
bio-informative analysis. MiR-613 is a miRNA 
conserved in human that which has been pre-
viously linked to different types of cancer. For 
example, miR-613 is downregulated in hepato-
cellular carcinoma and participates in regulat-

ing tumor development by targeting YWHAZ17. 
Besides, miR-613 was reported18 to suppress cell 
proliferation and metastasis of OC. MiR-613 re-
presses migration and growth ability by targeting 
SphK1 in bladder cancer19. 

In the present study, miR-613 could be di-
rectly targeted by SNHG14 through a luciferase 
assay. Moreover, the miR-613 expression could 
be downregulated through the overexpression of 
SNHG14 and miR-613 expression could be up-
regulated through knockdown of SNHG14. Fur-
thermore, miR-613 was significantly enriched by 
SNHG14 through the RIP assay. All these results 
showed that SNHG14 could work as a sponge to 
miR-613 in lung adenocarcinoma.

Conclusions

We showed that SNHG14 could enhance lung 
adenocarcinoma cell proliferation and invasion 
by sponging miR-613. These findings implied 
that lncRNA SNHG14 could act as a prospective 
therapeutic target for lung adenocarcinoma.
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