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Abstract. – OBJECTIVE: Prostate cancer is 
one of the most ordinary malignant tumors. Re-
cently, the role of long non-coding RNAs (ln-
cRNAs) in tumor progression has caught the at-
tention of numerous researchers. In this work, 
lncRNA SNHG14 was studied to identify how it 
functioned in the progression of prostate cancer.

PATIENTS AND METHODS: First, Real 
Time-quantitative Polymerase Chain Reaction 
(RT-qPCR) was utilized to measure SNHG14 ex-
pression in prostate cancer tissues and cell 
lines. Furthermore, to identify the function of 
SNHG14 in prostate cancer, functional exper-
iments were conducted in vitro and in vivo. In 
addition, by performing Luciferase assays and 
RNA immunoprecipitation assay (RIP), the un-
derlying mechanism was explored.

RESULTS: In this work, SNHG14 expression 
was remarkably higher in prostate cancer sam-
ples when compared with that in the corre-
sponding ones. Moreover, cell proliferation was 
inhibited after SNHG14 was silenced in prostate 
cancer cells and the expression of miR-613 was 
upregulated after SNHG14 was silenced. Further 
mechanism assays showed that miR-613 was a 
direct target of SNHG14 in prostate cancer. In 
addition, tumor formation was inhibited after 
SNHG14 was knocked-down in vivo.

CONCLUSIONS: Our study discovers a po-
tential oncogene in prostate cancer and identi-
fies that SNHG14 enhances cell proliferation via 
sponging miR-613.
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Introduction

Prostate cancer is one of the most frequent 
malignancies in males. It is reported to kill more 
than 29,000 men in America and leads to 13% 
of cancer-related death in 20181. Most of the pa-

tients newly diagnosed with prostate cancer can 
be treated with surgery or androgen deprivation 
therapy if they are still at early stage2. However, 
the occurrence and recurrence rates of prostate 
cancer are significantly increasing in both devel-
oped and developing countries which make it the 
third-leading cause of deaths related to cancer in 
males all over the world3-6. Therefore, it is urgent 
to find out the underlying mechanism and figure 
out a new treatment strategy.

Long non-coding RNAs (lncRNAs) are a sub-
group of non-coding RNAs and recent evidence 
has proved that lncRNAs act as a vital role in the 
progression of malignant tumors. For example, 
lncRNA ABHD11-AS1 predicts the prognosis 
of pancreatic cancer patients and serves as a 
promoter by activating the PI3K-AKT pathway7. 
LncRNA PCAT-1 modulates TP53-miR-215-
PCAT-1-CRKL axis and makes a vital function 
in tumorigenesis of hepatocellular carcinoma8. 
LncRNA SNHG1 could inhibit the differentia-
tion of Treg cells thereby impeding the immune 
escape of breast cancer9. 

LncRNA SNHG14 is a novel lncRNA and its 
function in cancers caught much attention. Our 
study aimed to identify whether SNHG14 partic-
ipated in the proliferation of prostate cancer and 
the potential mechanism.

Patients and Methods

Tissue Specimens
60 paired prostate cancer patients received 

surgery at The 1st Affiliated Hospital of Kun-
ming Medical University. Their tissue samples 
got from the surgery were saved immediately 
at -80°C. All tissues were analyzed by an 
experienced pathologist. The Research Ethics 
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Committee of The 1st Affiliated Hospital of 
Kunming Medical University ratified this study 
and written informed consent was offered by 
the patients.

Cell Culture
Human prostate cancer cell lines LNCaP, 

DU145 and 22Rv1, and P69 (normal human pros-
tate epithelial cell line) were offered by the In-
stitute of Biochemistry and Cell Biology, Chi-
nese Academy of Science (Shanghai, China). The 
culture medium consisted of 10% fetal bovine 
serum (FBS; Gibco, Grand Island, NY, USA), 
Dulbecco’s Modified Eagle’s Medium (DMEM; 
Gibco, Grand Island, NY, USA) as well as peni-
cillin. Besides, cells were cultured in an incubator 
containing 5% CO2 at 37°C.

Cell Transfection
ShRNA directed against SNHG14 were syn-

thesized by GenePharma (Shanghai, China). The 
complementary DNA encoding SNHG14 was 
amplified and inserted into pcDNA3.1 (Gene-
Pharma, Shanghai, China), which were then 
used for transfection of DU145 prostate cancer 
cells with polybrene (GenePharma, Shanghai, 
China).

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

Total RNA from tissues and cells were separat-
ed by using the TRIzol reagent (Invitrogen, Carls-
bad, CA, USA). The total RNA was reverse-tran-
scribed to cDNAs through the Reverse Tran-
scription Kit (TaKaRa Biotechnology Co., Ltd., 
Dalian, China). Thermocycling conditions were 
as follows: pre-denaturation at 95°C for 5 min, 
denaturation at 95°C for 10 s, annealing at 60°C 
for 30 s, a total of 35 cycles. The 2‑ΔΔCt method was 
utilized for calculating relative expression. The 
primer sequences are as follows: SNHG14 for-
ward 5’‑GGGTGTTTACGTAGACCAGAACC‑3′ 
and reverse 5’-CTTCCAAAAGCCTTCTGCCT-
TAG-3’; glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH), forward 5’-CCAAAATCAGAT-
GGGGCAATGCTGG-3’ and reverse 5’-TGATG-
GCATGGACTGTGGTCATTCA -3’.

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 ELISA 
reader system (Multiskan Ascent, LabSystems, 
Helsinki, Finland).

Ethynyl Deoxyuridine (EdU)
Incorporation Assay

EdU Kit (Roche, Basel, Switzerland) was used 
for detecting cell proliferation of transfected 
cells. The representative photograph was taken 
by Zeiss Axiophot Photomicroscope (Carl Zeiss, 
Oberkochen, Germany).

Luciferase Assay
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). They were 
then used for transfection of prostate cancer 
cells. The Luciferase assay was conducted on the 
Dual-Luciferase reporter assay system (Promega, 
Madison, WI, USA). 

RNA Immunoprecipitation (RIP) Assay
For RIP assay, Magna RIP RNA-Binding 

Protein Immunoprecipitation Kit (Millipore, 
Billerica, MA, USA) was performed according 
to the protocol. To confirm the endogenous re-
lationship between SNHG14 and miR-613, RIP 
assays were carried out using the EZMagna 
RIP RNA-binding protein immunoprecipitation 
kit (Millipore, Billerica, MA, USA). Treated 
DU145 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 coat-
ed with Ago2 antibodies (Millipore, Billerica, 
MA, USA). IgG acted as a negative control (in-
put group). After incubation for 2 h at 4°C, co-
precipitated RNAs were isolated and measured 
by RT-qPCR analysis.

Tumor Formation Assay
After being transfected, DU145 cells (6×105/

mL) were replaced into NOD/SCID mice (6 weeks 
old) subcutaneously. Tumor diameters were de-
tected every 5 days. The tumor volume was cal-
culated as the formula (volume = length × width2 
× 1/2). Tumors were extracted after 4 weeks. The 
research was approved by the Animal Ethics 
Committee of Kunming Medical University.
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Statistical Analysis
All statistical analyses were carried out using 

GraphPad Prism 5.0 (La Jolla, CA, USA). The 
difference between the two groups was compared 
by the Student’s t‑test. The statistical significance 
was defined as p<0.05.

Results

SNHG14 Expression Level in Prostate 
Cancer Tissues and Cells

First, Real Time-quantitative Polymerase 
Chain Reaction (RT-qPCR) was conducted for 
detecting the SNHG14 expression in 64 patients’ 
tissues and 3 prostate cancer cell lines. As a re-
sult, SNHG14 was significantly upregulated in 
tumor tissue samples (Figure 1A). SNHG14 level 
of prostate cancer cells was higher than that of 
P69 (Figure 1B). 

Knockdown of SNHG14 Inhibited 
Cell Proliferation in DU145 Prostate 
Cancer Cells

In our study, we chose the DU145 cell line for 
the knockdown of SNHG14. Then, RT-qPCR was 
utilized for detecting the SNHG14 expression 
(Figure 2A). Moreover, MTT assay showed that 
the cell growth ability of DU145 cells was sig-
nificantly repressed after SNHG14 was knocked 
down (Figure 2B). Furthermore, EdU incorpo-
ration assay showed that EdU positive cells were 
reduced after knockdown of SNHG14 in DU145 
cells (Figure 2C).

The Interaction Between MiR-613 and 
SNHG14 in Prostate Cancer

Starbase v2.0 (http://starbase.sysu.edu.cn/
mirLncRNA.php) was used to find the miRNAs 
that contained complementary base with SN-
HG14. Because miR-613 was a tumor suppressor 
and was able to suppress cancer cell proliferation, 
we focused on miR-613 among these miRNAs 
which interacted with SNHG14 (Figure 3A). In-
deed, RT-qPCR assay showed that the expression 
of miR-613 was higher in sh-SNHG14 cells than 
that in control cells (Figure 3B). Furthermore, 
the Luciferase assay revealed that co-transfection 
of SNHG14-WT and miR-613 largely decreased 
the Luciferase activity, while co-transfection of 
SNHG14-MUT and miR-613 had no effect on 
the Luciferase activity either (Figure 3C). Mean-
while, RIP assay identified that SNHG14 and 
miR-613 were markedly enriched in Ago2-con-
taining beads compared to the input group (Fig-
ure 3D). These data demonstrated that miR-613 
was a direct target of SNHG14.

SNHG14 Knockdown Inhibited 
Tumor Formation In Vivo

The ability of SNHG14 in tumor formation 
was detected in vivo. The tumor size in the 
sh-SNHG14 group was smaller compared with 
the empty vector group (Figure 4A). The weight 
of dissected tumors in the sh-SNHG14 group was 
smaller compared with the empty vector group 
(Figure 4B). Moreover, the expression level of 
SNHG14 and miR-613 in extracted tumor tissues 
was detected by RT-qPCR. The results showed 

Figure 1. Expression levels of SNHG14 were increased in prostate cancer tissues and cell lines. A, SNHG14 expression was 
significantly increased in the prostate cancer tissues compared with the adjacent tissues. B, Expression levels of SNHG14 
relative to GAPDH were determined in the human prostate cancer cell lines and normal ovarian cell ISOE80 by RT-qPCR. 
Data are presented as the mean ± standard error of the mean. *p<0.05.
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Figure 2. Knockdown of SNHG14 inhibited DU145 prostate cancer cell proliferation. A, SNHG14 expression in DU145 prostate 
cancer cells transduced with SNHG14 shRNA (shRNA) and the empty vector was detected by RT-qPCR. GAPDH was used as an 
internal control. B, MTT assay showed that knockdown of SNHG14 markedly inhibited cell growth in DU145 prostate cancer cells. 
C, EdU incorporation assay showed that EdU positive cells were reduced after knockdown of SNHG14 in DU145 cells. The results 
represent the average of three independent experiments (mean ± standard error of the mean). *p<0.05, compared with the control cells. 

Figure 3. Reciprocal repression between SNHG14 and miR-613. A, The binding sites of miR-613 on SNHG14. B, The miR-
613 expression was increased in the sh-SNHG14 group compared with the empty vector group. C, Co-transfection of miR-613 
and SNHG14-WT strongly decreased the Luciferase activity, while co-transfection of mir-control and SNHG14-WT did not 
change the Luciferase activity. D, RIP assay results demonstrated that miR-613 could be remarkably enriched in the SNHG14 
group compared with the empty vector 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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that SNHG14 was lowly-expressed in the sh-SN-
HG14 group compared with the empty vector 
group (Figure 4C), and miR-613 was highly-ex-
pressed in the sh-SNHG14 group compared with 
the empty vector group (Figure 4D). The above 
results suggested that SNHG14 could induce tu-
mor formation in vivo.

Discussion

Evidence has proved that lncRNA is an im-
portant factor in the development of prostate can-
cer which can be potential indicators of prostate 
cancer. In fact, it has been found that lncRNA 
SNHG710 promotes cell proliferation and cycle 
progression in prostate cancer through the miR-
503/Cyclin D1 pathway. LncRNA MALAT1 and 
HOTAIR have been reported11 to play the oppo-
site role in transcriptional regulation in prostate 
cancer cell which is mediated by estrogen.

LncRNA small nucleolar RNA host gene 14 
(SNHG14), as a novel lncRNA, is located in 
15q11.2. Our previous work showed that SNHG14 

was upregulated in prostate cancer patients. Re-
searches12-14 have shown that SNHG14 is upregu-
lated in many cancers. Then, we conducted func-
tional experiments and found that after SNHG14 
was knocked down, prostate cancer cell prolifera-
tion was inhibited, which suggested that SNHG14 
could promote tumorigenesis of prostate cancer. 

To further identify the underlying mechanism 
of how SNHG14 affected prostate cancer cell 
proliferation, we predicted and picked miR-613 
as the potential binding microRNA of SNHG14 
by using bioinformatic analysis and experimen-
tal verification. MiR‑613 is widely known as a 
tumor suppressor in many carcinomas which 
regulates diverse biological processes. MiR-613 
is downregulated in hepatocellular carcinoma 
and participates in regulating tumor development 
by targeting YWHAZ15. MiR-613 was reported to 
suppress cell proliferation and metastasis of OC16. 
MiR-613 represses migrated and growth ability 
through targeting SphK1 in bladder cancer17. 

In the present work, the miR-613 expression 
could be upregulated after knockdown of SN-
HG14. Moreover, miR-613 could directly bind 

Figure 4. Knockdown of SNHG14 inhibited tumor formation in vivo. A, After tumor extraction, tumor volume was calculated 
respectively in empty vector or sh-SNHG14 group and made into a graph. B, The weight of dissected tumors in the sh-SNHG14 
group was smaller compared with the NC group. C, The relative expression of SNHG14 in tumors were examined by RT-
qPCR. D, The relative expression of miR-613 in tumors were examined by RT-qPCR. Data are presented as the mean ± SD of 
three independent experiments. *p<0.05.
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to SNHG14 through a Luciferase assay and 
miR‑613 was significantly enriched by SNHG14 
RIP assay. All the results above suggested that 
SNHG14 might promote tumorigenesis of pros-
tate cancer via sponging miR-613. Besides, the 
tumorigenesis assay revealed that knockdown of 
SNHG14 could inhibit tumor formation in vivo. 
Through the detection of SNHG14 and miR-613 
expression in those extracted tumors, we found 
that SNHG14 was downregulated and miR-613 
was upregulated in nude mice treated with SN-
HG14 shRNA.

Conclusions

We detected that SNHG14 could enhance pros-
tate cancer cell proliferation by sponging miR-
613. These findings implied that lncRNA SN-
HG14 can act as a prospective therapeutic target 
for prostate cancer.
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