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Abstract. – OBJECTIVE: To explore the cor-
relation of SNHG1 with miR-195-5p, and the 
mechanism of SNHG1 in prostate cancer (PC). 

PATIENTS AND METHODS: The prostate can-
cer patients admitted to our hospital were se-
lected, and the cancer tissues (n=142) and adja-
cent tissues (n=142) of the patients were collect-
ed during the operation. The content of SNHG1 
and miR-195-5p in PC was observed, and the PC 
cell lines were transfected to detect the prolifer-
ation, invasion, apoptosis and Epithelial-Mesen-
chymal Transitions (EMT) capability. 

RESULTS: SNHG1 was enhanced in PC, while 
miR-195-5p was decreased (p<0.05). After trans-
fection of DU-145 and PC-3, it was found that si-
lence of SNHG1 or overexpression of miR-195-
5p could evidently inhibit the proliferation and 
invasion, increase the apoptosis (p<0.05). Af-
ter detecting the EMT markers, it was found that 
after silencing SNHG1 or over-expressing miR-
195-5p, E-cadherin enhanced while N-cadherin 
and Vimentin reduced (p<0.05). Double Lucifer-
ase reports confirmed that SNHG1 could act as 
a sponge to regulate miR-195-5p, and correla-
tion analysis showed that SNHG1 had a nega-
tive correlation with miR-195-5p. Rescue experi-
ments found that si-SNHG1 co-transfected with 
miR-195-5p-inhibitor could reverse the inhibi-
tory role of si-SNHG1 on prostate cancer cells. 

CONCLUSIONS: SNHG1 can mediate the pro-
liferation, invasion and EMT of PC by regulating 
miR-195-5p expression.
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Introduction

Prostate cancer (PC) is a common malignant 
neoplasm of men’s reproductive system. In USA, 
PC is the second leading cause of male cancer 
death after lung cancer, and it is also estimated 

that about 31,620 deaths are caused by PC1,2. In 
China, with the changes of social environment 
and lifestyle, the incidence of PC has gradually 
up-regulated, and its mortality rate has been the 
highest among urological tumors3. At present, 
the mechanism of the incidence and development 
of PC has not been fully clarified, and there is 
still a lack of sustained and effective treatment 
strategies, which seriously threatens the physical 
and mental health of male patients in China4. 
Therefore, determining the molecular mechanism 
of the incidence and development of PC and ex-
ploring its influencing factors will lay a founda-
tion for further proposing new strategies for the 
treatment of PC.

In recent years, as the change of expression 
level of RNA (long non-coding RNA, LncRNA) 
has a close correlation with the incidence and 
development of neoplasm, the exploration of Ln-
cRNA has become a hot spot in clinical re-
search5. Although LncRNA is unable to encode 
proteins, it has complex biological functions. Its 
transcript length exceeds 200 nucleotides, which 
can regulate gene expression level in the form of 
RNA6,7. LncRNA-SNHG1 is located at 11q12.3 
and participates in the biological behaviors of 
various tumors8. SNHG1 is abnormal in glioma 
cells, can promote the proliferation and invasion, 
and reduce the apoptosis9. Cui et al10 found that 
SNHG1 can promote the growth of PC, and its 
action pathway is mainly through the regulation 
of Notch-1. SNHG1 is highly expressed in PC and 
may be a new target for PC treatment11. However, 
whether SNHG1 can participate in regulating the 
biological process of prostate cancer still needs 
more research12. Wu et al13 indicated that miR-
195-5p is a new regulator, which can be used to 
restrain the migration and invasion of PC cells. Li 
et al14 have proposed that SNHG1 can accelerate 
the proliferation of PC by regulating miR-199A-
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3P. Therefore, we speculated that SNHG1 may 
participate in the biological characteristics of PC 
cells by regulating miR-195-5p.

This study mainly explored the mechanism of 
SNHG1 in prostate cancer and the targeted reg-
ulatory correlation of SNHG1 with miR-195-5p, 
providing a new approach for clinical research 
and treatment.

Patients and Methods

General Information
Altogether 142 cancer tissues and adjacent 

tissues of prostate cancer patients were collect-
ed and placed in liquid nitrogen container. The 
patients were aged (54.11± 6.12) years. Inclu-
sion criteria: patients were diagnosed as prostate 
cancer, which met the International Diagnostic 
Standard15; patients with relatively complete clin-
ical data and no mental diseases; patients were 
accompanied by their family when they admitted 
to hospital. Exclusion criteria: patients complicat-
ed with other malignant tumors or hematological 
diseases; patients refused to provide experimen-
tal specimens; patients with poor compliance. 
This investigation has been approved by the Eth-
ics Committee of our hospital. The experimental 
contents were described in detail to subjects and 
their families, and they have singed complete in-
formed consent forms.

Cell Culture and Transfection
PC cell lines DU-145, LNCaP, 22Rv1, PC-3 and 

normal human prostate cell line RWPE-1 were 
obtained from Shanghai Institute of Cellular Biol-
ogy. The cell lines were put into Dulbecco’s Mod-
ified Eagle’s Medium (DMEM) medium (Gibco, 
Rockville, MD, USA) containing 10% fetal bo-
vine serum (FBS), cultured at 37°C, with 5% 
CO2, digested with 25% pancreatin once every 
2 days when the cell adherence growth density 
reached 80-90%, and then SNHG1 and miR-195-
5p were detected. Cell transfection: DU-145 and 
PC-3 with the greatest difference from normal 

cell lines were selected for transfection, and Lipo-
fectamine™ 2000 kit (Thermo Fisher Scientific, 
Waltham, MA, USA) was used for transfection. 
Targeted inhibition SNHG1(si-SNHG1), blank 
control (Vector), miR-195-5p-inhibitor, miR-195-
5p-mimics and miR-NC were respectively con-
structed, transfected into cell lines, and cultured 
in a new culture medium after 6 hours.

Quantitative reverse transcription PCR 
(qRT-PCR) Detection

Total RNA was extracted by TRIzol (Invitro-
gen, Carlsbad, CA, USA), and the purity, con-
centration and integrity were determined by UV 
spectrophotometer and agarose gel electropho-
resis. Reverse transcription was carried out by 
reverse transcription kit (Invitrogen, Carlsbad, 
CA, USA), and the operation referred to the kit 
instructions. The obtained cDNA was applied 
for later testing. SYBR Premix Ex Taq (TaKa-
Ra, Otsu, Shiga, Japan) was applied for PCR 
amplification, and GAPDH (for LncRNA) or U6 
(for miRNA) was used as internal reference. 
qRT-PCR reaction was carried out by ABI7500 
system (Applied Biosystems, Foster City, CA, 
USA) under the following reaction conditions: 
95°C for 60 s, 95°C for 30 s, 60°C for 40 s, for 
a total of 40 cycles. The relative expression was 
determined by 2- ΔΔCt. The specific sequence is 
shown in Table I.

Western Blot (WB) Test
After collecting cells, radio immunoprecipita-

tion assay (RIPA) buffer (Thermo Fisher Scien-
tific Waltham, MA, USA) was applied to obtain 
total protein, bicinchoninic acid assay (BCA) kit 
(Thermo Fisher Scientific Waltham, MA, USA) 
to measure the concentration and quantification, 
10% sodium dodecyl sulfate and polyacrylamide 
gel electrophoresis (SDS-PAGE) to isolate pro-
tein. Then, the cells were transferred to polyvi-
nylidene difluoride (PVDF) (Life Technologies, 
Gaithersburg MD, USA), and 5% skim milk 
was used, blocked at room temperature, cultured 
with primary antibody (Abcam, Cambridge, MA, 

Table I. Primer sequences.

	 Upstream	 Downstream

SNHG1	 5’-AGGCTGAAGTTACAGGTC-3’	 5’-TTGGCTCCCAGTGTCTTA-3’
GAPDH	 5’-GTCAACGGATTTGGTCTGTATT-3’	 5’-AGTCTTCTGGGTGGCAGTGAT-3’
miR-195-5p	 5’-ACACTCCAGCTGGGTAGCAGCACAGAAAT-3’	 5’-TGGTGTCGTGGAGTCG-3’
U6	 5’-CTCGCTTCGGCAGCACA-3’	 5’-AACGCTTCACGAATTTGCGT-3’
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USA) at 4°C for one night, rinsed to remove 
primary antibody. The horseradish peroxidase 
(HRP) labeled goat anti-rabbit secondary anti-
body (Abcam, Cambridge, MA, USA) was added, 
incubated at 37°C for 1-2 h, and developed with 
enhanced chemiluminescence (ECL) hypersensi-
tivity luminescent liquid. The band was analyzed 
at the end.

Cell Proliferation Detection
The thiazolyl blue tetrazolium bromide (MTT) 

assay (Sigma-Aldrich, St. Louis, MO, USA) was 
used to evaluate cell growth. The transfected 
cells were incubated with 20 µl of MTT solution 
in fresh medium for 4 h, 150 µl of dimethyl sulf-
oxide (DMSO) was added after the supernatant 
was removed, and the cells were placed in an 
incubator (37°C, 5% CO2). Then, the absorbance 
was measured at 450 nm using a Multiskan GO 
full wavelength microplate reader (Thermo Fish-
er Scientific, China) to detect cell proliferation.

Cell Invasion Detection
Invasion was detected by transwell Matrigel 

(BD Biosciences, Franklin Lakes, NJ, USA). 
Cells were plated in 6-well plates, collected after 
transfection, and counted after resuspension with 
serum-free culture solution. The upper chamber 
of transwell chamber was covered with Matrigel 
(BD Biosciences, Franklin Lakes, NJ, USA) glue, 
then 0. 2 ml suspension (about 4 × 105 cells) was 
put into the upper chamber, placed in 24-well 
plate, and 0. 6 ml serum including culture solu-
tion was put into 24-well plate. After incubation 
for 24 h, the cell was collected, fixed, dyed with 
0.1% crystal violet, dried, and the cell invasion 
was observed with a microscope. 

Cell Apoptosis Detection
The cells were detected by Annexin V-FITC/P 

(BD Biosciences) and washed twice with phos-
phate-buffered saline (PBS), and 100 μL binding 
buffer was put in. AnnexinV-FITC and propidi-
um iodide (PI) staining were sequentially added 
and incubated in the dark at room temperature. 
FACScan (Becton Dickinson, Franklin Lakes, 
NJ, USA) was applied for analysis.

Double Luciferase Assay
TargetScan was applied to determine the bind-

ing sites of SNHG1 and miR-195-5p. SNHG1 
was cloned into pmirGLO by Lipofectamine™ 
2000 kit. SNHG1-3’UTR Wt and SNHG1-3’UTR 
Mutant were respectively established and trans-

ferred to the downstream of Luciferase reporter 
gene to sequence and identify the constructed 
plasmid. Then, the plasmids with correct se-
quencing were co-transfected into cells. After 
48h, the plasmids were analyzed by double Lu-
ciferase reporter system (DLR® (Promega, Mad-
ison, WI, USA).

Statistical Analysis
SPSS 18.0 (SPSS, Chicago, IL, USA) was used 

for data analysis and GraphPad 7 was used to 
visualize the required pictures. The t-test was 
applied for comparison between the two groups, 
ANOVA for analyzing the differences among 
multiple groups, LSD-t test for backtesting. Pear-
son test was applied for correlation analysis. 
p<0.05, there was a statistical difference.

Results

SNHG1 and MiR-195-5p In PC
In this study, qRT-PCR was applied to detect 

the tissues in PC. The results are shown in Figure 
1. It could be seen that SNHG1 was enhanced 
in PC, and miR-195-5p was reduced (p<0.05). 
Subsequently, SNHG1 and miR-195-5p in PC 
were detected, and SNHG1 in PC cell lines was 
evidently higher than that in normal prostate cell 
line RWPE-1, while miR-195-5p in four PC cell 
lines was evidently lower than that in cell line 
RWPE-1.

Effects of SNHG1 on Proliferation, 
Invasion and Epithelial-Mesenchymal 
Transitions (EMT) of PC

DU-145 and PC-3 cell lines were transfected, 
as shown in Figure 2. We could see that, after 
transfection, compared with Vector, SNHG1 in 
si-SNHG1 group decreased evidently (p<0.05), 
and the proliferation and invasion were evidently 
inhibited. The apoptosis was significantly accel-
erated (p<0.05). We detected the role of transfect-
ed si-SNHG1 on EMT markers in DU-145 and 
PC-3 cells by WB and found that E-cadherin was 
increased while N-cadherin and Vimentin were 
reduced (p<0.05).

Effect of MiR-195-5p on Proliferation, 
Invasion and EMT of PC Cells

PC cell lines were transfected with miR-195-5p 
mimetic or miR-NC. The content of miR-195-5p 
in different groups was detected, as shown in 
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Figure 1. Expression of SNHG1 and 
miR-195-5p in prostate cancer. A, Ex-
pression of SNHG1 in prostate cancer 
tissue. B, Expression of miR-195-5p in 
prostate cancer tissue. C, Expression 
of SNHG1 in prostate cancer cell line. 
D, Expression of miR-195-5p in pros-
tate cancer cell line. Note: * indicates 
comparison between the two groups or 
compared with RWPE-1, *indicates that 
p<0.05, *** indicates that p<0.001.

Figure 2. Effect of SNHG1 on proliferation, invasion and EMT behavior of prostate cancer cells. A, Effect on SNHG1 expression 
after different transfection. B, Effect of transfection on proliferation of DU-145 cells. C, Effect of transfection on proliferation of cell 
PC-3. D, Effect of transfection on cell invasion. E, Effect of transfection on EMT markers and protein map. F, Effect of transfection 
on cell apoptosis and apoptosis map. Note: *indicates comparison between the two groups or compared with vector, p<0.05.
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Figure 3. It could be seen that miR-195-5p was 
enhanced in miR-195-5p-mimics group and re-
duced in miR-195-5p-inhibitor group compared 
with miR-NC group (p < 0.05). Further detection 
of cell biological behavior indicated that the 
proliferation and invasion of PC cells transfect-
ed with miR-195-5p-mimics decreased signifi-
cantly, the apoptosis rate increased (p<0.05), 
EMT marker E-cadherin increased, and N-cad-
herin and Vimentin decreased (p<0.05). Howev-
er, miR-195-5p-inhibitor transfected cell groups 
showed the opposite results.

Targeting Correlation of SNHG1 With 
MiR-195-5p

Bioinformatics starBase.2.0 has been carried 
out to explore a targeted binding site of SNHG1 
with miR-195-5p, and Luciferase reporter gene 

has been carried out. The results were shown 
in Figure 4. Transfection of miR-195-5p-mimics 
could inhibit SNHG1-3’UT Wt Luciferase ac-
tivity but would not affect SNHG1-3’UTR Mut 
Luciferase activity, which indicated that miR-
195-5p can play the role of a target gene for 
SNHG1. Subsequently, we found that miR-195-5p 
was evidently increased after transfecting with 
si-SNHG1 (p<0.05). Pearson test analysis showed 
that SNHG1 and miR-195-5p were negatively 
correlated in prostate cancer tissues (r=-0.455, 
p<0.001).

Rescue Experiment
To further verify that SNHG1 could affect the 

biological function of prostate cancer cells by reg-
ulating miR-195-5p, si-SNHG1+miR-195-5p-in-
hibitor was co-transfected into DU-145 and PC-3. 

Figure 3. Effect of miR-195-5p on proliferation, invasion and EMT behavior of prostate cancer cells. A, Effect on miR-195-
5p expression after different transfection. B, Effect of transfection on proliferation of DU-145 cells. C, Effect of transfection 
on proliferation of cell PC-3. D, Effect of transfection on cell invasion. E, Effect of transfection on EMT markers and protein 
map. F, Effect of transfection on cell apoptosis and apoptosis map. Note: * indicates comparison between the two groups or 
compared with miR-NC, p<0.05.
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As shown in Figure 5, after si-SNHG1 co-trans-
fecting with miR-195-5p-inhibitor, the cell pro-
liferation, invasion and apoptosis were not evi-
dently different from NC group (p>0.05), but the 

proliferation and invasion ability were enhanced 
and the apoptosis was reduced compared with 
cells transfected with si-SNHG1. Then, WB was 
used to detect the changes of EMT markers in 

Figure 4. Targeting relationship be-
tween SNHG1 and miR-195-5p. A, 
Binding target of SNGH1 and miR-
195-5p. B, Determination of Luciferase 
reporter gene. C, Effect on miR-195-5p 
expression after si-SNHG1 transfec-
tion. D, Correlation between SNHG1 
and miR-195-5p in cancer tissue. Note: 
*indicates that compared with vector, 
p<0.05.

Figure 5. Rescue experiment. A, Effect on SNHG1 expression after co-transfection. B, Effect of co-transfection on 
proliferation of DU-145 cells. C, Effect of co-transfection on proliferation of cell PC-3. D, Effect on cell invasion after co-
transfection. E, Effect of co-transfection on EMT markers and protein map. F, Effect of co-transfection on apoptosis and 
apoptosis map. Note: *indicates compared that with NC, si-SNHG1+miR-195-5p-inhibitor group, p<0.05.
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the above groups. It was found that the expres-
sion of EMT markers co-transfected by si-SN-
HG1+miR-195-5p-inhibitor was not evidently 
different with NC group (p>0.05), while E-cad-
herin decreased, and N-cadherin and Vimentin 
increased compared with si-SNHG1 cells.

Discussion

The incidence and growth of PC are system-
ic, and it is involved multiple factors, multiple 
genes and changes of multiple signal pathways, 
including abnormal changes of signal transduc-
tion genes, oncogenic/tumor suppressor genes, 
and apoptosis inducing genes16. Moreover, due to 
the lack of effective means for early diagnosis of 
prostate cancer, it is generally advanced after di-
agnosis, thus losing the best treatment opportuni-
ty and posing a serious threat to the life and health 
of patients17. Therefore, it is of great significance 
to study the incidence, development and mech-
anism of PC. LncRNA is mostly placed in the 
nucleus or cytoplasm and is mainly transcribed 
by RNA polymerase II. LncRNA regulates chro-
matin remodeling and regulates transcription and 
post-transcription genes18. There is a correlation 
of abnormal up-regulation of SNHG1 with late 
neoplasm stage, neoplasm size and TNM stage, 
and the survival of PC patients with high SNHG1 
is reduced and the prognosis is poor19.

Through quantitative detection, we found that 
SNHG1 was evidently increased in PC tissues 
and cells, suggesting that SNHG1 played a car-
cinogenic role and participated in the incidence 
of prostate cancer. Therefore, we further carried 
out cell experiments. We transfected DU-145 and 
PC-3 and found that silencing SNHG1 expression 
can restrain the proliferation and invasion of PC 
cells and increase the apoptosis rate. Notably, 
SNHG1 was significantly over-expressed in non-
small cell lung cancer (NSCLC)20, esophageal 
squamous cell carcinoma (ESCC)21 and colorectal 
cancer22, further proving the promoting effect of 
SNHG1 in tumors. Besides, Hu et al23 suggested 
that SNHG1 could regulate the expression of DN-
MT1, thus restraining the proliferation of gastric 
cancer cells. 

Silent SNHG1 can act as an anti-tumor in vitro 
and in vivo and can effectively reduce the devel-
opment of breast cancer cells and EMT by reg-
ulating miR-382-5p24. EMT acts a key initiation 
role in the process of tumor metastasis, which 
will cause epithelial cells lose the characteristics 

and acquire interstitial characteristics, resulting 
in increased migration and invasion capacity25. 
EMT is involved in the metastatic process of PC, 
and targeted inhibition of key signaling pathways 
in EMT has a good effect in tumor treatment26. 
E-cadherin, N-cadherin and Vimentin are mark-
ers of EMT, which can effectively reflect the 
transformation degree of EMT27. Therefore, we 
detected the effect of transfected si-SNHG1 on 
EMT markers in DU-145 and PC-3 cells by WB 
and found that silencing SNHG1 can lead to 
the increase of E-cadherin and the decrease of 
N-cadherin and Vimentin. Our results suggested 
that silencing SNHG1 could inhibit EMT effect of 
prostate cancer cells.

LncRNA can be used as ceRNA to regulate 
RNA transcripts through competition with miR 
(microRNA) and promote changes in biological 
functions of various tumor cells28,29. LncRNA 
GAS5 can act as a sponge to combine with miR-
23a, thus promoting the inhibitory role of gastric 
cancer cell proliferation30. LncRNA AFAP1-AS1 
can promote PC proliferation and invasion by 
regulating miR-512-3p31. miRNA is a non-coding 
RNA with 19-23nt, which plays a central role in 
gene silencing and plays a role as a part of a large 
gene regulatory network32. 

miR-195 acts as an anti-cancer in PC, reduc-
tion of miR-195 could promote the development 
of tumor cells and could restrain the prolifer-
ation and angiogenesis of PC33. We found that 
over-expression of miR-195-5p could significant-
ly restrain the proliferation and invasion of PC, 
leading to an increase in apoptosis rate, and 
could inhibit the EMT effect of prostate can-
cer, while miR-195-5p-inhibitor transfected cell 
groups showed the opposite results. Previous 
studies have suggested that miR-195-5p direct-
ly regulates NOTCH2 in a post-transcriptional 
manner by targeting its 3’-UTR, thus participat-
ing in the EMT process of colorectal cancer34. We 
found that SNHG1 and miR-195-5p had binding 
targets through online prediction analysis. The 
results were verified by double Luciferase report. 
Correlation analysis indicated that SNHG1 had a 
negative correlation with miR-195-5p, which indi-
cated that SNHG1 could regulate miR-195-5p. In 
this paper, a rescue experiment was subsequent-
ly carried out. After si-SNHG1 co-transfecting 
with miR-195-5p-inhibitor, the cell proliferation, 
invasion, apoptosis and EMT marker were not 
different from those of NC group. However, com-
pared with the cells transfected with si-SNHG1, 
the proliferation and invasion ability increased, 
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and the apoptosis and E-cadherin reduced, and 
N-cadherin and Vimentin increased. It was sug-
gested that inhibiting miR-195-5p could reverse 
the anti-cancer effect of silent SNHG1 on prostate 
cells.

This study firstly showed that SNHG1 regulat-
ed the biological behavior of miR-195-5p-medi-
ated cells in prostate cancer and provided some 
ideas for future clinical treatment. However, there 
are still some limitations. No research has been 
conducted on tumor growth in animal models 
of prostate cancer, and further researches are 
needed to find out how miR-195-5p participates 
in EMT process of prostate cancer cells by reg-
ulating other relevant targets. Therefore, further 
research in this direction can be paid attention to 
in future research.

Conclusions

Shortly, SNHG1 can mediate prostate cancer 
cell proliferation, invasion and EMT process by 
regulating miR-195-5p expression.
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