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Abstract: This study aimed to explore the role and mechanism of lncRNA small nucleolar RNA host gene 12 
(SNHG12) in the development of prostate cancer (PCa). The expression of SNHG12 in the serum of PCa patients as 
well as PCa cells was determined, and then we investigated whether SNHG12 could act as a competing endogenous 
RNA (ceRNA) to mediate the development of PCa. Furthermore, the association between SNHG12 and activation of 
the PI3K/AKT/mTOR pathway was explored. SNHG12 expression was up-regulated in the serum of PCa patients as 
well as PCa cells. High expression of SNHG12 resulted in a poor prognosis of PCa patients. Moreover, suppression 
of SNHG12 inhibited viability and promoted apoptosis and autophagy of LNCaP cells. Furthermore, SNHG12 was 
found to act as a ceRNA to regulate the expression of Cyclin E1 (CCNE1) by sponging miR-195. Lastly, suppres-
sion of SNHG12 inhibited the activation of PI3K/AKT/mTOR pathway. Our results revealed that up-regulation of 
SNHG12 promoted the viability and inhibited apoptosis and autophagy of PCa cells by regulating CCNE1 expression 
by sponging miR-195. Moreover, activation of PI3K/AKT/mTOR pathway is a key downstream mechanism regulating 
SNHG12-mediated the development of PCa. Our findings provide an experimental basis for targeted therapy of PCa.
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Introduction

Prostate cancer (PCa) is one of the most preva-
lent cancers among men worldwide [1]. The 
incidence and morbidity of PCa have been 
increasing rapidly in the past decade in China 
[2]. Moreover, a high proportion (13.3%-26%) of 
bone metastasis is revealed in Chinese patients 
with PCa in the initial diagnosis [3-5], resulting 
in the poor prognosis of PCa. Despite extensive 
efforts, rare biomarkers for PCa have been 
introduced in clinical practice. Therefore, ex-
ploring effective biomarkers for the PCa diag-
nosis has a great significance.

Long noncoding RNAs (lncRNAs) are a class of 
non-coding transcripts longer than 200 nucleo-
tides. Aberrant expression of lncRNAs is widely 
involved in the physiological and pathological 
processes of various human cancers [6, 7], 
including PCa [8, 9]. Recently, lncRNA small 
nucleolar RNA host gene 12 (SNHG12) is re- 
ported to promote the proliferation and migra-

tion of human osteosarcoma cells by upregulat-
ing angiomotin gene expression [10]. Lan et al. 
demonstrated that SNHG12 could promote 
tumorigenesis and metastasis hepatocellular 
carcinoma through functioning as an endoge-
nous sponge for miR-199a/b-5p to target MLK3 
expression [11]. In addition to these studies, 
SNHG12 is also identified to be involved in the 
pathogenesis of various cancers, including 
non-small cell lung cancer [12], nasopharyn-
geal carcinoma [13], gastric cancer [14], papil-
lary thyroid carcinoma [15], and cervical cancer 
[16]. However, whether SNHG12 plays a key 
role in PCa development has not been report-
ed, let alone the underlying mechanism. 

Growing evidence has supported that lncRNAs 
can function as competing endogenous RNAs 
(ceRNAs) to sponge miRNAs, thus playing a reg-
ulatory role in many diseases including cancers 
[17-19]. In this study, we detected the expres-
sion of SNHG12 in the serum of PCa patients as 
well as PCa cells, and then investigated wheth-
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er SNHG12 could act as a ceRNA to mediate 
the development of PCa. Furthermore, the 
association between SNHG12 and activation 
of PI3K/AKT/mTOR pathway was explored. Our 
findings will help to the deepen understanding 
of the key mechanism underlying PCa.

Materials and methods

Patients

This study was approved by the ethics commit-
tee of our hospital. Prior to the study, all 
patients gave informed consent for research.

From March 2014 to March 2018, 56 PCa 
patients with the average age of 60.3 ± 6.8 
years old and 45 patients with benign prostatic 
hyperplasia (BPH) with the average age of 59.9 
± 8.8 years old were enrolled. All the PCa 
patients were diagnosed with adenocarcinoma 
of the prostate and their grade was assessed 
according to Gleason score. The patients re- 
ceived any treatment before recruitment and 
had other diseases, such as diabetes, cardio-
vascular disease, kidney disease or various 
malignancies were excluded. The clinical fea-
tures of PCa patients were collected, including 
age, Gleason score, clinical stage, bone metas-
tasis, disease recurrence and serum PSA. 
Meanwhile, 37 healthy volunteers with average 
age of 58.4 ± 8.5 years old were recruited as 
the control group. There was no statistical dif-
ference in the age of the three groups. 

Peripheral venous blood samples were collect-
ed from subjects who had underwent over 10 h 
fasting and 8 h water deprivation. Moreover, all 
enrolled subjects were prohibited heavy drink-
ing and greasy and high-protein food within 3 
days prior to drawing blood. After centrifuga-
tion with a rate of 4500 rpm/h for 15 min, 
blood were collected and then kept at -80°C.

All PCa patients received follow-ups. The last 
time of follow-up was May 1st, 2018. The sur-
vival time of patients was defined from the 
operation date to the death date. The patients 
died from tumor metastasis and recurrences 
excluding other severe diseases and accidental 
death. If the patients were still alive at the last 
time of follow-up, the data was considered as 
censored data. The lost patients were pro-
cessed as the last time of encounter data. 
Patients’ prognosis was assessed according to 
overall survival.

Cell lines

Human PCa cell lines, including 22RV1, Du145, 
LNCaP, MDaPCa2b, and a non-malignant cell 
line (RWPE1) were purchased from the Ame- 
rican Type Culture Collection (ATCC; Manassas, 
VA, USA) and then cultured according to ATCC 
protocol. 

Transient transfection

SiRNA for SNHG12 (si-SNHG12#1 or si-SN- 
HG12#2) and that for Cyclin E1 (CCNE1) (100 
nM, GenePharma, China) was introduced into 
LNCaP cells to suppress the expression of 
SNHG12 and CCNE1, respectively; for overex-
pression of SNHG12 and CCNE1, the sequence 
of SNHG12 and CCNE1 was respectively insert-
ed into the plasmid pcDNA3.1 (GenePharma) to 
construct the overexpression vector pcDNA-
SNHG12 or pcDNA-CCNE1. Si-NC was the neg-
ative control for si-SNHG12 and empty vector 
pcDNA3.1 was the negative control for pcDNA-
SNHG12. The miR-195 mimic (50 nM), mimic 
control (50 nM), and miR-195 inhibitor (150 
nM), and inhibitor NC (150 nM) (GenePharma) 
were also introduced into LNCaP cells to regu-
late the expression of miR-195. Cell transfec-
tion was then performed using Lipofectamine® 
2000 (Invitrogen, Carlsbad, CA, USA) that was 
diluted into Opti-MEM (Reduced Serum Media, 
Gibico). After 48 h of transfection, cells were 
harvested. 

Real-time quantitative PCR (qPCR)

Total RNA was extracted from patients’ serum 
and cells using Trizol reagent (Invitrogen), fol-
lowed by performing the reverse-transcription 
reactions using an M-MLV Reverse Transcri- 
ptase kit (Invitrogen). Subsequently, real-time 
qPCR was carried out following a standard pro-
tocol of SYBR Green PCR kit (Toyobo, Osaka, 
Japan) on a thermocycler (Rotor-Gene RG- 
3000A; Corbett Life Science, Sidney, Australia). 
The expression levels of miRNAs and RNAs 
were respectively normalized to U6 and β-actin, 
and quantitated by 2-ΔΔCt method.

Dual-luciferase reporter assay and RNA bind-
ing protein immunoprecipitation (RIP)

The pMIR-REPORT-SNHG12-wt/mut and pMIR-
REPORT-CCNE1-3’UTR-wt/mut (Obio, Shanghai, 
China) were constructed and then transfected 
into LNCaP cells, along with miR-195 mimic or 
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mimic control. After 48 h of transfection, lucif-
erase activity of each group was detected using 
Dual-Luciferase Reporter Assay System (E19- 
10, Promega, WI, USA). 

RIP assay was carried out following the manu-
facturer’s instructions of RNA-Binding Protein 
Immunoprecipitation Kit (17e700, Millipore, 
USA). Notably, AntiAgo2 (Millipore, USA) was 
applied to the enrichment of SNHG12 and miR-
195. Normal mouse Anti-IgG (Millipore, USA) 
served as a negative control.

Analysis of cell viability by MTT assay

Approximately 2×103 LNCaP cells were plated 
into a 96-well plate. At various times following 
treatments, MTT (20 μl of 5 mg/mL, Sigma-
Aldrich, St. Louis, USA) was added into each 
well to incubate cells for 4 h at 37°C. Sub- 
sequently, 150 μl of dimethyl sulfoxide was 
added to dissolve the formazan precipitates. 
The absorbance (470 nm) of each well was 
measured with a MRX II absorbance reader 
(DYNEX Technologies, Chantilly, Virginia, USA).

Detection of apoptotic cells by flow cytometry

At various times following treatments, the cells 
were harvested and resuspended in 100 μl 
binding buffer at a concentration of 1×106 
cells/ml. According to the manufacturer’s 
instructions of Annexin V-FITC Apoptosis 
Detection Kit (BD Biosciences, San Jose, CA, 
USA), cells were then double-stained with 
Annexin V and PI. The apoptotic cells were then 
detected by the BD LSRII Flow Cytometer 
System with FACSDiva Software within 1 h.

Western blot

The LNCaP cells were collected and the total 
protein was extracted by lysing with cell lysis 
buffer (Beyotime, Haimen, China). The proteins 
(30 μg per lane) were separated on 12% SDS-
polyacrylamide gels and subsequently trans-
ferred onto polyvinylidene fluoride (PVDF) mem-
branes (Millipore, Billerica, MA, USA). The pri-
mary antibodies to pro-caspase-3, cleaved-
caspase-3, Bax, Bcl-2, pro-caspase-9, cleaved-
caspase-9, p62, Beclin-1, LC3II, LC3I, CCNE1, 
PI3K, p-PI3K, AKT, p-AKT, PTEN, mTOR, p-mTOR 
and β-actin (Abcam, Cambridge, UK) were dilut-
ed in 1:1000 and then used for incubating 
LNCaP cells overnight at 4°C. β-actin was used 
as the control. After incubation with the recom-
mended secondary antibodies, the protein sig-

nals were revealed using an Odyssey Infrared 
Imaging System (LI-COR, Lincoln, NE, USA). 

Statistical analysis

The statistical analysis was performed using 
SPSS 20.0 (SPSS Inc, Chicago, IL, USA). The 
measurement data were expressed by mean ± 
standard deviation. The comparison between 
two groups was carried out by Student’s t test, 
while the multi-group comparisons were ana-
lyzed by one-way ANOVA and following LSD-t 
test. The survival analysis performed by Kaplan-
Meier method and Log-rank test was adopted 
to compare the differences between high- and 
low-SNHG12 expression levels. P < 0.05 was 
considered significant with a two-sided test.

Results

The expression levels of SNHG12 in PCa, BPH 
and healthy group

To investigate the role of SNHG12 in PCa, we 
detected the expression levels of SNHG12 in 
the serum of PCa patients, BPH patients, and 
healthy controls. As shown in Figure 1A, SN- 
HG12 expression in the serum of PCa patients 
was significantly higher than that in BPH 
patients or healthy controls (P < 0.05), and 
there was no significant difference in SNHG12 
expression between BPH patients and healthy 
controls. According to the mean expression lev-
els of SNHG12, 34 of the 56 PCa patients were 
classified into the high expression group and 
the remaining 22 were in the low expression 
group. Further survival analysis revealed that 
the overall survival of the low-SNHG12 expres-
sion group was significantly higher than that in 
the high-SNHG12 expression group (P = 
0.0217), indicating that the poor prognosis of 
PCa patients was associated with the high 
expression of SNHG12 (Figure 1B). Further- 
more, the correlation of SNHG12 expression 
with clinical features of PCa patients was fur-
ther explored. As shown in Table 1, SNHG12 
expression was significantly correlated to the 
Gleason score, clinical stage, bone metastasis, 
disease recurrence and serum PSA (P < 0.01), 
but had nothing to do with patients’ age. 

Effects of SNHG12 expression on cell viability, 
apoptosis and autophagy

We further determined the expression of 
SNHG12 in PCa cells. The results showed that 
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SNHG12 expression was significantly increased 
in four PCa cell lines, including 22RV1, Du145, 
LNCaP, MDaPCa2b, in relation to that in a non-
malignant cell line RWPE1 (P < 0.01, Figure 
1C). LNCaP cells were selected for subsequent 
experiments due to the highest expression lev-

cleaved/pro-caspase-9 (Figure 1G); however, 
overexpression of SNHG12 did not exhibit 
opposite effects on cell apoptosis and the 
expression of apoptosis-related proteins. Fur- 
thermore, the expression levels of autophagy 
markers were detected. The results showed 

Figure 1. LncRNA SNHG12 was up-regulated in the serum of prostate cancer (PCa) patients and correlated to the 
poor prognosis of PCa patients. A: qPCR showed the expression of SNHG12 in the serum of PCa patients, BPH pa-
tients, and healthy controls. *P < 0.05 compared to healthy controls, and #P < 0.05 compared to BPH patients. B: 
Survival analysis revealed the correlation between SNHG12 expression and the poor prognosis of PCa patients. C-H. 
LncRNA SNHG12 was up-regulated in PCa cells and dysregulation of SNHG12 regulated LNCaP cell viability, apop-
tosis and autophagy. C: qPCR showed the expression of SNHG12 in four PCa cell lines, including 22RV1, Du145, 
LNCaP, MDaPCa2b, as well as in a non-malignant cell line RWPE1. D: qPCR showed the expression of SNHG12 in 
LNCaP cells after transfection with pcDNA-SNHG12, pcDNA3.1, si-SNHG12#1, si-SNHG12#2 and si-NC. E: MTT 
assay showed LNCaP cell viability in different transfected groups. F: Flow cytometry showed LNCaP cell apoptosis 
in different transfected groups. G: Western blot showed the expression of apoptosis-related proteins in different 
transfected groups. H: Western blot showed the expression of autophagy markers in different transfected groups. 
*P < 0.05, **P < 0.01, and ***P < 0.001 compared to their respective controls.

Table 1. The association between SNHG12 expression 
and clinicopathological characteristics of prostate can-
cer patients

Characteristics Cases 
(N=56)

SNHG12  
expression

P value
Low 

(N=34)
High 

(N=22)
Age < 60 16 9 7 0.235

≥ 60 40 25 15
Gleason score ≤ 7 19 16 3 0.004

> 7 37 18 19
Clinical stage A 6 5 1 < 0.001

B 8 5 3

C 28 19 9

D 14 5 9
Bone metastasis Yes 14 3 11 <0.001

No 42 31 11
Recurrence Yes 16 8 8 < 0.001

No 40 26 14
Serum PSA (μg/L) ≤ 10 13 10 3 < 0.001

> 10 43 24 19

els of SNHG12 among the four PCa cell 
lines. Subsequently, SNHG12 expres-
sion was markedly overexpressed in 
pcDNA-SNHG12-transfected LNCaP ce- 
lls relative to that in pcDNA3.1-trans-
fected LNCaP cells (P < 0.001), and dra-
matically suppressed in both si-SN- 
HG12#1- and si-SNHG12#2-transfected 
LNCaP cells compared to that in si-NC-
transfected LNCaP cells (P < 0.05) 
(Figure 1D). Because the inhibitory 
effects of si-SNHG12#1 was stronger 
than si-SNHG12#2, si-SNHG12#1 was 
used for following experiments. Sub- 
sequently, the results of MTT assay 
showed that overexpression of SNHG12 
significantly promoted LNCaP cell viabil-
ity, whereas suppression of SNHG12 
had an opposite effect (P < 0.05, Figure 
1E). The results of flow cytometry dis-
closed that suppression of SNHG12 sig-
nificantly promoted the apoptosis of 
LNCaP cells (P < 0.01, Figure 1F); con-
sistently, suppression of SNHG12 result-
ed in the increased expression of Bax/
Bcl-2 ratio, cleaved/pro-caspase-3 and 
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Figure 2. Association between SNHG12 and miR-195 in LNCaP cells. A: qPCR showed the expression of miR-195 in LNCaP cells after transfection with pcDNA-
SNHG12, pcDNA3.1, si-SNHG12#1, and si-NC. B: Dual-luciferase reporter assay showed the luciferase activity of SNHG12-wt and SNHG12-mut after co-transfection 
with miR-195 mimic or mimic control. C: RIP confirmed that SNHG12 and miR-195 were in the same RNA-induced silencing complex. D-I. SNHG12 regulated apopto-
sis and autophagy of LNCaP cells through sponging miR-195. D: qPCR showed the expression of miR-195 in PCa and BPH patients. E: qPCR showed the expression 
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that suppression of SNHG12 obviously promot-
ed the expression of Bclin-1 and LC3II/LC3I but 
markedly decreased the p62 expression (P < 
0.05), indicating that suppression of SNHG12 
promoted cell autophagy (Figure 1H). However, 
overexpression of SNHG12 had opposite 
effects on the expression of Bclin-1 and p62 (P 
< 0.05) (Figure 1H). 

Association between SNHG12 and miR-195 in 
LNCaP cells

In previous studies, SNHG12 has been shown 
to regulate the tumorigenesis in glioma and 
osteosarcoma through sponging miR-195 [20, 
21]. Therefore, we also investigated the asso-
ciation between SNHG12 and miR-195 in 
LNCaP cells. As presented in Figure 2A, the 
expression of miR-195 in pcDNA-SNHG12-
transfected LNCaP cells was remarkably lower 
than that in pcDNA3.1-transfected LNCaP cells 

(P < 0.01), while the miR-195 expression in si-
SNHG12#1-transfected LNCaP cells was obvi-
ously higher than that in si-NC-transfected 
LNCaP cells (P < 0.01). These data indicated a 
negative regulatory relationship between 
SNHG12 and miR-195. In addition, the results 
of dual-luciferase reporter assay showed that 
the luciferase activity of SNHG12-wt but not 
SNHG12-mut was significantly decreased after 
co-transfection with miR-195 mimic (P < 0.05, 
Figure 2B). Furthermore, the results of RIP con-
firmed that SNHG12 and miR-195 were in the 
same RNA-induced silencing complex (RISC) 
(Figure 2C).

SNHG12 regulated apoptosis and autophagy 
of LNCaP cells through sponging miR-195

The expression levels of miR-195 in the serum 
of PCa patients and PCa cells were also mea-
sured. As shown in Figure 2D, miR-195 expres-

of miR-195 in four PCa cell lines and a non-malignant cell line RWPE1. F: qPCR showed the expression of SNHG12 
in LNCaP cells after transfection with miR-195 mimic, mimic control, miR-195 inhibitor, and inhibitor control. G: 
Flow cytometry showed LNCaP cell apoptosis in different transfected groups. H: Western blot showed the expres-
sion of apoptosis-related proteins in different transfected groups. I: qPCR and western blot showed the expression 
of autophagy markers in different transfected groups. *P < 0.05, **P < 0.01, and ***P < 0.001 compared to their 
respective controls.

Figure 3. CCNE1 was verified as a functional target of miR-195. A: TargetScan software predicted the binding se-
quence of CCNE1 and miR-195. B: Dual-luciferase reporter assay showed that the luciferase activity of CCNE1-wt 
and CCNE1-mut co-transfection with miR-195 mimic or mimic control. C, D: qPCR and western blot showed the 
expression of CCNE1 in LNCaP cells after transfection with miR-195 mimic, mimic control, miR-195 inhibitor, and 
inhibitor control. *P < 0.05, and **P < 0.01 compared to their respective controls.
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Figure 4. miR-195 regulated the apoptosis and autophagy of LNCaP cells by targeting CCNE1. A, B: qPCR and western blot showed the expression of CCNE1 in 
LNCaP cells after transfection with pcDNA-CCNE1, pcDNA3.1, si-CCNE1, and si-NC. C: Flow cytometry showed LNCaP cell apoptosis in different transfected groups. 
D: Western blot showed the expression of apoptosis-related proteins in different transfected groups. E: qPCR and western blot showed the expression of autophagy 
markers in different transfected groups. F: The expression of PI3K/AKT/mTOR pathway-related proteins after suppression of SNHG12, miR-195 and/or CCNE1. *P 
< 0.05, **P < 0.01, and ***P < 0.001 compared to their respective controls.
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sion was significantly decreased in the serum 
of PCa patients compared to that in BPH 
patients (P < 0.01). Moreover, obvious down-
regulation of SNHG12 expression was also 
revealed in the four PCa cell lines, including 
22RV1, Du145, LNCaP, and MDaPCa2b, in 
comparison with that in a non-malignant cell 
line RWPE1 (P < 0.05, Figure 2E). The miR-195 
expression was subsequently overexpressed in 
LNCaP cells by transfection with miR-195 
mimic and inhibited by transfection with miR-
195 inhibitor, and the transfection efficiency 
was confirmed by qPCR (P < 0.001, Figure 2F). 
To further reveal whether SNHG12 regulated 
the PCa development via regulating miR-195, 
LNCaP cells were co-transfected with si-
SNHG12#1 and miR-195 inhibitor. The results 
showed that the effects of SNHG12 suppres-
sion on cell apoptosis (P < 0.01, Figure 2G) and 
the expression of apoptosis-related proteins 
(Figure 2H) and autophagy-markers (Figure 2I) 
in LNCaP cells were significantly reversed after 
suppression of SNHG12 and inhibition of miR-
195 at the same time.

CCNE1 was verified as a functional target of 
miR-195

To explore the regulatory mechanism of miR-
195, the targets of miR-195 were predicted. 
Based on the information of TargetScan soft-
ware, CCNE1 was identified as a potential tar-
get of miR-195 (Figure 3A). The results of dual-
luciferase reporter assay showed that the lucif-
erase activity of CCNE1-wt but not CCNE1-mut 
was remarkably inhibited after co-transfection 
with miR-195 mimic (P < 0.05, Figure 3B). 
Furthermore, the expression of CCNE1 in miR-
195 mimic-transfected LNCaP cells was mark-
edly down-regulated in relation to that in mimic 
NC-transfected LNCaP cells (P < 0.01), while 
the CCNE1 expression in miR-195 inhibitor-
transfected LNCaP cells was up-regulated com-
pared to that in inhibitor-NC-transfected LNCaP 
cells (P < 0.01) (Figure 3C, 3D). These data 
indicated that CCNE1 was negatively regulated 
by miR-195.

miR-195 regulated the apoptosis and autopha-
gy of LNCaP cells by targeting CCNE1

The expression of CCNE1 was further overex-
pressed and suppressed in LNCaP cells. As 
presented in Figure 4A, 4B, the expression of 
CCNE1 was significantly increased in pcDNA-

CCNE1 group compared to that in pcDNA3.1 
group (P < 0.001) and dramatically decreased 
in si-CCNE1 group relative to that in si-NC group 
(P < 0.001), indicating that the transfection effi-
ciency was high. In addition, we found that over-
expression of miR-195 promoted the apoptosis 
(P < 0.01, Figure 4C, 4D), and autophagy 
(Figure 4E) of LNCaP cells, which were signifi-
cantly reversed after overexpression of miR-
195 and CCNE1 concurrently (Figure 4C-E).

The association of SNHG12/miR-195/CCNE1 
axis and activation of PI3K/AKT/mTOR path-
way

To explore the downstream regulatory mecha-
nism of SNHG12/miR-195/CCNE1 axis, the 
expression of PI3K/AKT/mTOR pathway-related 
proteins was explored after dysregulation of 
SNHG12, miR-195, and/or CCNE1. The results 
showed that suppression of SNHG12 resulted 
in the increased expression of PTEN and the 
decreased expression of p-PI3K, p-AKT, and 
p-mTOR, indicating that suppression of SNHG12 
inhibited the activation of PI3K/AKT/mTOR 
pathway (Figure 4F). Moreover, concurrent sup-
pression of SNHG12 and miR-195 could reverse 
the inhibitory effect of suppression of SNHG12 
alone on the activation of PI3K/AKT/mTOR 
pathway, which was further reversed after sup-
pression of SNHG12, miR-195 and CCNE1 at 
the same time (Figure 4F).

Discussion

LncRNAs are shown to participate in a wide 
range of cellular and pathologic processes. 
Especially in PCa, a growing number of lncRNAs 
have been identified to regulate tumor occur-
rence and progression, such as MALAT1 [22], 
GAS5 [23], NEAT1 [24], and PCAT-1 [25]. In the 
present study, we found that SNHG12 expres-
sion was up-regulated in the serum of PCa 
patients as well as PCa cells, and suppression 
of SNHG12 inhibited viability and promoted 
apoptosis and autophagy of LNCaP cells. 
Moreover, SNHG12 was found to act as a 
ceRNA to regulate CCNE1 expression by spong-
ing miR-195. Furthermore, suppression of 
SNHG12 inhibited the activation of PI3K/AKT/
mTOR pathway. 

Consistent with previous findings [15, 16], we 
also found that SNHG12 expression was up-
regulated in the serum of PCa patients as well 
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as PCa cells, and the high expression of 
SNHG12 is correlated to the poor prognosis of 
PCa patients. Moreover, suppression of 
SNHG12 promoted apoptosis and autophagy of 
LNCaP cells. Apoptosis is a programmed cell 
death, which maintains the balance of survival 
and death in living organisms [26, 27]. 
Autophagy is also an evolutionarily conserved 
catabolic process that plays either pro-death or 
pro-survival role in living organisms according 
to the cell type and strength of specific stimuli 
[28, 29]. Based on our results, we speculate 
that SNHG12 may play an oncogenic role in 
PCa. In line with previous studies [20, 21], we 
also found that SNHG12 could sponge miR-
195. It has been confirmed that miR-195 plays 
a tumor suppressive role in PCa cells [30]. 
Zhang et al. also revealed that down-regulation 
of miR-195 contributed to the progression of 
PCa [31]. Cai et al. confirmed that miR-195 
could suppress PCs cell proliferation and angio-
genesis [32]. In this study, there was a negative 
regulatory relationship between SNHG12 and 
miR-195, suggesting that SNHG12 may contrib-
ute to PCa via negative regulation of miR-195. 
Furthermore, CCNE1 was verified as a function-
al target of miR-195. A previous study has 
shown that overexpression of CCNE1 is related 
to poor survival in ovarian cancer and CCNE1-
targeted therapy may be a promising strategy 
for ovarian cancer patients with CCNE1 amplifi-
cation [33]. CCNE1 is also confirmed to play an 
oncogenic role in other cancers [34, 35]. Our 
results showed that miR-195 regulated the 
apoptosis and autophagy of LNCaP cells by tar-
geting CCNE1. Although the role of CCNE1 in 
PCa has not been fully investigated, our results 
suggest that CCNE1 may be a downstream tar-
get of SNHG12/miR-195 to mediate the devel-
opment of PCa.

Furthermore, PI3K/AKT/mTOR pathway is wide-
ly implicated in the regulation of cellular pro-
cesses, such as cell proliferation and apoptosis 
[36, 37]. PI3K/AKT/mTOR signaling is found to 
be upregulated in 30-50% of PCa and deregula-
tion of the PI3K pathway is increasingly involved 
in the carcinogenesis of PCa [38, 39]. In addi-
tion, PI3K/AKT/mTOR pathway inhibitors are 
shown to have an ability of enhancing radiosen-
sitivity in radioresistant prostate cancer cells 
via regulating apoptosis and autophagy [40]. In 
this study, suppression of SNHG12 inhibited 
the activation of PI3K/AKT/mTOR pathway, 
which was reversed by concurrent suppression 
of SNHG12 and miR-195. Based on the impor-

tant role of PI3K/Akt/mTOR pathway in PCa, we 
speculate that PI3K/Akt/mTOR pathway is a 
downstream mechanism of SNHG12 in regulat-
ing PCa development.

In conclusion, our results revealed that up-reg-
ulation of SNHG12 promoted the viability and 
inhibited apoptosis and autophagy of PCa cells 
via regulating CCNE1 expression by sponging 
miR-195. Moreover, activation of PI3K/AKT/
mTOR pathway is a key downstream mecha-
nism regulating SNHG12-mediated the devel-
opment of PCa. Our findings provide an experi-
mental basis for targeted therapy of PCa.
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