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Abstract: Accumulating evidence has demonstrated the vital roles of long noncoding RNA (lncRNA) in prostate can-
cer (PCa). However, the function of small nucleolar RNA host gene 20 (SNHG20) in PCa is still unclear. This study 
aimed to investigate the expression and biological roles of SNHG20 in PCa. SNHG20 expression in PCa tissues and 
cell lines was measured by quantitative real-time PCR. Gain and loss-of-function experiments were conducted to 
examine the biological roles of SNHG20. Bioinformatic analysis and dual luciferase activity reporter assay were con-
ducted to establish the SNHG20/secretoglobin family 2A member 1 (SCGB2A1)/microRNA-6516-5p (miR-6516-5p) 
axis. SHNG20 expression was found markedly elevated in PCa tissues and cell lines. Overexpression of SNHG20 
increased PCa cell proliferation and invasion but decreased cell apoptosis. However, the knockdown of SNHG20 
will cause the opposite effects on PCa cell behaviors. Mechanical investigation found that SNHG20 could relive the 
SCGB2A1 protein expression via sponging the miR-6516-5p, acting as miRNA sponge. In conclusion, this finding 
suggests the SNHG20/miR-6516-5p/SCGB2A1 axis in PCa tumorigenesis, providing the novel insight for the mo-
lecular mechanism of PCa.
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Introduction

In a worldwide range, newly diagnosed cases 
for prostate cancer (PCa) is 1,276,106 in 2018, 
while the death numbers caused by this cancer 
type is 358,989 [1]. The incidence rate of PCa 
is increasing in recent years due to the econo-
my development and screening methods im- 
provement [2]. The treatment outcome for pa- 
tients at early stages is relatively good due to 
the advances in treatment strategies, however, 
the treatment for patients at advanced stages 
is inefficient [3, 4]. Hence, further revealing the 
mechanisms behind PCa progression is essen-
tial to identify novel targets for PCa treatment.

Non-coding RNAs including long non-coding 
RNAs (lncRNAs), microRNAs (miRNAs), circular 
RNAs (circRNAs), and pseudogenes were used 
to be regarded as “junk genes” but their crucial 
roles in regulating human cancer development 
have been appreciated in recent years [5-7]. 
lncRNAs are a group of RNAs with the average 

length of around 200 nucleotides [8]. The com-
peting endogenous RNA (ceRNA) theory raised 
by Salmena has provided novel insight into the 
action mechanism of lncRNA and open a new 
window to investigate the function of lncRNA in 
cancer [9].

Long noncoding RNA small nucleolar RNA host 
gene 20 (SNHG20) has been generally recog-
nized as crucial regulators in cancer progres-
sion. In epithelial ovarian cancer, high SNHG20 
was found correlated with shorter overall sur-
vival and could be used as indicator for progno-
sis prediction [10]. In non-small cell lung can-
cer, it was found the knockdown of SNHG20 
was able to suppress cancer cell growth and 
metastasis but promote apoptosis via function-
ing as miR-154 sponge [11]. In gastric cancer, 
SNHG20 was shown to be higher expressed in 
cancer tissues compared with normal tissues 
[12]. The knockdown of SNHG20 decreases tu- 
mor growth in vitro and in vivo through regulat-
ing the miR-495-3p/zinc finger protein X-linked 
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axis [12]. However, it was not determined whe- 
ther SNHG20 has a role in PCa.

Our study was aimed to investigate the clinical 
significance of SNHG20 in PCa. Our results indi-
cated that SNHG20 was upregulated in PCa tis-
sues and cell lines. The knockdown of SNHG20 
was able to inhibit cell growth and invasion but 
promote apoptosis by regulating the miR-6516-
5p/secretoglobin family 2A member 1 (SCGB2- 
A1), while the overexpression of SNHG20 cau- 
sed the opposite effects. These findings sug-
gested a potential target for the treatment of 
PCa.

Materials and methods

Human tissues

PCa tissues and adjacent nontumor samples 
were obtained from 68 patients who under-
went treatment at Peking Union Medical Col- 
lege Hospital, Chinese Academy of Medical 
Sciences (Beijing, China). The patient who has 
ever received anti-cancer treatment was ex- 
cluded from this study. These tissues were 
snap-frozen in liquid nitrogen and storage at 
-80°C for usage. The study protocol was ap- 
proved by the ethic committee of Peking Union 
Medical College Hospital, Chinese Academy of 
Medical Sciences and written informed con-
sent has been obtained from all participates. 

Cell culture

PCa cell lines PC3 and DU145 were purchas- 
ed at American Type Culture Collection (ATCC, 
Manassas, VA, USA). Normal human prostate 
epithelial cells (NHPE) were purchased from 
Lonza, Inc. (Allendale, NJ, USA) and cultured in 
prostate epithelial cell growth medium con- 
taining growth medium and supplements (cat 
no. CC-3166; Lonza, Inc.). PCa cells were main-
tained in RPMI-1640 medium (Invitrogen) sup-
plemented with 10% fetal bovine serum (FBS, 
Invitrogen). All these cells were incubated in a 
37°C humidified atmosphere containing 5% of 
CO2.

Cell transfection

Oligonucleotides targeting SNHG20 (sh-SNHG- 
20, 5’-GCCACUCACAAGAGUGUAUTT-3’) and the 
negative control (sh-NC, 5’-GGATACGGAGTA- 
CTATAGC-3’) were synthesized by RiboBio Inc. 
(Guangzhou, China). Full-length of SNHG20  

was PCR amplified and cloned into pcDNA3.1 
to name it as pSNHG20. miR-6516-5p mi- 
mic (5’-UUUGCAGUAACAGGUGUGAGCA-3’) and 
NC-mimic (5’-AGGAUGUAUUACCAGUGAUCGG- 
3’) was purchased from RiboBio Inc. (Guang- 
zhou, China). The pcDNA3.1 contains the open 
reading frame of SCGB2A1 (pSCGB2A1) was 
obtained from GenScript (Nanjing, China). Cell 
transfection was conducted with the help of 
Lipofectamine 3000 (Invitrogen).

RNA extraction and quantitative real-time PCR 
(qRT-PCR) analysis

Total RNA was extracted using TRIzol Regent 
(Invitrogen) according to the manufacturer’s 
protocol. After quantified with NanoDrop 2000 
(Thermo Fisher Scientifc, Inc.), equal amount  
of RNA sample was reverse transcribed into 
complementary DNA using M-MLV Reverse 
Transcriptase (Promega, Madison, WI, USA). 
miR-6516-5p expression level was detected 
using SYBR PrimeScript miRNA RT PCR kit 
(Takara, Dalian, China) at ABI 7500 system 
(Applied Biosystems, Foster City, CA, USA) with 
U6 snRNA as internal control. SNHG20 and 
SCGB2A1 expression levels were measured 
using SYBR Green Master Mixture (Takara) at 
ABI 7500 system (Applied Biosystems) with 
GAPDH as internal control. The primers used 
were as follows: SNHG20 forward 5’-AGCAA- 
CCACTATTTTCTTCC-3’, reverse 5’-CCTTGGCGT- 
GTATCTATTTAT-3’; SCGB2A1 forward 5’-GCTAT- 
GCCAGTGGTTCTGGCT-3’, reverse 5’-CGTCATC- 
ACGCAACATTTTCAAC-3’; GAPDH forward 5’-TC- 
GGAGTCAACGGATTTGGT-3’, reverse 5’-TTGGA- 
GGGATCTCGCTCCT-3’; miR-6516-5p forward  
5’-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGT- 
TGAGTGCTCACA-3’, reverse 5’-ACACTCCAGCT- 
GGGTTTGCAGTAACAGGTG-3’; U6 snRNA for-
ward 5’-CTCGCTTCGGCAGCACA-3’, reverse 5’- 
AACGCTTCACGAATTTGCGT-3’. Relative expres-
sion levels were calculated with 2-ΔΔCt method. 
The thermocycling conditions were as follows: 
95°C for 3 min, followed by 40 cycles of 95°C 
for 12 s and 58°C for 40 s.

Western blot assay

Total protein was isolated using radio immuno-
precipitation assay lysis buffer (Beyotime, Hai- 
men, Jiangsu, China). After quantified with bici- 
nchoninic acid kit (Beyotime), equal amount of 
protein sample was separated at 10% SDS-
PAGE and then transferred to polyvinylidene 
fluoride membrane (Beyotime). Membranes 
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were blocked with 5% fat-free milk and then 
incubated with antibodies against SCGB2A1 
(ab251853) and glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH, ab181602, Abcam, 
Cambridhe, MA, USA) at 4°C for overnight. 
Then, membranes were incubated with horse-
radish peroxidase-conjugated secondary anti-
body (ab6721, Abcam). Protein signals were 
visualized with BeyoECL kit (Beyotime) and 
quantitated with Quantity One software (Bio-
Rad, Hercules, CA, USA).

Cell proliferation assay

Cell counting kit-8 (CCK-8, Beyotime) assay was 
performed to measure cell proliferation rate. 
5,000 cells were seeded into 96-well plates 
and incubated until 10 μl CCK-8 reagent was 
added to the well at various time points. Optical 
density was measured at 450 nm with micro-
plate reader (Bio-Rad) after further incubation 
for another 4 h.

Transwell invasion assay

Cell invasion was measured using 24-well 
chamber with 8-μm pore size polycarbonate 
membrane (Corning, NY, USA) and pre-coated 
with Matrigel (BD Biosciences, San Jose, CA, 
USA). 5 × 104 cells in serum-free medium were 
seeded into the upper chamber, while the me- 
dium containing 10% FBS was added to the 
lower chamber. After transfection for 48 h, the 
invasive cells were fixed with 4% paraformal- 
dehyde, stained with 0.5% crystal violet, and 
counted in 5 randomly fields using Olympus 
fluorescence microscope (Tokyo, Japan).

Cell apoptosis assay

Cell apoptosis was determined using the fluo-
rescein isothiocyanate (FITC) Annexin V-propi- 
dium iodide (PI) Kit purchased from Beyotime 
(Haime Jiangsu, China). Cell apoptosis rate was 
analyzed at FACSCalibur flow cytometer (BD 
Biosciences) according to the manufacturer’s 
protocol and the cells with FITC Annexin V 
stained were regarded to undergoing apopto- 
sis.

Luciferase reporter assay

Targets of SNHG20 were predicted by LncBase 
Predicted v2 and found miR-6516-5p contains 
binding site for SNHG20. Target of miR-6526-
5p was analyzed at TargetScan (http://www.

targetscan.org/vert_72/) and found SCGB2A1 
was a potential target. Sequences contain  
wild-type or mutant SNHG20 and SCGB2A1 
were synthesized by GenScript and inserted 
into pmirGLO vector (Promega, Madison, WI, 
USA) to generate wt SNHG20/SCGB2A1 or mt 
SNHG20/SCGB2A1. Cells were co-transfected 
with miRNAs and these luciferase vectors. Fol- 
lowing transfection for 48 h, relative luciferase 
activity was measured using dual luciferase 
reporter assay system (Promega) using Renilla 
luciferase activity as internal control.

Statistical analysis

Data were presented as the mean ± standard 
deviation (SD) from at least three independ- 
ent experiments with similar results. Two-tailed 
Student’s t-test and one-way analysis of vari-
ance followed by Tukey post hoc test were con-
ducted to determine differences in groups. 
Pearson’s correlation analysis was performed 
to analyze the correlation of miR-6516-5p and 
SNHG20 or SCGB2A1. P < 0.05 was regarded 
as statistically significant difference.

Results

SNHG20 was upregulated in PCa tissues and 
cell lines

To examine the expression of SNHG20, we 
examined SNHG20 expression in PCa tissues 
and cell lines. We found SNHG20 expression 
level was significantly higher in PCa tumor tis-
sues compared with normal tissues (Figure 
1A). Moreover, SNHG20 was statistically signifi-
cant increased in PCa cell lines compared with 
the NHPE cell line (Figure 1B). These results 
indicated SNHG20 plays a pivotal role in PCa.

Overexpression of SNHG20 promotes cell pro-
liferation and invasion but inhibits apoptosis

To further investigated the role of SNHG20 in 
PCa, pSNHG20 was transfected into DU145 
cell line whose expression was relatively high  
in PCa cells investigated. qRT-PCR analysis re- 
sult showed that SNHG20 was increased by 
pSNHG20 (Figure 2A). CCK-8 assay showed 
that cell growth rate was increased by pSN- 
HG20 (Figure 2B). Transwell invasion assay re- 
vealed that cell invasion was also stimulated  
by pSNHG20 (Figure 2C). Cell apoptosis assay 
demonstrated that cell apoptosis rate was sig-
nificantly inhibited by pSNHG20 (Figure 2D).
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Knockdown of SNHG20 inhibits cell prolifera-
tion and invasion but promotes apoptosis

Next, sh-SNHG20 was transfected into PC3 cell 
line whose expression was relatively low in PCa 
cells investigated. Not surprisingly, SNHG20 ex- 
pression level was decreased by sh-SNHG20  
in comparison with sh-NC (Figure 3A). In vitro 
experiments demonstrated that the knock-
down of SNHG20 inhibits PC3 cell proliferation 
and invasion but promotes apoptosis (Figure 
3B-D).

SCGB2A1, a downstream target of SNHG20/
miR-6516-5p, regulates PCa cell behaviors

Furthermore, we are interested to validate the 
connection among SNHG20/miR-6516-5p/
SCGB2A1. Western blot showed the co-expres-
sion of pSNHG20 or pSCGB2A1 and miR-6516-
5p mimic could reverse the effect of miR-6516-
5p mimic on SCGB2A1 expression (Figure 6A). 
We found miR-6516-5p mimic transfection 
decreased PCa cell proliferation, invasion but 
promotes apoptosis (Figure 6B-D). Importantly, 

Figure 1. SNHG20 expression was elevated in PCa (A) tissues and (B) cell 
lines as examined by qRT-PCR. SNHG20: small nucleolar RNA host gene 20; 
PCa: prostate cancer; qRT-PCR: quantitative real-time PCR.

Figure 2. Overexpression of SNHG20 promotes PCa cell proliferation and in-
vasion but inhibits apoptosis. (A) SNHG20 expression, (B) Cell proliferation, 
(C) Cell invasion, and (D) Cell apoptosis in PCa cells transfected with pSN-
HG20 or pcDNA3.1 transfection. SNHG20: small nucleolar RNA host gene 
20; PCa: prostate cancer.

SNHG20 regulate miR-6516-
5p expression in PCa

Bioinformatic analysis show- 
ed SNHG20 processes a pos-
sible binding site for miR-
6516-5p (Figure 4A). Lucifer- 
ase activity reporter assay 
showed that luciferase ac- 
tivity was significantly inhibit-
ed by miR-6516-5p mimic in 
cells transfected with wt 
SNHG20 (Figure 4B). qRT-
PCR analysis result showed 
miR-6516-5p expression was 
decreased in PCa cell lines 
compared with the normal 
cell line (Figure 4C). Further 
analysis on PCa tissues reve- 
aled that SNHG20 and miR-
6516-5p expression was in- 
versely correlated (Figure 4D).

miR-6516-5p regulates 
SCGB2A1 expression in PCa

Next, we searched for the  
targets of miR-6516-5p and 
found SCGB2A1 was a po- 
tential target (Figure 5A). Lu- 
ciferase activity reporter as- 
say showed that overexpres-
sion of miR-6516-5p inhibi- 
ted the luciferase activity in 
cells transfected with wt SC- 
GB2A1 (Figure 5B). Western 
blot showed that SCGB2A1 
expression was increased in 
PCa cells compared with  
normal cell line (Figure 5C). 
Pearson’s correlation showed 
miR-6516-5p and SCGB2A1 
expression was also negative-
ly correlated (Figure 5D).
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we found the effects of miR-
6516-5p could be partially re- 
versed by pSNHG20 or pSCG-
B2A1 (Figure 6B-D). These re- 
sults indicated that SNHG20/
miR-6516-5p/SCGB2A1 axis 
functions as crucial roles in 
regulating PCa cell behaviors.

Discussion

In recent years, the impor-
tance of lncRNAs in regula- 
ting cancer progression has 
attracted increasingly atten-
tions since they can regulate 
almost all the hallmarks of 
cancers [13]. lncRNA SNHG- 
20 has been identified to be 
an oncogenic molecular in 
several human cancers in- 
cluding epithelial ovarian can-
cer, non-small cell lung can-
cer, and gastric cancer [10-
12]. However, the biological 
roles of SNHG20 in PCa re- 
main unclear. 

In this present study, we en- 
rolled PCa patients into this 
study and examined the ex- 
pression of SNHG20 using 
qRT-PCR. The results showed 
that SNHG20 expression was 
upregulated in PCa tissues. In 
addition, SNHG20 expression 
was also higher in PCa cell 
lines than in the normal cell 
line. These results indicated 
that SNHG20 may have a cru-

Figure 3. Knockdown of SNHG20 inhibits PCa cell proliferation and invasion 
but promotes apoptosis. (A) SNHG20 expression, (B) Cell proliferation, (C) 
Cell invasion, and (D) Cell apoptosis in PCa cells transfected with sh-SNHG20 
or sh-NC transfection. SNHG20: small nucleolar RNA host gene 20; PCa: 
prostate cancer; sh-SHNG20: small hairpin RNA targeting SNHG20; sh-NC: 
negative control small hairpin RNA.

Figure 4. SNHG20 directly target 
miR-6516-5p in PCa. A. A puta-
tive binding site of SNHG20 was 
located in miR-6516-5p. B. Trans-
fection miR-6516-5p mimic de-
creased the luciferase activity of 
wt SNHG20 but not mt SNHG20. 
C. miR-6516-5p expression in 
PCa cell lines and normal cell 
line. D. Correlation of SNHG20 
and miR-6516-5p in PCa tis-
sues. SNHG20: small nucleolar 
RNA host gene 20; PCa: prostate 
cancer; miR-6516-5p: microRNA-
6516-5p; wt: wild-type; mt: mu-
tant; NC-mimic: negative control 
miR-6516-5p mimic.
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cial role in PCa. The vital role 
of lncRNA in cancers are in- 
creasingly investigated in de- 
cades [14, 15]. For example, 
knockdown lncRNA HCP5 ex- 
erted anti-tumor effect via 
sponging miR-128-3p in ana-
plastic thyroid cancer [14]. 
Besides, increased metasta-
sis associated lung adenocar-
cinoma transcript 1 was iden-
tified in colorectal cancer, and 
functioned as ceRNA via tar-
geting miR-15/RUNX family 
transcription factor 2 to pro-
mote cancer metastasis [15].

To examine the biological 
roles of SNHG20 in PCa,  
gain-of and loss-of function 
experiments were conducted 
in PCa cell lines. As expected, 
the pSNHG20 transfection 
increased, while sh-SNHG20 
transfection decreased SN- 
HG20 expression in PCa cell 
lines. Functional assays reve- 
aled that overexpression of 
SNHG20 was able to increase 
PCa cell proliferation, inva-
sion but decrease cell apop- 
tosis. Not surprisingly, the 
knockdown of SNHG20 cau- 
sed exactly the opposite ef- 
fects on PCa cell behaviors. 
Therefore, we confirmed that 
lncRNA SNHG20 could pro-
mote the PCa progression.

To data, it has been appreci-
ated that lncRNA mainly ex- 
ert its role through a ceRNA 
theory [9]. In our study, we 
found miR-6516-5p acted as 
the downstream of SNHG20, 
meanwhile, the miR-6516-5p 

Figure 5. miR-6516-5p directly target SCGB2A1 in PCa. A. A putative binding 
site of SCGB2A1 was located in miR-6516-5p. B. Transfection miR-6516-5p 
mimic decreased the luciferase activity of wt SCGB2A1 but not mt SCGB2A1. 
C. SCGB2A1 expression in PCa cell lines and normal cell line. D. Correlation 
of SCGB2A1 and miR-6516-5p in PCa tissues. SCGB2A1: secretoglobin fam-
ily 2A member 1; PCa: prostate cancer; miR-6516-5p: microRNA-6516-5p; 
wt: wild-type; mt: mutant; NC-mimic: negative control miR-6516-5p mimic.

Figure 6. Role of SNHG20/miR-6516-5p/SCGB2A1 axis in regulating PCa cell 
behaviors. (A) SCGB2A1 expression, (B) Cell proliferation, (C) Cell invasion, 

and (D) Cell apoptosis in PCa 
cell lines transfected with miR-
6516-5p mimic, pSNHG20+ miR-
6516-5p mimic, or pSCGB2A1+ 
miR-6516-5p mimic transfection. 
SNHG20: small nucleolar RNA 
host gene 20; SCGB2A1: secreto-
globin family 2A member 1; PCa: 
prostate cancer; miR-6516-5p: 
microRNA-6516-5p.
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could also bind with the 3’-UTR of SCGB2A1 
through bioinformatic analyses, dual-luciferase 
activity reporter assay, and correlation analy- 
sis on PCa tissues. SCGB2A1 expression was 
found elevated in colorectal cancer, and force 
the expression of SCGB2A1 promoted cancer 
cell proliferation and decreased the chemosen-
sitivity to 5-fluorouracil and oxaliplatin [16]. 
Besides that, SCGB2A1 was revealed to be 
abnormally expressed in ovarian cancer [17]. 
Functional assays showed that SCGB2A1 func-
tions a downstream target of SNHG20/miR-
6516-5p to regulate PCa cell behaviors. Fur- 
ther experiments using in vivo animal model 
should be performed to validate the associa-
tion among SNHG20/miR-6516-5p/SCGB2A1, 
which we believe will provide more evidence to 
regard SNHG20 as a treatment target for PCa 
in clinical.

Conclusions

In conclusion, our study revealed that SNHG20 
functions as oncogenic role to promote PCa 
progression via targeting miR-6516-5p/SCGB- 
2A1. This work highlighted the importance role 
of SNHG20/miR-6516-5p/SCGB2A1 in PCa. 
These results suggested that SNHG20 might 
be a target for PCa treatment.
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