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Abstract. – OBJECTIVE:  To investigate the 
influences of long non-coding ribonucleic ac-
id (lncRNA) small nucleolar RNA host gene 20 
(SNHG20) on proliferation and apoptosis of gli-
oma cells, and further explore the mechanism 
of SNHG20 in the incidence and development 
of glioma. 

PATIENTS AND METHODS: A total of 80 cas-
es of glioma specimens and 80 cases of pa-
ra-carcinoma specimens were collected, and 
the expression level of SNHG20 was detected 
via reverse transcription-polymerase chain re-
action (RT-PCR). The human glioma U118 and 
U251 cell lines with the stable knockout of SN-
HG20 were constructed using the small-interfer-
ing RNA (siRNA). The influence of SNHG20 on 
proliferation of human glioma cells was detected 
via cell counting kit-8 (CCK-8), and the protein 
expression levels of apoptosis-related genes, 
B-cell lymphoma-2 (Bcl-2) and Bcl-2 associated 
X protein (Bax), were also detected. The apop-
tosis level of glioma cells was detected in blank 
control group and SNHG20 siRNA group using 
the terminal deoxynucleotidyl transferase-me-
diated dUTP nick end labeling (TUNEL) tech-
nique. At the same time, the expression levels 
of proteins related to the phosphatase and ten-
sin homolog deleted on chromosome ten/phos-
phatidylinositol 3-hydroxy kinase/protein kinase 
B (PTEN/PI3K/AKT) signaling pathway were de-
tected via Western blotting. 

RESULTS: The expression level of SNHG20 
messenger RNA (mRNA) in glioma tissues was 
significantly higher than that in para-carcinoma 
tissues (p<0.05). After the inhibition of siRNA on 
SNHG20, the proliferation of U118 and U251 cells 
was significantly inhibited, and the expression 
of Bax was significantly up-regulated, while that 
of Bcl-2 was down-regulated. The TUNEL results 
showed that the number of apoptotic cells in SN-

HG20 siRNA group was about 12 times that in 
control group (p<0.05). After SNHG20 knockout, 
the protein expressions in the PTEN/PI3K/AKT 
signaling pathway were inhibited (p<0.05). 

CONCLUSIONS: Inhibiting the SNHG20 ex-
pression in glioma cells can increase the apop-
tosis of glioma cells, and the mechanism may 
be related to the SNHG20-mediated PTEN/PI3K/
AKT signaling pathway.

Key Words:
Glioma, SNHG20, Proliferation, Apoptosis, PTEN/

PI3K/AKT.

Introduction

The incidence rate of central nervous system 
tumor, one of the ten most common tumors in 
China, has shown an increasing trend year by 
year1,2. Glioma is the most common primary 
malignant tumor in all types of brain tumors3,4. 
Currently, surgical resection supplemented by 
chemoradiotherapy is dominated in the treatment 
of glioma, but the efficacy is unsatisfactory. De-
spite of the constant optimization of therapeutic 
regimen of glioma, the 2-year prognosis of most 
patients with malignant glioma is still very poor5. 
Long non-coding ribonucleic acids (lncRNAs) 
are a group of RNAs with more than 200 nucle-
otides in length and without the protein-enco-
ding ability. These lncRNA transcripts used to 
be considered as simple transcriptional “noise” 
or “cloned product”6. With the rapid develop-
ment of molecular biology and genetics, the ro-
les of lncRNAs in tumor biology, such as proli-
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feration, apoptosis, angiogenesis and migration 
of tumor cells, have obtained more attention and 
these lncRNAs may act as oncogenes or cancer 
suppressor genes7, 8. For example, the expression 
of lncRNA small nucleolar RNA host gene 20 
(SNHG20) in liver cancer tissues is significantly 
up-regulated compared with that in para-carci-
noma tissues. The in-vitro experiments revealed 
that after SNHG20 knockout in liver cancer cells, 
the proliferation, migration and invasion of can-
cer cells are significantly inhibited9. In addition, 
lncRNA SNHG20 can promote the proliferation 
and migration of non-small cell lung cancer via 
epigenetic silencing of P21 expression10. Moreo-
ver, lncRNA SNHG20 can facilitate the incidence 
and development of bladder cancer through acti-
vating Wnt/β catenin11. These studies indicate that 
lncRNA SNHG20 plays an important role in the 
incidence and development of a variety of tumors, 
which mostly acts as an oncogene. However, the 
expression of lncRNA SNHG20 in glioma and its 
influences on the biological behaviors of glioma 
have not been reported yet.

In this study, the lncRNA SNHG20 messenger 
RNA (mRNA) expression in glioma specimens 
and para-carcinoma specimens was detected, 
and its correlation with clinical data of patients 
was analyzed. At the same time, the expression 
of lncRNA SNHG20 was inhibited in vitro in 
two kinds of different glioma cell lines, and its 
influences on the proliferation and apoptosis of 
glioma cells were detected. Finally, the expres-
sion of related pathways was detected to analyze 
its mechanism.

Patients and Methods

Tissue Specimens 
A total of 80 cases of glioma tissues and 80 ca-

ses of para-carcinoma tissues surgically resected 
in the Neurosurgery Department of our hospital 
from October 2016 to October 2017 were col-
lected. After the blood stains were washed away 
with normal saline, tissues were cut into pieces, 
placed into an Eppendorf (EP) tube and stored in 
a refrigerator at -80°C. All the above procedures 
were approved by the Medical Ethics Committee 
of Qianfoshan Hospital of Shandong University.

Materials 
Human glioma U118 and U251 cell lines were 

purchased from the Biological Research Institu-
te of the Chinese Academy of Sciences (Beijing, 

China). Phosphate-buffered saline (PBS), trypsin, 
fetal bovine serum (FBS) and 1640 medium were 
purchased from Gibco (Rockville, MD, USA). 
Small-interfering RNA (siRNA) was bought from 
Google Biology. U118 and U251 cells were cultu-
red in an incubator with 5% CO2 at 37°C, and then 
digested with 0.25% trypsin-ethylenediaminete-
traacetic acid (EDTA) and passaged when they 
fully covered the culture dish.

LncRNA SNHG20 Knockout
When human glioma cells were in the logari-

thmic growth phase, they were immediately dige-
sted and inoculated into a 6-well plate. After 12 h 
(70-80% cells were fused), the complete medium 
was discarded, and cells were washed with the 
serum-free medium for 2-3 times and starved in 
the incubator to realize the synchronous growth. 
SNHG20 was dissolved in RNase deionized wa-
ter to be prepared into transfection solution at a 
final concentration of 20 μmol/L. The cells were 
divided into three groups: Control group, nonsen-
se sequence group and SNHG20 siRNA group. 
The transfection solution already prepared was 
added into each well and fully mixed, followed 
by cell culture for another 6 h. Then the solution 
was replaced with complete medium again. The 
base sequences of SNHG20 siRNA and nonsense 
sequence are shown in Table I. 

Detection of Expression of Related 
Genes Via Reverse Transcription-Poly-
merase Chain Reaction (RT-PCR) 

(1) The total RNA was extracted from cells 
using the TRIzol method (Invitrogen, Carlsbad, 
CA, USA), the concentration and purity of RNA 
extracted were detected using an ultraviolet 
spectrophotometer, and the RNA with absorban-
ce (A)260/A280 of 1.8-2.0 could be used. (2) The 
mRNA was synthesized into complementary 
deoxyribonucleic acid (cDNA) through RT and 
stored in the refrigerator at -80°C. (3) RT-PCR 
system: 2.5 μL 10 × Buffer, 2 μL cDNA, 0.25 
μL forward primers (20 μmol/L), 0.25 μL rever-
se primers (20 μmol/L), 0.5 μL deoxy-ribonu-
cleotide triphosphates (10 mmol/L), 0.5 μL Taq 
enzymes (2×106 U/L) and 19 μL double distilled 
water. The amplification system of RT-PCR was 
the same as above.

Western Blotting 
(1) The culture solution in the medium was di-

scarded first, and cells were washed with PBS for 
3 times. (2) 1000 μL lysis buffer were added into 
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every dish and fully vibrated for 20 min. (3) The 
cells at the bottom of dish were scraped off using 
a brush and placed into the Eppendorf (EP) tube. 
(4) The cells collected were lysed using an ultra-
sonic pyrolyser for about 15 s. (5) After standing 
for 15 min, the cells were centrifuged at 12000 
rpm for 0.5 h. (6) The supernatant was taken and 
placed into the EP tube, the protein concentra-
tion was detected via ultraviolet spectrometry, 
and all the protein samples were quantified to 
be the same concentration. (7) The protein was 
sub-packaged and placed in the refrigerator at 
-80°C. After the total protein was extracted from 
cells, sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE) was performed. 
Next, the protein in the gel was transferred onto 
a polyvinylidene difluoride (PVDF) membrane 
(Millipore, Billerica, MA, USA) and incubated 
with the primary antibody at 4°C overnight, and 
then incubated again with the goat anti-rabbit 
secondary antibody in a dark place for 1 h. The 
protein band was scanned and quantified using 
the Odyssey scanner, and the level of protein to 
be detected was corrected using glyceraldehy-
de-3-phosphate dehydrogenase (GAPDH).

Terminal Deoxynucleotidyl Transferase-
Mediated dUDT Nick End Labeling
 (TUNEL) Staining of Glioma

The cells on the slide were fixed in fixing so-
lution for 1 h and washed with PBS for 3 times. 
After transparentization, TUNEL reagent was 
prepared and two negative controls were set. 
After staining, the cells were observed, photo-
graphed and counted under a fluorescence mi-
croscope.

Detection of Apoptosis Via Flow Cytometry
The cells in the logarithmic growth phase were 

taken, digested with 0.25% trypsin-EDTA, prepa-
red into the cell suspension and inoculated into 
the 6-well plate. The sample was loaded and the 
apoptosis rate was detected according to the ope-
ration steps in the Annexin V-FITC propidium 

iodide apoptosis assay kit (Beyotime, Shanghai, 
China).

Detection of Cell Proliferation in Each 
Group Via Cell Counting Kit-8 (CCK-8)

The cells in the logarithmic growth phase in 
each group were inoculated into the 96-well pla-
te and cultured in the incubator with 5% CO2 at 
37°C for 1, 2 and 3 d. After that, the medium was 
discarded, and the developing solution was pre-
pared in a dark place using the 1640 medium and 
CCK-8 (10:1) (Dojindo, Kumamoto, Japan). After 
that, 110 μL developing solution were added into 
each well, followed by incubation in the incubator 
at 37°C for 2 h. Finally, the absorbance in each 
group was measured at 450 nm using an ultravio-
let spectrophotometer.

Statistical Analysis 
Statistical Product and Service Solutions 

(SPSS) 22.0 software (IBM, Armonk, NY, USA) 
were used for the analysis of all data. Measure-
ment data were expressed as mean ± standard de-
viation, and t-test was used for the comparison of 
data between two groups. p<0.05 suggested that 
the difference was statistically significant.

Results

Expression of SNHG20 in Human Glioma 
Tissues and Its Correlation with 
Clinicopathological Features

The results of RT-PCR (Figure 1) revealed 
that the expression level of SNHG20 in human 
glioma tissues was significantly higher than that 
in para-carcinoma tissues, about 5 times that in 
para-carcinoma tissues on average (p<0.05). Ba-
sed on the expression level of SNHG20 in glioma 
tissues, the correlation between the SNHG20 le-
vel and the pathological features of patients was 
further analyzed. The results (Table II) showed 
that the expression level of SNHG20 had no si-

Table I. Base sequences of SNHG20 siRNA and nonsense sequence

siRNA  Base sequence

SNHG20 Forward 5’-GACUUACAAAGGGAUUUAUTT-3’
 Reverse 5’-GCGCACCCCCUUUACACCUCGC-3’

Nonsense sequence Forward 5’-UUCUUCGAAGCACTGCATCGAT-3’
 Reverse 5’-AACGATCGAUCGATCGGACACC-3’
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gnificant correlations with the age and gender of 
glioma patients (p>0.05), but had a significant po-
sitive correlation with the pathological grade of 
glioma (p<0.05).

Establishment of SNHG20-Knockout 
Cell Lines

At 24 h after SNHG20 siRNA was transfected 
into human glioma U118 and U251 cell lines, the 

expression level of lncRNA SNHG20 was detected 
via RT-PCR. The results (Figure 2) manifested that 
the expression of SNHG20 was significantly inhibi-
ted in both cell lines after transfection with SNHG20 
siRNA. The expression of SNHG20 in U118 cell li-
nes was about 15% of that in control group, while 
that in U251 cell lines was about 20% of that in con-
trol group (p<0.05), confirming that the SNHG20 
gene was successfully knock out in both cell lines.

Proliferative Activity of Cancer Cells at 
Different Time Points After SNHG20 
Knockout Detected Via CCK-8 

The influence of SNHG20 on the proliferative 
activity of the two kinds of glioma cell lines was 
detected using the CCK-8 kit. As shown in Figu-
re 3, the SNHG20 knockout significantly inhibi-
ted the proliferation of glioma U118 cell line at 
24 h, 48 h and 72 h, and there were statistically 
significant differences (p<0.05). The SNHG20 
knockout also significantly inhibited the proli-
feration of glioma U251 cell line at 48 h and 72 
h (p<0.05). The above results indicate that the 
SNHG20 knockout can inhibit the proliferation of 
human glioma cells.

DNA Replication In Glioma Cells 
Detected Using 5-Ethynyl-2’-Deoxyuri-
dine (EdU) 

The DNA replication in each group was de-
tected using the EdU kit. As shown in Figure 4, 
the DNA replication in the two kinds of glioma 

Figure 1. Expression of SNHG20 in human glioma tissues. 
Adjacent tissue: para-carcinoma tissue, glioma: glioma. 
*p<0.05 vs. Adjacent tissue.

Figure 2. Expression of SNHG20 in two kinds of glioma cell lines. Control: blank control group, SNHG20 siRNA: gene 
knockout group, Nonsense sequence: blank knockout group, *p<0.05 vs. control group.
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cell lines was remarkably inhibited after SNHG20 
knockout, further confirming the inhibitory effect 
of SNHG20 on proliferation of glioma cells.

Influence of SNHG20 Knockout 
on Apoptosis of Glioma Cells

At 24 h after SNHG20 was knocked out in glio-
ma cells, apoptosis-related proteins were detected 
via Western blotting, and the gray value of pro-
tein band was quantified using Odyssey software. 
After SNHG20 knockout, the level of pro-apop-
totic gene Bax was significantly increased in the 
two kinds of glioma cell lines (p<0.05), while the 
level of anti-apoptotic gene B-cell lymphoma-2 
(Bcl-2) was obviously inhibited (p<0.05) (Figure 
5), suggesting that SNHG20 knockout may pro-
mote apoptosis of cancer cells.

Influence of SNHG20 Knockout On 
Apoptosis Of Glioma Cells Detected Via 
Flow Cytometry

The apoptosis of U118 cells at 24 h after 
SNHG20 knockout was detected via flow cyto-
metry. The results revealed that the apoptosis 
rate of glioma cells in Control group, SNHG20 

siRNA group and Nonsense sequence group was 
(8.12±0.53)%, (31.21±1.23)% and (12.92±0.62)%, 
respectively (p<0.05) (Figure 6). The apoptosis 
rate of cancer cells in SNHG20 siRNA group was 
the highest, proving once again that SNHG20 
knockout can promote the apoptosis of glioma 
cells.

Influence of SNHG20 Knockout on Phos-
phatase and The Tensin Homolog Delet-
ed on Chromosome Ten/Phosphatidyli-
nositol 3-hydroxy Kinase/Protein Kinase 
B (PTEN/PI3K/AKT) Signaling Pathway

Considering the important role of the PTEN/
PI3K/AKT signaling pathway in the occurrence 
and development of glioma, whether the activa-
tion of PTEN/PI3K/AKT signaling pathway in 
glioma can be regulated by SNHG20 was de-
tected. Therefore, the PTEN/PI3K/AKT protein 
content in each group was quantified via Western 
blotting. After SNHG20 knockout, the activation 
of PTEN/PI3K/AKT was significantly inhibited 
in the two kinds of glioma cell lines (p<0.05) (Fi-
gure 7), further revealing that the regulatory ef-
fect of SNHG20 on proliferation and apoptosis of 

Table II. Correlation between expression level of SNHG20 and pathological features of glioma

  SNHG20 expression level 

Feature n High  Low  p

Age (years old)    
 >60 45 30 15 0.585
 ≤60 35 28 7 
Gender    
 Male  42 30 12 0.661
 Female  38 28 10 
WHO stage    
 I+II 15 5 10 0.031
 III+IV 65 49 16 

Figure 3. Proliferation of two kinds of glioma cell lines. Control: blank control group, SNHG20 siRNA: gene knockout 
group, Nonsense sequence: blank knockout group, *p<0.05 vs. control group.
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complex and involves a variety of pathogenic ge-
nes and proteins14, 15. Therefore, deeply exploring 
the pathogenesis of glioma is of important signifi-
cance in guiding the clinical treatment of glioma.

PTEN is a kind of protein with dual phosphata-
se activity, which can regulate multiple signaling 
pathways in cells16. Several investigations17,18 have 
demonstrated that the PTEN/PI3K/AKT signaling 
pathway activated can block the cell proliferation, 
metastasis and angiogenesis, while it can also 
exert an anti-tumor effect through inhibiting the 
cell cycle and inducing the apoptosis. In addition, 
PTEN can regulate the genes or proteins indepen-
dent of the PI3K/AKT signaling pathway or at the 
downstream of PI3K/AKT signaling pathway in 
a targeted manner to form a complex regulatory 
network in tumor cells, ultimately regulating the 
biological behaviors of tumor cells19.

glioma cells is exerted via inhibiting the PTEN/
PI3K/AKT signaling pathway.

Discussion 

Glioma, as the most common primary tumor 
of the central nervous system, can be divided 
into oligodendroglioma, astrocytoma and epen-
dymoma, the latter two of which account for ap-
proximately 70% of gliomas, with extremely high 
mortality and recurrence rates12, 13. Currently, the 
multi-disciplinary team (MDT) has been gradual-
ly formed in the treatment of glioma, including 
neurosurgery, chemoradiotherapy, pathology, 
imaging and many other disciplines13. The good 
effect has been achieved in the treatment of glio-
ma with MDT, but the pathogenesis of glioma is 

Figure 4. EdU staining of the two kinds of glioma cell lines. Control: blank control group, SNHG20 siRNA: gene knockout 
group.

Figure 5. Expressions of apoptosis-related genes in the two kinds of glioma cell lines. Control: blank control group, SNHG20 
siRNA: gene knockout group, Nonsense sequence: blank knockout group. 
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In recent years, the role of lncRNAs in the or-
ganism has been paid increasingly more attention 
to. They can regulate the important genes in the 
human body through participating in the transcrip-
tional regulation, post-transcriptional modification 
and epigenetic modification, thus affecting the life 
activities. In particular, lncRNAs exert an impor-
tant tumor-inhibiting or tumor-promoting effect in 
a variety of tumors20. For example, SNHG20 can 

promote the proliferation and migration of cervi-
cal cancer cells through regulating the miR-140-
5p-ADAM10 axis and the MEK/ERK signaling 
pathway21. SNHG20 can promote the incidence 
and development of ovarian cancer via activating 
the Wnt/β-catenin signaling pathway22. Moreover, 
SNHG20, through the targeted binding to EZH2, 
can inhibit the expression of p21 and regulate the 
GSK3β/β-catenin signaling pathway, ultimately fa-

Figure 6. Apoptosis of U118 cell line detected via flow cytometry. Control: blank control group, SNHG20 siRNA: gene 
knockout group, Nonsense sequence: blank knockout group.

Figure 7. Expression of the PTEN/PI3K/AKT pathway in the two kinds of glioma cell lines. Control: blank control group, 
SNHG20 siRNA: gene knockout group, Nonsense sequence: blank knockout group.
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cilitating the proliferation and invasion of gastric 
cancer cells23. The above research results reveal the 
important role of SNHG20 in the incidence and de-
velopment of tumor. In this study, the expression 
of SNHG20 in clinical glioma specimens was de-
tected first, and its correlation with clinical data of 
patients was analyzed. At the same time, two kinds 
of SNHG20-knockout glioma cell lines were suc-
cessfully constructed in the in-vitro experiments, 
and the influences of SNHG20 knockout on the 
biological behaviors of human glioma cell lines 
were also detected. It was revealed in this study for 
the first time that the expression level of SNHG20 
in human glioma tissues was significantly higher 
than that in para-carcinoma tissues. Besides, after 
the specific knockout of SNHG20 gene in glioma 
cells, the apoptosis was significantly increased, 
and the cell proliferation was inhibited. However, 
there are still some deficiencies in this experiment 
as follows: (1) conclusions are not verified via cell 
experiments. (2) The direct target of SNHG20 in 
glioma cells is not investigated. (3) The initiation 
pathways of apoptosis are different, so is the initia-
tion of apoptosis in glioma cells dependent on ex-
ternal pathways (such as Fas or tumor necrosis fac-
tor pathway) or mitochondrial pathway? The above 
scientific issues remain to be further explored. 

Conclusions

We showed that the lncRNA SNHG20-me-
diated PTEN/PI3K/AKT signaling pathway is a 
major mechanism of apoptosis and proliferation 
of glioma cells. SNHG20 inhibitors are expected 
to be targeted drugs for glioma in the future.
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