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small nucleolar
RNA host gene 1 (SNHG1) in glioma.
Materials and Methods: The expressio

on cell proliferation, invasion, and
Results: SNHG1 was overex;

of SNHG1 and up-regulation of miR-140-5p
ration and invasion of glioma, intensified the

I-down assay, and RIP determination all confirmed
aship between SNHG1 and miR-140-5p, and there was no

O"/miR-140-5p axis and its regulation on PI3K/AKT pathway might be
erapeutic direction to curb the malignant progression of glioma.
NHG1, glioma, miR-140-5p, PI3K/AKT pathway

Introduction

Glioma, as a malignant brain tumor, is a common cause of human brain cancer-
related death.'” According to the epidemiological statistics of glioma, the annual
incidence of glioma is approximately 3-8 cases per 100,000 individuals, and the
disease is more common in men and people aged 50-69.°>* Glioma is mainly
manifested as class II epileptic seizure, and the age of patients is a potential risk
factor for the increase of glioma grade.” Patients with glioma are mostly already in
the advanced stage at the time of diagnosis, and they are usually treated with
surgical resection, radiotherapy, and chemotherapy that is the most common treat-
ment for it.® However, glioma is located in the sensitive central nervous system, so
it is difficult for conventional chemotherapy to break through the blood-brain
barrier and exert its medicinal properties, which appeals for new treatment
strategies.” We would explore the potential therapeutic direction by studying the
molecular mechanism of glioma, which is of great value for the treatment of
glioma.
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Long non-coding RNA (IncRNA) is a therapeutic
direction for glioma. As an endogenous RNA molecule
that regulates gene expression at post-transcriptional level,
IncRNA is abnormally expressed in cases with one of
various diseases including glioma. Dynamic monitoring
on it is helpful for us to understand the progress of

8-10 carcinoma-

diseases. For example, urothelial
associated 1 (UCA1) can act as a carcinogen for non-
small cell lung cancer and promotes its development by
targeting miR-193a-3p, and dysregulation of growth-arrest
-specific transcript 5 (GASS) is involved in the resistance
mechanism of trastuzumab in human epidermal growth
factor receptor 2 (HER2) in patients with breast cancer.
In addition, IncRNA colon cancer-associated transcriptl
(CCAT1) is reported to be able to down-regulate miR-
181b to

glioma.""™"® LncRNA is also widely used in drug resis-

promote the malignant progression of
tance and clinical diagnosis of glioma. For instance, down-
regulation of IncRNA PVTTI is beneficial to increasing the
anti-drug resistance of paclitaxel in patients with glioma,
and IncRNA miR210HG has the potential to be a serum
indicator for diagnosis of glioma.'*'> Small nucleolar
RNA host gene 1 (SNHG1), as a member of the IncRN
family, is an oncogene of glioma. Its up-regulation o

indicates malignant progression of patients with glioma.

f human cancer, is also

of glioma.' '

Materials and Methods

Tissue Sample Collection
Normal brain tissues and glioma tissues were sampled

from patients who had signed informed consent forms.
The sampled glioma tissue specimens were assigned to
a glioma group (n=40), including 22 cases in grade I/II
and 18 cases in grade III/IV, and sampled normal brain

tissue specimens were as assigned to a normal group
(n=30). The normal brain tissues were non-tumor brain
tissues, which were sampled from patients with cranio-
cerebral injury who had undergone partial resection of
brain tissues. Those specimens were sampled from
December 2016 to December 2018, and the general
data including sex and age of the two groups were
comparable (P<0.05). The experiment was approved by
the Ethics Committee of Hainan People’s Hospital, and
operations and tissue storing were carried out in accor-
dance with corresponding standards

Cell Culturing

Human glioma cell lines (L
normal glial cells
C0098632A65190,
Engineering Co.

iR-140-5p overexpression sequence (mimics), miR-140-
inhibition sequence (inhibitor), miR negative control
(miR-NC), targetedly inhibited SNHG1 RNA (si-SNHG1),
targetedly overexpressed SNHG1 RNA (SNHG1), and
negative control RNA (si-NC) were transfected into
human glioma cells by a Lipofectamine™ 2000 Kit
(11668, Biomics Biotechnologies Co., Ltd., Nantong,
China) in strict accordance with the kit instructions.

gRT-PCR Assay

Total RNA was extracted from collected glioma tissues
and cells with a TRIzol Kit (KLO058, Kanglang
Biotechnology Co., Ltd., Shanghai, China), and cDNA
was synthesized using a Bio-Rad Ssofast EvaGreen
Supermix Kit (1725202, Yihui Biological Technology
Co. Ltd., Shanghai, China) and Stepone Plus fluorescence
ration PCR instrument (Biocytocare Biotechnology Co.,
Ltd., Beijing, China). All primers were designed and
synthesized by Shanghai Qiantu Biotechnology Co., Ltd.
U6 and B-Actin were taken as internal references for
miRNA and mRNA, respectively, and data of this experi-
ment were analyzed using 2-AAct.
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Western Blotting Assay

Total RNA was extracted from cells in each group that
in RIPA (PS0033,
Biotechnology Co., Ltd., Shanghai, China), and its con-
centration was detected using a BCA Kit (LCB004, Junrui
Biotechnology Co., Ltd., Shanghai, China), and adjusted
to 4 pg/uL. Subsequently, the RNA was separated through

were cultured lysate Zhenyu

12% sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) (LM0053A, LMAI Bioengineering
Co., Ltd., Shanghai, China), and then transferred to
a  polyvinylidene  fluoride @ (PVDF)  membrane
(ISEQ00011, Chreagen Biotechnology Co., Ltd. Beijing,
China). The membrane was sealed with 5% skim milk (N/
A-433, Lianshuo Biological Technology Co., Ltd.,,
Shanghai, China) for 4 h, and then added with AMPK,
p-AMPK, PI3K, and p-AKT (1:1000) and B-Actin primary
antibody (1:1000), and sealed at 4°C overnight. The mem-
brane was washed to remove the primary antibody, and
then it was added with horseradish peroxidase-labeled goat
anti-rabbit secondary antibody (1:2000), and cultured at
37°C for 1 h. Antibodies were all purchased from Beijing
Future Biotechnology Co., Ltd. The chemiluminescence
was detected using an electrochemiluminescence (ECL)
kit (KL-16664, Kalang Biotechnology Co.,
Shanghai, China) and Bio-Rad ChemiDoc MP Im3
System (17001402, Yihui Biological Tg )
Ltd., Shanghai, China), and the grey
using Quantity One.

Cell Proliferation
The proliferation of glj

Shanghai, China
plates at 5x10°

with 20 p
for 24 ately. The plates were added
with 20 lilfoxide at each culturing time

group at 45( absorbance was determined using
a V-1200 spectrophotometer (Hengfei Biotechnology Co.,

Ltd., Shanghai, China).

Cell Apoptosis Assay

The transfected cells were digested by 0.25% trypsin
(T4049-500ML, Bei Ltd.,
Shanghai, China). After digestion, the cells were washed
with PBS twice, added with 100 pL binding buffer to

Nuo Biotechnology Co.,

prepare 1x10° cells/mL suspension. The suspension was
added with AnnexinV-FITC and PI in order, incubated at
room temperature in the dark for 5 min, and finally
detected using a flow cytometer (AMG0002051, Image
Trading Co., Ltd., Beijing, China). The experiment was
repeated three times, and the results were averaged.

Cell Invasion Assay

Glioma cells transfected for 24 h were collected and
seeded into 24-well plates at 3x10* cells/well. The cells
were digested with trypsin, ang cred to the upper
added with

e lower com-

partment was added
ted with 10% FB

The fragment for predicting binding locus of miR-140-5p
from SNHG1 was cloned into the pmirG10 dual-luciferase
miRNA target expression vector (Promega) to generate the
report vector SNHG1-wild type (SNHG1-Wt). With the aim
of mutating the putative binding loci of miR-140-5p in
SNHG1, the sequence of the putative binding loci was
replaced as indicated and named SNHG1 mutant (SNHG1-
Mut).

RNA Pull-Down Assay and RNA-Binding

Protein Immunoprecipitation (RIP) Assay
A RNeasy Mini Kit (DXT-74126, Kemin Biotechnology
Co., Ltd., Shanghai, China) was adopted to purify bioti-
nylated SNHG1. Then, 3pg purified SNHG1 was incu-
bated with 1 mg KNS-81 or KALS-1 cell lysate at 25°C
for 1 h, and then recovered by streptavidin-agarose beads.
Finally, RNA in the pull-down materials was quantita-
tively determined by qRT-PCR.

A Magna RIP (17-700,
Biotechnology Co, Ltd., Shanghai, China) was adopted for

reagent kit Fushen

RIP assay. The properties of antibody beads, including con-
nection and configuration, were evaluated. The thawed
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antibody beads were suspended and mixed with samples,
and incubated at 4°C overnight. The suspension was placed
on a magnetic frame and washed with buffer solution. After
immunoprecipitation, the co-immunoprecipitated products
were harvested. RNA was extracted and purified, and the
abundance of target RNA was determined.

Statistical Analyses

In this study, the collected data were analyzed statistically
and visualized into required figures using GraphPad 6.
Inter-group comparison was carried out by the independent
t test, and multi-group comparison was carried out by the
one-way ANOVA, expressed by F. Post hoc pairwise
comparison was carried out using the LSD-f test, and
comparison in expression at different time points was
carried out using the repeated measures analysis of var-
iance, and expressed by F, and Bonferroni post hoc test
was adopted. In addition, Pearson’s correlation analysis
was carried out. P < 0.05 indicates a significant difference.

Results
Clinical Value of SNHGI and miR-140-5p

in Glioma
Glioma tissues showed significantly higher SNH
expression and significantly lower miR-140-5p expressio

Progression of
Significantly higher S
81 and KALS-1

>
w

selected for transfection analysis. It came out that KNS-81
and KALS-1 cells transfected with si-SNHG1 showed
decreased SNHG1 expression and those transfected with
SNHGI showed increased SNHG1 expression. Cell beha-
vior studies revealed that compared with KNS-81 and
KALS-1 cells transfected with si-NC, those transfected
with SNHG1 showed significantly increased proliferation
and invasion and significantly decreased apoptosis, while
compared with KNS-81 and KALS-1 cells transfected with
si-NC, those transfected with si-SNHG1 showed signifi-

cantly decreased proliferation and invasigmmand significantly

increased apoptosis (all P<0.05). Fj

and KALS-1 were
came out that KNS-81

nsfected with mimics showed

incr ression and those transfected
wit wed decreased miR-140-5p expression.
Cel s revealed that compared with KNS-81

transfected with miR-NC, those trans-
ibitor showed significantly increased prolif-
invasion and significantly decreased apoptosis,
hile compared with KNS-81 and KALS-1 cells transfected
ith miR-NC, those transfected with mimics showed sig-
ificantly decreased proliferation and invasion and signifi-
cantly increased apoptosis (P<0.05). Figure 3.

Effects of SNHGI| and miR-140-5p on the

PI3K/AKT Pathway
Cells transfected with SNHG1 or inhibitor showed signifi-
cantly up-regulated AMPK, p-AMPK, PI3K, and p-AKT,

C
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Figure | Clinical value of SNHGI and miR-140-5p in glioma. (A) SNHGI was significantly highly expressed in glioma tissues. (B) MiR-140-5p was significantly lowly
expressed in glioma tissues. (C) SNHGI was significantly negatively correlated with miR-140-5p (r=—0.773, P<0.001).

Note: ***Indicates P<0.001.
Abbreviations: SNHGI, small nucleolar RNA host gene I; miR, microRNA.
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Figure 2 Effects of SNHG| on malignant progres;
opic photographs.

Abbreviations: SNHGI, small n
phenytetrazoliumromide; OD, o

while those trans

gh starBase website that there were target-
s between SNHG1 and miR-140-5p, and
the DLR assay f®ealed that up-regulation of miR-140-5p
significantly lowered the luciferase activity of
SNHG13'UTR-Wt (P<0.05), but exerted no effect on that
of SNHGI13'UTR-Mut (P>0.05). In the RNA pull-down
assay, miR-140-5p was pulled down only by
SNHG13'UTR-Wt (P< 0.05), but not affected by
SNHG13'UTR-Mut (P> 0.05). RIP analysis showed that
under the action of miR-140-5p mimics, SNHG1 in KNS-
81 and KALS-1 cells was significantly up-regulated (P<

ing binding

ates P<0.0l vs LN-18 cells or the si-NC group;
; NC, negative control; si, short interfering;

and KALS-| cells showed higher SNHGI expression. (B) Expression of SNHGI in KNS-81
4 (D) Proliferation of KALS-I cells. (E) Apoptosis rate of KNS-81 and KALS-1 cells, and its flow cytometry

*ndicates P<0.01 vs the SNHGI group.
MTT, 3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di-

0.05). In addition, real-time PCR detection revealed that
KNS-81 and KALS-1 cells transfected with si-SNHG1
showed significantly increased miR-140-5p expression
(P< 0.05). Figure 5

Co-Transfection Experiment

KNS-81 and KALS-1 cells transfected with SNHGI
+mimics or si-SNHG1+inhibitor were not different from
those transfected with si-NC in cell invasion, proliferation,
and apoptosis, and the PI3K/AKT pathway-related protein
levels (all P>0.05), but showed significantly stronger pro-
liferation and invasion, significantly weaker apoptosis, and
significantly higher AMPK, p-AMPK, PI3K, and p-AKT
protein levels than those transfected with si-SNHG1, and
also

showed significantly weaker proliferation and
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Discussi&
SNHGI1 is a regd
changes in various c3

ory factor with dynamic expression
cers, and is widely used for diseases
including the above-mentioned glioma, prostate cancer,
hepatic carcinoma, and colon cancer.***® An increasing
number of researchers show enthusiasm for studying the
role of SNHG1 in glioma, and many research results
appear one after another. For example, one study by Li
et al** has pointed out that SNHG1 can regulate the miR-
154-5p/miR-376b-3p-FOXP2-KDM5B network to affect

the behavior of glioma cells. One other study by Liu et al*®

has reported that SNHG1 is overexpressed in glioma tis-
sues and cell lines, and it is involved in the pathological
progress of glioma through negative regulation on miR-
194 and PHLDA1. Moreover, there are many reports about
the regulatory effects of miR-140-5p on glioma. MiR-140-
5p can not only targetedly inhibit ADAMY9 and further
regulate glioma growth and metastasis but also accept
the regulation by IncRNA HOXAI1I to affect the cell
proliferation, cycle and apoptosis.?®*’

In this study, both SNHG1 and miR-140-5p showed
abnormal expression in glioma tissues. The expression of
SNHG1 was relatively high, while that of miR-140-5p was
opposite, implying that they might participate in the pro-
gression of glioma. The analysis on the correlation between
SNHG1 and miR-140-5p showed that SNHGI was
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Notes: **Indicates P<0.01 vs the si-NC group; *Indicates P<0.01 vs the SNHGI gro|

tial expression to
regulated ang

t that transfection of sh-
intensified the proliferation
and KALS-1 cells, and strongly
weakened thS@moptosis of them, while transfection of si-
SNHGI or mim

indicates that down-regulating SNHGI1 or up-regulating

exerted opposite effects on the cells. It

miR-140-5p might become potential therapeutic targets for
glioma, and help to inhibit malignant progression of it.
Previous studies have shown that the PI3K/AKT pathway
plays a part in the regulation mechanism of invasion, pro-
liferation, and apoptosis of human glioma cells. AMPK,
p-AMPK, PI3K and p-AKT are important PI3K/AKT path-
way-related factors, of which AMPK and p-AMPK are

interfering; PI3K, phosphatidylinositol 3 kinase; AKT, protein
rylated-AMP-activated protein kinase.

upstream regulators of the PI3K/AKT pathway, and inhibi-
tion on related proteins of this pathway can exert anti-tumor
activity.”® Wei et al*’

PI3K/AKT pathway promotes the malignant progression

have reported that activating the

of glioma and stimulates the tumorigenic ability of glioma
stem cells, which is one of the mechanisms of action.
Therefore, we also investigated the regulation of SNHG1
and miR-140-5p on the PI3K/AKT pathway. It came out
that both down-regulation of SNHG1 and up-regulation of
miR-140-5p could effectively inhibit the activation of the
PI3K/AKT pathway, which was manifested as significantly
down-regulation of PI3K/AKT pathway-related proteins
such as PI3K, p-AKT, AMPK, and p-AMPK. The results
suggest that SNHG1 and miR-140-5p have important reg-
ulatory effects on the activation of the PI3K/AKT pathway.

On the other hand, we verified the targeted relationship
between SNHG1 and miR-140-5p through a DLR assay. The
results revealed that knock-down of SNHGI strongly low-
ered the luciferase activity of miR-140-5p3’'UTR-Wt, but
exerted no effect on that of miR-140-5p3'UTR-Mut, and
transfection of si-SNHG1 significantly increased the expres-
sion of miR-140-5p. In addition, in the RNA pull-down
assay, only SNHG13'UTR-Wt obviously pulled down miR-
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comparison with the si-NC group, P<0.001; *Indic
Abbreviations: SNHGI, small nucleolar RN
immunoglobulin G; Ago2, Argonaute2.

140-5p mimics, SNH
significantly up-jg

SNHG 1 +inhibitor were not different from those in the si-
NC group with unrelated sequences in cell malignant pro-
gression, but showed significantly stronger proliferation and
invasion, significantly weaker apoptosis, and significantly
higher levels of PI3K/AKT-related proteins than those trans-
fected with si-SNHG1, and also showed significantly weaker
proliferation and invasion, significantly stronger apoptosis,
and significantly lower levels of proteins than those

e si-NC group, P<0.01; ***Indlcates that in terms of inter-group comparison or in
NHGI group; ™Indicates P<0.01 vs the SNHGI group.
oRNA; NC, negative control; DLR, dual-luciferase reporter; WT, wild type; Mut, mutant; IgG,

transfected with sh-SNHG1. Those results once again con-
firmed the existence of a targeted regulatory relationship
between SNHG1 and miR-140-5p. The above results implied
that SNHG1 could promote the malignant progression of
glioma by targeting miR-140-5p and activating the PI3K/
AKT pathway, and down-regulating SNHGI1 or up-
regulating miR-140-5p may be potential targets for inhibiting
malignant progression of glioma.

Conclusion

The regulatory network of the SNHG1/miR-140-5p axis is
a novel potential therapeutic direction to curb the malig-
nant progression of glioma. However, there is still a room
for improvement in this study. First of all, we can supple-
ment the research on potential drug resistance of SNHG1
and miR-140-5p in glioma. Secondly, we can supplement
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, small nucleolar RNA host gene |; miR, microRNA; NC, negative control; si, short interfering; MTT, 3-(4,5)-dimethylthiahiazo (-z-yl)-3,5-di-

phenytetrazoliumromide; OD, optical density; Pl, propidium iodide; PI3K, phosphatidylinositol 3 kinase; AKT, protein kinase B; p-AKT, phosphorylated-protein kinase B;
AMPK, AMP-activated protein kinase; p-AMPK, phosphorylated-AMP-activated protein kinase.

an analysis on the value of both in the diagnosis of patho-
logical parameters of patients. In addition, we can explore
the downstream target mRNA of miR-140-5p.
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