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Background: Glioma is a common primary brain tumor with extremely poor prognosis

outcomes. Increasing evidences have proved the relation between lncRNAs and glioma onset

and progression. LncRNA SNHG5 involves in the biological activities of tumor cells, such

as proliferation, migration and metastasis. Nevertheless, it is still necessary to explain the

molecular mechanism and biofunction of SNHG5 in glioma.

Materials and methods: Quantitative real-time PCR (qRT-PCR) was performed to analyze

expressions of SNHG5, miR-205-5p and ZEB2 in tumor tissues and cell lines. The cell

counting kit-8 (CCK-8) assay, plate and soft agar colony formation assays were performed to

evaluate cell proliferation ability. RNA immunoprecipitation assay and dual-luciferase

reporter assay were used to confirm the interaction among SNHG5, miR-205-5p and

ZEB2. The protein level of ZEB2 was measured by Western blot.

Results: Based on our findings, compared with normal tissues, the elevated expression of

SNHG5 and decreased expression of miR-205-5p were observed in glioma tissues. The

downregulation of SNHG5 exerted an obvious inhibitory effect on glioma cells in terms of

their proliferation. With regard to the underlying mechanism, SNHG5 presented a direct

inhibitory influence on miR-205-5p which targeted to the 3′-UTR region of zinc finger E-box

binding homeobox 2 (ZEB2) mRNA. As a competing endogenous RNA (ceRNA), SNHG5

sponged miR-205-5p, regulating the expression of ZEB2 thereby.

Conclusion: These discoveries indicate that SNHG5 promotes proliferation of glioma by

regulating miR-205-5p/ZEB2 axis.
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Introduction
Glioma is a common primary intracranial tumor, thought to derive from the

neuroglial stem or progenitor cells.1 Although the relevant reports are moderately

rare, it may cause significant morbidity and mortality. Glioblastoma in particular is

the most malignant type of glioma. Patients with glioblastoma have a 5-year

survival rate of less than 5%.2 Despite advances in treatment modalities, it is still

largely incurable.3 As an extensively infiltrative tumor of the central nervous

system, patients with glioma own a median survival time of less than 18 months

for glioma cells can rapidly migrate from primary lesions to nearby normal brain

tissue and distant sites.4 Malignant progression, including proliferation, migration

and invasion, can critically lead to poor clinical prognosis and usually is the

important cause of the failure in realizing total resection using surgery.5

Despite of a large number of studies on the molecular mechanisms of glioma

malignant progression, scholars have not yet completely explained the interaction
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of non-coding RNAs (ncRNAs) and mRNAs as a bridge in

a potential network. NcRNAs exhibit a close relation to

tumor growth, development, migration and invasion, as

well as drug resistance.6,7 Biofunctions of ncRNAs

involved in glioma have been characterized by many stu-

dies, and solicitous attention has been paid to microRNAs

(miRNAs) together with long non-coding RNAs

(lncRNAs).8,9 LncRNAs, characterized as ncRNAs with

the length of over 200 nucleotides, are now known to

have numerous capacities, acting as decoys that bind to

proteins or miRNAs and as scaffolds or guides that reg-

ulate the interactions between proteins and genes.10 The

transcription of lncRNAs may either positively or nega-

tively affect the downstream gene expressions by directly

interfering with the promoters or adjusting the structure of

chromatin.11 Recent investigations demonstrate that inter-

actions between lncRNAs and miRNAs in glioma are able

to inter-regulate their own expressions, in this way form-

ing a complex regulatory system that greatly affects cell

pathophysiological processes.12,13

The abnormal expression of LncRNA SNHG5 has

been uncovered in various tumors. An obvious up-

regulation of SNHG5 has been revealed in colorectal car-

cinoma, with a positive association with tumor prolifera-

tion and poor survival.14 In addition, this ceRNA in the

osteosarcoma can promote the T tumorigenesis, further

modulating miR-26a expression.15 For all this, the expres-

sion and the possible function of SNHG5 in glioma remain

unknown. In this study, SNHG5 has been identified and

characterized as a steady cytoplasmic lncRNA which is

up-regulated in glioma, and its role in glioma has also

been investigated.

MiRNAs as small ncRNAs bind to 3′-UTR regions

of mRNAs, regulating expressions of genes thereby.16 It

is reported that miRNAs are involved in many human

carcinogenesis including glioma.17 MiR-205-5p, a gene

located on 1q32.2 locus of the human genome with

multiple biofunctions, has been illuminated to partici-

pate in decreasing tumor chemoresistance by coopera-

tively repressing E2F1.18 Moreover, miR-205-5p is

recognized as a prognostic biomarker of pancreatic can-

cer, prostate cancer and bladder cancer.19,20 We have

predicted that miR-205-5p has putative binding sites of

lncRNA SNHG5, based on our search in lncRNASNP2

database (http://bioinfo.life.hust.edu.cn/lncRNASNP2).

Nevertheless, data about whether miR-205-5p can influ-

ence biological processes of glioma are limited.

ZEB2 belongs to the ZEB family of the 2-handed zinc

finger/homeodomain proteins and shows a close associa-

tion with epithelial-mesenchymal transition (EMT) to pro-

mote tumor initiation and development.21,22 We speculate

that ZEB2 perhaps is an assumed target of miR-205-5p

based on the miRNA target prediction software Target

Scane (http://www.targetscan.org/). According to previous

studies, ZEB2 promotes tumor cell migration through

EMT in triple-negative breast cancer.23 However, we are

ambiguous about how ZEB2 affects glioma.

In this study, we aimed at investigating the expression

of SNHG5, miR-205-5p and ZEB2 in glioma. We also

explored the roles in regulating the glioma malignant

behavior and the potential molecular pathways among

them. These findings will shed a new light on the precise

treatment for glioma.

Materials and Methods
Clinical Samples
Twenty glioma samples were obtained from patients who

experienced surgical resection and 14 normal brain tissues

were obtained from individuals who died in traffic acci-

dents from January 2016 to December 2018 in the

Department of Neurosurgery at the Chenzhou First

People’s Hospital. Glioma specimens had been pathologi-

cally diagnosed and were divided into low grade group

(stage I–II, n=9) and high grade group (stage III–IV, n=11)

according to the WHO classification system by at least 2

experienced clinical pathologists. None of these patients

underwent chemotherapy or radiotherapy before surgery.

The study was conducted in accordance with the

Declaration of Helsinki. All patients and traffic accident

victims provided written informed consent for the use of

their specimens and disease information. The project was

approved by the Chenzhou First People’s Hospital. All

samples were stored in the liquid nitrogen following resec-

tion until they were used.

Cell Culture
The human glioma cell lines LN229, A172, U251 and

U87, as well as normal human astrocytes (NHA) were

obtained from ATCC. We maintained and cultured all

cells in Dulbecco’s Modified Eagle Medium (DMEM,

Hyclone) supplemented with 10% fetal bovine serum

(FBS, Hyclone) without antibiotics at 37°C in

a humidified atmosphere of 5% CO2.
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Cell Transfection
All constructs used to knock down SNHG5 were pur-

chased from RiboBio (Guangzhou, China). The siRNA

sequences were as follows: si-SNHG5-1: 5′-GCUCUGA

AGAUGCAAAGAUUU-3′; si-SNHG5-2:5′-CCTCTGGT

CTCATCTGCATATTGACTTA-3′. MiRNA mimics and

miRNA inhibitors were synthesized by Genepharma

Company (Shanghai, China). The miR-205-5p mimics

sequences were as follows: sense: 5′-UCCUUCAUUCC

ACCGGAGUCUC-3′ and antisense: 5′-GACUCCGGUG

GAAUGAAGGAUU-3′. The mimics control sequences

were as follows: sense: 5′-UUCUCCGAACGUGUCACG

UTT-3′ and antisense: 5′-ACGUGACACGUUCGGAGA

ATT-3′. The sequence of the miR-205-5p inhibitor was:

5′-CAGACUCCGGUGGAAUGAAGGA-3′. The control

sequence of the inhibitor was: 5′-CAGUACUUUUG

UGUAGUACAA-3′. LipofectamineTM3000 transfection

reagent (Invitrogen) was applied to the construction

of cell transfection according to the manufacturer’s

instructions.

Quantitative Real-Time PCR
Trizol (Invitrogen) and TRIzol™ LS Reagent (Invitrogen)

were used to extract total RNAs from cells and plasma,

respectively. RNAwas extracted based on the manufacturer’s

instructions. For lncRNA and mRNA, cDNAwas generated

with the help of a PrimeScript™ RT reagent Kit (TaKaRa);

real-time PCR was implemented relying on the TB

Green™Premix Ex Taq™ II (TaKaRa); GAPDHwas applied

as the internal control. For miRNA, cDNA was generated

with the help of a miRcute Plus miRNA First-Strand cDNA

Kit (TIANGEN); real-time PCR was performed using

a miRcute Plus miRNA qPCR Kit (SYBR Green); U6

small nuclear RNA (snRNA) was adopted as the internal

control. The real-time PCR was carried out by the ABI

7500 real-time PCR system (Applied Biosystems). RNA

relative expression was calculated with the 2−ΔΔCt method.

All primers used in this study were synthesized by Sangon

Biotech (Shanghai, China). Primer sequences were as fol-

lows: SNHG5, forward: 5′-CGCTTGGTTAAAACCTGA

CACT-3′ and reverse: 5′-CCAAGACAATCTGGCCTCTA

TC-3′; ZEB2, forward: 5′-AATGCACAGAGTGTGGCA

AGGC-3′ and reverse: 5′-CTGCTGATGTGCGAACTGTA

GG-3′; GAPDH, forward: 5′-GTCTCCTCTGACTTCAAC

AGCG-3′ and reverse: 5′-ACCACCCTGTTGCTGTAGC

CAA-3′. miR-205-5p forward: 5ʹ- UCCUUCAUUCCACC

GGAGUCUG-3ʹ; U6 snRNA forward: 5ʹ-CTCGCTTCG

GCAGCACA-3ʹ, reverse: 5ʹ-AACGCTTCACGAATTTGC

GT-3ʹ. The miRcute Plus miRNA qPCR Kit (SYBR Green)

supplied the reverse primer of miR-205-5p.

RNA Isolation from Nucleus and

Cytoplasmic Fractions
Nucleus and cytoplasmic fractions were isolated by the

PARIS™ Kit (Invitrogen) based on the manufacturer’s pro-

tocol. In brief, experimenters collected cells, lysed the cells

using the cell fractionation buffer, and separated nucleus and

cytoplasmic fractions by centrifugation. Experimenters col-

lected supernatant which contained cytoplasmic fractions

and then transferred them to a fresh tube without RNase.

The nucleus pellet was lysed using a cell disruption buffer.

The nucleus lysate and cytoplasmic fraction were mixed with

the 2× lysis/binding solution, followed by adding 100%

ethanol. A filter cartridge helped draw the sample mixture

and washing solution wash it. RNAs of nucleus and cyto-

plasmic fractions were eluted by the elution solution. U6

snRNA served as the positive control for the nucleus fraction

and GAPDH served as the positive control for the cytoplas-

mic fraction.

Cell Proliferation Assay
The cell proliferation was detected by the CCK-8 (Dojindo)

assay. Cells were seeded in 96-well plates (5 × 103 cells/well)

and treated under various transfection conditions.We added 20

μL of CCK-8 to each well at 24 h, 48 h, and 72 h after

transcription. The Elx800 (BioTek) was used to measure

each sample regarding the absorbance at 490 nm. The viability

of cells was calculated based on absorbance values.

Western Blot
Total proteins were extracted from glioma cells using

a BCA protein assay kit (Sigma) and protein concentra-

tions were detected. Proteins were fractionated using 10%

sodium dodecyl sulfate/polyacrylamide gel electrophoresis

(SDS/PAGE; Sigma). The separated protein was trans-

ferred to the PVDF membrane (Bio-Rad), which were

incubated with ZEB2 antibody (Cat No. 14026-1-AP; pro-

teintech) and GAPDH (Cat No. 25778; Santa Cruz

Biotechnology) at 4ºC overnight. Then, HRP-conjugated

secondary antibody was used to incubate blotted mem-

branes for 2 h at room temperature. Signals were visua-

lized using ECL substrates (Millipore).
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Luciferase Reporter Assay
We predicted the putative binding sites of miR-205-5p in the

3′-UTR of SNHG5/ZEB2. The pMIR-REPORTTM

(RiboBio) which contained wild type (WT) or mutant

(MT) 3′-UTR sequences of SNHG5/ZEB2 was used to

operate the dual-luciferase reporter assay. Transient co-

transfection in cells (1×105) with the miR-205-5p mimic or

the negative control accompanied by WT or MT SNHG5/

ZEB2 3′-UTR vector. After the 48h transfection, we har-

vested the cells and used the Luc-Pair™ Duo-Luciferase

Assay Kit (Yeasen) to determine the luciferase results.

RNA Immunoprecipitation Assay
A Magna RNA-Binding Protein Immunoprecipitation Kit

(Millipore) was adopted to implement the RNA immunopre-

cipitation. Briefly, a RIP buffer which contained magnetic

beads was used to incubate whole-cell lysates, which were

conjugated with normal mouse IgG (Millipore) or human

anti-Ago2 antibody (1:50, Millipore), used as a negative

control. All samples were incubated by the proteinase

K buffer. Immunoprecipitated RNAs were extracted and

expressions of SNHG5 and miR-205-5p were analyzed by

qRT-PCR.

Soft Agar
The transfected cells were seeded in 6-well plates at

1000–2000 cells per well and incubated at 37°C for 2–4

weeks. Suspension cells was cultured in an upper layer of

0.35% agarose (Lonza Rockland) in DMEM supplemented

with 10% FBS. The cells suspension was overlaid with

0.5% basal agar and 10% FBS in a 6-well plate and placed

at room temperature until the agarose solidified. Agars

were destained with phosphate-buffered saline prior to

photo-capturing. Only cell mass with more than 50 cells

was counted as a colony and representative photos of the

assay were shown in the result section.

Colony Formation Assay
The transfected cells were seeded in 6-well plates with the

culture medium containing 10% FBS. They were cultured

overnight. After 14-day incubation, cells were fixed with

methanol and stained with 0.1% crystal violet. Colonies

were manually counted under a light microscope.

Statistical Analysis
All statistical analyses were performed in the SPSS 21.0

software. Each experiment was independently performed 3

times, with the results expressed as the Mean±SD. The

two-tailed Student’s t-test or one-way ANOVA was

adopted to estimate differences between the aforesaid

two groups. Correlations were analyzed by Spearman

rank correlation. A P value of < 0.05 was considered as

statistical significant.

Results
LncRNA SNHG5 Was Up-Regulated in

Glioma and Promoted Glioma Cells

Proliferation
For identifying deregulated lncRNA SNHG5, the expression

was profiled in glioma from a cohort of 20 glioma tissues and

14 adjacent normal tissues, as well as 4 glioma cell lines. As

a result, we found that SNHG5 in glioma cells, includingA172

(p < 0.05), U87 (p < 0.05), especially LN229 (p < 0.01), and

U251 (p < 0.01), exhibited obviously higher expression levels

comparedwith NHA (Figure 1A). In clinical samples, SNHG5

exhibited a remarkable increase in glioma tissues than that in

normal tissues and the expression level positively correlated

with tumor grades (Figure 1B). The expression level of

SNHG5was remarkably decreased due toSNHG5knockdown

with the specific SNHG5 siRNA. We found that SNHG5 was

successfully knocked down in LN229 andU251 cell lines after

transfecting si-SNHG5-2 rather than si-SNHG5-1 by qRT-

PCR. Therefore, we chose si-SNHG5-2 for the following

assays (Figure 1C). Effects of SNHG5 on glioma cell prolif-

eration would be further determined. According to results of

the proliferation ability byCCK-8 assay, the downregulation of

SNHG5 remarkably weakened the proliferation ability of both

LN229 and U251 cells, compared with the si-NC group

(Figure 1D). These data suggested that the up-regulation of

SNHG5 in gliomawas accompanied by an inhibitory effect on

glioma cell proliferation.

LncRNA SNHG5 Directly Interacted with

miR-205-5p
Experiments were then implemented for further investigating

the latent mechanism of SNHG5 in glioma cells. We observed

the cytoplasmic enrichment of SNHG5 (Figure 2A), and found

that SNHG5 could reduce target mRNA repression as mole-

cular sponges for miRNAs. Based on experimental results, the

binding sequence of miR-205-5p was complementarily shared

by that of the 3ʹ-UTRof SNHG5 (Figure 2B). Furthermore, the

dual-luciferase reporter assay revealed the direct targeting of

miR-205-5p to SNHG5-WT, rather than SNHG5-MT

(Figure 2C). The expression of miR-205-5p reduced in glioma
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tissues comparedwith normal tissues, and the expression levels

negatively correlated with tumor grades (Figure 2D). The

correlation between SNHG5 and miR-205-5p was then ana-

lyzed. Pearson correlation analysis revealed the negative asso-

ciation between SNHG5 and miR-205-5p in glioma cells

(Figure 2E). In addition, miR-205-5p expression increased in

SNHG5knockdownglioma cells, whichwas further proved by

transfecting with the miR-205-5p inhibitor (Figure 2F).

Whether the RNA-induced silencing complex (RISC) where

SNHG5 lied was the same as that of miR-205-5p was deter-

mined by an RNA immunoprecipitation (RIP) assay. Results

showed that levels of SNHG5andmiR-205 in anti-Ago2group

were higher than those in the anti-normal IgG group (Figure

2G). These findings suggested that SNHG5 directly interacted

with miR-205-5p.

SNHG5 Exerted Its Functions via

Negatively Regulating miR-205-5p

Expression
To expound whether the role of SNHG5 in glioma was

dependent on miR-205-5p, glioma cells were transfected

with si-SNHG5 or co-transfected with si-SNHG5 and

the miR-205-5p inhibitor. As shown in Figure 3A–C,

the miR-205-5p inhibitor attenuated the si-SNHG5-

induced proliferation of glioma cells. This indicated

that SNHG5 negatively modulated miR-205-5p, facilitat-

ing glioma cells proliferation thereby.

SNHG5 Acted as a ceRNA for miR-205-

5p to Regulate ZEB2 Expression
The downstream target of miR-205-5p was further identified

using a bioinformatics method and ZEB2 was screened out

(Figure 4A). It was revealed that miR-205-5p remarkably

repressed the activity of ZEB2-WT reporter using

a luciferase reporter assay (Figure 4B). In clinical samples,

we found that ZEB2mRNAexpressionwas elevated in glioma

tissues comparedwith normal tissues, and the expression levels

positively correlated with tumor grades (Figure 4C). Then we

analyzed the correlation between ZEB2 and miR-205-5p by

Pearson correlation analysis, and there was a negative correla-

tion between them (Figure 4D). Furthermore, the involvement

of miR-205-5p in the regulatory effect of SNHG5 on ZEB2

was investigated. It was found that the expression of ZEB2was

remarkably reduced due to SNHG5downregulation.However,

the miR-205-5p inhibitor revised this effect (Figure 4E–F).

A B C

D

Figure 1 LncRNA SNHG5 was up-regulated in glioma and promoted proliferation in LN229 and U251 cells. (A) qRT-PCR analysis of lncRNA SNHG5 in NHAs, A172,

LN229, U87 and U251cell lines. (B) qRT-PCR analysis of SNHG5 in 9 low grade (stage I-II) glioma tissues, 11 high grade (stage III-IV) glioma tissues and 14 normal tissues. (C)

LN229 and U251 cells were transfected with SNHG5 siRNA (si-SNHG5) or control siRNA (si-NC), and SNHG5 expression was detected by qRT-PCR. (D) CCK-8 assay

was performed to evaluate cell proliferation. *P<0.05, **P<0.01.

Abbreviations: qRT-PCR, quantitative reverse transcription PCR; NHAs, normal human astrocytes; CCK-8, Cell Counting Kit-8.
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These results suggested that SNHG5 promoted ZEB2 expres-

sion by sponging miR-205-5p in glioma.

Discussion
This study demonstrated the roles of lncRNA SNHG5 in

glioma. It was found that lncRNA SNHG5 was overex-

pressed in glioma tissues and SNHG5 knockdown inhib-

ited glioma development with repressed tumor cell

proliferation. Furthermore, SNHG5-induced upregulation

of ZEB2 expression was initiated by the direct bounding

of SNHG5 to miR-205-5p, facilitating glioma progression

thereby. Our findings expound the significant role of

SNHG5/miR-205-5p/ZEB2 pathway in glioma.

Glioma is an aggressive and common primary brain

tumor in adults, accounting for about 70% of all primary

malignant brain tumors.24,25 Despite the development of

new treatments, the survival rate of glioma especially

glioblastomas still remains low with a median survival of

A B

C

D E

GF

Figure 2 LncRNA SNHG5 targeted miR-205-5p. (A) qRT-PCR analysis of SNHG5 RNA levels percentage of nuclear and cytoplasmic. (B) Potential sites targeted by miR-

205-5p in lncRNA SNHG5 sequence. (C) Luciferase activity in LN229 and U251 co-transfected with miR-205-5p mimics and luciferase reporters containing SNHG5-WTor

SNHG5-MT transcript. **P < 0.01 vs miR-NC group. (D) qRT-PCR was used to analyze the expression of miR-205-5p in 9 low grade (stage I-II) glioma tissues, 11 high grade

(stage III-IV) glioma tissues and 14 normal tissues. (E) Pearson’s correlation scatter plot of SNHG5 and miR-205-5p in glioma tissues. (F) LN229 and U251 were transfected

with si-SNHG5 or co-transfected with si-SNHG5 and miR-205-5p inhibitor. Relative expression of miR-205-5p was detected via qRT-PCR assay. (G) RNA immunoprecipita-

tion analysis for the enrichment of SNHG5 and miR-205-5p in anti-Ago2 group and anti-IgG as control. *P<0.05, **P<0.01.

Abbreviation: qRT-PCR, quantitative reverse transcription PCR.
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15 months following the standard treatment.26 Thus, more

new therapeutic targets become a hotspot for glioma

treatment.27 Growing evidences indicate the important

biofunction of lncRNAs in tumor onset and progression.9

However, the first imperative is still to explore the possible

molecular mechanism of lncRNAs in glioma before

achieving therapeutic effects on this malady.

The data in the study have revealed the positive correlation

between lncRNASNHG5 and human glioma progression, and

SNHG5 knockdown can inhibit the proliferation of the tumor

cells. The same effect has been reported in other researches.

Baoming He has reported that SNHG5, acting as a ceRNA for

miR-205-5p, is up-regulated in the isolated peripheral blood

cells of CML patients in comparison with the healthy controls,

increasing the imatinib resistance in CML thereby.28 In

a previous study, the overexpression of SNHG5 in colorectal

cancer (CRC) can promote the proliferation, invasiveness and

metastasis of CRC cells by regulating themiR-132-3p/CERB5

axis.29 Our findings indicated the important role of SNHG5 in

promoting glioma malignancy.

LncRNAs finely modulated expressions of genes via

intricate ways, such as translation and splicing, tran-

scriptional regulation, post-transcriptional regulation, as

well as epigenetic modulation.30 LncRNAs as ceRNAs

can bind to their common miRNAs and crosstalk with

mRNAs. For detecting the possible mechanism of

A

B

C

si-NC si-SNHG5-2
si-SNHG5-2

+miR-205-5p inhibitor

U251

LN229

si-NC si-SNHG5-2
si-SNHG5-2

+miR-205-5p inhibitor

U251

LN229

Figure 3 SNHG5 exerted its functions via negatively regulating miR-205-5p expression. (A–C) U251 and LN229 were transfected with si-SNHG5 or co-transfected with si-

SNHG5 and miR-205-5p inhibitor. Cell proliferation ability was analyzed by CCK-8 assay, plate and soft agar colony formation assays. *P<0.05.

Abbreviation: CCK-8, Cell Counting Kit-8.

Dovepress Meng et al

OncoTargets and Therapy 2019:12 submit your manuscript | www.dovepress.com

DovePress
11493

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


SNHG5 in glioma, we have applied the bioinformatics

analysis software to identifying whether miR-205-5p is

a new target of SNHG5. MiR-205-5p is a highly con-

served miRNA and can regulate the proliferation and

invasiveness of cancer cells through EMT by its target-

ing to ZEB1 and ZEB2.31,32 In our study, miR-205-5p

decreased in glioma tissues. The overexpression of miR-

205-5p suppressed the proliferation of glioma cells,

which is consistent with other studies on the low expres-

sion of miR-205-5p in prostate cancer and pancreatic

cancer and its inhibitory roles.19,33

In our study, the dual-luciferase assay identified that

miR-205-5p was a direct target of SNHG5, and showed

that SNHG5 and miR-205-5p interacted as a potential

reciprocal repression feedback loop. Besides, SNHG5

ablation elevated the expression of miR-205-5p, thus

inhibiting the proliferation of glioma cells. This sug-

gests that the negative effect of SNHG5 knockdown on

malignant behavior of glioma relies on the up-

regulation of miR-205-5p. On that account, SNHG5

functions as a ceRNA for miR-205-5p to promote

glioma proliferation.

A B

D

F

Control si-SNHG5 si-SNHG5
+miR-205-5p inhibitor

ZEB2

ZEB2

GAPDH

GAPDH

LN229

U251

E

GC

Figure 4 SNHG5 acted as a ceRNA for miR-205-5p to regulate ZEB2 expression. (A) The putative binding sequences of ZEB2 and miR-205-5p. (B) Luciferase activity in

LN229 and U251 co-transfected with miR-205-5p mimics and luciferase reporters containing ZEB2-WTor ZEB2-MT transcript. ***P<0.001 vs miR-NC group. (C) qRT-PCR

was used to analyze the expression of ZEB2 in 9 low grade (stage I-II) glioma tissues, 11 high grade (stage III-IV) glioma tissues and 14 normal tissues. (D) Pearson’s

correlation scatter plot of ZEB2 and miR-205-5p in glioma cells. (E and F) LN229 and U251 were transfected with si-SNHG5 or co-transfected with si-SNHG5 and miR-

205-5p inhibitor. And ZEB2 expression was analyzed by qRT-PCR and Western blot. *P<0.05, **P<0.01, ***P<0.001. (G) Schematic cartoon. In glioma, LncRNA SNHG5

could promote glioma cell proliferation by competing with ZEB2 to bind miR-205-5p in vitro.

Abbreviations: ceRNA, competing endogenous RNA; ZEB2, Zinc finger E-box binding homeobox 2; qRT-PCR, quantitative reverse transcription PCR.
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The downstream targets of miR-205-5p have been pre-

dicted using the bioinformatics screening, and ZEB2 has

been screened out. Data from the luciferase reporter assay

has revealed the post-transcriptional regulation of ZEB2 by

miR-205-5p through a direct binding. Glioma cells are devel-

opmentally derived from the neuroepithelial lineage. Thus,

they do not undergo the traditional EMT like the classical

epithelial cells. Nonetheless, glioma adopts a phenotype that

could be considered mesenchymal and therefore the term

“EMT-like” process has been proposed.34 As an EMT-

inducing transcription factor, ZEB2 is also related with EMT-

like in GBM.35 Previous research has found that ZEB2 was

associated with tumorigenicity in glioma and knockdown of

ZEB2 expression inhibited cell proliferation, migration, and

invasion of glioma cells.36,37 In our study, ZEB2 was

overexpressed in glioma tissues. SNHG5 knockdown can

suppress the expression of ZEB2, and the inhibition of

miR-205-5p can partially reverse the effect, suggesting that

SNHG5 can bind to miR-205-5p and regulate ZEB2 expres-

sion thereby.

Conclusion
Our research has elucidated the function of SNHG5 and its

molecular mechanism in malignant glioma progression.

Briefly, the SNHG5 knockdown-induced overexpression of

miR-205-5p down-regulates ZEB2, resulting in inhibited

malignant biological behavior in glioma. This study, for the

first time, stresses the importance of the interaction among

SNHG5, miR-205-5p and ZEB2. In addition, SNHG5/miR-

205-5p/ZEB2 axis as a promising therapeutic target will

inspire more effective treatments for human glioma.

Acknowledgments
This work was supported by the Hunan Provincial

Science and Technology Plan Project (2019JJ80066),

and the Scientific Research Project of Health and

Family Planning Commission of Hunan Province of

China (B20-17202).

Disclosure
The authors report no conflicts of interest in this work.

References
1. Weller M, Wick W, Aldape K, et al. Glioma. Nat Rev Dis Primers.

2015;1:15017. doi:10.1038/nrdp.2015.17
2. Ostrom QT, Bauchet L, Davis FG, et al. The epidemiology of glioma

in adults: a “state of the science” review. Neuro Oncol. 2014;16
(7):896–913. doi:10.1093/neuonc/nou087

3. Hanif F, Muzaffar K, Perveen K, Malhi SM, Simjee SU.
Glioblastoma multiforme: a review of its epidemiology and patho-
genesis through clinical presentation and treatment. Asian Pac
J Cancer Prev. 2017;18(1):3–9. doi:10.22034/APJCP.2017.18.1.3

4. Rodriguez A, Tatter SB. Laser ablation of recurrent malignant glio-
mas: current status and future perspective. Neurosurgery. 2016;79
(Suppl 1):S35–S39. doi:10.1227/NEU.0000000000001442

5. Hu B, Wang Q, Wang YA, et al. Epigenetic activation of WNT5A
drives glioblastoma stem cell differentiation and invasive growth.
Cell. 2016;167(5):1281–1295 e1218. doi:10.1016/j.cell.2016.10.039

6. Hu G, Liu N, Wang H, Wang Y, Guo Z. LncRNA LINC01857
promotes growth, migration, and invasion of glioma by modulat-
ing miR-1281/TRIM65 axis. J Cell Physiol. 2019. doi:10.1002/
jcp.28763

7. Zhou K, Zhang C, Yao H, et al. Knockdown of long non-coding RNA
NEAT1 inhibits glioma cell migration and invasion via modulation of
SOX2 targeted by miR-132. Mol Cancer. 2018;17(1):105.
doi:10.1186/s12943-018-0849-2

8. Nie JH, Li TX, Zhang XQ, Liu J. Roles of non-coding RNAs in
normal human brain development, brain tumor, and neuropsychiatric
disorders. Noncoding RNA. 2019;5:2.

9. Kiang KM, Zhang XQ, Leung GK. Long non-coding RNAs: the key
players in glioma pathogenesis. Cancers (Basel). 2015;7
(3):1406–1424. doi:10.3390/cancers7030843

10. Peng Z, Liu C, Wu M. New insights into long noncoding RNAs and
their roles in glioma. Mol Cancer. 2018;17(1):61. doi:10.1186/
s12943-018-0812-2

11. Rynkeviciene R, Simiene J, Strainiene E, et al. Non-coding RNAs in
glioma. Cancers (Basel). 2018;11:1. doi:10.3390/cancers11010017

12. Wu W, Yu T, Wu Y, Tian W, Zhang J, Wang Y. The miR155HG/
miR-185/ANXA2 loop contributes to glioblastoma growth and
progression. J Exp Clin Cancer Res. 2019;38(1):133. doi:10.1186/
s13046-019-1132-0

13. Ma CC, Xiong Z, Zhu GN, et al. Long non-coding RNA ATB promotes
glioma malignancy by negatively regulating miR-200a. J Exp Clin
Cancer Res. 2016;35(1):90. doi:10.1186/s13046-016-0367-2

14. Damas ND, Marcatti M, Come C, et al. SNHG5 promotes colorectal
cancer cell survival by counteracting STAU1-mediated mRNA
destabilization. Nat Commun. 2016;7:13875. doi:10.1038/ncomms13875

15. Wang Z, Wang Z, Liu J, Yang H. Long non-coding RNA SNHG5
sponges miR-26a to promote the tumorigenesis of osteosarcoma by
targeting ROCK1. Biomed Pharmacother. 2018;107:598–605.
doi:10.1016/j.biopha.2018.08.025

16. Pillai RS, Bhattacharyya SN, Filipowicz W. Repression of protein
synthesis by miRNAs: how many mechanisms? Trends Cell Biol.
2007;17(3):118–126. doi:10.1016/j.tcb.2006.12.007

17. Bhaskaran V, Nowicki MO, Idriss M, et al. The functional synergism
of microRNA clustering provides therapeutically relevant epigenetic
interference in glioblastoma. Nat Commun. 2019;10:1. doi:10.1038/
s41467-019-08390-z

18. Lai X, Gupta SK, Schmitz U, et al. MiR-205-5p and miR-342-3p
cooperate in the repression of the E2F1 transcription factor in the
context of anticancer chemotherapy resistance. Theranostics. 2018;8
(4):1106–1120. doi:10.7150/thno.19904

19. Chaudhary AK, Mondal G, Kumar V, Kattel K, Mahato RI.
Chemosensitization and inhibition of pancreatic cancer stem cell
proliferation by overexpression of microRNA-205. Cancer Lett.
2017;402:1–8. doi:10.1016/j.canlet.2017.05.007

20. Ghorbanmehr N, Gharbi S, Korsching E, Tavallaei M, Einollahi B,
Mowla SJ. miR-21-5p, miR-141-3p, and miR-205-5p levels in
urine-promising biomarkers for the identification of prostate and
bladder cancer. Prostate. 2019;79(1):88–95. doi:10.1002/pros.v79.1

21. Hegarty SV, Sullivan AM, O’Keeffe GW. Zeb2: a multifunctional
regulator of nervous system development. Prog Neurobiol.
2015;132:81–95. doi:10.1016/j.pneurobio.2015.07.001

Dovepress Meng et al

OncoTargets and Therapy 2019:12 submit your manuscript | www.dovepress.com

DovePress
11495

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1038/nrdp.2015.17
https://doi.org/10.1093/neuonc/nou087
https://doi.org/10.22034/APJCP.2017.18.1.3
https://doi.org/10.1227/NEU.0000000000001442
https://doi.org/10.1016/j.cell.2016.10.039
https://doi.org/10.1002/jcp.28763
https://doi.org/10.1002/jcp.28763
https://doi.org/10.1186/s12943-018-0849-2
https://doi.org/10.3390/cancers7030843
https://doi.org/10.1186/s12943-018-0812-2
https://doi.org/10.1186/s12943-018-0812-2
https://doi.org/10.3390/cancers11010017
https://doi.org/10.1186/s13046-019-1132-0
https://doi.org/10.1186/s13046-019-1132-0
https://doi.org/10.1186/s13046-016-0367-2
https://doi.org/10.1038/ncomms13875
https://doi.org/10.1016/j.biopha.2018.08.025
https://doi.org/10.1016/j.tcb.2006.12.007
https://doi.org/10.1038/s41467-019-08390-z
https://doi.org/10.1038/s41467-019-08390-z
https://doi.org/10.7150/thno.19904
https://doi.org/10.1016/j.canlet.2017.05.007
https://doi.org/10.1002/pros.v79.1
https://doi.org/10.1016/j.pneurobio.2015.07.001
http://www.dovepress.com
http://www.dovepress.com


22. Li H, Mar BG, Zhang H, et al. The EMT regulator ZEB2 is a novel
dependency of human and murine acute myeloid leukemia. Blood.
2017;129(4):497–508. doi:10.1182/blood-2016-05-714493

23. Di Gennaro A, Damiano V, Brisotto G, et al. A p53/miR-30a/ZEB2
axis controls triple negative breast cancer aggressiveness. Cell Death
Differ. 2018;25(12):2165–2180. doi:10.1038/s41418-018-0103-x

24. Mostafa H, Pala A, Hogel J, et al. Immune phenotypes predict
survival in patients with glioblastoma multiforme. J Hematol
Oncol. 2016;9(1):77. doi:10.1186/s13045-016-0272-3

25. Liu X, Chong Y, Tu Y, et al. CRM1/XPO1 is associated with clinical
outcome in glioma and represents a therapeutic target by perturbing
multiple core pathways. J Hematol Oncol. 2016;9(1):108. doi:10.1186/
s13045-016-0338-2

26. Li B, Huang MZ, Wang XQ, et al. TMEM140 is associated with the
prognosis of glioma by promoting cell viability and invasion.
J Hematol Oncol. 2015;8:89. doi:10.1186/s13045-015-0187-4

27. Lee G, Auffinger B, Guo D, et al. Dedifferentiation of glioma cells to
glioma stem-like cells by therapeutic stress-induced HIF signaling in the
recurrent GBM model. Mol Cancer Ther. 2016;15(12):3064–3076.
doi:10.1158/1535-7163.MCT-15-0675

28. He B, Bai Y, Kang W, Zhang X, Jiang X. LncRNA SNHG5 regulates
imatinib resistance in chronic myeloid leukemia via acting as
a CeRNA against MiR-205-5p. Am J Cancer Res. 2017;7
(8):1704–1713.

29. Zhang M, Li Y, Wang H, Yu W, Lin S, Guo J. LncRNA SNHG5
affects cell proliferation, metastasis and migration of colorectal can-
cer through regulating miR-132-3p/CREB5. Cancer Biol Ther.
2019;20(4):524–536. doi:10.1080/15384047.2018.1537579

30. Ling H, Vincent K, Pichler M, et al. Junk DNA and the long
non-coding RNA twist in cancer genetics. Oncogene. 2015;34
(39):5003–5011. doi:10.1038/onc.2014.456

31. Gregory PA, Bert AG, Paterson EL, et al. The miR-200 family and
miR-205 regulate epithelial to mesenchymal transition by targeting
ZEB1 and SIP1. Nat Cell Biol. 2008;10(5):593–601. doi:10.1038/
ncb1722

32. Matsushima K, Isomoto H, Yamaguchi N, et al. MiRNA-205 modulates
cellular invasion and migration via regulating zinc finger E-box binding
homeobox 2 expression in esophageal squamous cell carcinoma cells.
J Transl Med. 2011;9(1):30. doi:10.1186/1479-5876-9-30

33. Srivastava A, Goldberger H, Dimtchev A, et al. MicroRNA profiling in
prostate cancer–the diagnostic potential of urinary miR-205 and miR-
214. PLoS One. 2013;8(10):e76994. doi:10.1371/journal.pone.0076994

34. Mahabir R, Tanino M, Elmansuri A, et al. Sustained elevation of Snail
promotes glial-mesenchymal transition after irradiation in malignant
glioma. Neuro-Oncology. 2014;16(5):671–685. doi:10.1093/neuonc/
not239

35. Kahlert UD, Nikkhah G, Maciaczyk J. Epithelial-to-mesenchymal
(-like) transition as a relevant molecular event in malignant gliomas.
Cancer Lett. 2012;331(2):131–138. doi:10.1016/j.canlet.2012.12.010

36. Sailer MH, D S, Brégère C, et al. An enzyme- and serum-free neural
stem cell culture model for EMT investigation suited for drug
discovery. J Vis Exp. 2016;(114):e54018.

37. Zhang H, Zhang P, Fan J, et al. Determining an optimal cutoff of
serum β- human chorionic gonadotropin for assisting the diagnosis of
intracranial germinomas. PLoS One. 2016;11(1):e0147023.
doi:10.1371/journal.pone.0147023

OncoTargets and Therapy Dovepress
Publish your work in this journal
OncoTargets and Therapy is an international, peer-reviewed, open
access journal focusing on the pathological basis of all cancers,
potential targets for therapy and treatment protocols employed to
improve the management of cancer patients. The journal also
focuses on the impact of management programs and new therapeutic

agents and protocols on patient perspectives such as quality of life,
adherence and satisfaction. The manuscript management system is
completely online and includes a very quick and fair peer-review
system, which is all easy to use. Visit http://www.dovepress.com/
testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/oncotargets-and-therapy-journal

Meng et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
OncoTargets and Therapy 2019:1211496

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1182/blood-2016-05-714493
https://doi.org/10.1038/s41418-018-0103-x
https://doi.org/10.1186/s13045-016-0272-3
https://doi.org/10.1186/s13045-016-0338-2
https://doi.org/10.1186/s13045-016-0338-2
https://doi.org/10.1186/s13045-015-0187-4
https://doi.org/10.1158/1535-7163.MCT-15-0675
https://doi.org/10.1080/15384047.2018.1537579
https://doi.org/10.1038/onc.2014.456
https://doi.org/10.1038/ncb1722
https://doi.org/10.1038/ncb1722
https://doi.org/10.1186/1479-5876-9-30
https://doi.org/10.1371/journal.pone.0076994
https://doi.org/10.1093/neuonc/not239
https://doi.org/10.1093/neuonc/not239
https://doi.org/10.1016/j.canlet.2012.12.010
https://doi.org/10.1371/journal.pone.0147023
http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

