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Background: Long non-coding RNAs (lncRNAs) play an imperative role in tumorigenesis, but

few lncRNAs have been functionally characterized in glioma. The aim of the present study was

to identify the role of long non-coding RNA LINC01614 (LINC01614) in glioma development

and explore the underlying mechanisms of LINC01614/miR-383/ADAM12 axis.

Patients and Methods: LncRNA expression in glioma specimens was measured by lncRNA

microarray and qRT-PCR. The prognostic value of LINC01614 expression was statistically

analyzed in 112 glioma patients. Loss-of-function experiments were conducted to investigate

the biological functions of LINC01614 in vitro. Luciferase analyses, ChIP assays, and RNA pull-

down were performed to determine the underlying LINC01614 mechanisms.

Results: We identified a novel glioma-related lncRNA LINC01614 by analyzing TCGA

datasets. The distinct upregulation of LINC01614 was observed in both glioma specimens

and cell lines using RT-PCR. We also observed that LINC01614 upregulation was induced by

nuclear transcription factor SP1. Clinical assays revealed that high levels of LINC01614 were

associated with KPS, WHO grade and shorter overall survival of glioma patients. Multivariate

analysis further confirmed that LINC01614 was an independent prognostic marker for glioma

patients. Besides, functional assays displayed that silence of LINC01614 knockdown distinctly

inhibited cell growth, migration and invasion and promoted cell apoptosis in glioma cells.

LINC01614 expression was enriched in the cytoplasm of glioma cells. Mechanistic investiga-

tion revealed that LINC01614 functioned as a competing endogenous RNA to upregulate

a disintegrin and metalloproteinase 12 (ADAM12) by sponging miR-383.

Conclusion: Overall, these findings showed that SP1-induced upregulation of LINC01614

promoted glioma malignant progression via modulating the miR-383/ADAM12 axis, which

may provide a promising therapy for glioma.
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Introduction
Gliomas are the most frequent type of primary brain cancer (45–55%) in adults and

encompass a spectrum of neoplasms which vary in aggressiveness and differentiation.1

Based on the cellular behaviors and histopathological features of gliomas, they can be

divided into four grades (I, II, III and IV).2,3 Especially, glioblastoma (III and IV in

grade) are the aggressive malignant neoplasms.4 Despite surgical treatment combined

with radiotherapy, chemotherapy, rising targeted therapy and immunotherapy, the
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overall survival for patients with glioblastoma remains

unfavorable.5,6 The poor clinical outcome of glioblastoma

patients is due to distant metastasis and the limited under-

standing involved in its molecular mechanisms.7,8 Thus, it is

critical to develop efficient biomarkers and novel therapeutic

reagents to prolong survivals among glioma patients.

Long non-coding RNAs (lncRNAs) refer to t RNA tran-

scripts with more than 200 nucleotides with no protein-coding

capacity and are poorly conserved.9 Previously, lncRNAs are

considered “transcription noise,”meaning that they are useless

in the biological progression.10 However, growing evidences

highlight the fact that lncRNAs play an imperative role in the

regulation of various genes through some complex mechan-

isms, such as epigenetic modification.11,12 Abnormal content

or functions of lncRNAs have been demonstrated to be asso-

ciated with tumorigenesis and metastasis, suggesting that

lncRNAs may be novel biomarkers for tumor diagnosis and

potential therapeutic targets.13,14 Although many functional

lncRNAs have been identified using bioinformatics platform

and various cellular functional experiments, a large number of

lncRNAs related to glioma progression remain to be further

studied.15,16 Thus, analyzing the clinical significance, biologi-

cal function andmolecular mechanisms of lncRNAs in glioma

is of great importance.

LncRNA LINC01614 (LINC01614), located in 2q35,

was firstly identified to be a tumor promoter in lung cancer

by Liu et al.17 In their study, upregulation of LINC01614 was

observed in both lung cancer tissues and cells. Functional

assays revealed that knockdown of this lncRNA suppressed

cell growth and accelerate apoptosis via modulatingmiRNA-

217/FOXP1 axis. Then, LINC01614 was also reported to be

overexpressed in breast cancer and was proved to have great

prognostic values in patients with breast cancer.18 However,

the expression and biological function of LINC01614 in

glioma are unclear.

Patients and Methods
Patients and Specimens
Glioma tumor samples and matched normal specimens

were collected from 112 patients who underwent surgical

resection at Shenzhen People’s Hospital between

June 2011 and May 2014. Tissue samples were obtained

immediately after the surgical resection and stored in

liquid nitrogen. None of 112 patients receive anti-cancer

therapy prior to surgical resection. All clinical experiments

were carried out in accordance with the Declaration of

Helsinki and undertaken with the approval and written

consent of all patients. The study was approved by the

Ethics Committee of Shenzhen People’s Hospital.

Public Data Collection and Bioinformatics

Analyses
Microarray data and their clinical data were downloaded

from The Cancer Genome Atlas (TCGA; https://portal.gdc.

cancer.gov). “R” software was used for the assays of the

collected data. An online tool GEPIA (Gene Expression

Profiling Interactive Analysis) was used to analyze the

possible influence of genes on the long-term survival of

Glioma patients. LncBook algorithm (https://bigd.big.ac.

cn/lncbook/index) was used to study the methylation levels

of LINC01614 promoter region in glioma specimens.

cBioPortal algorithm (https://www.cbioportal.org/) was

also employed to analyze the genetic alternation of the

potential genes in glioma specimens.

Cell Transfection
Glioma cells (LN18, U251, T98G, LN229 and A172) and

NHAs cells (as control cells) were bought from QiBio

Biotechnology company (Qingdao, Shandong, China).

The cells were cultured in flasks containing RPMI-1640

media (with 10% FBS). All the cells were maintained in

an incubator with 37°C and 5% CO2. Cell transfection was

conducted by using Lipofectamine 2000 reagent kits

(Dongyuan, Ningbo, Zhejiang, China). The siRNAs target-

ing SP1 (si-SP1), negative control siRNAs (si-NC), siRNAs

targeting LINC01614 (si-LINC01614#1, si-LINC01614#2)

were synthesized by Biotek Biological company (Xiamen,

Fujian, China). miRNA mimics or inhibitors were obtained

from Shanghai Shenggong Biological company (Songjiang,

Shanghai, China). The overexpressing plasmids including

SP1 (ov-SP1), LINC01614 (ov-LINC01614) and ADAM12

(ov-ADAM12) were constructed by MAS Biological com-

pany (Pudong, Shanghai, China).

Real-Time PCR
Total RNA extraction was performed using Trizol reagents

(Qikun, Kunming, Yunnan, China). Reverse transcription

was conducted using the cDNA synthesis kits (Takara,

Dalian, Liaoning, China). The qPCR detection for SP1,

LINC01614 and ADAM12 was conducted by using SYBR

Green qPCR kits (MCE, Hangzhou, Zhejiang, China)

according to the kits’ protocols. For miR-383 detection,

total miRNAs were extracted using Qiagen miRNeasy

mini kits (Kewei, Hefei, Anhui, China), and qPCR for
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miR-383 detection was carried out using miRcute miRNA

qPCR (SYBR Green) kits (Tiangen, Xuhui, Shanghai,

China) in accordance with the kits’ protocols. The relative

levels of lncRNAs and miRNAs were calculated using the

2−ΔΔCt methods with the U6 or GAPDH as the endogenous

reference. Table 1 shows the primers used in this study.

Cell Viability Detection
Cellular viabilities were determined using Cell Counting

Kit-8 (CCK-8) assays by applying CCK-8 kits (Hongjun,

Nanjing, Jiangsu, China). Briefly speaking, GLIOMA cells

after LINC01614 siRNAs transfection at a density of 2500

cells/well were grown in plates (ninety-six-well). At indi-

cated time points (0, 1, 2, 3 and 4 days, respectively), 25 μL
CCK8 reagents were placed into the plates (per well). The

plates were then kept in an incubator (37°C with 5% CO2)

for 2.5 h, followed by being examined using a microplate

reader apparatus at an optical density (OD) 450 nm.

Colony Formation Assays
GBM cells after LINC01614 siRNAs transfection were

seeded into six-well plates (800 cells/well). Colonies were

allowed to form for about two weeks in RPMI-1640 media

(with 10% FBS) in an incubator with 37°C and 5% CO2.

Then, the colonies were washed and treated with methanol

(100%) and crystal violet (0.2%) for a quarter. After wash-

ing with PBS twice, the colonies were photographed by

a microscope.

EdU Assays
Cell-Light EdU assay kits (Ruibo, Guangzhou, Guangdong,

China) were also applied to determine the proliferation of

the treated glioma cells. In short, the LINC01614 siRNAs-

transfected glioma cells were, respectively, collected and

placed into 48-well plates. After being incubated with 50

μMEdU reagents (100 μL per well) for 2.5 h, the cells were

treated with paraformaldehyde (4%) and Apollo Dye

Solution. DAPI solution was then used to stain the nuclei.

After washing with PBS, images were acquired with

a fluorescence microscope.

Apoptosis Detection
Annexin V-FITC apoptosis detection kits were purchased

from Beyotime (Nanjing, Jiangsu, China) and were used

for the determination of cellular apoptosis. In brief, glioma

cells after LINC01614 siRNAs transfection were harvested

using 0.25% trypsin, and collected in a centrifuge tube. After

centrifugation (500×g/min, 5 min, 4°C), the supernatants

were discarded, and the plates were resuspended in 500 μL
binding buffer. Then, Annexin V-FITC reagents (5 μL) and
PI solution (10 μL) were added into the cells. After incuba-

tion in the dark for a quarter a quarter, the cells were sub-

jected to flow cytometry assays.

Caspase 3/9 Determination
Caspase 3/9 activity detection kits (Meijie, Xiamen,

Fujian, China) were used for caspase 3/9 determination.

In short, glioma cells after transfection with LINC01614

siRNAs were collected and Lysis Buffer was placed into

the cells. After incubation for 15 min on ice, the mixtures

were centrifuged (10,000 ×g, 10 min) and the supernatants

were obtained, followed by adding Ac-DEVD-pNA buffer

into the supernatants and incubating for 1.5 h. Then, the

OD405 nm absorbance was examined by a microplate

reader.

Wound-Healing Assays
Glioma cells after LINC01614 siRNAs treatment were

grown in 12-well plates and the cell confluence reached

about 100%. Then, the cells were scratched by 200 μL
pipette tips and the wounds were generated. Floating cells

and debris were removed by washing twice with PBS,

followed by being cultured for 48 h. Images of the wound

closures were taken at 0 h and 48 h by a microscope.

Transwell Assays
Glioma cells were transfected with LINC01614 siRNAs

and then collected in a centrifuge tube. The treated cells

were washed and resuspended (2.5×105 cells per well) in

250 μL serum-free media. The cell mixtures were added

into Corning transwell inserts (pre-coated with Matrigel;

Table 1 The Primers Used in This Study for RT-PCR

Names Sequences (5ʹ-3ʹ)

LINC01614: F CAACCAAGAGCGAAGCCAAG

LINC01614: R CGCCCCAAAACAACTGAGTC

SP1: F GCAGCAGAATTGAGTCACC

SP1: R CACAACATACTGCCCACCAG

miR-383: F GGGAGATCAGAAGGTGATTGT

miR-383: R CAGTGCGTGTCGTGGAGT

ADAM12: F CGGCAAGCAGATAACCAAG

ADAM12: R TGTAAACAGCAGTCGTATCAAG

GAPDH: F CAATGACCCCTTCATTGACC

GAPDH: R GACAAGCTTCCCGTTCTCAG

U6: F CTCGCTTCGGCAGCACA

U6: R AACGCTTCACGAATTTGCGT
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Dongsheng, Qingdao, Shandong, China). Then, 650 μL
chemo-attractants (RPMI-1640 media with 15% FBS)

were added into the bottom chambers of each transwell.

Twenty-four hours later, the invading cells were treated

with methanol (100%) and crystal violet (0.2%). After

washing with PBS three times, the images of the invasive

cells were acquired by using a microscope.

Subcellular Fractionation Assays
Life Technologies PARIS kits were applied for the separa-

tion of nuclear and cytosolic fractions in accordance with the

kits’ protocols. In brief, cells were collected and resuspended

in 450 μL ice-cold fractionation buffer, followed by being

incubated for 15 min. After the mixtures were centrifuged

(500 ×g/min, 5 min, 4°C), the cytoplasmic fraction was

attentively aspirated and then used for RNA extraction.

Subsequently, the nuclear pellet was lysed, and the samples

were then used for RNA isolation. Finally, the RNAs iso-

lated from nuclear and cytosolic fractions were subjected to

qRT-PCR assays. U2 was used as the control for cytonuclear

expressions and HPRT for cytoplasmic expressions.

ChIP Assays
EpiQuik ChIP assay kits (Aimeijie, Suzhou, Jiangsu, China)

were used for ChIP assays. In short, 1×107 LINC01614

siRNA-transfected glioma cells were collected and treated

with formaldehyde (final concentration: 1%) for 15 min at

37°C, followed by adding with glycine (final concentration:

125 nM) and incubating at room temperature for 5 min.

Subsequently, the cells were washed with PBS and added

with lysis buffer, followed by incubation at 4°C for 15 min.

Then, the cell lysates were sonicated to generate about 200 to

400 bp DNA fragments. Afterwards, the supernatants were

obtained by centrifuging and incubated with anti-SP1 anti-

body (Abcam, Cambridge, MA, USA) or IgG (as a negative

control; BOSTER, Wuhan, Hubei, China). Then, the com-

plexes were precipitated according to the kits’ protocols, and

the DNAwas eluted and purified, followed by being detected

by qPCR analysis as described above.

RNA-Pull Down Assays
Biotin-labeled LINC01614 (LINC01614-biotin) and nega-

tive control biotin-labeled probe (NC-biotin) were bought

from Fungene Biological company (Changsha, Hunan,

China). NC-biotin or LINC01614-biotin was, respectively,

mixed with U251 or LN299 cell lysates. Subsequently,

magnetic beads (Invitrogen, Pudong, Shanghai, China)

were put to the binding reactions for incubation at room

temperature. Then, the beads were washed, and the eluted

RNAs were measured by qPCR analysis.

Luciferase Reporter Assays
The sequence region containing predicted binding site 2

(S2 WT) of LINC01614 promoter or the corresponding

mutant-type (MUT) sequence (S2 MUT) was, respectively,

cloned into pGL3 reporter plasmid. LINC01614 sequence was

then constructed into pGL3 reporter plasmid (LINC01614

wild-type), and LINC01614 sequence containing the predicted

mutant-type binding site between LINC01614 and miR-383

was also cloned into pGL3 reporter plasmid (LINC01614

mutant-type). In addition, the luciferase reporter plasmids of

wild-type ADAM12 (ADAM12 wt1, ADAM12 wt2) or

matched mutant-type ADAM12 (ADAM12 mut1, ADAM12

mut2) were also constructed. The vector construction was

performed by Geno Biological company (Changsha, Hunan,

China). Glioma cells were co-transfected with corresponding

luciferase reporters plus Renilla luciferase plasmid (pRL-TK)

and miR-383 mimics. Then, the cells were harvested after

48 hrs for luciferase detection by using Promega Luciferase

Reporter detection kits (Songhong, Qingdao, Shandong,

China).

Statistical Analysis
SPSS version 19.0 software (Chicago, Chicago, IL, USA)

was employed to do statistical analysis. Kaplan–Meier

methods with Log-rank tests were applied to determine

the overall survivals. Student’s t-test and a one-way

ANOVA were carried out to assess the significant differ-

ences. A Cox proportional hazards model was used for the

multivariate assays. p values <0.05 were considered as

being statistically significant.

Results
Highly Expressed LINC01614 in Glioma

Tumor Samples and Cells
To screen potential functional lncRNAs in glioma, we used

“R” statistical software for the assays of microarray data from

TCGA datasets. The expression pattern of dysregulated

lncRNAs was shown using Heat Map (Figure 1A) and

Volcano plots (Figure 1B). Of all these lncRNAs,

LINC01614 was distinctly upregulated, with an average

increase of 2.9 times (Figure 1C). In addition, we also

observed that the upregulation of LINC01614 was

a common event in the great majority of tumors (Figure 1D).

Then, the levels of LINC01614 were examined in 112 glioma
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patients using RT-PCR. Data revealed that LINC01614 was

distinctly upregulated in tumor specimens compared with

corresponding normal brain specimens (p < 0.01, Figure 1E).

Moreover, we assessed the expressions of LINC01614 in

several glioma cell lines using RT-PCR, finding that

LINC01614 was obviously elevated in five glioma cell lines

compared with that in NHAs cells (Figure 1F). Overall, our

findings suggested that overexpression of LINC01614 may be

involved in the progression of glioma.

LINC01614 UpRegulation Associated

with Clinical Outcome of Glioma Patients
To study the clinical significance of LINC01614 in glioma

patients, the LINC01614 expressions were classified as

low or high in relation to the median value. As shown in

Table 2, the results of chi-square test revealed that high

LINC01614 expressions were associated with higher KPS

(p = 0.017) and advanced WHO grade (p = 0.012).

However, no significant difference in LINC01614 expres-

sion was observed with other clinical factors (p > 0.05).

Moreover, we performed Kaplan–Meier analysis and Log-

rank test to explore the associations between LINC01614

expression and survival of glioma patients, finding that the

patients with higher levels of LINC01614 expression had

significantly shorter survival time, compared with

those with lower LINC01614 expression (p = 0.0075,

Figure 1G). On the other hand, the univariate analysis

identified five prognostic factors: KPS, WHO grade and
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Figure 1 Bioinformatics analysis and the expression of LINC01614 in glioma tissues. (A) The differentially expressed lncRNAs in glioma tissues reflected by heat

map. Red color indicates high expression level, and green color indicates low expression level. (B) Volcano plot was used to show the dysregulated lncRNAs in

glioma samples. (C) The levels of LINC01614 were distinctly upregulated in glioma tissues by analyzing the TCGA datasets. (D) The expression trend of

LINC01614 in several types of tumors by analyzing the TCGA datasets. (E) qRT-PCR analysis of LINC01614 in glioma tissue samples and adjacent normal tissues.

(F) LncRNA LINC01614 expression level in human glioma cell lines and NHAs cells. (G) Kaplan–Meier curve indicated higher LINC01614 expression was

unfavorable for patient survival. **P < 0.01.
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LINC01614 expression (all p > 0.05, Table 2). When it

comes to multivariate, we observed that KPS (p = 0.021),

WHO grade (p = 0.013), and LINC01614 expression level

(HR=2.731, 95% CI: 1.217–4.387, p = 0.024) served as

independent prognostic factors for glioma patients

(Table 3).

SP1 Activated LINC01614 Expression

Through Binding to Its Promoter
Since LINC01614 was up-regulated in glioma, we next

sought to uncover the mechanisms that contributed

to LINC01614 high expression. First, we searched

LncBook algorithm (https://bigd.big.ac.cn/lncbook/index)

and found that the methylation levels of LINC01614

promoter region in glioma tumor specimens were remark-

ably lower than that of normal samples, which indicated

that transcription factors (TFs) might bind to LINC01614

promoter and activate its expression (Figure 2A).

Therefore, the Jaspar database was searched, and we

found that SP1 might be a potential TF that could bind

to LINC01614 promoter and stimulate its high expression

(Figure 2B). Next, we synthesized SP1 siRNAs (si-SP1)

and constructed SP1 overexpressing plasmid, ov-SP1

(Figure 2C). They were then, respectively, transfected

into U251 cells and qPCR analyses were carried out to

determine LINC01614 expression. The results showed

that repression of SP1 markedly reduced LINC01614

levels while enhancing SP1 levels remarkably increased

LINC01614 levels in glioma cells (Figure 2D).

Subsequently, ChIP assays validated that there were nota-

ble SP1-binding activities in the S2 site of LINC01614

promoter (Figure 2E). In addition, the data from lucifer-

ase activity detection assays revealed that enhancing SP1

expression caused obviously increased luciferase activ-

ities in GB cells transfected with S2 wild-type (WT)

luciferase reporter plasmids but not the S2 mutant-type

(MUT) reporters (Figure 2F). These results demonstrated

that SP1 could activate LINC01614 aberrantly high

expression in glioma cells.

Table 2 Clinical Association Between LINC01614 Expression

and Clinicopathological Variables in Glioma Patients

Variable Number LINC01614

Expression

p value

High Low

Age (years) 0.546

<45 61 30 31

≥45 51 28 23

Gender 0.592

Male 61 33 28

Female 51 25 26

Family history of cancer 0.341

Yes 57 27 30

No 55 31 24

Tumor location 0.085

Supratentorial 59 26 33

Infratentorial 53 32 21

Tumor size (cm) 0.222

<3 66 31 35

≥3 46 27 19

KPS 0.017

<90 35 24 11

≥90 77 34 43

WHO grade 0.012

I–II 74 32 42

III–IV 38 26 12

Table 3 Univariate and Multivariate Analysis of Overall Survival in Glioma Patients

Variables Univariate Analysis Multivariate Analysis

HR 95% CI p value HR 95% CI p value

Age 0.896 0.482–1.874 0.298 – – –

Gender 0.985 0.673–2.019 0.167 – – –

Family history of cancer 1.375 0.798–2.339 0.118 – – –

Tumor location 0.928 0.562–1.895 0.165 – – –

Tumor size (cm) 1.462 0.875–2.331 0.136 – – –

KPS 2.985 1.326–4.776 0.009 2.785 1.217–4.458 0.021

WHO grade 3.018 1.462–4.894 0.007 2.875 1.195–4.652 0.013

LINC01614 expression 2.974 1.375–4.685 0.010 2.731 1.217–4.387 0.024
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LINC01614 Knockdown Depressed

Glioma Cell Proliferation and Induced

Cell Apoptosis
We next aimed to study the functional roles of LINC01614 in

glioma, and U251 and LN299 were selected for cell functional

experiments. Then, LINC01614 siRNAs were transfected into

glioma cells and qPCR was conducted. As presented in

Figure 3A, after treatment with si-LINC01614#1 and si-

LINC01614#2, the levels of LINC01614 markedly decreased

in glioma cells. Then, CCK-8 assays were performed and

we observed that the cell viability of glioma cells was sig-

nificantly reduced after transfection with LINC01614 siRNAs

(Figure 3B). Accordingly, data from EdU assays proved that

depression of LINC01614 caused remarkably decreased cell

number of proliferative cells (Figure 3C). Similarly, cell col-

ony formation abilities were also notably reduced after silen-

cing LINC01614 by si-LINC01614#1 and si-LINC01614#2

(Figure 3D). Thereafter, flow cytometry was carried out to

examine the cell apoptosis. The data suggested that transfec-

tion with LINC01614 siRNAs contributed to significantly

increased cell apoptotic rates (Figure 3E). Mechanically, we

detected the caspase 3/9 activities in glioma cells after silen-

cing LINC01614 expression. The results proved that depleting

LINC01614 expression caused remarkably increased caspase

3/9 activities in glioma cells (Figure 3F). Hence, these data

validated that LINC01614 played a promoting role in glioma

cellular growth.

The Metastatic Potentials of GBC Cells

Were Regulated by LINC01614
Next, wound-healing and transwell invasion experiments were

conducted for evaluating the functional roles of LINC01614 in

cellular migration and invasion of glioma cells. As illustrated

in Figure 4A and B, the data of wound-healing assays revealed

that the wound closures of glioma cells with LINC01614

depletion were remarkably inhibited, which implied that the

migratory capabilities of glioma cells were markedly impaired

by transfection with LINC01614 siRNAs. Subsequently,

transwell assays were conducted to determine the cellular

invasion. The data demonstrated that the cellular invasion

decreased markedly after repressing LINC01614 expression

by si-LINC01614#1 or si-LINC01614#2 when compared with

si-NC in glioma cells (Figure 4C and D). Therefore, the data

suggested that LINC01614 also served as a promoting role in

cellular metastasis of glioma cells.

LINC01614 Directly Bound to miR-383 in

Glioma Cells
To do further mechanistic studies, we first evaluated the

protein-coding abilities of LINC01614 using Coding

Protein Calculator program (http://cpc.cbi.pku.edu.cn/).

The results revealed that LINC01614 was more likely to

be a non-coding RNA (Figure 5A). Therefore, LINC01614

might exert its function by targeting specific miRNAs,

particularly when LINC01614 existed in cytoplasm. We
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thereby further assessed the distribution of LINC01614 in

glioma cells using subcellular fractionation experiments,

and our group observed that LINC01614 mainly expressed

in cytoplasm, indicating LINC01614 might be a miRNA

sponge (Figure 5B). Next, we used miRDB algorithm

(http://mirdb.org/) to predict the potential targeting of

LINC01614, and the results indicated that miR-383,

a widely reported anti-tumor factor, was a potential target

of LINC01614 (Figure 5C).19,20 In fact, data from qPCR

revealed that miR-383 was down-regulated in glioma

tumor specimens (Figure 5D). In addition, the miR-383

levels in U251 cells were significantly inhibited by

LINC01614 overexpression, while its expression was

notably elevated by LINC01614 knockdown (Figure 5E).

Vice versa, LINC01614 levels were also suppressed by

transfection with miR-383 mimics, while its expression

was elevated by miR-383 inhibition (Figure 5F). To

further certify that miR-383 was a target of LINC01614,

luciferase reporter assays were conducted. Co-transfection

of LINC01614 wild-type reporters with miR-383 mimics

in glioma cells could result in a significantly decreased

luciferase activity compared to the controls (Figure 5G).

Furthermore, RNA-pull down assays demonstrated that

biotinylated LINC01614 was able to precipitate miR-383

in glioma cells (Figure 5H). Taken together, the data

revealed that miR-383 served as a direct target of

LINC01614 in glioma.
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LINC01614 Modulated ADAM12

Expression via miR-383 in Glioma Cells
Furthermore, to investigate the detailed mechanisms of miR-

383 in glioma progression, we intersected the predicted miR-

383 target genes using miRDB and TargetScan programs,

and 2000 up-regulated genes in glioma tumor samples using

GEPIA algorithm (http://gepia.cancer-pku.cn/) analysis, and

we found that there were 50 commonly expressed genes

(Figure 6A). Then, we employed the GEPIA algorithm to

analyze the overall survivals of the 50 commonly expressed

genes and found that only six genes (high expression) were

significantly associated with poor prognosis of glioma

patients (Figure 6B). In addition, cBioPortal algorithm

(https://www.cbioportal.org/) was also employed to analyze

the genetic alternation of the six genes in glioma specimens

(Figure 6C). Among the six genes, we selected ADAM12, an

onco-promoter in diverse cancer types for further study.21,22

In fact, ADAM12 was a remarkably high expression in

glioma tumor samples (Figure 6D and E). UALCAN algo-

rithm (http://ualcan.path.uab.edu/index.html) analysis using

TCGA data also revealed that ADAM12 was up-regulated in

multiple cancer types (Figure 6F). Besides, genes positively

correlated with ADAM12 in glioma were obtained by

UALCAN algorithm, and GO and KEGG pathway analysis

revealed that these genes were associated with pathways in

cancer, indicating that ADAM12 was involved in tumor

function regulation (Figure 6G). Hence, we next sought to

investigate whether ADAM12 was involved in LINC01614/

miR-383 regulating axis. The two predicted binding sites

between miR-383 and 3ʹUTR of ADAM12 mRNA was

exhibited in Figure 6H. Subsequently, luciferase reporter

plasmids of wild-type ADAM12 (ADAM12 wt1,

ADAM12 wt2) and mutant-type ADAM12 (ADAM12

mut1, ADAM12 mut2) were constructed, and luciferase

reporter assays were conducted. The results suggested that

co-transfection of ADAM12 wt1 or ADAM12wt2 luciferase

reporter with miR-383 mimics in U251 cells resulted in

a decreased reporter activity (Figure 6I). Additionally, we

found that both LINC01614 and ADAM12 expression were

inhibited by miR-383 mimics while elevated by miR-383

inhibitors (Figure 6J). Furthermore, the relative ADAM12

levels in U251 cells were suppressed by miR-383 overex-

pression, while enhancing LINC01614 expression was able

to restore ADAM12 levels (Figure 6K). Similarly, ADAM12

overexpression could also reverse the suppressive effects of

miR-383 on LINC01614 (Figure 6L). To sum up, these

findings demonstrated that LINC01614 could regulate

ADAM12 expression via sponging miR-383 in glioma cells.
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Discussion
Growing studies highlighted the dysregulation of lncRNAs

and its important functions in tumorigenesis, suggesting the

potential of lncRNAs used as novel biomarkers and effective

therapeutic targets for tumors.23,24 However, only a few

lncRNAs have been functionally characterized. For instance,

increased lncRNA DLEU1 was observed in glioma patients

with advanced stages and promoted the proliferation and

migration in tumor cells via modulating miRNA-421/

MEF2D axis.25 LncRNA FOXD2-AS1 was shown to be

highly expressed in glioma and its forced expression pro-

moted the metastasis ability of tumor cells via targeting

miRNA-185-5p/CCND2 axis.26 Recently, LINC01614 was

found to display its oncogenic roles in lung cancer by reg-

ulating miR-217, which suggested the potential tumor-

related effects of LINC01614 in tumorigenesis.17 Herein,

we firstly provided evidence that LINC01614 expression

was upregulated in glioma tissues and cell lines. A clinical

study indicated that high LINC01614 was associated with

high KPS, advancedWHO grade and shorter overall survival

of glioma patients. Moreover, multivariate assays demon-

strated LINC01614 expression as an unfavorable prognostic

indicator for glioma patients, which highlighted the clinical

application of LINC01614 as a novel biomarker. These

results stimulated us to investigate whether LINC01614 had

a functional effect on tumor behaviors. Lost-of-function

assays revealed that knockdown of LINC01614 suppressed

the proliferation, migration and invasion in glioma cells.

Further observation suggested that LINC01614 may protect

glioma cells from apoptosis through inhibiting the expression

of Caspase 3/9. Our findings indicated that LINC01614

served as an oncogene and drove carcinogenesis via promot-

ing tumor growth and metastasis in glioma.

Transcriptional activation is a crucial mechanism

resulting in the overexpression of lncRNAs.27 Recently,

growing studies have reported that the dysregulation of

lncRNAs was caused by various transcription factors.28

For instance, nuclear transcription factor SP1 induced the

distinct upregulation of lncRNA-ZFAS1 in colorectal can-

cer, resulting in increased abilities of tumor cells in the

proliferation, migration and invasion.29 Overexpression of

lncRNA LINC00467 was activated by STAT1 in lung

adenocarcinoma and further contributed to the prolifera-

tion and invasion of cancer cells via epigenetically inhibit-

ing DKK1.30 However, in glioma, only a few transcription

factors targeting lncRNAs were identified. In order to

explore the mechanism involved in the upregulation of

LINC01614, we searched JASPAR tools, finding that

SP1 may be a potential regulator for LINC01614 due to

several SP1-binding sites in the LINC01614 promoter

regions with high scores. Further dual-luciferase reporter

analysis and ChIP assays confirmed that the upregulation

of LINC01614 in glioma cells may be induced by SP1.

Thus, our data firstly reported the possible mechanisms

involved in the upregulation of LINC01614.

Inspired by a novel regulatory network (competitive

endogenous RNAs) and growing cellular experiments

demonstrate that some lncRNAs involved in tumorigenesis

may participate in this regulatory meshwork, our group

hypothesized that LINC01614may function as a ceRNA.31,32

The results of subcellular fractionation indicated that a larger

proportion of LINC01614 was observed in the nucleus, indi-

cating that LINC01614 may act as a ceRNA in glioma cells

by competitively binding miRNAs. Moreover, using bioin-

formatics assays and luciferase activity reporter assays,

LINC01614 was demonstrated to directly bind to miR-383

in glioma cells. MiR-383 was a well-studied tumor-related

miRNA. Recently, the dysregulation of miR-383 and its

biological function in several tumorigenesis had been fre-

quently reported.19,20 In glioma, the levels of miR-383 were

distinctly down-regulated, which was consistent with our

experiments.20,33 In addition, previous several studies

reported that miR-383 served as a tumor suppressor in the

cellular behaviors of glioma via targeting some mRNAs.

Thus, our findings revealed that LINC01614 may display

its carcinogenic roles in glioma via sponging miR-383.

A disintegrin and metalloproteinase 12 (ADAM12),

a kind of type-I transmembrane and soluble glycoproteins,

is a newly identified regulatory factor that has been

demonstrated to be involved in the biological progress of

cellular signal transduction, the hydrolysis of proteins and

metastasis.34,35 In tumor research, the distinct upregulation

of ADAM12 was observed in several cancer patients, and

its levels had been proved to be strongly associated with

disease status, stages, and tumor risk.36 In addition, the

tumor-promotive roles of ADAM12 and its potential used

as a novel diagnostic and prognostic biomarker were also

confirmed in several tumors, such as breast cancer and

bladder cancer.37,38 Previous studies also provided evi-

dence that overexpression of ADAM12 promoted the pro-

liferation and metastasis of glioma cells, indicating its

oncogenic roles in glioma progression.39,40 In this study,

we used bioinformatic tools and confirmed the potential

miR-383 binding sites in the 3ʹ-UTR of ADAM12. The

possible effects of ADAM12 were also analyzed using
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bioinformatic tools, and the results revealed that high

ADAM12 expression was associated with poor clinical

outcome of glioma patients. In addition, the data of GO

analysis revealed that the levels of ADAM12 were corre-

lated with several tumor-related signaling pathways, high-

lighting ADAM12 as an important regulator in glioma

progression. Then, luciferase assays confirmed that

ADAM12 was a direct target of miR-383. Moreover, res-

cue experiments revealed that overexpression of

LINC01614 could increase the mRNA levels of

ADAM12 which was decreased by miR-383 mimics.

Overall, our data suggested that by binding miR-383,

LINC01614 modulates the expression of ADAM12,

thereby imposing an additional ADAM12 expression at

post-transcriptional regulation level.

In conclusion, we determined that SP1-induced upre-

gulation of LINC01614 promoted glioma progression by

acting as a molecular sponge of miR-383 to modulate

ADAM12 expressions. Our findings may contribute to

enrich the study on the molecular mechanism involved in

glioma progression, thereby providing a promising thera-

peutic target for glioma treatment and a novel diagnostic

and prognostic biomarker for glioma patients.
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