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INTRODUCTION  
 

Glioma is the most aggressive tumor [1]. A recent study 

found that the incidence of intracranial tumors was 

21/100,000, accounting for 2% of all cancers. 

Thereinto, glioma accounted for more than 50%, and 

the 5-year survival rate was less than 15 months [2]. 

Currently, the clinical treatment plan for glioma hinges 

on the size, location, type of tumors and age of patients. 

It mainly includes surgery, radiotherapy and chemo-

therapy and gene therapy [3ï5]. Nevertheless, research 

has found that traditional chemotherapy patients are 

prone to drug resistance, thus remarkably increasing the 

recurrence rate during treatment. It is also the main 

reason for the failure of clinical treatment [6]. Up to 

now, the pathogenesis of glioma is still vague. Thus, itôs 

quite remarkable to understand and probe into gliomaôs 

molecular mechanism and employ effective methods for 

diagnosis and treatment. 

 

Long non-coding RNA (lncRNA), over 200 nucleotides 

long, lacks protein-coding ability [7, 8]. Early studies 

have discovered that lncRNA plays a certain part in the 

development of tumors and various diseases, especially 

in targeted therapy, clinical diagnosis and prognosis [9, 

10]. Other studies have found that it also promotes or 

inhibits tumor growth and increases tumor sensitivity to 

chemotherapy drugs in different tumors [11, 12]. For 

instance, Fu et al. found that LncRNA PVT1 could 

accelerate tumorigenesis and glioma progression by 

regulating miR (microRNA)-128-3p/GREM1 axis and 

BMP signal pathway [13]. Another research found that 
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ABSTRACT 
 

Background: Long non-coding RNA (LncRNA) is associated with disease progression. It is reported that 
LINC01087 is highly expressed in cancer and participates in tumorigenesis. However, whether it  regulates the 
development of glioma has not been studied. So, the goal of this research is to determine the role of LINC01087 
in gliomas and to provide potential targets for clinical treatment.  
Methods: The gene expression was detected by quantitative reverse transcriptase polymerase chain reaction 
(QRT-PCR) and Western blotting (WB). Cell proliferation was analyzed by CCK8 and colony formation test, and 
apoptosis was detected by flow cytometry. Luciferase report experiment and RNA Binding Protein 
Immunoprecipitation confirmed the interaction between LINC01087, miR-384 and Bcl-2. The effect of regulating 
LINC01087 on the growth of glioma was confirmed in vitro. 
Results: The LINC01087 expression was up-regulated in clinical glioma samples (n = 35). Furthermore, 
LINC01087 silencing can obviously suppress the proliferation of glioma cells and induce apoptosis. 
Mechanically, we found that LINC01087 was the molecular sponge of miR-384. LINC01087 could inhibit  the miR-
384 expression and boost the Bcl-2 expression through sponge expression of miR-384. The repair of Bcl-2 
effectively saved the proliferation and apoptosis of glioma cells lacking LINC01087. 
Conclusion: LINC01087 is highly expressed in glioma and can participate in the growth of glioma through miR-
384/Bcl-2 axis. So, it  is a potential therapeutic target. 
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TMPO-AS1, a proliferation-associated long non-coding 

RNA, was a latent therapeutic target for triple-negative 

breast cancer [14]. LINC01087, as a newly discovered 

lncRNA, has been studied relatively little in tumors. 

Currently, known references show that it is highly 

expressed in breast cancer, and can mediate miR/mRNA 

axis to take part in tumor occurrence [15]. We discovered 

that LINC01087 was also highly expressed in glioma 

through GEO (gene expression omnibus) chip analysis, 

and predicted that it might mediate miR-384/Bcl-2 axis to 

take part in the development of glioma. 

 

Therefore, this research aims to probe into LINC01087ôs 

expression and potential mechanism in glioma and 

provide potential targets for clinical treatment. 

 

RESULTS 
 

Expression of LINC01087 increases in glioma 

 

By analyzing the LINC01087 expression in GSE103229 

expression profiling, we found that the expression in 

glioma increased dramatically (Figure 1A). qRT-PCR 

also manifested that the expression in glioma patients 

was obviously higher than that in the CG (Figure 1B). In 

addition, by detecting the expression in glioma cell lines, 

we also discovered that the LINC01087 relative level in 

U87, SHG-44, U251 and H4 cells increased markedly 

(Figure 1C). This suggested that it might be involved in 

the development of glioma. 

 

Knocking down LINC01087 can suppress growth of 

glioma and induce apoptosis 
 

To further understand the role of LINC01087 in glioma, 

we established sh-LINC01087 plasmid and transfected 

sh-LINC01087#1 into U87 and U251 cells (Figure 2A, 

2B). Cell growth and apoptosis were tested via CCK-8, 

cloning experiment, flow cytometry and WB 

experiment. CCK-8, colony formation, and Edu assays 

manifested that cell viability, cloning, and proliferation 

were markedly suppressed after transfection of sh-

LINC01087#1 (Figure 2Cï2E), while flow cytometry 

manifested that this induced apoptosis (Figure 2F). 

Moreover, WB experiments showed that the expression 

of Bax, cle-Caspase-3, PARP and cyt-c protein after 

transfection was obviously higher than that of sh-NC 

group, while the Bcl-2 protein expression was 

dramatically lower (Figure 2G). Meanwhile, the 

depletion of LINC01087 by sh-LINC01087#1 enhanced 

the relative caspase-3 activity in the glioma cells 

(Figure 2H). It indicated that inhibiting LINC01087 

could induce apoptosis and reduce glioma cell 

proliferation. 

 

There is a regulatory relationship between 

LINC01087 and miR-384, Bcl-2 
 

LncRNA has been proved to be miRNA sponge in 

tumor cells. To study whether LINC01087 could 

regulate miR, we first determined its localization in 

glioma cells by fluorescence in situ hybridization 

(Figure 3A). After that, we found that LINC01087 was 

primarily situated in the cytoplasm of glioma cells. 

Then, we predicted that there was a potential binding 

site between miR-384 and LINC01087 through starBase 

website. To prove this, we verified it by RIP and dual-

luciferase report experiment (Figure 3B). It manifested 

that miR-384-agomiR could effectively inhibit the 

fluorescence activity of LINC01087-WT (Figure 3C), 

while RIP analysis found that both LINC01087 and 

miR-384 were enriched by anti-Ago2 in glioma cell 

lysate. LINC01087 could regulate miR-384 (Figure 

3D), and itôs worth noting that the expression of miR-

384 increased markedly after LINC01087 was knocked 

down. To further understand the mechanism of 

LINC01087/miR-384 axis, we predicted the potential 

mRNA downstream of miR-384. There was a targeted 

binding site between miR-384 and Bcl-2 through 

starBase and TargetScan prediction. For further

 

 
 

Figure 1. Expression of LINC01087 in glioma. (A) Relative expression of LINC01087 in GSE103229 expression profiling (*** P < 0.001). (B) 
The relative expression of LINC01087 in tumor tissues of glioma patients was detected by qRT-PCR (*** P < 0.001). (C) The relative expression 
of LINC01087 in glioma cells was tested by qRT-PCR (*means P < 0.05 compared with HEB cells; ** means P < 0.01 compared with HEB cells). 
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verification, we conducted a dual-luciferase report. The 

results indicated that the fluorescence activity of Bcl-2-

WT could be inhibited by miR-384-agomiR, and the 

Bcl-2 mRNA and protein expression in glioma cells 

transfected with miR-384-agomiR was obviously 

inhibited (Figure 3E, 3F). To determine whether Bcl-2 

was regulated by LINC01087/miR-384 axis, we co-

transfected sh-LINC01087#1 and anti-miR-384, 

respectively. In the end, we found that anti-miR-384 

alone up-regulated Bcl-2 mRNA and protein 

expression. However, after co-transfection of sh-

LINC01087#1 and anti-miR-384, there was no marked 

difference in Bcl-2 mRNA and protein expression 

compared with Vector, which was observed by qRT- 

PCR and Western blot analysis. Furthermore, through 

correlation analysis, we found that miR-384 was 

negatively correlated with LINC01087 and Bcl-2 

expression in tumor tissues of glioma patients (Figure 

3G). These studies suggested that LINC01087 could 

regulate miR-384/Bcl-2 axis. 

 

 
 

Figure 2. Down-regulating LINC01087 can inhibit the proliferation of glioma cells and induce apoptosis. (A) The relative 
expression of LINC01087 in the constructed sh-LINC01087 plasmid was tested by qRT-PCR. (B) The relative expression in glioma cells 
transfected with sh-LINC01087#1 was detected by qRT-PCR. (C) Viability of glioma cells transfected with sh-LINC01087#1 was measured by 
CCK-8 test. (D) Colony-formation ability changes of glioma cells transfected with sh-LINC01087#1 were tested by clone experiment. (E) 
Proliferation of glioma cells transfected with sh-LINC01087#1 was analyzed by Edu assay. (F) The apoptosis rate of glioma cells transfected 
with sh-LINC01087#1 was detected by flow cytometry. (G) The changes of apoptosis-related proteins in glioma cells transfected with sh-
LINC01087#1 were analyzed by WB. (H) The relative caspase-3 activity was measured by the caspase-3 activity kit. (*P < 0.05). 
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LINC01087 regulates miR-384/Bcl-2 to participate 

in glioma proliferation and apoptosis 

 

In the above study, we have confirmed that 

LINC01087 can regulate miR-384/Bcl-2 axis, but it's 

vague whether it is involved in glioma growth. Hence, 

we conducted a rescue experiment. First of all, qRT-

PCR detection found that up-regulating miR-384 had 

no effect on LINC01087, but pcDNA-LINC01087 

could inhibit the over-expression of miR-384 after 

transfection of miR-384-agomiR (Figure 4A). 

Afterward, we found that the proliferation and cloning 

of cells were obviously enhanced and the apoptosis 

rate decreased after transfection of pcDNA-

LINC01087 alone, while the proliferation and cloning 

were obviously inhibited after transfection of miR-

384-agomiR alone, which induced apoptosis (Figure 

4Bï4D). However, after co-transfection of pcDNA-

LINC01087 and miR-384-agomiR, they were pro-

liferated and cloned. This suggested that LINC01087 

could take part in glioma growth through miR-

384/Bcl-2 axis (
*
P < 0.05).  

 

Moreover, we validated the expression of Bcl-2, 

LINC01087, and miR-384 in the glioma cells transfected 

with shLINC01087 or co-transfected with shLINC01087 

and anti-miR-384 or pcDNA-Bcl-2 (Figure 5A). The cell 

viability and colony formation numbers were repressed 

and cell apoptosis and caspase-3 activity were induced by 

the depletion of LINC01087, while the inhibition of miR-

384 or the overexpression of Bcl-2 could reverse the 

effect in the cells (Figure 5Bï5E). 

 

 
 

Figure 3. LINC01087 regulates miR-384 to take part in the proliferation and apoptosis of glioma. (A) Fluorescence in situ 
hybridization determined the distribution of LINC01087 in glioma cells. (B) Targeted binding and mutation sites of miR-384, LINC01087 and 
Bcl-2. (C) The effect of miR-384-agomiR on fluorescence activity of LINC01087-WT and Bcl-2-WT was tested by dual luciferase report. (D) miR-
384 was identified in LINC01087 complex. (E) The relative expression changes of Bcl-2 mRNA and protein in glioma cells after transfection of 
miR-384-agomiR were tested by qRT-PCR and WB test. (F) The relative expression changes of Bcl-2 mRNA and protein in glioma cells after co-
transfection of sh-LINC01087#1 and anti-miR-384 were tested by qRT-PCR and WB test. (G) The correlation between miR-384 and LINC01087, 
Bcl-2 in glioma patients was analyzed by Pearson test. (*P < 0.05, *** P < 0.001). 
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Knocking down LINC01087 can suppress tumor 

growth in nude mice 

 

At the end of the study, we verified LINC01087ôs effect 

in vivo. We built a xenograft tumor model and injected 

the glioma cells transfected with sh-LINC01087#1 into 

nude mice subcutaneously. We found that the tumor 

volume and quality of sh-LINC01087#1 group were 

markedly inhibited (Figure 6A, 6B), the miR-384 

expression in tumor tissues increased markedly, while 

the Bcl-2 expression was obviously inhibited (Figure 

6C). In addition, Western blot analysis showed that the 

expression of pro-apoptosis related proteins in tumor 

tissues of nude mice in sh-LINC01087#1 group 

increased markedly, while the Bcl-2 expression 

decreased dramatically (Figure 6D). It suggested that 

LINC01087 could suppress the growth of glioma by 

regulating miR-384/Bcl-2 axis. 

DISCUSSION 
 

Recently, the morbidity of glioma has gradually 

increased [16]. So, finding out the pathogenesis is the 

key to prevent and control it. In this experiment, we 

found that the LINC01087 expression in glioma tissues 

and cells increased obviously, and it could act as miR-

384 sponge and participate in the development of 

glioma by regulating Bcl-2. 

 

More and more studies have shown that lncRNA acts as 

a competitive endogenous RNA (ceRNA) in the 

carcinogenesis of tumors [17]. LINC01087 is a newly 

discovered lncRNA located on human chromosome 

2q21.1. However, the research on LINC01087 in tumors 

is very simple, mainly in BC [18, 19]. Our study found 

that the LINC01087 expression in glioma increased 

obviously, which suggested that it might regulate the

 

 

 
 

 

Figure 4. LINC01087 regulates miR-384/Bcl-2 to take part in the proliferation and apoptosis of glioma. (A) qRT-PCR detected the 
relative expression levels of LINC01087 and miR-384 in cells after co-transfection. (B) Proliferation of glioma cells after co-transfection was 
tested by CCK-8. (C) The changes of cloning of glioma cells after co-transfection were detected by cloning experiment. (D) The apoptosis rate 
of glioma cells after co-transfection was tested by flow cytometry. (

*
P < 0.05). 
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Figure 5. LINC01087 regulates miR-384/Bcl-2 to take part in the proliferation and apoptosis of glioma. (A) qRT-PCR detected the 
relative expression levels of Bcl-2, LINC01087, and miR-384 in cells after co-transfection. (B) Proliferation of glioma cells after co-transfection 
was tested by CCK-8. (C) The changes of cloning of glioma cells after co-transfection were detected by cloning experiment. (D) The apoptosis 
rate of glioma cells after co-transfection was tested by flow cytometry. (E) The relative caspase-3 activity was measured by the caspase-3 
activity kit. (

*
P < 0.05, 

**
P < 0.01). 


