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Abstract: Lung cancer is the most frequent and deadliest cancer, worldwide, especially in China. However, the 
molecular mechanisms involved in lung cancer development remain unclear. Moreover, lncBRM (long non-coding 
RNA for association with Brahma [BRM]; gene symbol LINCR-0003), which is highly transcribed in liver cancer 
stem cells, has been associated with progression and prognosis of hepatocellular carcinoma. However, the roles of 
lncBRM in lung cancer have not been thoroughly examined. The current study investigated the roles of lncBRM in 
lung tumorigenesis. It was found that expression of lncBRM was highly increased in samples obtained from patients 
with lung cancer, compared with healthy samples, indicating poor prognosis. In addition, data from quantitative 
real-time polymerase chain reaction analysis showed that expression of lncBRM differed between several lung 
cancer cell lines, with the highest levels observed in A549 cells. Moreover, lncBRM knockdown inhibited the prolif-
eration of lung cancer cells by affecting the cell cycle in vitro, suppressing tumor growth in a xenograft tumor model. 
Furthermore, lncBRM knockdown promoted the apoptosis of lung cancer cell lines. Mechanistically, expression of 
Sox4, a key factor in the development of lung cancer, was compromised after lncBRM knockdown. Moreover, results 
suggest that lncBRM competitively interacts with miR-211-5p and regulates Sox4 expression. Collectively, present 
findings reveal, for the first time, the role of lncBRM as a tumor promoter in lung cancer. Thus, lncBRM is a potential 
prognostic biomarker and therapeutic target for lung cancer.
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Introduction

Lung cancer is the most common type of can-
cer, worldwide, and the leading cause of can-
cer-related deaths in China. This may be due to 
the limited therapeutic options in advanced 
stages of the disease [1, 2]. Although advance-
ments have been made in the clinical treat-
ment of lung cancer in recent years, the overall 
survival (OS) time of patients has not improved 
significantly. An important reason for the lack 
of improvement is the limited understanding of 
lung cancer pathogenesis. Thus, a more com-
prehensive understanding of the molecular me- 
chanisms underlying carcinogenesis in the 
lungs and identification of new therapeutic tar-
gets will undoubtedly improve outcomes in the 
future. 

Using next-generation sequencing technologi- 
es, it has been determined that long non-cod-

ing RNAs (lncRNAs) are widely transcribed in 
the genome [3, 4]. Moreover, lncRNAs are tran-
scripts longer than 200 nucleotides without 
protein-coding potential [5]. Although previous-
ly characterized as transcriptional “noise”, em- 
erging evidence has shown that lncRNAs play 
critical roles in various biological processes, 
including cellular development and differentia-
tion [6-8]. Furthermore, abnormal expression of 
lncRNAs has been linked to the development 
and progression of cancer, leading to dysregu-
lation of cancer cell proliferation, apoptosis, 
migration, and invasion [9-11]. For example, the 
oncogenic lncRNA HOX Transcript Antisense 
Intergenic RNA (HOTAIR) may be used to predict 
prognosis in patients with non-small-cell lung 
cancer, determining the usefulness of chemo-
therapy in patients [12, 13]. Therefore, identifi-
cation of key oncogenic lung cancer-related 
lncRNAs is necessary in developing improved 
strategies for lung cancer treatment. 

http://www.ijcem.com
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Additionally, lncRNA for association with Bra- 
hma (lncBRM), located on chromosome 5 be- 
tween the PLK2 and ACTBL2 genes, is highly 
expressed in liver cancer stem cells and hepa-
tocellular carcinoma tumors. Subsequently, hi- 
ghly expressed lncBRM activates YAP1 signal-
ing to promote self-renewal of liver cancer stem 
cells, initiating tumor expansion [14]. However, 
evidence regarding the function of lncBRM in 
lung cancer tumorigenesis and progression has 
been limited. The aim of the present study was 
to investigate the biological roles and molecu-
lar mechanisms of lncBRM in lung cancer. The 
current study determined expression patterns 
of lncBRM in lung cancer tissues and matched 
adjacent non-tumor tissues, examining the cor-
relation with prognosis. In addition, this study 
explored the function of lncBRM using in vitro 
and in vivo assays. Finally, the current study 
identified Sox4 as a target of lncBRM, possibly 
affecting the proliferation of lung cancer cells.

Materials and methods

Clinical samples

A total of 70 fresh lung cancer tissue samples 
and matched adjacent non-tumor tissues were 

obtained from patients that underwent surgical 
resections at Shenzhen Luohu People’s Hos- 
pital, between June 2015 and May 2016. All 
specimens were immediately frozen and stored 
in liquid nitrogen until RNA extraction. The 
tumor samples were pathologically confirmed 
by pathologists. The current study was approv- 
ed by the Ethics Committee of Shenzhen Uni- 
versity and performed in compliance with the 
principles of the Declaration of Helsinki. All 
patients provided informed consent prior to 
participation. Patients discharged from the 
hospital were followed-up routinely, about ev- 
ery 3 months, according to a scheduled prog- 
ram. Clinicopathological characteristics of the 
patients with lung cancer are summarized in 
Table 1.

Cell culturing 

Healthy lung epithelial cell lines (MRC-5) and 
lung cancer cell lines (non-small-cell lung can-
cer cells A549, NCL-H1650, NCI-H1299, HCC- 
827, SPC-A1, and MSTO-211H) were obtained 
from the Cell Bank of Chinese Academy of 
Science (Shanghai, China). All cells were cul-
tured in Dulbecco’s Modified Eagle’s Medium 
(DMEM) (GIBCO-BRL, Grand Island, NY, USA), 
with 10% fetal bovine serum (Invitrogen, Grand 
Island, NY, USA). All cells were incubated at 
37°C in 5% CO2 humidified air.

Small interfering RNA (siRNA) transfection and 
Sox4 transfection

This study used siRNA for knockdown of lnc-
BRM in lung cancer cell lines. Sequences of the 
oligonucleotides were as follows: Control siRNA, 
5’-GGAATATTGTCGACTTAAC-3’; lncBRM siRNA, 
5’-GGACCACTAGGTTTCATAT-3’.

For transfection, the cells were seeded in 
12-well plates at a density of 5 × 105 cells/well. 
After 24 hours and 70-80% confluence, the 
cells were transfected with respective lncBRM 
siRNAs (50 nM) and control-siRNAs (50 nM)  
in serum-free medium using Lipofectamine 
2000™ (Invitrogen), according to manufacturer 
instructions. After incubation for 6 hours at 
37°C, the medium in each well was replaced 
with DMEM containing 10% heat-inactivated 
fetal bovine serum. The protocol for transfec-
tion of Sox4 was identical to the abovemen-
tioned protocol, except for siRNA (replaced with 
the pCDNA-Sox4 vector). 

Table 1. Clinicopathological factors of lung 
cancer patients

Characteristics
Expression of 

lncBRM P-value
Low High

Sex 0.56
    Male 20 19
    Female 15 16
Age 0.71
    ≤60 19 17
    >60 16 18
History of smoking 0.63
    Ever 18 20
    Never 17 15
Tumor size
    ≤3 cm 20 13 0.12
    >3 cm 15 22
Histological grade
    Low or undifferent 25 5 0.004
    Middle or high 10 30
TNM stage
    I/II 23 7 0.001
    III/IV 12 28
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Real-time polymerase chain reaction (PCR) 
analysis

Total RNA was extracted from lung cancer cell 
lines using TRIzol Reagent (Invitrogen, Carls- 
bad, CA, USA). It was processed directly to 
cDNA using a Reverse Transcription Kit (Taka- 
ra, Dalian, China), followed by real-time PCR. 
The primer pair used for amplification of the 
human lncBRM gene was as follows: Forward 
primer, 5’-GGTCAAGAGGCCAGGAAGAG-3’ and 
reverse primer, 5’-TTCTCACTTCAGCCCAATGCT- 
3’. The human actin gene was amplified as 
internal control using the following primers: 
Forward primer, 5-GTGGACATCCGCAAAGAC-3 
and reverse primer, 5-AAAGGGTGTAACGCAAC- 
TA-3. Real-time PCR included the following: 10 
μl 2 × SYBR premix ex taq, 0.8 μl forward and 
reverse primers (2.5 μM), 5 μl cDNA, and 4.2 μl 
ddH2O. The real-time PCR procedure was per-
formed as follows: Denaturation at 95°C for 1 
minute, denaturation at 95°C for 5 seconds, 
and annealing extension at 60°C for 20 sec-
onds (a total of 40 cycles). All reactions were 
performed using the BioRad Connect Real-Time 
PCR platform. Absorbance values were read at 
the extension stage and the 2-ΔΔCt method was 
adopted for statistical analysis.

Western blotting analysis

Western blotting analysis was also performed, 
as previously described [15]. Briefly, the cells 
were lysed for total protein extraction in 2X SDS 
Sample Buffer (100 mM Tris-HCl [pH 6.8], 10 
mM EDTA, 4% SDS, 10% Glycine). Protein ex- 
tractions (20 µg) were separated using 10% 
SDS-PAGE and subsequently transferred to 
0.22-mm nitrocellulose membranes (Sigma-
Aldrich, USA). The membranes were blocked 
with 5% defatted milk and incubated with spe-
cific antibodies overnight. Primary antibodies 
against Sox4 (Ab80261) were purchased from 
Abcam. Primary antibodies against GAPDH 
(#5174) were purchased from Cell Signaling Te- 
chnology. Secondary antibodies, including anti-
rabbit HRP and anti-mouse HRP, were obtained 
from Santa Cruz Biotechnology.

CCK8 viability assay

The growth of the cells was assessed through 
CCK8 assays (Sigma). Equal numbers of cells 
were seeded in 96-well plates and cultured, for 
various time periods, after siRNA transfection. 

At indicated time points (24, 48, 72, and 96 
hours), CCK8 reagent was added to the medi-
um. The cells were incubated for another 1 
hour at 37°C. Subsequently, absorbance val-
ues at 450 nm were quantitatively measured 
using a SUNRISE Microplate Reader (Swit- 
zerland).

Flow cytometric apoptosis analysis

A549 cells (250,000 cells/dish) were seeded in 
10-cm dishes after siRNA transfection. The 
cells were harvested 48 hours later (at a cell 
confluency of 80%), washed in PBS, and stain- 
ed with Annexin V and 7-AAD (BD Biosciences, 
Franklin Lakes, NJ, USA) for 30 minutes. The 
samples were subsequently analyzed using a 
flow cytometer (BD LSR II).

Colony formation assay

Equal numbers of A549 cells, treated with 
siControl and siLncBRM (500 cells/well), were 
inoculated in 6-well plates and cultured for 8 
and 12 days, respectively, after siRNA infec-
tion. Subsequently, the colonies were stained 
using crystal violet and counted.

5-ethynyl-2-deoxyuridine (EdU) incorporation 
assay

EdU incorporation assays were used to evalu-
ate DNA synthesis in cells. After transfection 
with indicated siRNAs, the cells were incubated 
with 10 μM EdU for 2 hours. Incorporated EdU 
was detected via the fluorescent azide coupling 
reaction (Invitrogen). Images were captured 
using a fluorescence microscope (Nikon, Tokyo, 
Japan) and analyzed using ImageJ software 
(National Institutes of Health, Bethesda, MD, 
USA).

Mouse xenograft model

A mouse xenograft model was generated, as 
previously described [16]. Briefly, BALB/c athy-
mic nude mice (6-8 weeks old) were randomly 
divided into two groups. They were subcutane-
ously injected in the flank regions with 1.0 × 
106 cells contained in 0.1 mL of PBS. Tumor 
sizes were measured every 4 days using cali-
pers. Tumor volumes were calculated using the 
following formula: (length × width2)/2. Forty 
days after implantation, the mice were eutha-
nized through asphyxiation in a CO2 chamber 
and the tumors were immediately excised for 
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Moreover, Kaplan-Meier survival analysis and 
log-rank tests were conducted, further assess-
ing the clinical significance of lncBRM in the 
prognosis of lung cancer patients. The samples 
were separated into high (above the median, 
n=35) and low (below the median, n=35) lnc-
BRM expression groups, according to the mean 
level of lncBRM. Results demonstrated that 
increased levels of lncBRM were associated 
with poor OS (Figure 1B). Results also showed 
that lncBRM levels were correlated with histo-
logical grade (P=0.004) and TNM stage (P= 
0.001), but no relationship was found between 
lncBRM expression and other factors, including 
age (≤60 years or >60 years), sex (male/fe- 
male), and tumor size (≤3 cm or >3 cm) (Table 
1). Furthermore, univariate and multivariate 
analyses were conducted to confirm the prog-
nostic role of lncBRM in patients with lung can-
cer. Univariate analysis identified three prog-
nostic factors, including histological grade (low, 
middle, or high), TNM stage (I/II, III/IV), and 
expression of lncBRM (Table 2). However, other 
clinicopathological characteristics, such as age 
(≤60 years or >60 years), sex (male/female), 
tumor size (≤3 cm or >3 cm), and history of 
smoking (yes or no), were not statistically sig-
nificant prognostic factors. Moreover, multivari-
ate analysis revealed that expression of lnc-
BRM (P=0.015), histological classification (P= 
0.004), and TNM stage (P=0.001) were signifi-
cant independent predictors of poor survival in 
patients with lung cancer (Table 1). Therefore, 
results suggest that increased expression of 
lncBRM might play an important role in the 
development of lung cancer.

The current study determined expression levels 
of lncBRM in healthy lung epithelial cell line 
MRC-5 and lung cancer cell lines NCL-H1650, 
SPC-A1, HCC827, NCI-H1299, MSTO-211H, 
and A549. It was observed that lncBRM was 
highly expressed in SPC-A1, HCC827, NCI-H1- 
299, MSTO-211H, and A549 cells. However, it 
was moderately expressed in NCL-H1650 cells, 
compared to healthy MRC-5 cells (Figure 1C). 
Collectively, present data suggest that lncBRM 
may participate in the pathogenesis of lung 
cancer.

lncBRM regulates the proliferation of lung can-
cer cells by affecting cell cycle

A549 cells express high levels of lncBRM. Thus, 
these cells were selected to perform the follow-

photography. All procedures were conducted in 
accordance with the guidelines of the Animal 
Care and Use Committee of Shenzhen Uni- 
versity.

Immunohistochemistry

The primary tumors were immunostained for 
Ki67, as previously described [11]. Primary an- 
tibodies to Ki67 (Ab15580) were purchased 
from Abcam.

Luciferase reporter assays

Wild-type (WT) or mutated (MUT) lncBRM se- 
quences, including potential binding sites of 
miR-212, as well as was Sox4 3’UTR, were 
amplified and cloned into the pGL3-Basic vec-
tor (Promega, USA). A mixture of 20 ng plas-
mids and 150 nM miR-212 mimics was tran-
siently transfected into 293T cells. After trans-
fection for 48 hours, firefly luciferase activity 
and relative Renilla expression were detected 
using the Dual-Luciferase Reporter Assay Sy- 
stem (Promega, USA).

Statistical analysis

Data are presented as mean ± standard devia-
tion and were normalized relative to the nega-
tive control. Statistical analysis was performed 
using Prism 6 (GraphPad Software). Differences 
between groups were estimated by Student’s 
t-tests or Wilcoxon tests. OS rates were calcu-
lated using the Kaplan-Meier method and log-
rank tests were used for comparisons. Uni- 
variate and multivariate proportional hazards 
models were used for evaluation of survival 
data. P-values <0.05 indicate statistical sig- 
nificance.

Results

lncBRM is upregulated in human lung cancer 
tissues 

A total of 70 pairs of lung cancer tumor tissues 
and adjacent healthy tissues were collected. 
This study aimed to determine the involvement 
of lncBRM in the development of lung cancer. 
Subsequently, quantitative real-time PCR (qRT-
PCR) was conducted to measure relative ex- 
pression levels of lncBRM. Interestingly, levels 
of lncBRM in lung cancer tissues were signifi-
cantly higher than those observed in corre-
sponding adjacent healthy tissues (Figure 1A). 
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ing experiments. Loss-of-function experiments 
using siRNA were performed in vitro, investigat-
ing the roles of lncBRM in lung carcinogenesis. 
Expression levels of lncBRM in A549 cells 
transfected with lncBRM siRNAs were signifi-
cantly lower than those observed in A549 cells 
transfected with the scrambled sequence (Fig- 

ure 2A), indicating a high knockdown efficiency. 
First, this study estimated the effects of  
lncBRM on proliferation of lung cancer cells in 
vitro using CCK8 assays. Intriguingly, it was 
found that knockdown of lncBRM significantly 
decreased the proliferation of A549 cells in all 
examined time points, indicating that lncBRM 

Figure 1. lncBRM is upregulated in human 
lung cancer tissues and high lncBRM predicts 
poor prognosis. A. Relative expression levels 
of lncBRM in lung cancer tissues (n=70) com-
pared with corresponding adjacent healthy 
tissues (n=70) using quantitative real-time 
PCR (qRT-PCR) assay. lncBRM expression was 
normalized to β-actin expression; B. Patients 
with high expression levels of lncBRM showed 
reduced overall survival times, compared with 
patients with low expression levels of lncBRM; 
C. Relative expression of lncBRM in the healthy 
lung epithelial cell line and various lung can-
cer cell lines using qRT-PCR assays. lncBRM 
expression was normalized to β-actin expres-
sion. *P<0.05, **P<0.01, ***P<0.001.

Table 2. Univariate and multivariate analysis of clinicopathological factors for overall survival in lung 
cancer patients

Risk factors
Univariate analysis Multivariate analysis

HR P-value 95% CI HR P-value 95% CI
Age (≤60, >60) 1.076 0.733 0.713-1.625
Sex (male, female) 1.406 0.116 0.920-2.152
History of smoking (ever, never) 1.093 0.674 0.724-1.650
Tumor size (≤3 cm, >3 cm) 1.534 0.072 0.964-2.430
TNM stage 3.686 0.001 2.367-5.718 3.449 0.001 2.078-5.724
Histological grade (low, middle or high) 1.860 0.004 1.223-2.793 1.981 0.004 1.245-3.124
lncBRM expression 0.556 0.001 0.383-0.791 0.654 0.015 0.462-0.923
Abbreviation: HR, hazard ratio. 
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Figure 2. lncBRM regulates the proliferation of lung cancer cells by affecting the cell cycle. A. Relative expression 
levels of lncBRM in lung cancer cell line A549 transfected with siControl or silncBRM using quantitative real-time 
PCR (qRT-PCR) assay. lncBRM expression was normalized to β-actin expression; B. CCK8 assays were performed 
to determine the proliferation of A549 cells after transfection of siRNA against lncBRM; C. Representative results 
of colony formation of A549 cells after transfection of siRNA against lncBRM; D. Cell cycle was analyzed by flow 
cytometry after 48 hours of transfection. The bar chart represents the percentage of cells in the G1, S, or G2 phase, 
as indicated; E. The cells were incubated with EdU for 2 hours, then EdU positive cells were detected and counted. 
*P<0.05, **P<0.01, ***P<0.001.
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plays a role in promoting the proliferation of 
these cells (Figure 2B). Similarly, results of col-
ony formation assays showed that clonogenic 
survival was significantly diminished following 
inhibition of lncBRM in A549 cells (Figure 2C). 
Present results suggest that lncBRM is requir- 
ed for proliferation of lung cancer cells.

Subsequently, the current study investigated 
the roles of lncBRM in promoting the prolifera-
tion of A549 cells by affecting the cell cycle in 
vitro. Cell cycle analysis revealed that transfec-
tion with lncBRM siRNA resulted in a significant 
decrease in the number of A549 cells in the S 
phase and an increase in the number of cells in 
the G1 phase, compared with transfection with 
the scrambled siRNA (Figure 2D). Furthermore, 
EdU incorporation experimentation showed th- 
at the EdU incorporation was significantly re- 
duced after lncBRM silencing, confirming the 
reduction of cells in the S phase (Figure 2E). 
Collectively, results suggest the increase in 
expression of lncBRM contributed to the prolif-

eration of lung cancer cells by supporting cell 
cycle progression.

Knockdown of lncBRM promotes apoptosis of 
lung cancer cells

The current study assessed the effects of lnc-
BRM on apoptosis using flow cytometry. As 
expected, the number of late apoptotic cells 
(Annexin V+/7-AAD+) significantly increased 
after knockdown of lncBRM in A549 cells (Fi- 
gure 3A, 3B), indicating that lncBRM exerts 
anti-apoptotic effects. Moreover, the apoptosis 
marker cleaved caspase-3 was increased after 
knockdown of lncBRM in A549 cells (Figure 3C, 
3D). Collectively, data suggests that lncBRM 
supports the growth of lung cancer by exerting 
anti-apoptotic effects and affecting cell cycle 
progression in vitro.

Impact of lncBRM on tumorigenesis in vivo

The above results were confirmed in vivo using 
a xenograft tumor model. A549 cells treated 

Figure 3. Knockdown of lncBRM promotes apoptosis of lung cancers. A. Cell apoptosis was analyzed by flow cytom-
etry after 48 hours of transfection in lung cancer cell line A549 transfected with siControl or siLncBRM; B. Quan-
titative results of the apoptosis analysis; C. Relative protein expression of cleaved caspase-3 in A549 transfected 
with siControl or silncBRM using immunoblotting assays; D. Quantification of immunoblotting assay band intensity. 
*P<0.05, **P<0.01, ***P<0.001.
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with siControl and siLncBRM were subcutane-
ously injected into two groups of nude mice. As 
expected, tumor volumes in the group treated 
with siLncBRM were lower than those observed 
in the group treated with siControl (Figure 4A). 
In addition, the tumor growth curve showed 
that tumors derived from the siLncBRM group 
expanded more slowly than those obtained 
from the siControl group, at all examined time 
points (Figure 4B). Moreover, the current study 
extracted the total mRNA of tumors at the end 
point (day 16) to assess the efficiency of knock-
down in the xenograft model. Although the effi-
ciency was decreased, probably due to de novo 
mRNA production, qRT-PCR data demonstrated 
that levels of lncBRM remained below those 
reported in the control group (Figure 4C). Fur- 
thermore, immunohistochemical analysis was 
performed to determine expression levels of 
proliferation marker Ki-67 in tumor tissues. 
Results showed that tumors formed in the si- 
Control group exhibited a higher Ki-67-positive 

signal than those formed in the siLncBRM 
group (Figure 4D). Results suggest that lncBRM 
is required for proliferation of lung cancer in 
vivo.

lncBRM increases expression of Sox4

The previously identified lncBRM target gene 
Sox4 [17] is closely involved in the pathogene-
sis of lung cancer [18, 19]. Therefore, this study 
examined expression levels of Sox4, aiming to 
investigate the mechanisms of lncBRM involved 
in the growth of lung cancer. Analysis showed 
that mRNA levels of Sox4 were reduced after 
silencing of lncBRM (Figure 5A). Accordingly, 
protein levels of Sox4 were also decreased 
after inhibition of lncBRM (Figure 5B). Most 
importantly, it was found that overexpression of 
Sox4 rescued inhibited cell growth caused by 
the silencing of lncBRM (Figure 5C, 5D). Th- 
erefore, results suggest that lncBRM may regu-
late the growth of lung cancer cells by affecting 
expression of Sox4.

Figure 4. Impact of lncBRM on tumorigenesis in vivo. A, B. A549 cells treated with siControl or silncBRM were 
subcutaneously injected into nude mice. Tumor volumes were calculated every 4 days after injection; C. Relative ex-
pression of lncBRM in tumors in xenograft model using qRT-PCR; D. Histopathology of xenograft tumors. The tumor 
sections underwent H&E staining and immunohistochemical staining using antibodies against Ki-67. **P<0.01. 
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lncBRM competitively interacts with miR-211-
5p and regulates Sox4 expression

It has been demonstrated that lncRNAs usually 
function as miRNA sponges, regulating the bi- 
nding of endogenous miRNAs to their target 
mRNAs [20]. Thus, this study predicted 43 miR-
NAs with potential to bind lncBRM, using bioin-
formatic tools. Of these miRNA candidates, two 
important miRNAs, miR-204-5p and miR-211-
5p, were noticed. They were predicted to direct-
ly target Sox4, according to Targetscan soft-
ware (Figure 6A). Interestingly, the association 
between miR-204-5p and Sox4 has been pre- 
viously investigated in ovarian cancer [17]. 
Therefore, the current study focused on miR-
211-5p. First, the cells were separated into 
nuclear and cytoplasmic fractions, identifying 
the cellular localization of lncBRM. U6 and GA- 

PDH were used as controls. Data showed that 
lncBRM was detected 75.1% in the cytoplasm 
fraction in A549 cells (Figure 6B), suggesting 
that lncBRM may function at the post-transcrip-
tional level. Next, this study cloned wild-type 
(WT) lncBRM luciferase plasmids containing 
potential miR-211-5p binding sites or mutants 
(MUT) for each site. Luciferase assays were 
then performed to confirm the interaction be- 
tween miR-211-5p and lncBRM after co-trans-
fecting these plasmids with miR-211-5p mimics 
into 293T cells. As shown in Figure 6C, miR-
211-5p mimics substantially inhibited the lu- 
ciferase activity of WT lncBRM. However, they 
failed to affect the luciferase activity of lncBRM 
mutants, suggesting that miR-211-5p directly 
binds lncBRM. Moreover, it was found that lnc-
BRM knockdown significantly increased miR-
211-5p expression, as expected (Figure 6D). 

Figure 5. lncBRM increases expression of Sox4. (A, B) Relative mRNA and protein expression of Sox4 in A549 trans-
fected with siControl or silncBRM using qRT-PCR (A) and immunoblotting assay (B); (C) Relative protein expression 
of Sox4 in A549 transfected with Sox4-overexpression vector using quantitative immunoblotting assays; (D) CCK8 
assays were performed to determine cell proliferation of A549 cells after transfection with siControl or silncBRM, as 
well as overexpression of Sox4. *P<0.05, **P<0.01, ***P<0.001.
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Taken together, present results clarify the regu-
latory relationship between lncBRM and miR-
211-5p and support miR-211-5p as an inhibi-
tory target of lncBRM in lung cancer.

Next, the current study examined whether lnc-
BRM regulated Sox4 expression via interacting 
with miR-211-5p. To test this hypothesis, this 
study overexpressed WT lncBRM and MUT lnc-
BRM into A549 cells transiently. Ectopic expr- 
ession of WT lncBRM, but not MUT lncBRM,  
significantly upregulated Sox4 expression, whi- 
ch was dramatically impaired after transfected 

with miR-211-5p mimics (Figure 6E). Further- 
more, this study examined whether lncBRM 
regulates Sox4 expression via targeting Sox4 
3’UTR. The luciferase reporter vector contain-
ing Sox4 3’UTR was co-transfected with WT or 
MUT lncBRM into 293T cells with or without 
miR-211-5p. Likewise, overexpression of WT 
lncBRM, but not MUT lncBRM, improved the 
luciferase activity of Sox4 3’UTR, while miR-
211-5p totally abolished these effects (Figure 
6F). In summary, results suggest that lncBRM 
regulates Sox4 expression in lung cancer by 
competitively binding miR-211-5p. 

Figure 6. lncBRM competitively interacts with miR-211-5p and regulates Sox4 expression. A. Target sequence of 
miR-204-5p and miR-211-5p in Sox4 3’-UTR predicted by TargetScan; B. Levels of nuclear control transcript (U6), 
cytoplasmic control transcript (GAPDH), and lncBRM were assessed by qRT-PCR in nuclear and cytoplasmic frac-
tions; C. Luciferase assays in 293T cells after transfection with WT and mutant lncBRM luciferase plasmids, as well 
as miR-211-5p mimics; D. Expression of miR-211-5p was increased after lncBRM knockdown, detected by qRT-PCR; 
E. qRT-PCR analysis of Sox4 expression after transfection with WT and mutant lncBRM plasmids, as well as miR-
211-5p mimics; F. Luciferase assays of Sox4 3’-UTR in 293T cells after transfection with WT and mutant lncBRM 
plasmids, as well as miR-211-5p mimics. *P<0.05, **P<0.01, ***P<0.001.
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Discussion

Mammalian genomes encode large amounts of 
lncRNAs in addition to protein coding RNAs. 
Most of these lncRNAs execute important func-
tions [4]. Currently, newly identified lncRNAs 
have emerged as critical factors in cellular 
development and human diseases. Moreover, 
lncBRM, first identified in liver cancer stem 
cells, has been shown to play a key role in the 
development of liver cancer [14]. However, the 
roles of lncBRM in lung cancer have not been 
examined thoroughly. The present study found 
that average levels of lncBRM in lung tissues 
were significantly higher than those observed 
in corresponding non-tumor tissues. In addi-
tion, the current study investigated the correla-
tion between levels of lncBRM and clinicopath-
ological characteristics, as well as prognosis,  
in patients with lung cancer. It was found that 
high expression of lncBRM in lung cancer tis-
sues was associated with poor prognosis, sug-
gesting that it may be an independent prognos-
tic indicator. These findings suggest that lnc-
BRM may play a critical role in the development 
and progression of lung cancer. The RNA inter-
ference approach was used to further analyze 
the roles of lncBRM in the development of lung 
cancer. Inhibition of lncBRM in A549 lung can-
cer cells suppressed the growth of lung cancer 
cells in vitro. These effects were confirmed 
using an in vivo xenograft tumor model. More- 
over, this study revealed that lncBRM partici-
pated, at least partially, in these processes by 
regulating expression levels of the gene Sox4. 
Collectively, present data demonstrate the key 
roles of lncBRM in lung cancer.

Cancer cells possess the ability to uncontrolla-
bly proliferate and resist cell death [21]. An 
important finding of this study was the identifi-
cation of lncBRM as a key participator in lung 
cancer by altering the proliferation and apopto-
sis of cancer cells. It was found that silencing  
of lncBRM induced evident arrest at G0/G1 and 
a decrease in the number of cells at the S 
phase. Results suggest impaired cell cycle pro-
gression. Using flow cytometry, knockdown of 
lncBRM induced more apoptosis in lung cancer 
cells. This may contribute, in part, to the re- 
duced cell growth. Present results are consis-
tent with those reported in a previous study 
investigating liver cancer, suggesting that the 
roles of lncBRM are relatively conserved in dif-

ferent types of cancer. However, the exact 
mechanisms regulating these processes are 
unclear. Moreover, the effects of lncBRM silenc-
ing on expression of apoptosis-related proteins 
(Bcl2, Bax) have yet to be determined. 

Sox4, a member of the Sry-related high mobility 
group box (Sox) family of transcription factors, 
has been considered a master regulator in 
tumorigenesis and cancer stemness [22, 23]. 
Numerous studies have demonstrated that 
expression of Sox4 is increased in various can-
cers (lung, colorectal, prostate, and esopha-
geal) [19, 24-26]. The present study demon-
strated that knockdown of lncBRM reduced 
levels of Sox4 mRNA and protein, suggesting 
that Sox4 may be a downstream target gene 
regulated by lncBRM. More importantly, overex-
pression of Sox4 rescued, at least in part, 
impaired cell growth caused by lncBRM silenc-
ing. These findings indicate that Sox4 partici-
pates in the process of cell growth affected by 
lncBRM in lung cancer. Present data are con-
sistent with that of a previous study investigat-
ing ovarian cancer [17]. The molecular mecha-
nisms of lncRNAs mainly function as: (1) Decoys 
to locate transcription factors; (2) Regulatory 
signals for transcription; (3) Scaffolds to aggre-
gate different proteins; (4) A ‘sponge’ to inter-
act with microRNAs; and (5) Guides to binding 
to specific proteins to target genes [27]. The 
current study found that lncBRM may function 
as a ‘sponge’ to interact with miR-212, leading 
to the reduction of miR-212 levels in lung can-
cer cells. Decreased miR-212 then abolishes 
the inhibitory effects to Sox4, eventually caus-
ing lung cancer development. 

In summary, the present study demonstrated 
that high expression of lncBRM confers malig-
nant growth in lung cancer cells. This occurs 
mainly by affecting proliferation and inhibiting 
apoptosis in vitro and in vivo. Current findings 
suggest that lncBRM might be a biomarker for 
progression of lung cancer. Moreover, present 
results suggest that lncBRM might be a tumor-
promoter gene in certain types of cancer, pav-
ing the way for the development of new thera-
peutic modalities. Lastly, lncBRM depletion 
may be a promising strategy for treatment of 
lung cancer.
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