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Objective: Long non-coding RNA breast cancer anti-estrogen resistance 4 (BCAR4) has

been recognized as a proto-oncogene in various malignancies. It has been reported to be

highly expressed and promote cell proliferation in glioma. However, its additional roles in

gliomagenesis remain largely unclear. This research intends to investigate the impact and

internal molecular mechanism of BCAR4 on glioma cell growth, invasion and tumorigenesis.

Methods: BCAR4 expression was examined by qPCR in 30 cases of graded glioma speci-

mens and 7 glioblastoma (GBM) cell lines compared with respective controls. Its potential

prognostic value was evaluated by Kaplan–Meier survival analysis. The biological roles of

BCAR4 in gliomagenesis were verified by CCK-8, transwell and intracranial xenograft

assays successively. qPCR and RNA pull-down assays were applied to study the relationship

between BCAR4 and miR-2276. Then, qPCR, Western blot and luciferase reporter assays

were used to validate the targeting of matrix metallopeptidase 7 (MMP7) by miR-2276 and

the regulation of MMP7 by BCAR4. Finally, MMP7 was restored in BCAR4-silenced GBM

cells and the rescue effects were determined by CCK-8 and transwell assays.

Results: BCAR4 expression was increased in glioma tissues and GBM cell lines, and its

high expression positively correlated with advanced grades and worse prognosis. Functional

assays verified that knockdown of BCAR4-inhibited cell growth and invasion in vitro, and

impaired tumor formation in vivo. Mechanistically, we found that BCAR4 could act as

a competing endogenous RNA (ceRNA) by targeting miR-2276 to upregulate MMP7

expression. Importantly, MMP7 restoration effectively rescued the inhibitory modulations

on GBM cell growth and invasion caused by BCAR4 knockdown.

Conclusion: Our findings identified the essential roles of the BCAR4/miR-2276/MMP7 axis

in gliomagenesis and provided novel insights on glioma therapy.
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Introduction
Deriving from neuroepithelial, glioma is themost common primary tumor in the central

nervous system, and malignant glioma is highly lethal.1 Among all the subtypes of

gliomas, glioblastoma (GBM) belongs to theWorld Health Organization (WHO) grade

IV gliomas, and is easy to relapse due to its infiltration nature which leads to complete

resection almost impossible.2,3 The highly invasive nature also largely contributes to

the poor prognosis of GBM patients.4 In spite of the progress achieved in surgical,

chemotherapeutic and radio-therapeutic treatment, the overall clinical outcome of

GBM patients remains far from satisfactory.4 Therefore, exploring more effective
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prognostic biomarkers and therapeutic targets especially to

overcome the invasion function are urgently needed to

improve the current situation.

Long non-coding RNAs (lncRNAs) are a group of RNAs

with very limited protein-coding potential containing more

than 200 nucleotides.5 As the research goes on, lncRNAs are

recognized as important regulators in cancer development by

impacting on various cellular processes, such as cell differ-

entiation, proliferation, apoptosis and metastasis.6–8 They

function as either tumor suppressors or oncogenes in specific

cancers.8 Due to their versatile biological activities and

tumor-restricted expression patterns, lncRNAs are deemed

as promising biomarkers and therapeutic target in cancers,

including in glioma.9–11 For instance, scholars demonstrated

that expressions of lncRNAs like HOTAIR, HOXA11-AS

and XIST are positively correlated with the malignancy of

glioma, while lncRNAs like HOTTIP and GAS5 exhibit the

negative correlation. In addition, the tumor-suppressing

GAS5 indicates favorable prognosis, whereas oncogenic

HOTAIR, HOXA11-AS, H19 and XIST indicate poor prog-

nosis of glioma patients.11 Mechanistically, emerging evi-

dences have supported that lncRNAs are implicated in gene

expression regulation by acting as competing endogenous

RNAs (ceRNAs) to competitively binding to microRNAs

(miRNAs).12–14 MiRNAs are another group of non-coding

RNAs with approximately 21 nucleotides in length and sup-

press target gene expression via base-pairing to the 3ʹ-

untranslated region (3ʹ-UTR) of the target mRNAs.15 The

interactions among lncRNAs, miRNAs, and the target

mRNAs of miRNAs, constitute the ceRNA network, and

play critical roles in the development and progression of

human cancers.16,17

LncRNA breast cancer anti-estrogen resistance 4

(BCAR4) has been reported to be abnormally overexpressed

in several carcinomas, including in glioma.18–21 The known

modulation of BCAR4 in gliomagenesis is that it promotes

cell proliferation.21 However, BCAR4 also possesses other

oncogenic activities such as facilitating cancer cell migration,

invasion and epithelial–mesenchymal transition (EMT) in

other types of cancers.22,23 Therefore, its roles in gliomas

deserve more attention.

In this study, we checked the expression and prognostic

significance of BCAR4 in gliomas, and verified its biological

functions in cell growth, invasion and tumorigenicity by

employing both in vitro and in vivo assays. Bioinformatics

screening predicted that miR-2276 might interact with

BCAR4, and MMP7 was one of the targets of miR-2276.

Substantial experiments were performed to validate the

regulatory ceRNA network of BCAR4/miR-2276/MMP7 in

GBM cells. Finally, MMP7 was restored in BCAR4-silenced

GBM cells and the rescue effects on cell growth and invasion

were examined. Our study therefore demonstrated a novel

BCAR4/miR-2276/MMP7 signaling axis contributing to

gliomagenesis and provided valuable insights in discovering

potential biomarkers and therapeutic targets for this disease.

Materials and Methods
Patients and Tissues
Ten non-tumoral brain tissues (from cerebral trauma patients

without neoplasm) and 30 glioma tissues (from glioma

patients) were collected from Cangzhou Central Hospital

from Jan 2017 to Dec 2018. After surgical excision, all

samples were histopathologically diagnosed by pathologists

and classified according to WHO classification. All patients

did not receive chemotherapy or radiotherapy prior to sample

collection. Tissue samples were frozen immediately in liquid

nitrogen and stored at −80°C for RNA extraction. The basal

clinical features of the 30 glioma patients enrolled in this

study are listed in Table 1. Written informed consent had

been obtained from all the included patients and the experi-

ment was conducted in accordance with the Declaration of

Helsinki. This study was also approved by the Ethics

Committee of Cangzhou Central Hospital and the written

informed consents were collected from all patients.

Cell Culture and Transfection
GBM cell lines (U87, U251, U343, LN229, LN308, A172 and

SNB19) and normal human astrocytes (NHA) were from the

Cell Bank of Institute of Biochemistry and Cell Biology of the

Chinese Academy of Sciences (Shanghai, China). DMEM

medium (Thermo Fisher Scientific, Waltham, MA, USA)

supplemented with 10% fetal bovine serum (Thermo Fisher

Scientific, Waltham, MA, USA), 100 U/mL penicillin, and

100mg/mL streptomycin (Thermo Fisher Scientific,Waltham,

MA,USA)was used to culture cells at 37°Cwith 5%CO2. For

transfections, cells were cultured using complete medium

without antibiotics at least 24 hrs prior to transfection. Cells

were washed twice by PBS and transiently transfected with

siRNAs, miRNAs or plasmids by using Lipofectamine™

2000 Transfection Reagent (Thermo Fisher Scientific,

Waltham, MA, USA) as per the manufacturer’s instructions.

SiRNAs, miRNAs, Lentivirus and Plasmids
BCAR4 siRNAs, non-labeled or biotin-labeled miR-2276-

3p mimics and negative control oligos were all purchased

Wang et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
OncoTargets and Therapy 2019:1210964

Powered by TCPDF (www.tcpdf.org)

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


fromGenePharma (Shanghai, China). Lentivirus containing

BCAR4 shRNA or negative control lentivirus were pur-

chased from GenePharma (Shanghai, China). U87 cells

were infected with lentivirus at an MOI of 10 using 10 μg/

mL polybrene (Sigma, St. Louis, MO, USA). The wild type

or mutated-type sequence of 3ʹ-UTR region of MMP7

mRNA was cloned into pmirGLO vector (Promega,

Madison, WI, USA). The wild-type sequence of MMP7

was cloned into pcDNA3.1 vector (Thermo Fisher

Scientific, Waltham, MA, USA).

Quantitative Real-Time PCR (qPCR)
Total RNA was extracted from tissue samples or cells by

using TRIzol reagent (Thermo Fisher Scientific, Waltham,

MA, USA) as per the manufacturer’s instructions. 1 μg of

RNA were reverse transcribed to detect miR-2276-3p and

U6B expression level using specific primer kit (RiboBio,

Guangzhou, China). 2 μg of RNAwere reverse transcribed

to detect BCAR4, MMP7 and β-actin expression level using

general reverse transcription kit (Promega, Madison, WI,

USA). qPCR was performed using SYBR Green PCR

Master Mix (Takara, Otsu, Japan) on the Applied

Biosystems 7500 Real-Time PCR System (Thermo Fisher

Scientific, Waltham, MA, USA). The level of miR-2276-3p

was normalized to that of U6B. The expressions of BCAR4

and MMP7 were standardized to the control values of β-
actin. The relative expression of target genes was calculated

with the 2−ΔΔCt methods.

CCK-8 Assay
Transfected U87 and LN229 cells were seeded at a density

of 5×103 cells per well in a 96-well plate containing 100

μL DMEM complete medium. Cell Counting Kit-8

(Dojindo, Tokyo, Japan) reagent was added at Days 1–5

after seeding (Day 0) and incubated at 37°C for 2 hrs. The

data of optical density of OD450 were measured by

a microplate reader (Molecular Device, LLC, California,

USA). Each experiment was performed three times with

six replicates.

Transwell Assay
Transwell assay was performed to detect the cell invasion

ability. Invasion assay was carried out by using transwell

chambers (Corning, New York, USA). 3×103 transfected

U87 or LN229 cells seeded into the 1 mg/mL matrigel-

coated upper chamber were cultured at 70% confluence in

500 μL FBS free medium. Medium with 10% FBS (200

μL) was added to the lower chamber. After 24 hrs cultur-

ing, the invaded cells were fixed with 4% paraformalde-

hyde, followed by staining with 0.25% crystal violet.

Evaluation of cell invasion ability was performed by

counting invaded cells under an inverted microscope

(Olympus, 100×), and five different microscopic views

were selected randomly for analysis.

Western Blot
Total protein was extracted using RIPA lysis buffer

(Beyotime Biotechnology, Nanjing, China) as per the man-

ufacturer’s instructions. Protein samples were separated by

9% SDS-PAGE and then transferred onto nitrocellulose

membranes (EMD Millipore, Billerica, USA). After incu-

bated and blocked in the 5% skim milk in PBST buffer for

1 hr at room temperature, the membranes were incubated

with anti-MMP7 antibody (Cell Signaling Technology,

Danvers, MA, USA; 1:1000) and anti-β-actin antibody

(Sigma, St. Louis, MO, USA; 1:8000) at 4°C overnight,

respectively. On the following day, the membranes were

incubated with HPR-conjugated secondary antibodies at

Table 1 The Clinical Features of the 30 Glioma Specimens

Enrolled in This Study

Feature WHO Grade

I

(n=2)

II

(n=6)

III

(n=10)

IV

(n=12)

Gender

Male 2 3 6 8

Female 0 3 4 4

Age (year,

mean±SD)

27.50

±3.54

46.17

±8.47

45.10

±8.77

55.42

±7.63

Age < 50 2 4 7 4

Age ≥ 50 0 2 3 8

Predominant side

Left 1 3 4 5

Right 1 2 5 4

Middle 0 1 1 3

Predominant

location

Frontal lobe 1 4 6 8

Temporal lobe 1 1 2 2

Parietal lobe 0 0 2 2

Occipital lobe 0 1 0 0

KPS score

<90 0 3 7 8

≥90 2 3 3 4

Abbreviation: KPS, karnofsky performance score.
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room temperature for 1 hrs. The blots were measured

using an enhanced chemiluminescence detection system

(Pierce, Rockford, IL, USA).

Dual-Luciferase Reporter Assays
U87 and LN229 cells were seeded in 24-well plates at

a density of 1.5×105 cells per well 24 hrs before transfection.

Cells were transfected with MMP7-3ʹ-UTR-WT or MMP7-

3ʹ-UTR-MT, followed by transfection with miR-2276 mimics

or negative control oligos. 48 hrs later, cells were harvested,

and firefly and renilla luciferase activities were measured

using a dual-luciferase reporter assay system (Promega,

Madison, WI, USA) as per the manufacturer’s instructions.

RNA Pull-Down Assay with Biotinylated

miR-2276
U87 and LN229 cells were transfected with biotin-labeled

wild-type miR-2276-3p (Bio-miR-2276-WT), mutated-

type miR-2276-3p (Bio-miR-2276-MT) or antagonistic

miR-2276-3p probe (Bio-miR-NC). 48 hrs after transfec-

tion, cells were harvested and incubated with a specific

lysate buffer (Ambion, Austin, TX, USA) for 10 mins.

After that, the cell lysates were mixed with M-280 strep-

tavidin magnetic beads (Sigma, St. Louis, MO, USA) for 3

hrs at 4°C. The pull-down products were subjected to

qPCR for BCAR4 expression.

Intracranial Xenograft Assay in Nude

Mice
The constructed U87 sub-cell lines expressing luciferase

and indicated shRNAs (NC-sh and BCAR4-sh2) were

transplanted intracranially (5×104 cells per mouse) into

the brains of 4-week old female BALB/C athymic nude

mice using cranial guide screws. The intracranial tumor

volume was detected by bioluminescence imaging every

week after transplantation (at days 7, 14, 21). All animal

experimental procedures were approved by the Institutional

Animal Care and Use Committee of Cangzhou Central

Hospital. All experiments were performed following guide-

lines and regulations of Committee of Cangzhou Central

Hospital.

Statistical Analysis
Data were presented as mean±SD (standard deviation).

Significant differences were determined by Student’s

t-test or one-way ANOVA by using GraphPad Prism v6

software (GraphPad Software, Inc., San Diego, CA).

Survival analysis was performed by Kaplan–Meier method

and log-rank test. Pearson correlation test was performed

to confirm the correlation between BCAR4 and miR-2276-

3p expressions. A P value of <0.05 was considered statis-

tically significant.

Results
Overexpression of BCAR4 in Gliomas

and Its Prognostic Significance
To validate the expression of BCAR4 in gliomas, we firstly

examined its expression levels in 30 cases of graded glioma

specimens and 10 non-tumoral brain tissues by qPCR. We

found that BCAR4 was overexpressed in the 30 gliomas

compared with normal brains (Figure 1A). Importantly,

among these 30 cases of gliomas, BCAR4 expression was

higher in advanced grades (WHO grades III–IV) than in

lower grades (WHO grades I–II; Figure 1B). Besides, grade

IV gliomas expressed higher BCAR4 than grade III gliomas

(Figure 1B). In other words, its expression positively corre-

lated with glioma grades. We also checked its expression in

GBM cell lines and the normal human astrocytes (NHA).

The result came out the same. BCAR4 expression was

increased in the tested GBM cell lines (Figure 1C).

Therefore, the expression detection confirmed the overex-

pression of BCAR4 in gliomas, which was in consistence

with the previous finding by Wei et al.21 We then analyzed

its prognostic significance by employing Kaplan–Meier

survival analysis. As shown in Figure 1D, patients with

higher BCAR4 levels showed a significant poorer progres-

sion-free survival (PFS) and overall survival (OS) rate.

These initial results implied that BCAR4 might be crucial

for gliomagenesis.

BCAR4 Knockdown Impairs GBM Cell

Growth, Invasion and Tumorigenicity
Then, we systematically explored the biological functions

of BCAR4 in gliomagenesis. Two different small interfer-

ing RNAs (siRNAs) targeting BCAR4 were used to tran-

siently knockdown BCAR4 in GBM cells. U87 and

LN229 cell lines were selected since they contained rela-

tively higher levels of BCAR4 (Figure 1C). The inhibition

efficiency was checked by qPCR (Figure 2A). CCK-8

assay verified that BCAR4 knockdown led to growth inhi-

bition in both U87 and LN229 cell lines (Figure 2B).

Transwell assay demonstrated that BCAR4 knockdown

prominently suppressed GBM cell invasion (Figure 2C).

To further make sure whether BCAR4 was critical for
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gliomagenesis in vivo, we constructed the stable BCAR4

knockdown U87 sub-cell line by utilizing its shRNA

expressing lentivirus (Figure 2D). The following intracra-

nial xenograft experiment showed that stable BCAR4

knockdown significantly inhibited tumor formation

(Figure 2E). Therefore, our functional assays indicated

the oncogenic roles of BCAR4 in gliomagenesis.

BCAR4 Modulates miR-2276/MMP7

Pathway in GBM Cells
To investigate the molecular mechanism of BCAR4 in

promoting gliomagenesis, we screened possible miRNA

regulators of BCAR4 by using DIANA-LncBase v224

and found that miR-2276 was a potential target of

BCAR4 (Figure 3A). qPCR showed that BCAR4 knock-

down led to increased expression of miR-2276 in both

U87 and LN229 cell lines (Figure 3B). In addition, in

the abovementioned 30 gliomas, BCAR4 expression was

inversely correlated with miR-2276 (Figure 3C), further

demonstrating the negative regulation between BCAR4

and miR-2276. RNA pull-down confirmed the interaction

between BCAR4 and miR-2276 (Figure 3A and D).

Then, we predicted the mRNA targets of miR-2276 by

using TargetScan Release 7.2 and among all the targets of

miR-2276, we mainly focused on matrix metallopeptidase 7

(MMP7; Figure 4A). As is known, MMP7 is implicated in

glioma cell proliferation and invasion and closely associated

with gliomagenesis.25 qPCR and Western blot assays

revealed that miR-2276 mimics transfection led to reduced

expression of MMP7 mRNA and protein in both U87 and

LN229 cell lines (Figure 4B and C). Luciferase reporter

assay also indicated that MMP7 was a direct target of miR-

2276 in GBM cells (Figure 4A and D). Intriguingly, BCAR4

knockdown obviously inhibited the expression of MMP7 in

both U87 and LN229 cell lines (Figure 4E and F). Therefore,

our results identified that BCAR4 might act as a competing

endogenous RNA (ceRNA) by interacting with miR-2276 to

upregulate MMP7 expression in glioma cells.

MMP7 Restoration Rescues the Tumor

Suppressing Effects of BCAR4

Knockdown
As we have found that BCAR4 was crucial for GBM cell

growth, invasion and tumorigenicity, and it positively

A B

C D

Figure 1 Long non-coding RNA BCAR4 is overexpressed in glioma. (A) The expression difference of BCAR4 was compared in non-tumoral brain tissues (n=10) and graded

glioma specimens (n=30). (B) Left: The difference of BCAR4 was compared in gliomas at lower grades (WHO grades I–II, n=8) and at advanced grades (WHO grades III–IV,

n=22). Right: The difference of BCAR4 was compared in gliomas at grade III (n=10) and at grade IV (n=12). (C) Relative expression of BCAR4 in GBM cell lines (U87, U251,

U343, LN229, LN308, A172 and SNB19) and normal human astrocytes (NHA). (D) The patients were divided into two subgroups based on the median level of BCAR4.

Glioma patients with higher BCAR4 level (n=15) had a significantly poorer progression-free survival (PFS, left panel) and overall survival (OS, right panel) compared to lower

BCAR4 expressing cases (n=15). *P<0.05, **P<0.01, and ***P<0.001.
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regulated MMP7 expression via targeting miR-2276, we

finally intend to verify whether MMP7 could be the down-

stream effector of BCAR4 in promoting gliomagenesis.

MMP7 was restored in BCAR4-silenced U87 and LN229

cells (Figure 5A and B). CCK-8 and transwell assays indi-

cated that MMP7 overexpression resulted in enhanced GBM

cell growth and invasion, and its restoration in BCAR4-

silenced cells effectively abolished the inhibition of cell

growth and invasion caused by BCAR4 knockdown in both

U87 and LN229 cells (Figure 5C and D). Altogether, our

study uncovered that MMP7 was a critical effector in med-

iating the oncogenic roles of BCAR4 in glioma.

Discussion
The present study described the essential roles of the lncRNA

BCAR4 in gliomagenesis. Firstly, BCAR4 was confirmed to

be overexpressed in glioma tissues and GBM cell lines, and

its higher expression was positively associated with the

Con Si 1# Si 2#

U
87

LN
22

9

C

D E

A B

Con Si 1# Si 2#

U
87

LN
22

9

E

B

Figure 2 BCAR4 knockdown impairs the cell growth, invasion and tumorigenicity of glioma cells. (A) U87 and LN229 cells that transfected with two different siRNAs against

BCAR4 (Si 1# and Si 2#) or negative control siRNA (Con) were subjected to qPCR for BCAR4 expression. (B) CCK-8 assay demonstrated that BCAR4 knockdown impaired the

cell growth of glioma cells. (C) Transwell assay indicated that the invasion abilities of U87 and LN229 cells were weakened by BCAR4 knockdown. (D) U87 cells that were infected

with BCAR4 shRNAexpressing lentivirus (BCAR4-sh2) or negative control lentivirus (NC-sh) were subjected to qPCR for BCAR4 expression. (E) U87 sub-cell line bearing control
shRNA (NC-sh) or shRNA against BCAR4 (BCAR4-sh2) were inoculated orthotopically into nude mice (n=5 for each group). Bioluminescence images of representative mice are

shown (left panel). Representative tumor volumes were revealed by the photon flux at day 21 after implantation (right panel). **P<0.01 and ***P<0.001.
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advanced glioma grades and worse prognosis of the patients.

In vitro and in vivo loss-of-function assays revealed that

BCAR4 knockdown inhibited GBM cell growth, invasion

and tumor formation significantly. Importantly, we identified

a novel molecular mechanism that BCAR4 acted as a ceRNA

by targeting miR-2276 to upregulate MMP7 expression in

glioma cells (Figure 6). Finally, functional assays demon-

strated that MMP7 played an essential role in the oncogenic

roles of BCAR4 in glioma. Taken together, our findings

illustrated that the newly disclosed BCAR4/miR-2276/

MMP7 axis-facilitated gliomagenesis and could be devel-

oped as a novel therapeutic target for glioma treatment.

Along with the research goes on, lncRNAs are widely

recognized as promising diagnostic and prognostic biomar-

kers in glioma.26 For instance, lncRNA HOTAIR was found

to be increased in GBM patients’ serum and it might be

applied as an effective diagnostic and prognostic biomarker

for glioma patients.27 Herein, we validated that BCAR4 was

overexpressed in glioma, keeping in accordance with the

previous study by Wei et al.21 More importantly, we found

that its higher expression positively correlated with advanced

glioma grades and worse clinical outcome of the patients.

These findings verified the potential clinical significance of

BCAR4 in predicting the prognosis of glioma patients.

miR-2276-3p-WT

BCAR4 (78-103)

miR-2276-3p-MT

3' GGAGCGGAGA---------CUG---------UGAACGUCU 5' 

3' UACGGUUACAGUCGACGAGAACUUGCAGA      5'

3' GGAGCGGAGA---------CUG---------UCUUGCAGU 5'

A

B C

D

|

| | | | | | | |

| | | | | | | | | | | | | |

Figure 3 BCAR4 modulates miR-2276 expression in GBM cells. (A) miR-2276-3p wide-type (miR-2276-3p-WT, in green) and the mutated-type (miR-2276-3p-MT, in red)

sequences in the lncRNA BCAR4 binding sites (in blue) were shown according to DIANA-LncBase v2. (B) BCAR4 knockdown increased the expression of miR-2276-3p in

both U87 and LN229 cells. (C) BCAR4 expression was inversely correlated with miR-2276-3p expression in glioma tissues (n=30). (D) BCAR4 was pulled down by

biotinylated wide-type miR-2276-3p (Bio-miR-2276-WT), while there was no interaction between BCAR4 and mutated-type miR-2276-3p (Bio-miR-2276-MT) or biotin-

labeled antagonistic miR-2276-3p probe (Bio-miR-NC). ***P<0.001.
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MMP7

β-actin

U87 LN229

A

B C

D

E
U87 LN229

F

MMP7

β-actin

MMP7MMP7--3'3'--UTRUTR--WT (198WT (198--204 )204 )

hsahsa--miRmiR--22762276--3p3p

MMP7MMP7--3'3'--UTRUTR--MT (198MT (198--204 )204 )

5'5' ...UCUUAUUCA...UCUUAUUCAUCUUCUAUA  AUA  -- CUUGCAGCUUGCAGU... 3' U... 3' 

3'3' GGAGCGGGGAGCGGAGAAGACUGUCUGUGAACGUCGAACGUCU     5'U     5'

5'5' ...UCUUAUUCA...UCUUAUUCAUCUUCUAUA  AUA  -- CCAACGUAACGUGU... 3'GU... 3'

|

| | | | |

| | | | | | | | |

Figure 4 BCAR4 modulates the miR-2276/MMP7 pathway in GBM cells. (A) MMP7 3ʹ-UTR wide-type (MMP7-3ʹ-UTR-WT, in green) and the mutated-type (MMP7-3ʹ-UTR-
MT, in red) sequences in the miR-2276-3p binding sites (in blue) were shown according to TargetScan Release 7.2. (B) miR-2276 overexpression decreased the mRNA level

of MMP7 in both U87 and LN229 cells by qPCR. (C) miR-2276 overexpression decreased the protein expression of MMP7 in both U87 and LN229 cells by Western blot.

(D) Luciferase reporter assay indicated that miR-2276-3p overexpression significantly reduced the luciferase activity of MMP7-3ʹ-UTR-WT but not MMP7-3ʹ-UTR-MT in

both U87 and LN229 cell. (E) BCAR4 knockdown decreased the mRNA level of MMP7 in both U87 and LN229 cells by qPCR. (F) BCAR4 knockdown decreased the

protein expression of MMP7 in both U87 and LN229 cells by Western blot. **P<0.01 and ***P<0.001.
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There are also amounting evidences that lncRNA are vital

contributors for glioma pathogenesis and progression.26 For

BCAR4, Wei et al have proved that BCAR4 could promote

glioma cell proliferation.21 Its biological functions have also

been investigated in other types of cancers, including in

chondrosarcoma and lung cancer, in which BCAR4 facil-

itates cancer cell migration, invasion and EMT.22,23 In this

study, we presented valid evidences to support that BCAR4

facilitated GBM cell growth, invasion and tumorigenicity,

fully expanding its oncogenic roles in glioma.

Among the known molecular mechanisms of lncRNAs,

ceRNA attracts intensive attention recently. Through target-

ing miRNAs, lncRNAs could positively regulate the expres-

sion of the downstream targets and exert their functions.12–14

For BCAR4, it has been demonstrated that it could promote

the stemness of colorectal cancer cells through targeting to

miR-665/STAT3 signaling.20 Herein, we identified BCAR4

as the sponge for miR-2276 in glioma. Up to date, there are

no reports regarding the roles of miR-2276 in human cancers.

It has merely been mentioned that miR-2276 was decreased

Con Si 1# Si 2#
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Figure 5 MMP7 restoration rescues the tumor-suppressing effects of BCAR4 knockdown in glioma cells. (A) MMP7 expression was restored by transfecting expression

plasmids into BCAR4-silenced U87 cells and qPCR was performed to detect MMP7 expression. (B) MMP7 expression was restored by transfecting expression plasmids into

BCAR4-silenced LN229 cells and qPCR was performed to detect MMP7 expression. (C) CCK-8 assay was performed to determine the cell growth in the cells treated as in

(A, B). (D) Transwell assay was performed to determine the cell invasion in the cells treated as in (A, B). **P<0.01 and ***P<0.001.
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in breast cancer samples, especially in those at higher grades

and with lymph node metastasis.28 Our results showed that

miR-2276 could be induced by BCAR4 knockdown, and it

was downregulated in gliomas and exhibiting inverse corre-

lation with BCAR4 expression. Subsequently, we further

found that MMP7 was a direct target of miR-2276 in GBM

cells. Since MMP7 is known to be highly involved in

gliomagenesis,25 we focused on the regulation of MMP7 by

miR-2276 and BCAR4. The results confirmed that MMP7

was downregulated by miR-2276 whereas upregulated by

BCAR4 in GBM cells, demonstrating the existence of the

BCAR4/miR-2276/MMP7 axis in glioma. Importantly,

MMP7 restoration effectively rescued the impaired GBM

cell growth and invasion caused by BCAR4 knockdown.

Till now, we proved thatMMP7was an essential downstream

effector of BCAR4 in promoting gliomagenesis.

In summary, our results provide solid evidences into

the oncogenic roles of BCAR4 via targeting miR-2276 to

upregulate MMP7 in gliomagenesis. These findings may

improve the understanding of the glioma pathogenesis

and improve the clinical prognosis and therapy for the

patients.
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