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Background and objective: Glioma is one of the most aggressive and malignant cancers 

originating from the human brain. Increasing evidence suggests that aberrant expression of 

microRNAs (miRNAs) frequently occurs in glioma and miRNAs are critical regulators of 

glioma. miR-671 has recently been revealed to be a novel miRNA that plays a vital role in 

human glioblastoma multiforme. However, the functional role and underlying mechanisms of 

miR-671-3p require further analysis.

Materials and methods: Western blot and fluorescence quantitative PCR were used to assess 

the expression of cytoskeleton-associated protein 4 (CKAP4) and miR-671-3p, respectively. 

A Cell Counting Kit-8 (CCK-8) assay and a Boyden chamber assay were used to detect the 

proliferative and migratory abilities of glioma cells. A luciferase assay was used to determine 

the target gene of miR-671-3p. Apoptosis was analyzed by flow cytometry.

Results: Our results revealed that overexpression of miR-671-3p promoted cell prolifera-

tion and migration in vitro. Meanwhile, forced expression of miR-671-3p reduced apoptosis. 

In contrast, inhibition of miR-671-3p had the opposite effects. We also identified CKAP4 to 

be a direct target of miR-671-3p. The expression levels of CKAP4 were decreased in clinical 

samples and inversely correlated with miR-671-3p expression levels. Ectopic expression of 

CKAP4 reversed the promotive activity of miR-671-3p in the proliferation and migration and 

enhanced apoptosis.

Conclusion: Our study demonstrates that miR-671-3p is a predominant positive regulator 

of glioma progression, thus providing new insights into the molecular mechanisms of glioma 

development. The findings suggest that the miR-6713p/CKAP4 axis may serve as a potential 

therapeutic target or biomarker in glioma.
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Introduction
Glioma is a highly common and aggressive malignancy in the human brain associ-

ated with high morbidity and mortality.1,2 Although surgical resection, radiotherapy 

and chemotherapy have resulted in great progress, glioma prognosis remains poor 

and patients have a low survival rate.3,4 Aberrant gene expression and abnormalities 

in chromosomes have been shown to contribute to the progression of glioma. More-

over, diagnosis of tumors based on microRNAs (miRNAs) has already been applied 

in clinical practice. However, the precise mechanisms of glioma remain unclear. 

Biological characteristics and novel molecular targets of glioma should be explored 

to develop novel therapeutic strategies.

miRNAs are a class of small, noncoding RNAs, 20–22 nucleotides in length, and 

have been reported to be regulators of gene expression.5,6 miRNAs give rise to mRNA 

degradation or translational repression via binding of target mRNAs.7,8 Therefore, 
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these noncoding RNAs are involved in various cell pro-

cesses, such as proliferation, apoptosis and differentiation.9,10 

Emerging data suggest that miRNAs are typically dys-

regulated in tumor progression, and these miRNAs may be 

regarded as biomarkers for diagnosis and targets for cancer 

treatment.11 miRNA dysregulation has been considered as 

an important mechanism in the pathogenesis of glioma.12,13 

Altered expression of miRNAs positively or negatively 

modulates tumor progression.14–19 However, the identification 

of glioma-related miRNAs and their regulatory mechanisms 

require further work.

Recent studies have reported that miR-671 plays an 

important role in multiple cancers.20–22 miR-671 includes 

miR-671-3p and miR-671-5p. Even though miR-671-3p 

and miR-671-5p are derived from the same pre-miRNA, 

they have different mature sequences. Overexpression of 

miR-671-5p markedly increases migration and proliferation 

rates in glioblastoma multiforme cells through CDR1-AS, 

CDR1 and ASNL1.20 However, the functional role of miR-

671-3p in glioma tumorigenesis remains unclear.

In this study, we explored the role of miR-671-3p in 

glioma cells and provided evidence that miR-671-3p behaves 

as a tumor enhancer in glioma by promoting cancer cell 

proliferation and migration and by inhibiting apoptosis. 

Cytoskeleton-associated protein 4 (CKAP4) was identified as 

a target gene of miR-671-3p in glioma cells. Importantly, the 

promotive effects of miR-671-3p were markedly reversed by 

CKAP4 overexpression. In addition, miR-671-3p expression 

was inversely correlated with CKAP4 expression in glioma 

cells. Mechanistically, we proposed that miR-671-3p exerts 

its tumor enhancive function by targeting CKAP4.

Materials and methods
cell culture and transfection
T98G, LN229, A172, SHG44 and U251 cell lines were 

purchased from iCell Bioscience Inc. (Shanghai, China). 

Cells were cultured following the manufacturer’s protocols. 

In brief, the cells were grown in Roswell Park Memorial 

Institute (RPMI)-1640 (Hyclone, Pittsburgh, PA, USA) 

supplemented with 10% (v/v) FBS. All cells were cultured 

at 37°C in a humidified incubator under 5% CO
2
.

miR-671-3p mimic and miR-671-3p inhibitor were 

designed and synthesized by RiboBio (Guangzhou, China). 

Transfections, including plasmid DNAs, were carried 

out using Lipofectamine 2000 (Thermo Fisher Scientific, 

Waltham, MA, USA) according to the manufacturer’s instruc-

tions. Transfected cells were incubated in Opti-DMEM® trans-

fection medium at 37°C for 6–8 hours. The medium was then 

replaced with complete medium with 10% FBS. Cells were 

incubated for 24 hours or 48 hours prior to harvesting.

Tissue samples
Eight human glioma tissues and their adjacent tissues were 

obtained from the patients who underwent surgical resection 

without chemotherapy and radiotherapy at the Department 

of Neurosurgery in the First Affiliated Hospital of Zunyi 

Medical College (Zunyi, China). The samples were imme-

diately frozen with liquid nitrogen and stored at -80°C in 

an ultralow temperature refrigerator until further analysis. 

Written informed consents were obtained from all patients.

3′-UTr reporter constructs and 
luciferase assays
MicroRNA.org, PicTar and TargetScan were used to explore 

the potential targets of miR-671-3p. The five to six targets 

with the highest prediction scores within these databases were 

selected for further confirmation. The fragments of target 

3′-UTRs were synthesized, annealed and then inserted into 

the psiCHECK™-2 report plasmid using the NotI and XhoI 

sites. The mutant-type 3′-UTR of CKAP4 was obtained from 

Vigenebio (Jinan, China). For luciferase assays, HEK-293T 

and SHG44 cells were co-transfected with report plasmid 

and miR-671-3p mimic using Lipofectamine 2000 accord-

ing to the manufacturer’s protocol. After incubation for 

48 hours, luciferase activities were evaluated consecutively 

using a Dual-Luciferase Reporter Assay System (Promega 

Corporation, Fitchburg, WI, USA). The experiments were 

repeated three times.

real-time (rT)-Pcr
Total RNA and small RNA were isolated from the cells using 

Trizol reagent (Thermo Fisher Scientific) according to the 

manufacturer’s instructions. CDNAs were then synthesized 

from total RNA or small RNA for miRNA analysis using 

a Prime-Script RT reagent kit (TaKaRa, Kusatsu, Japan). 

RT-PCR was performed to detect the mature miRNA-

671-3p level. The primers for miR-671-3p were purchased 

from RiboBio. U6 was used as the internal control for the 

normalization of miR-671-3p expression. The compara-

tive Ct method aimed to calculate the relative amount of 

transcript. All the quantitative PCR (qPCR) primers were 

purchased from Thermo Fisher Scientific.

Protein isolation and Western blot
The cultured cells were harvested and then lysed in ice-

cold RIPA lysis buffer containing a proteinase inhibitor. 
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Protein concentrations were evaluated using a Piece BCA 

Protein Assay Kit (Thermo Fisher Scientific). A volume of 

extract equivalent to 15 µg of total protein was separated in 

12% acrylamide SDS-PAGE. The proteins were transferred to 

a methanol-activated polyvinylidene fluoride (PVDF) mem-

brane (EMD Millipore, Billerica, MA, USA) after electro-

phoresis. Membranes were blocked with 5% nonfat dry milk 

for 1 hour, then incubated with primary antibody (CKAP4, 

16686-1-AP, 1:1,000; Proteintech, Wuhan, China) overnight 

at 4°C. Afterward, the membranes were probed with horserad-

ish peroxidase (HRP)-conjugated secondary antibody (Abcam, 

Cambridge, MA, USA). The immune complexes were visual-

ized using an electrogenerated chemiluminescence kit. Protein 

levels were normalized to the internal control, β-actin.

cell migration assay
A cell migration assay was conducted using chambers with 

an 8 µm pore size (BD Biosciences, San Jose, CA, USA). 

First, 1×105 transfected cells were suspended in 200 µL free 

medium and seeded into the upper chamber. Next, 500 µL 

growth medium, RPMI-1640, containing 10% FBS was 

added to the lower chamber. After incubation for 12 hours 

or 24 hours at 37°C, the cells that did not migrate to the 

bottom of the membrane were wiped off using cotton swabs, 

and the cells that had migrated through the lower membrane 

were fixed with methanol and stained with 0.1% crystal 

violet. Images of five random fields were captured from each 

membrane under an inverted microscope, and the number of 

migratory cells was counted.

cell viability assay
Cell proliferation was assessed using a WST-8 Cell Count-

ing Kit-8 (CCK-8; Dojindo, Tokyo, Japan) according to 

the manufacturer’s protocol. In brief, transfected cells 

(1.0×103 cells/well) were seeded in 96-well plates and were 

cultured in the incubator at 37°C. During the following week, 

the growing medium was replaced with fresh medium con-

taining 10% CCK-8 at the indicated time each day. Then, the 

plate was incubated for 2 hours and the OD values at 450 nm 

were determined using a plate reader (Bio-Tek Instruments, 

Winooski, VT, USA). The absorbance was used to plot the 

cell viability at each time point.

apoptosis assay
The cell apoptosis assay was performed with an Annexin 

V–fluorescein isothiocyanate (FITC)/propidium iodide (PI) 

apoptosis detection kit (Beyotime BioTech, Los Altos, CA, 

USA) according to the manufacturer’s instructions. Briefly, 

the glioma cells were transfected with miR-671 mimics or 

inhibitors and their negative controls. After incubation for 24 

hours, the transfected cells were harvested with 0.5% trypsin 

and were washed twice with ice-cold PBS; they were then 

resuspended at 1×106 cells/mL in Annexin V-binding buffer. 

The supernatant was stained with Annexin V–FITC and PI 

in the dark for 15 minutes according to the manufacturer’s 

instructions. Annexin V–FITC and PI binding were analyzed 

by flow cytometry using WinMDI 2.9 software (The Scripps 

Research Institute, La Jolla, CA, USA). All tests were per-

formed in triplicate.

statistical analyses
All data are expressed as mean ± SEM. Differences between 

two groups were analyzed using Student’s t-test, while dif-

ferences among multiple groups were analyzed using the 

ANOVA test. A P-value of ,0.05 was regarded as statisti-

cally significant.

Results
ectopic expression of mir-671-3p 
promotes cell proliferation and migration 
in vitro
First, we detected the expression levels of miR-671-3p in 

a series of glioma cell lines by quantitative RT-PCR (qRT-

PCR). The results revealed that the expression level of 

miR-671-3p in LN229 and T98G cell lines outnumbered the 

expression level of miR-671-3p in other cell lines, whereas 

A172 and SHG44 cell lines showed lower expression of miR-

671-3p compared with other cell lines (Figure 1A).

To ascertain the biological and functional effects of 

miR-671-3p on glioma cell behavior, we performed a series 

of tests. A172 and SHG44 cells were transfected with 

miR-671-3p and miR-NC mimics, and successful over-

expression of miR-671-3p in these cells was identified by 

qRT-PCR (Figure 1B). Compared with the miR-NC groups, 

the results revealed a sharp increase in the proliferation 

rate in the miR-671-3p groups (Figure 1C), suggesting that 

upregulation of miR-671-3p promotes glioma cell prolifera-

tion. We also performed an apoptosis assay, and a decrease 

in apoptosis was identified in both A172 and SHG44 cells 

with restoration of miR-671-3p expression (Figure 1D). 

Meanwhile, enforced expression of miR-671-3p effectively 

promoted glioma cell migration ability with more cells in the 

miR-671-3p groups showing migration potential (Figure 1E). 

In general, miR-671-3p appears to be a tumor promoter in 

the progression of glioma.
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inhibition of endogenous mir-671-3p 
inhibits cell proliferation and migration 
in vitro
As described earlier, miR-671-3p promotes tumorigenesis. 

Therefore, to further explore the inhibitory role of miR-671-3p 

in glioma carcinogenesis, we suppressed the expression of 

miR-671-3p with miR-671-3p inhibitors in the cell lines, 

LN229 and T98G (Figure 2A); these cell lines had highest 

expression of miR-671-3p among all the glioma cell lines 

examined and thus were selected for use in the subsequent 

Figure 1 ectopic expression of mir-671-3p promotes cell proliferation and migration in vitro.
Notes: (A) relative expression of mir-671-3p in a serious of glioma cell lines. (B) expression of mir-671-3p in cells transfected with mir-671-3p mimics (P=0.0044 for a172; 
P=0.0041 for shg44). (C) effect of mir-671-3p on proliferation of glioma cells by ccK-8 assay. (D) Effect of miR-671-3p on A172 and SHG44 cell apoptosis by flow cytometry 
(P=0.0019 for a172; P=0.0014 for shg44). B1–B4 represent dead cells, late apoptosis cells, early apoptosis cells and alive cells, respectively. (E) effect of mir-671-3p mimics 
on a172 and shg44 cell migration by Boyden chamber (P=0.0149 for a172; P=0.0176 for shg44). error bars represent mean ± seM. *P,0.05, **P,0.01, ***P,0.001.
Abbreviations: ccK-8, cell counting Kit-8; seM, standard error of the mean; nc, negative control.

0
1
2
3
4
5
6
7
8

SHG44 A172 U251 T98G LN229R
el

at
iv

e 
ex

pr
es

si
on

 o
f m

iR
-6

71
-3

p

A

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2

1 2 3 4 5 6

MIR671mimic

O
D

 v
al

ue

NC
MiR-671-3p mimic

A172

MIR671-3p mimic

1 2 3 4 5 6
0

0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

O
D

 v
al

ue

Day

Day

NC

SHG44

C

***
**

**

**

**

NC MiR-671-3p
mimic

0
5

10
15
20
25
30
35

R
el

at
iv

e 
ex

pr
es

si
on

 o
f m

iR
-6

71
-3

p 

SHG44

B

**

B4
3.4%

B3
95.0%

B2
0.1%

B1
1.6%

100 101 102 103

100

101

102

103

B4
5.6%

B3
85.5%

B2
2.8%

B1
6.1%

100 101 102 103

10
0

101

102

103

B4
7.7%

B3
84.9%

B2
2.7%

B1
4.7%

10 0 101 102 103

100

101

102

103

0

2

4

6

8

10

NC MiR-671-3p
mimic

A
po

pt
os

is
 c

el
l p

ro
po

rti
on

(%
)

***

B4
2.2%

B3
94.4%

B2
0.2%

B1
3.2%

100 101 102 103

100

101

102

103

NC A172

SHG44

miR-671-3p mimicP
I

Annexin V-FITC

A
17

2
S

H
G

44

0

2

4

6

8

10

12

A
po

pt
os

is
 c

el
l p

ro
po

rti
on

(%
)

D

***

NC MiR-671-3p
mimic

NC miR-671-3p mimic

A172

NC miR-671-3p mimic

SHG44

E

0

40

80

120

160

200

C
el

l n
um

be
r

NC miR-671-3p mimic

SHG44
*

0
2
4
6
8

10
12
14
16

R
el

at
iv

e 
ex

pr
es

si
on

 o
f m

iR
-6

71
-3

p 

NC MiR-671-3p
mimic

**

A172

0

50

100

150

200

250

C
el

l n
um

be
r

NC miR-671-3p mimic

*

A172

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2018:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

6221

Microrna-671-3p promotes proliferation and migration of glioma cells

experiments. As expected, the CCK-8 assay showed that 

inhibition of miR-671-3p significantly reduced the prolif-

eration of LN229 cells compared with the negative control 

group (Figure 2B). This indicates that the downregulation 

of miR-671-3p inhibits glioma cell proliferation. Moreover, 

in a Transwell assay, inhibition of miR-671-3p significantly 

suppressed the migration ability of glioma cells (Figure 2C). 

Moreover, when LN229 cells were treated with miR-671-3p 
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Figure 2 inhibition of endogenous mir-671-3p inhibits cell proliferation and migration in vitro.
Notes: (A) expression of mir-671-3p in glioma cells transfected with mir-671-3p inhibitor or its negative control (P=0.0004 for T98g; P=0.0019 for ln229). (B) effect of 
mir-671-3p inhibitor on glioma cell proliferation by ccK-8 assay. (C) effect of mir-671-3p knockdown on T98g and ln229 cell migration by Boyden chamber (P=0.0013 
for T98g; P,0.0001 for ln229). (D) Effect of miR-671-3p inhibitor on T98G and LN229 cell apoptosis by flow cytometry (P=0.0077 for T98g; P=0.0011 for ln229). B1–B4 
represent dead cells, late apoptosis cells, early apoptosis cells and alive cells, respectively. error bars represent mean ± seM. *P,0.05, **P,0.01, ***P,0.001.
Abbreviations: CCK-8, Cell Counting Kit-8; FITC, fluorescein isothiocyanate; SEM, standard error of the mean; NC, negative control.
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inhibitors, a significant increase in the cellular apoptotic rate 

was demonstrated by flow cytometry (Figure 2D), suggesting 

that the promotion of glioma cell proliferation by miR-671-3p 

is at least partly due to an inhibition of apoptosis.

Similar results were also observed in T98G cells 

(Figure 2B–D), indicating that attenuation of miR-671-3p 

can inhibit glioma progression in vitro; this suggests that 

suppression of miR-671-3p has a negative role in pathological 

progression of glioma.

mir-671-3p directly targets cKaP4
To explore the underlying mechanisms by which miR-671-3p 

promotes the progression of glioma cells, we predicted 

the potential targets of miR-671-3p by multiple prediction 

algorithms (microRNA.org, PicTar and TargetScan). As a 

result, we identified CKAP4 as the potential functional target 

of miR-671-3p. miR-671-3p had putative seed sequences in 

the 3′-UTR of CKAP4 (Figure 3A). To investigate the pos-

sibility that CKAP4 may be directly bound by miR-671-3p, 

we performed a luciferase reporter assay. The fragments of 

CKAP4 containing potential miR-671-3p-binding sites were 

cloned into luciferase constructs. When CKAP4/3′-UTR was 

present, transfection of miR-671-3p mimics led to a signifi-

cant decrease in luciferase activity (Figure 3B). However, 

such a decrease in luciferase activity was not seen when the 

report plasmid was in the vector containing mutant CKAP4 

3′-UTR (Figure 3B). These results indicated that sequences 

within the given region of CKAP4 3′-UTR indeed interact 

CKAP4-WT         5’ -CUUGUCUUCCACUUUGAACCGGU- 3’

hsa-miR-671-3p       3’  CCACCUCGGGACUCUUGGCCU 5’

CKAP4-mut         5’ -CUUGUCUUCCACUUUCTTAGTCU- 3’
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Figure 3 mir-671-3p directly targets cKaP4.
Notes: (A) illustration of the binding sites of cKaP4 and mir-671-3p. (B) effect of mir-671-3p on the luciferase activities of cKaP4 3′-UTr in heK-293T and shg44 cells 
by luciferase reporter assay. (C) expression of cKaP4 in mir-671-3p overexpressing or depleting cells by Western blot. (D) statistical diagram of the Western blot results. 
(E) expressions of cKaP4 in various glioma cells by Western blot. (F) statistical diagram of (E). error bars represent mean ± seM. *P,0.05, **P,0.01, ***P,0.001.
Abbreviations: cKaP4, cytoskeleton-associated protein 4; seM, standard error of the mean; nc, negative control. 
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with miR-671-3p. Further, to investigate whether miR-

671-3p regulates CKAP4 expression, we analyzed the effect 

of miR-671-3p expression on the protein levels of CKAP4 

in A172, SHG44, LN229 and T98G cells by Western blot 

analysis. As shown in Figure 3C and D, CKAP4 expression 

was significantly decreased in response to the overexpression 

of miR-671-3p, whereas miR-671-3p inhibitors reversed the 

silencing effect of miR-671-3p overexpression on CKAP4. 

Consistent with Figure 1A, the varied expression levels of 

CKAP4 in different glioma cell lines are shown in Figure 3E 

and F. These results confirm that miR-671-3p negatively 

regulates the expression of CKAP4 by directly targeting the 

3′-UTRs of CKAP4.

Overexpression of cKaP4 impairs 
mir-671-induced promotive effects on 
glioma cell behavior
Considering that the abovementioned data suggest that 

CKAP4 is a direct target of miR-671-3p, we hypothesized 

that CKAP4 is involved in miR-671-induced tumorigenic 

properties of glioma cells. In this study, rescue experiments 

were performed to address this hypothesis. Since CKAP4 was 

decreased in cells with overexpressed miR-671-3p, we restored 

the expression of CKAP4 in miR-671-3p overexpressing 

cells by transfection of the open reading frame constructs 

without 3′-UTRs of the target gene and miR-671-3p mimics 

in A172 and SHG44 cells. The co-expression of CKAP4 

markedly prohibited the promotion of cell motility induced 

by miR-671-3p (Figure 4A). Further, as indicated by the result 

of the Transwell assay in Figure 4B, the restoration of CKAP4 

reversed the cell migration ability enhanced by miR-671-3p 

(Figure 4B). In addition, reintroduction of CKAP4 led to a 

rather significant increase in apoptosis (Figure 4C).

cKaP4 is downregulated, and there is a 
negative correlation between mir-671-3p 
and cKaP4 expression in glioma tissues
To investigate the expression pattern of CKAP4 in glioma, 

CKAP4 expression levels were quantified in eight glioma 

tissues and eight corresponding noncancerous tissues using 

Western blot. Compared with normal tissues, CKAP4 was 

downregulated in glioma tissues (Figure 5A).

To further confirm the expression pattern of CKAP4 

and its clinical relationship with miR-671-3p, we detected 

miR-671-3p expression in glioma samples by qRT-PCR. 

The results showed that miR-671-3p expression levels were 

Figure 4 (Continued)
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Figure 5 cKaP4 is downregulated, and there is a negative correlation between mir-671-3p and cKaP4 expression in glioma tissue.
Notes: (A) expression of cKaP4 in eight paired human glioma tissues and their corresponding normal tissues by Western blotting. (B) expression of mir-671-3p in eight 
paired human glioma tissues and their corresponding normal tissues by qrT-Pcr. (C) relative expression of mir-671-3p and cKaP4. (D) Downregulation of cKaP4 in 
clinical glioma and normal tissues derived from the Oncomine database. error bars represent mean ± seM. *P,0.05, **P,0.01.
Abbreviations: cKaP4, cytoskeleton-associated protein 4; qrT-Pcr, quantitative real-time Pcr; seM, standard error of the mean.

Figure 4 Overexpression of cKaP4 impairs mir-671-3p-induced promotive effects on glioma cell behavior.
Notes: (A) effect of reintroduction of cKaP4 on mir-671-3p-induced proliferation in a172 and shg44 cells by ccK-8 assay (P,0.001 for a172; P,0.001 for shg44). 
(B) effect of cKaP4 on mir-671-3p-induced cell migration by Boyden Transwell assay (P,0.001 for a172; P,0.001 for shg44). (C) effect of cKaP4 on mir-671-3p-induced 
A172 and SHG44 cell apoptosis by flow cytometry (P,0.001 for a172; P,0.001 for shg44). B1–B4 represent dead cells, late apoptosis cells, early apoptosis cells and alive 
cells, respectively. error bars represent mean ± seM. *P,0.05, **P,0.01, ***P,0.001.
Abbreviations: CCK-8, Cell Counting Kit-8; CKAP4, cytoskeleton-associated protein 4; FITC, fluorescein isothiocyanate; SEM, standard error of the mean; NC, negative 
control. 
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significantly upregulated in glioma tissues compared with 

the corresponding normal tissues (Figure 5B). Moreover, 

inverse correlations between the expression of miR-671-3p 

and CKAP4 were observed (Figure 5C). Due to our limited 

number of clinical samples and to investigate the potential 

implications of CKAP4, we investigated the expression 

of CKAP4 in patients from Oncomine database who were 

pathologically diagnosed with glioblastoma and astrocytoma. 

CKAP4 downregulation was observed in glioblastoma and 

astrocytoma samples (Figure 5D).

Taken together, it can be concluded that increased miR-

671-3p expression is a frequent event in glioma tissue. The 

negative regulation of CKAP4 by miR-671-3p appears to 

contribute to the functional effect of miR-671-3p on the 

progression of glioma.

Discussion
Dysregulation of miRNAs is a common mechanism in human 

glioma. Recently, a series of miRNAs have been reported 

to function as oncogenes or tumor suppressors in glioma by 

regulating their downstream target genes.23,24

miR-671 includes miR-671-5p and miR-671-3p. A 

previous study showed that miR-671-5p is a tumor-sup-

pressor miRNA for breast tumorigenesis. Overexpression 

of miR-671-5p in breast cancer cell lines attenuated pro-

liferation and invasion by targeting FOXM1.21 However, 

miR-671-5p has been found to function as an oncogene 

in glioma, and miR-671-5p overexpression significantly 

increases proliferation and migration by targeting CDR1-AS, 

CDR1 and VSNL1.20 One study found that miR-671-3p 

expression in glioblastoma biopsies did not significantly 

differ from controls,20 which is inconsistent with our results. 

In our study, overexpression of miR-671-3p was found to 

promote proliferative and migratory capacity. Moreover, 

the forced expression of miR-671-3p inhibited apoptosis 

of glioma cells. Inhibition of miR-671-3p exhibited the 

opposite effects. Ectopic expression in A172 and SHG44 

cell lines and inhibition of miR-671-3p in T98G and LN229 

cell lines were performed in this study. Similar effects may 

be observed in all glioma cell lines, and relative experiments 

require further exploration. Moreover, several experiments 

have shown that miR-671-5p is downregulated in glioma 

tissues and serves as an oncogene.20 However, the interac-

tion between miR-671-3p and miR-671-5p requires further 

investigation.

CKAP4 was identified as a new target molecule of miR-

671-3p. CKAP4 is a DKK1-binding protein on the cell 

membrane surface and is a type II transmembrane protein.25,26 

CKAP4 functions as a receptor of several ligands, including 

anti-proliferating factor (APF).27–29 Despite the involvement 

of CKAP4 in the tumor progression, the oncogenic and 

tumor-suppressive roles of CKAP4 have been reported.30 

In this study, we showed that CKAP4 serves as a tumor sup-

pressor and is a functional target of miR-671-3p. Reversal 

experiments confirmed that CKAP4 can reverse the effect 

of miR-671-3p on glioma progression.

Conclusion
This study explored the promotive role of miR-671-3p in 

the growth and migration of glioma cells. miR-671-3p has 

biological and functional effects on glioma progression via 

targeting CKAP4. This newly identified miR-671-3p/CKAP4 

axis provides new insights into the molecular mechanisms 

underlying glioma development. However, further studies 

are needed to ascertain the precise mechanism underlying 

increased miR-671-3p and to investigate other potential 

targets of miR-671 in glioma.
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