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MicroRNA-25 promotes cell proliferation, migration and
invasion in glioma by directly targeting cell adhesion molecule 2
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Abstract. Numerous microRNAs (miRNAs/miRs) have
been demonstrated to serve oncogenic or suppressive roles in
glioma. Exploration of the underlying molecular mechanism
of miRNAs in the development and progression of glioma is
beneficial for the identification of novel therapeutic targets. In
the present study, the function of miR-25 in glioma progres-
sion, as well as its underlying mechanism, were investigated.
It was determined that miR-25 was significantly upregulated
in glioma tissues and cell lines compared with normal brain
tissues and cells, respectively. Furthermore, high expression
levels of miR-25 were associated with an advanced clinical
stage. The knockdown of miR-25 expression significantly
reduced glioma cell proliferation, migration and invasion. Cell
adhesion molecule 2 (CADM?2) was identified as a direct target
of miR-25 in glioma cells. Moreover, CADM2 expression level
was significantly downregulated and inversely correlated with
miR-25 expression level in glioma tissues, indicating that the
expression of CADM?2 was negatively regulated by miR-25.
The inhibition of CADM?2 expression counteracted the effects
on glioma cell proliferation, migration and invasion caused by
miR-25 downregulation. Furthermore, CADM2 knockdown
considerably promoted the proliferation and migration of
glioma cells. In summary, the present study demonstrated that
miR-25 was significantly upregulated in glioma and that it
promoted glioma cell proliferation, migration and invasion, at
least partially, by directly targeting CADM?2. These findings
expanded the understanding of the molecular mechanism that
underlies glioma progression.

Introduction

Glioma is the most common primary brain tumor world-
wide (1). Despite efforts to facilitate its early detection, as
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well as the use of surgical resection combined with radio-
therapy and chemotherapy, the majority of patients with
glioma are diagnosed at a late stage and their prognosis
is poor (2,3). In the last decade, the molecular alterations
that occur during glioma progression have been the focus
numerous studies and several oncogenes and tumor suppres-
sors have been identified (3-10). An improved understanding
of the underlying molecular mechanisms of glioma progres-
sion would be beneficial for the identification of novel
therapeutic targets.

MicroRNAs (miRNAs/miRs) are endogenous
single-stranded non-coding RNA molecules comprising 18-25
nucleotides (11). They are able to bind complementary sites
within the 3'-untranslated regions (3'-UTRs) of target genes,
suppressing translation or promoting mRNA degradation (11).
Since a single miRNA can regulate the expression of numerous
target genes, miRNAs serve as key regulators of various physi-
ological and pathological processes, including cell survival,
differentiation, proliferation, apoptosis, metabolism and
tumorigenesis (12,13). In previous years, various studies have
reported deregulation of miRNAS in various types of human
cancer, including glioma (14,15). Furthermore, numerous
miRNAs have been demonstrated to serve promotional or
tumor suppressive roles in glioma. For instance, miR-365 has
been demonstrated to inhibit proliferation, migration and inva-
sion in glioma by targeting PIK3R3 (16), whereas miR-599
does so by targeting periostin (17).

Previously, the aberrant expression of miR-25 was indi-
cated to serve tumor promoting and suppressive roles in
different types of human cancer, including liver cancer (18).
miR-25 was also revealed to enhance cell migration and the
invasiveness of non-small-cell lung cancer cells through
the MAPK signalling pathway by inhibiting Kriippel-like
factor 4 (19). Additionally, miR-25 contributed to cisplatin
resistance in gastric cancer cells by inhibiting forkhead box
03a (20). Moreover, miR-25 may promote glioblastoma cell
proliferation and invasiveness by directly targeting neuro-
filament light polypeptide (21). Zhang et al (22) reported that
miR-25 promoted glioma cell proliferation by targeting CDK
inhibitor 1C (CDKNIC). These results indicated that miR-25
may serve an oncogenic role in glioma. However, the function
of miR-25 in glioma cell migration and its underlying mecha-
nism remain unknown. Therefore, the present study aimed to
investigate the function and underlying mechanism of miR-25
in the progression of glioma.
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Materials and methods

Tissue samples. The present study was approved by the Ethics
Committee of Xiangya Hospital of Central South University
(Changsha, China). A total of 15 normal brain tissues and
53 primary glioma tissues were obtained between March 2010
and May 2014. Patients were included in the current study if
they were diagnosed with primary glioma that was confirmed
by an independent pathologist at Xiangya Hospital. Patients
were excluded if patients with glioma had received chemo-
therapy or radiotherapy prior to surgery. The normal brain
tissues were collected from 15 patients without malignancy
who underwent surgery to reduce increased intracranial pres-
sure or to treat a severe head injury. The histomorphology of
these tissues was confirmed by the hospital's Department of
Pathology. These 15 patients included 9 males and 6 females
(age range, 43-66 years; mean age, 55.1 years) and the
53 patients with glioma included 31 males and 22 females
(age range, 34-68 years; mean age, 53.5 years). Glioma was
pathologically confirmed and was staged according to the
TNM classification. Written informed consent was obtained
from all participants.

Cell culture. Human glioma cell lines (U-373MG Uppsala,
U-87MG Uppsala, U251MG and T98G) were obtained from
the Cell Bank of the Chinese Academy of Sciences. Human
normal brain cells were purchased from ScienCell Research
Laboratories, Inc. The cells were cultured in DMEM (Thermo
Fisher Scientific, Inc.) supplemented with 10% FBS (Thermo
Fisher Scientific, Inc.) at 37°C in a humidified incubator
with 5% CO,.

Transfection. Cell transfection was performed using
Lipofectamine® 2000 (Thermo Fisher Scientific, Inc.),
according to the manufacturer's protocol. T98G and U251MG
cells (100,000 cells/well) were transfected with 100 nM
negative control (NC) inhibitors (cat. no. NCSTUDOOI;
Sigma-Aldrich; Merck KGaA), miR-25 inhibitors
(cat. no. HSTUDO414; Sigma-Aldrich; Merck KGaA),
miR-NCs (cat. no. HMCO0002; Sigma-Aldrich; Merck KGaA),
miR-25 mimics (cat. no. HMI0414; Sigma-Aldrich; Merck
KGaA), NC small interfering (si)RNA (siNC; cat. no. sc-37007,
Santa Cruz Biotechnology, Inc.) or cell adhesion molecule 2
(CADM2) siRNA (siCADMZ2; cat. no. sc-78228; Santa Cruz
Biotechnology Inc.). The sequences used for all transfection
experiments were not commercially available. After 48 h
of transfection, subsequent experiments were performed as
described below.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was isolated from tissues or T98G and U251MG cells
using TRIzol® reagent (Thermo Fisher Scientific, Inc.). The
total RNA was then reverse transcribed using PrimeScript II
1st Strand cDNA Synthesis kit (Takara Bio, Inc.), according
to the manufacturer's protocol. The cDNA was amplified by
gPCR using SensiFAST™ SYBR® Hi-ROX Mix (Bioline), with
U6 and GAPDH as internal references to normalize expression
data. The thermocycling conditions were as follows: Initial
denaturation at 95°C for 3 min; 40 cycles at 95°C for 30 sec
and 60°C for 30 sec. The primer sequences were as follows:

miR-25 forward, 5'-CTGGTAGGCATTGCACTTGTCT-3'
and reverse, 5S"TCAACTGGTGTCGTGGAG-3"; U6 forward,
5'-CTCGCTTCGGCAGCACATATACT-3' and reverse,
5'-CGCTTCACGAATTTGCGTGT-3'; GAPDH forward,
5'-CTGGGCTACACTGAGCACC-3' and reverse, 5'-AAG
TGGTCGTTGAGGGCAATG-3'; CADM2 forward, 5-AAA
CTTCCAAGGCATATCTCACC-3' and reverse, 5-TGCGAT
TTGCATCCTCTTCTT-3'. Relative gene expression levels
were analyzed according to the 2244 method (23).

Cell Counting Kit-8 (CCK-8) assay. A CCK-8 assay was
used to determine the cell proliferation rate. The transfected
T98G and U251MG cells were seeded (5x10° cells/well) into
96-well plates and 20 ul CCK-8 reagent (Beyotime Institute of
Biotechnology) was added to each well. The cells were incu-
bated in a humidified incubator at 37°C (5% CO,) for 24, 48
and 72 h time intervals (14,15). The optical density at a 450 nm
absorbance was determined using a microplate reader.

Wound healing analysis. Transfected T98G and U251MG
cells were seeded in 24-well plates and cultured at 37°C until
~90% confluence. A wound was scratched across the center of
each well using a 10 ul sterile pipette tip. The cells were then
washed twice with PBS and cultured in serum-free DMEM at
37°C for 24 h. Images were captured under a light microscope
(magnification, x40) at O and 24-h time points.

Transwell assay. For the Transwell assay, 24-well Transwell
chambers (8-mm pore size; Corning Inc.) pre-coated with
Matrigel Basement Membrane Matrix (BD Biosciences) at
room temperature for 1 h were used. Briefly, DMEM with
10% FBS was added to the lower chambers and transfected
T98G and U251MG cells (1x10* cells/ml) in 300 ul serum-free
DMEM were added to the upper chamber. Following incuba-
tion at 37°C for 24 h, the cells on the upper surface of the
insert were removed using a cotton-tipped swab. The invaded
cells were then fixed in 4% paraformaldehyde (Sigma-Aldrich;
Merck KGaA) for 20 min and stained with 0.5% crystal violet
(Sigma-Aldrich; Merck KGaA) for 5 min at room temperature
and images were captured under an inverted light microscope
(magnification, x200; Olympus Corporation).

Bioinformatics analysis. TargetScan 7.1 software (Www.
targetscan.org) was used to analyze the putative target genes
of miR-25. The resultant data revealed that CADM2 was a
putative target gene of miR-25 and as such was selected in the
search for further mutual verification.

Luciferase reporter assay. The wild-type (WT) and mutant
(MT) 3'-UTR sequences of CADM2 were synthesized by
Shanghai GenePharma Co., Ltd. and cloned into PGL3 lucif-
erase reporter plasmids (Ambion; Thermo Fisher Scientific,
Inc.). T98G and U251MG cells (100,000 cells/well) seeded
in 24-well plates were transfected with 100 nM WT or MT
luciferase reporter plasmids, and either 100 nM miR-25 or
miR-NC using Lipofectamine® 2000. The sequences used
were mentioned previously. After 24 h, the firefly and Renilla
luciferase activities were detected using the Luc-Pair miRNA
Luciferase Assay kit (GeneCopoeia, Inc.), according to the
manufacturer's instructions.
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Table I. Association between miR-25 expression level and clinicopathological characteristics of patients with glioma.
Number of Low miR-25 High miR-25
Variable patients (n=53) expression (n=27) expression (n=26) P-value
Age 0.275
<50 years 28 12 16
=50 years 25 15 10
Sex 0.583
Male 31 17 14
Female 22 10 12
TNM stage 0.028
I-1I 29 19 10
HI-1v 24 8 16
miR, microRNA.
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Figure 1. miR-25 is upregulated in glioma. (A) miR-25 expression levels were determined in glioma tissues and normal brain tissues using RT-qPCR.
(B) RT-qPCR was used to measure miR-25 expression level in glioma cell lines and normal brain tissues. “P<0.01 vs. Normal. miR, microRNA; RT-qgPCR,

reverse transcription-quantitative PCR.

Western blot analysis. Total protein was extracted from cell
lines using RIPA lysis buffer (Thermo Fisher Scientific, Inc.).
The protein concentration was determined using a bicincho-
ninic acid assay kit (Thermo Fisher Scientific, Inc.), according
to the manufacturer's protocol. The proteins (50 pg/lane)
were separated by SDS-PAGE using 10% gels and trans-
ferred to PVDF membranes (Thermo Fisher Scientific, Inc.).
The membranes were blocked in 5% skimmed milk at room
temperature for 3 h and subsequently washed three times with
PBS and 0.05% Tween-20 (PBST) prior to incubation with
rabbit anti-human CADM?2 (1:300 dilution; cat. no. ab64873;
Abcam) or rabbit anti-human GAPDH antibodies (1:500 dilu-
tion; cat. no. ab9485; Abcam) at room temperature for 3 h.
After three washes in PBST, the membranes were incubated
with an HRP-conjugated goat anti-rabbit secondary antibody
(1:5,000 dilution; cat. no. ab7090; Abcam) at room tempera-
ture for 1 h. The blots were visualized using Western Blotting
Luminol reagent (Santa Cruz Biotechnology, Inc.) and protein
expression was semi-quantified using Image-Pro Plus soft-
ware 6.0 (Media Cybernetics, Inc.). GAPDH was used for the
normalization of protein expression levels.

Statistical analysis. Experiments were performed in tripli-
cate. Prism 5 software (GraphPad Software, Inc.) was used

for all statistical analyses and the data are presented as the
mean + standard deviation. An unpaired Student's t-test was
used to analyze the differences between two groups, whilst
one-way ANOVA followed by Tukey's post-hoc test was
used to analyze differences among multiple groups. %> test
analysis was conducted to determine the association between
miR-25 expression levels and the clinicopathological features
of glioma. Spearman's rank correlation was used to analyze
the correlation between the expression levels of CADM2 and
miR-25 in glioma tissues. P<0.05 was considered to indicate a
statistically significant difference.

Results

miR-25 is upregulated in glioma. In the present study,
RT-qPCR was conducted to determine miR-25 expression
levels in glioma. The expression level of miR-25 was signifi-
cantly upregulated in glioma tissues compared with normal
brain tissues (Fig. 1A). The patients with glioma were subse-
quently divided into high and low miR-25-expression groups
according to the mean miR-25 expression level. As presented
in Table I, a high expression level of miR-25 was significantly
associated with advanced clinical stage in patients with
glioma. Additionally, miR-25 expression was significantly
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Figure 2. Knockdown of miR-25 inhibits the proliferation and migration of glioma cells. miR-25 inhibitor or NC inhibitor were transfected into T98G and
U251MG cells. (A) Following transfection, reverse transcription-quantitative PCR was used to measure the expression of miR-25. The Cell Counting Kit-8
assay was used to examine the proliferation of (B) T98G and (C) U251MG cells. Wound healing assays were used to assess (D) T98G and (E) U251MG cell
migration. (F) Cell invasion was determined using Transwell assays. “P<0.01 vs. NC inhibitor. miR, microRNA; NC, negative control; OD, optical density.

Magnification for cell migration, x40. Magnification for cell invasion, x200.

increased in glioma cell lines compared with normal brain
tissue cells (Fig. 1B).

Knockdown of miR-25 suppresses the proliferation, migration
and invasiveness of glioma cells. The function of miR-25 in
glioma cells was subsequently investigated. To knock down
miR-25 expression, U251MG and T98G cells were transfected
with an miR-25 inhibitor. These cell lines were chosen for subse-
quent experiments as they exhibited the highest expression levels
of miR-25. Cells that were transfected with the NC inhibitor
served as the control group. The miR-25 expression level was

significantly downregulated in T98G and U251IMG cells trans-
fected with miR-25 inhibitor compared with the control group
(Fig. 2A). As presented in Fig. 2B-C, CCK-8 assay data showed
that the inhibition of miR-25 significantly reduced the prolifera-
tion rate of U251MG and T98G cells at 72 h post-transfection.
Wound healing and Transwell assays were then performed
to investigate the role of miR-25 in glioma cell migration and
invasion. As demonstrated by Fig. 2D-F, downregulation of
miR-25 markedly reduced the migratory and invasive capacities
of U251MG and T98G cells, indicated that the knockdown of
miR-25 inhibited the proliferation and migration of glioma cells.
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Figure 3. CADM2 is a target gene of miR-25 in glioma. (A) Putative WT and MT binding sequences in the 3'-UTR of CADM2. (B) T98G and (C) U251MG
cells were co-transfected with miR-25 mimics or miR-NC and WT-CADM?2 or MT-CADM2 reporter gene plasmids. Following transfection for 48 h, dual
luciferase reporter assays were conducted. “P<0.01 vs. miR-NC. The (D) mRNA and (E) protein expression levels of CADM?2 were detected using RT-qPCR
and western blotting, respectively, in T98G and U251MG cells transfected with miR-25 inhibitor or NC inhibitor. “"P<0.01 vs. NC inhibitor. The expression
levels of (F) miR-25 and (G and H) CADM2 were detected using RT-qPCR and western blotting in T98G and U251MG cells transfected with miR-25
mimics or miR-NC. "P<0.01 vs. miR-NC. CADM2, cell adhesion molecule 2; miR, microRNA; MT, mutant type; NC, negative control; RT-qPCR, reverse
transcription-quantitative PCR; UTR, untranslated region; WT, wild-type.

CADM? is a target of miR-25 in glioma cells. Bioinformatics ~ gene of miR-25 (Fig. 3A) and luciferase reporter gene analysis
analysis was performed to predict the potential target genes of  verified this prediction. The overexpression of miR-25 signifi-
miR-25. The data revealed that CADM?2 was a putative target  cantly inhibited the luciferase activity of the WT 3'-UTR of
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Figure 4. CADM2 is downregulated in glioma. (A) The mRNA expression level of CADM2 was determined in glioma tissues and normal brain tissues using
RT-qPCR. (B) miR-25 expression was inversely correlated with CADM2 mRNA expression level in glioma tissues. The (C) mRNA and (D) protein expres-
sion levels of CADM?2 were detected using RT-qPCR and western blotting, respectively, in glioma cell lines and normal brain tissues. “P<0.01 vs. Normal.
CADM2, cell adhesion molecule 2; miR, microRNA; RT-qPCR, reverse transcription-quantitative PCR; normal 1 and 2, two different normal brain tissues

obtained from two controls.

CADM?2, but not that of the MT 3'-UTR in T98G and U251MG
cells (Fig. 3B and C). Additionally, it was revealed that miR-25
knockdown significantly increased the mRNA and protein
expression levels of CADM?2 in both cell lines (Fig. 3D and E).
By contrast, transfection with miR-25 mimics significantly
enhanced the expression of miR-25 and reduced the expression
level of CADM2 in glioma cells (Fig. 3F-H). Taken together,
these findings suggested that CADM2 is a direct target gene of
miR-25 in glioma cells.

CADM?2 is downregulated in glioma. The expression of
CADM?2 in glioma was also determined. RT-qPCR results
demonstrated that CADM?2 was significantly downregu-
lated in glioma tissues compared with normal brain tissues
(Fig.4A). Notably, the CADM2 expression level was negatively
correlated with that of miR-25 in glioma tissues (Fig. 4B).
Consistently, the mRNA and protein levels of CADM2 were
also significantly lower in glioma cell lines compared with
normal brain tissues (Fig. 3C and D, respectively). Thus,
CADM2 was downregulated in glioma, which may be due to
the upregulation of miR-25.

Knockdown of CADM?2 reverses the inhibitory effects of
miR-25 downregulation on the proliferation, migration and
invasion of glioma cells. Based on the aforementioned find-
ings, it was hypothesized that CADM?2 may be involved in
the miR-25-mediated proliferation and migration of glioma
cells. To test this hypothesis, T98G and U251MG cells were

transfected with NC siRNA or siCADM?2. After transfection,
the protein expression levels of CADM?2 were significantly
reduced in the siCADM?2 group compared with the NC
siRNA group (Fig. 5A). CCK-8 and wound healing assays
were performed to assess cell proliferation and migration. As
shown in Fig. 5B-E, the knockdown of CADM?2 significantly
increased the proliferation and migration of glioma cells.
These findings suggested that CADM?2 serves a suppressive
role in glioma cell proliferation and migration.

After that, T98G and U251MG cells were co-transfected
with a miR-25 inhibitor and CADM2 siRNA or NC
siRNA. Following transfection, the CADM2 mRNA and
protein expression levels were significantly reduced in the
miR-25 inhibitor + siCADM2 group compared with the
miR-25 inhibitor + siNC group (Fig. 6A and B). Data from
the CCK-8, wound healing and Transwell assays further
demonstrated that the proliferation (at 72 h), migration and
invasiveness of glioma cells were increased in the miR-25
inhibitor + siCADM?2 group compared with the miR-25
inhibitor + siNC group (Fig. 6C-G), suggesting that the
knockdown of CADM2 reversed the inhibitory effects of
miR-25 downregulation on the proliferation, migration and
invasiveness of glioma cells.

Discussion

The present study aimed to investigate the underlying
molecular mechanism of miR-25 in the progression of



EXPERIMENTAL AND THERAPEUTIC MEDICINE 23: 16, 2022

T98G U251MG g M - Tosc
. ) = U2s1IMG
NC siRNA siCADM2 NC siRNA siCADM2 s o
H o
- - - e CADM2 g
;QCE 0.5
g 5
. . . con - o
2 >
g i
€ 00 r T 1
& ¥
05’ OY"
= o
B C
15 T98G 5 U251MG
: = NCSsiRNA : = NCSsiRNA
-~ siCADM2 " -~ SICADM2
*%
g 1.0 £ 1.0
< c
3 3
= =
S 05 S 05-
0.0 T T . T 0.0 T T . T
A > @ o N q?‘\\ 2 8
D T98G E U251MG
NC siRNA siCADM2 NC siRNA siCADM2
o B
Oh
24 h
1.5+ 1.5+
@B NC SiRNA @ NCsiRNA
_ © siCADM2 _ © siCADM2
€ €
E 101 E 101
s £
k] 5
3 B
° o
5 051 5 051
; ; *%
0.04 , - L1 0.04 . I I
N ‘1«“‘\ N Pyv

Figure 5. Knockdown of CADM2 significantly increases the proliferation and migration of glioma cells. T98G and U251MG cells were transfected with
siCADM2 or NC siRNA. (A) After transfection, the protein levels of CADM2 were examined using western blotting. Cell Counting Kit-8 assay was used to
determine cell proliferation of (B) T98G and (C) U251MG cells. Wound healing assay was used to study (D) T98G and (E) U251MG cell migration. ““P<0.01
vs. NC siRNA. CADM2, cell adhesion molecule 2; NC, negative control; si, small interfering RNA. Magnification, x40.

glioma. The expression of miR-25 was significantly upregu-
lated in glioma tissues and cell lines, and a high expression
level of miR-25 was associated with advanced clinical stage.
The knockdown of miR-25 expression significantly reduced
glioma cell proliferation, migration and invasion. CADM?2
was identified as a direct target of miR-25 in glioma cells.
Moreover, the expression of level CADM?2 was significantly
reduced in glioma tissues and was inversely correlated with
miR-25 expression. Furthermore, the expression of CADM2
was negatively regulated by miR-25 in glioma cells and

CADM2 knockdown reversed the effects of miR-25 inhibi-
tion and promoted glioma cell proliferation, migration and
invasion.

An increasing number of studies have reported that the
expression levels of miR-25 are frequently upregulated in
numerous common types of human cancer and that miR-25
serves an oncogenic role by promoting the malignant
phenotype of tumor cells. For example, Xiang et al (24)
demonstrated that miR-25 was upregulated in non-small
cell lung cancer (NSCLC) tissues and cell lines, and that
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Figure 6. Knockdown of CADM2 rescues the inhibitory effects of miR-25 downregulation on the proliferation and migration of glioma cells. T98G and
U251MG cells were co-transfected with miR-25 and siCADM?2 or siNC. Following transfection, the (A) mRNA and (B) protein expression levels of CADM2
were examined using reverse transcription-quantitative PCR and western blotting, respectively. The Cell Counting Kit-8 assay was used to determine cell
proliferation in (C) T98G and (D) U251MG cells. Wound healing assays were used to study migration in (E) T98G and (F) U251MG cells. (G) Cell invasion
was determined using Transwell assays. “P<0.01 vs. miR-25 in + siNC. CADM2, cell adhesion molecule 2; miR, microRNA; si, small interfering RNA;
NC, negative control; in, inhibitor. Magnification for cell migration, x40. Magnification for cell invasion, x200.

this promoted NSCLC cell proliferation and motility by  protein 7. Feng et al (25) revealed that miR-25 promoted
suppressing the expression of F-box/WD repeat-containing  ovarian cancer cell proliferation and motility by directly
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targeting the serine/threonine-protein kinase LATS2.
Zhao et al (26) reported that miR-25 enhanced the prolif-
eration and motility of gastric cancer cells by inhibiting the
expression of reversion-inducing cysteine-rich protein with
Kazal motifs. The results of the present study indicated that
the expression level of miR-25 was significantly increased in
glioma tissues compared with normal brain tissues and that
a high miR-25 expression level was significantly associated
with advanced clinical stage. These data suggested that the
upregulation of miR-25 may promote glioma progression.
Additionally, miR-25 expression level was increased in glioma
cell lines compared with normal brain tissues. Therefore, two
glioma cell lines were transfected with a miR-25 inhibitor to
decrease its expression. This revealed that the knockdown
of miR-25 significantly reduced glioma cell proliferation,
migration and invasion. Similarly, Zhang et al (22) showed
that miR-25 was upregulated in 91% of human glioma tissues
and four out of six human glioma cell lines examined and that
miR-25 promoted glioma cell proliferation.

miRNAs function by regulating the expression of
their target genes, a number of which have been identi-
fied for miR-25, including BTG2 (27), cyclic GMP-AMP
synthase (28), transcription factor SOX4 (29) and
CDKNIC (22). In the present study, a bioinformatics
prediction showed that CADM2 was a putative target
gene of miR-25. Luciferase reporter gene analysis further
confirmed this targeting relationship. CADM2, a member
of the synaptic cell adhesion molecule 1 family, contains
three Ig-like domains and a cytosolic protein 4.1 binding
site near the C-terminus, through which it crosslinks spec-
trin and interacts with other cytoskeletal proteins (30). It
has been reported that CADM?2 acts as a tumor suppressor
in several common types of human cancer. He et al (30)
reported that aberrant methylation and loss of CADM?2
expression were associated with the progression of renal
cell carcinoma. Furthermore, Yang et al (31) revealed that a
low CADM?2 expression level predicted a high risk of recur-
rence following hepatectomy in patients with hepatocellular
carcinoma. The present study revealed that CADM2 was
significantly downregulated in glioma tissues and cell lines
compared with normal brain tissues. Moreover, a negative
correlation was observed between the expression levels of
CADM?2 and miR-25 in glioma tissues and the expression of
CADM?2 was negatively regulated by miR-25 in glioma cell
lines. These findings suggested that the increased expres-
sion level of miR-25 may contribute to a decrease in that of
CADM?2 in glioma. It was further revealed that the inhibi-
tion of CADM2 expression rescued the suppressive effects
of miR-25 downregulation on the proliferation, migration
and invasion of glioma cells, confirming that CADM?2 acted
as a downstream effector of miR-25 in glioma cells.

To the best of our knowledge, this is the first study to report
that miR-25 promoted glioma cell proliferation, migration and
invasion, at least in part by targeting CADM?2. These find-
ings expand the understanding of the underlying molecular
mechanisms of glioma progression.
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