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Abstract. The effects of microRNAs (miRNAs/miRs) on glio‑
blastoma have attracted the attention of researchers in the last
7 years. However, the role of miR‑640 and its targeted gene,
Slit guidance ligand 1 (SLIT1), in the development of glioblas‑
toma are not yet fully understood. The present study aimed
to investigate the role of miR‑640 in the proliferation and
adhesion of glioblastoma. Reverse transcription‑quantitative
PCR analysis was performed to detect miR‑640 and SLIT1
expression in glioblastoma tissues and cells. In addition, the
Dual‑luciferase reporter and RNA‑pull down assays were
performed to assess the association between miR‑640 and
SLIT1. The Cell Counting Kit‑8, BrdU ELISA, cell adhesion
and caspase‑3 activity assays were also performed to assess cell
viability, proliferation, adhesion and apoptosis of glioblastoma
cells, respectively. The results demonstrated that miR‑640
expression was upregulated in glioblastoma tissues and cells.
In addition, miR‑640 promoted the cell viability, prolifera‑
tion and adhesion of glioblastoma cells, while inhibiting cell
apoptosis. SLIT1, a direct downstream target of miR‑640, was
demonstrated to be downregulated in glioblastoma tissues
and cells. Furthermore, overexpression of SLIT1 attenuated
the promotive effect of miR‑640 on glioblastoma cells. Taken
together, these results suggest that miR‑640 accelerates
the proliferation and adhesion of glioblastoma cell lines by
targeting and suppressing SLIT1.
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Introduction
Glioblastoma refers to an astrocytic tumor that is typi‑
cally observed in the nervous system (1). Glioblastoma
has a 97% mortality rate during advanced age (>60 years)
in Finland (2), not only because the brain and spinal cord
are complex and difficult‑to‑understand, but also because
the existing surgical techniques have limited benefits (3).
Additionally, glioblastoma has a poor prognosis, thereby
contributing to the low 10.1% 3‑year survival rate and the high
recurrence rate of patients with this cancer (4,5). Recently,
the survival rate of patients with glioblastoma has consider‑
ably improved with the use of standard surgical treatments,
conventional radiotherapy and medication such as temozolo‑
mide (6‑8). Increasing research on immunotherapy has also
provided novel insights into glioblastoma treatments (9).
While considerable effort and notable progress have been
made to improve the outcomes of patients with glioblastoma,
researchers are yet to determine the underlying molecular
mechanisms that trigger the development of glioblastoma.
Regarded as small non‑coding single‑stranded RNAs
encoded by an endogenous gene, microRNAs (miRNAs/miRs)
were discovered to play crucial regulatory roles in the
development of cancer by regulating mRNA degradation or
translational inhibition of downstream target genes (10‑12).
Previous studies have reported that miRNAs act as tumor
suppressors or promoters in the abnormal biological process
of glioblastoma (13‑15). Despite the discovery of several
miRNAs associated with the development and progression of
glioma (16‑18), researchers are yet to investigate the effects
of other miRNAs on glioblastoma cells (19‑21). For example,
miR‑640 inhibits the formation of capillaries (22); however,
its role in cancer development has not yet been investigated.
In their research, Li et al (23) and Zhai et al (24) both demon‑
strated that miR‑640 exerts tumor‑suppressive effects in
ovarian cancer and hepatocellular carcinoma. In another study,
miR‑640 was reported to enhance the development of prostate
cancer (25). However, the role of miR‑640 in glioblastoma
remains unclear.
Slit guidance ligand 1 (SLIT1) is located on chromo‑
some 10q24.1 and consists of 37 exons (26). SLIT1 was first
identified as a member of the axon guidance molecule SLITs
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family, which is predominantly located in the central nervous
system, and mediates axon branching, elongation and meta‑
static repulsion of nerve cells (27,28). Previous studies have
demonstrated that SLITs regulate the signaling pathways
of different types of cancer, including breast cancer and
colorectal cancer (29,30). It has also been reported that low
levels of SLIT1, caused by methylation, can further deterio‑
rate colorectal cancer (31). SLITs exhibit different expression
levels in different subtypes of gastric cancer (32). Although
Amodeo et al (33) demonstrated the involvement of SLIT1 in
glioblastoma cell migration, the influence of SLIT1 on glio‑
blastoma is not yet fully understood.
The present study aimed to investigate the underlying
molecular mechanism of glioblastoma by assessing the regula‑
tory impact of miR‑640 and its target genes on the progression
of glioblastoma cells. The results demonstrated that miR‑640
exerted a cancer‑promoting effect on glioblastoma cells by
targeting SLIT1. Taken together, these results provide novel
insight to help decrease the mortality rate of patients with
glioblastoma.
Materials and methods
Microarray analysis. A total of two mRNA microarray
datasets [GSE90886 (34) and GSE104291 (35)] were obtained
from the National Center for Biotechnology Information
(https://www.ncbi.nlm.nih.gov/). The data were subjected to
microarray analysis using limma 3.26.8 (36), with P<0.05.
Similarly, the GSE103229 dataset (https://www.ncbi.nlm.nih.
gov/geo/query/acc.cgi?acc=GSE103229) was downloaded from
the Gene Expression Omnibus (GEO) database (https://www.
ncbi.nlm.nih.gov/gds), and microarray analysis of the miRNAs
was performed using limma 3.26.8, with P<0.05 and log‑fold
change (logFC)>0. The data were subsequently uploaded onto
Metascape (https://metascape.org/gp/index.html#/main/step1),
UALCAN (http://ualcan.path.uab.edu/index.html) for The
Cancer Genome Atlas analysis, ENCORI Pan‑Cancer Analysis
Platform, ENCORI Pan‑Cancer Analysis Platform (http://star‑
base.sysu.edu.cn/panCancer.php), miRDB (http://mirdb.org)
and Venny 2.1.0 (https://bioinfogp.cnb.csic.es/tools/venny/) for
gene enrichment and gene analyses.
Tissue acquisition and cell culture. The present study was
approved by the Ethics Committee of Puai Hospital (Wuhan,
China) and written informed consent was provided by all
patients prior to the study start. A total of 32 pairs of glio‑
blastoma tissues and adjacent normal tissues were collected
from Puai Hospital between June 2017 and January 2020. The
clinical characteristics of the patients with glioblastoma are
presented in Table I.
The glioblastoma cell lines (A172, U251, H4 and SHG44)
and normal astrocyte cell line (HA) were purchased from the
BeNa Culture Collection. H4, A172, SHG44 and HA cells were
maintained in DMEM (cat. no. E600004; Sangon Biotech Co.,
Ltd.) supplemented with 10% fetal bovine serum (FBS) and
100 U/ml streptomycin (both Gibco; Thermo Fisher Scientific,
Inc.), at 37˚C in 5% CO2. U251 cells were maintained in
MEM‑EBSS medium (cat. no. E600020; Sangon Biotech Co.,
Ltd.) supplemented with 10% FBS and 100 U/ml streptomycin,
at 37˚C in 5% CO2.

Cell transfection. miR‑640 inhibitor, miR‑640 mimic and their
corresponding negative controls (mimic‑NC and inhibitor‑NC)
were purchased from Guangzhou RiboBio Co., Ltd. SLIT1
overexpression plasmid and empty vector were purchased from
GeneCopoeia, Inc. All sequences are listed in Table SI. A172
and U251 cells were transfected with 50 nM inhibitor‑NC,
50 nM miR‑640 inhibitor, 50 nM mimic‑NC, 50 nM miR‑640
mimic and 2.5 µg SLIT1 overexpression plasmid or empty
vector using Lipofectamine® 2000 reagent (cat. no. 11668019;
Thermo Fisher Scientific, Inc.) at room temperature, according
to the manufacturer's instructions. Following incubation for
2 days at 37˚C, transfection efficiency was assessed via reverse
transcription‑quantitative (RT‑q)PCR analysis. Due to similar
transfection efficiencies of inhibitor‑NC, mimic‑NC or empty
vector (Fig. S1), cells in the NC group were co‑transfected
with inhibitor‑NC and mimic‑NC. Subsequent experiments
were performed 48 h after transfection.
RT‑qPCR. Total RNA from cells and tissues was extracted
using TRIzol® reagent (cat. no. 15596026; Thermo Fisher
Scientific, Inc.) and reverse transcribed into cDNA. miRNA
was reverse‑transcribed using the mirVana™ qRT‑PCR
miRNA Detection kit (cat. no. AM1558, Invitrogen; Thermo
Fisher Scientific, Inc.), according to the manufacturer's
instructions. The reaction condition was as follows: 37˚C for
30 min and 95˚C for 10 min. mRNA was reverse‑transcribed
using SuperScript™ III First‑Strand Synthesis SuperMix
(cat. no. 11752050; Thermo Fisher Scientific, Inc.). The reac‑
tion condition was as follows: 25˚C for 10 min, 50˚C for
30 min and 85˚C for 5 min. qPCR was subsequently performed
using the SYBR Premix Ex Taq (cat. no. RR420A; Takara
Biotechnology Co., Ltd.) using the StepOnePlus™ Real‑Time
PCR System (cat. no. 4376600; Thermo Fisher Scientific, Inc.),
according to the manufacturer's protocol. The reaction condi‑
tion was as follows: 95˚C for 30 sec, followed by 40 cycles
at 95˚C for 5 sec and 60˚C for 30 sec. The primer sequences
used for qPCR are listed in Table II. Relative miRNA and
mRNA expression levels were calculated using the 2 ‑ΔΔCq
method (37). U6 and β‑actin were used as the internal controls
for miRNA and mRNA, respectively.
Cell Counting Kit‑8 (CCK‑8) assay. The CCK‑8 assay was
performed to assess cell viability. A172 and U251 cell suspen‑
sions (100 µl) in a logarithmic growth phase were seeded
into 96‑well plates at a density of 2,000 cells/well. Following
incubation overnight at 37˚C, cells were transfected with
miR‑640 mimic, miR‑640 inhibitor and corresponding NCs,
or SLIT1 overexpression plasmid and corresponding empty
vector for 0, 24, 48 and 72 h at 37˚C. CCK‑8 solution (10 µl;
cat. no. E606335; Sangon Biotech Co., Ltd.) was added to each
well, according to the manufacturer's instructions. Following
incubation for 2 h, cell viability was analyzed at a wavelength
of 450 nm, using a microplate reader.
BrdU ELISA assay. The BrdU ELISA assay was performed
to assess cell proliferation, using the BrdU Cell Proliferation
ELISA kit (cat. no. ab126556; Abcam). Transfected cells were
seeded into 96‑well plates at a density of 3,000 cells/well and
incubated for 2 days in DMEM for A172 cells and MEM‑EBSS
medium for U251 cells at 37˚C. Subsequently, cells were
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Table I. Clinicopathological characteristics of patients with
glioblastoma (n=32).
Characteristics
Age, years
  ≤50
>50
Sex
Male
Female
Tumor origin
Primary
Secondary
KPS value
  ≤70
>70
Location
Frontal
Temporal
Parietal
Other

Number of patients, n

Percentage, %

17
15

53.1
46.9

19
13

59.4
40.6

21
11

65.6
34.4

20
12

62.5
37.5

5
11
9
7

15.6
34.4
28.1
21.9

KPS, Karnofsky performance score.

incubated with 100 µl 1X BrdU reagent (included in the kit) for
2 h at 37˚C. The medium was discarded and 200 µl/well fixing
solution (included in the kit) was added to the cells, which
were incubated for 30 min at 25˚C. Cells were washed three
times with PBS, prior to incubation with 100 µl/well anti‑BrdU
monoclonal detector antibody (1:1,000; included in the kit) for
1 h at 25˚C. Subsequently, 100 µl/well goat anti‑mouse IgG
conjugate (1:2,000; included in the kit) was added and cells
were incubated for 30 min at 25˚C. Cells were subsequently
incubated with 100 µl/well TMB peroxidase substrate for
30 min in the dark at 25˚C and analyzed at a wavelength of
450 nm, using a microplate reader.
Cell adhesion assay. For the cell adhesion assay, a 96‑well
plate was pre‑coated with 10 µg/ml collagen I (cat. no. C7661;
Sigma‑Aldrich; Merck KGaA) and blocked with 1% BSA
(Beijing Solarbio Science & Technology Co., Ltd.) overnight
at 4˚C. The transfected cells were suspended in serum‑free
medium and seeded into the pre‑coated 96‑well plate at a
density of 1x105 cells/well. After 1 h, the adherent cells were
fixed with 4% paraformaldehyde for 15 min at 25˚C, while the
non‑adherent cells were removed using PBS. The fixed cells
were subsequently stained with 2.5% crystal violet for 20 min
at 25˚C in methanol and measured at a wavelength of 450 nm,
using a microplate reader.
Caspase‑3 activity assay. Caspase‑3 activity was measured to
assess cell apoptosis, as it is highly expressed during cell apop‑
tosis (38). The Caspase‑3 Assay kit (cat. no. ab39401; Abcam)
was used to measure caspase‑3 activity. Following cell trans‑
fection for 48 h, 1x106 cells were collected and incubated with
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Table II. Primer sequences used for quantitative PCR.
Gene
miR‑640
SLIT1
U6
β‑actin

Primer sequences (5'‑3')
Forward: GTGACCCTGGGCAAGTTCCT
Reverse: CCCCAAGGCAACCGTAGAGG
Forward: CTGCTCCCCGGATATGAACC
Reverse: TAGCATGCACTCACACCTGG
Forward: CTCGCTTCGGCAGCACA
Reverse: AACGCTTCACGAATTTGCGT
Forward: TCGTGCGTGACATTAAGGAG
Reverse: GTCAGGCAGCTCGTAGCTCT

miR, microRNA; SLIT1, Slit guidance ligand 1.

50 µl cell lysis buffer for 15 min at 25˚C. Protein concentration
was measured and adjusted to 50‑200 µg protein per 50 µl
reaction buffer. Cell lysates were subsequently incubated with
50 µl reaction buffer supplemented with 10 mM DTT and 5 µl
4 mM DEVD‑p‑NA substrate at 25˚C for 30 min. Caspase‑3
activity was measured at a wavelength of 405 nm, using a
microplate reader.
Dual‑luciferase reporter assay. A Dual‑luciferase reporter
system was used to assess the luciferase activity of cells.
miRDB predicted two binding sites of SLIT1 3'‑untranslated
region (UTR) or the area to which miR‑640 could bind.
These two binding sites (2442‑2448 and 2945‑2952) of SLIT1
3'‑UTR were mutated using the QuikChange XL Site‑Directed
Mutagenesis kit (cat. no. 200522; Agilent Technologies, Inc.).
The wild‑type SLIT1 3'‑UTR and mutant SLIT1 3'‑UTR were
inserted into the pEZX‑MT05 reporter plasmids (GeneCopoeia,
Inc.) and subsequently co‑transfected into A172 and U251
cells with miR‑640 mimic using Lipofectamine ® 2000
reagent (cat. no. 11668019; Thermo Fisher Scientific, Inc.).
Following incubation for 48 h at 37˚C, luciferase activity was
detected using the Secrete‑Pair Dual Luminescence Assay kit
(cat. no. LF031; GeneCopoeia, Inc.). The activity of Gaussia
Luciferase was normalized to the activity of secreted alkaline
phosphatase.
RNA pull‑down assay. The RNA pull‑down assay was
performed to verify the association between SLIT1 and
miR‑640. Briefly, 0.5 ml of 25 mM Tris‑HCl, 0.05% NP‑40,
70 mM KCl, 2.5 mM EDTA, 80 U/ml RNase inhibitor and 1X
protease inhibitor cocktail (cat. no. 539136; Sigma‑Aldrich;
Merck KGaA) were used to incubate 3x10 6 A172 and
U251 cells for 20 min on ice. The mixture was centrifuged
at 1,400 x g at 4˚C for 20 min and the supernatant lysate was
collected. Subsequently, 10 nM biotin‑coupled miR‑22‑3p
(bio‑miR‑22‑3p) or biotin‑coupled NC (bio‑NC) (Guangzhou
RiboBio Co., Ltd.) was added to the supernatant lysate and
incubated for 2 h at 25˚C. Following incubation, 100 µl strepta‑
vidin magnetic beads (cat. no. 88816; Thermo Fisher Scientific,
Inc.) were added to the supernatant lysate. After 4 h, the beads
were washed with PBS and the expression of pull‑down RNA
was assessed via RT‑qPCR analysis.
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Western blotting. Total protein was extracted from cells (A172,
H4, U251, SHG44 and HA) and tissues (normal and glioblas‑
toma tissues) using RIPA buffer (Keygene N.V.), according to
the manufacturer's instructions. Total protein was separated
via SDS‑PAGE, transferred onto cellulose nitrate membranes
(Bio‑Rad Laboratories, Inc.) and blocked with 5% non‑fat
milk in TBST buffer (TBS containing 0.1% Tween-20) for 1 h
at room temperature. The membranes were incubated with
primary antibodies against GAPDH (cat. no. ab8245; 1:2,500;
Abcam) and SLIT1 (cat. no. ab151724; 1:2,000; Abcam)
overnight at 4˚C. Membranes were washed three times with
TBST buffer. Following the primary incubation, membranes
were incubated with goat anti‑rabbit IgG (cat. no. ab97051) and
goat anti‑mouse IgG (cat. no. ab175783) secondary antibodies
labeled with HRP (both 1:10,000; Abcam) at room temperature
for 1 h. Protein blots were subsequently washed with TBST
buffer and visualized using ECL‑Plus reagent (cat. no. 345818;
EMD Millipore).
Statistical analysis. All experiments were performed in
triplicate and data are presented as the mean ± standard
deviation. Data were analyzed using SPSS 19.0 software (IBM
Corp.). Log‑rank test was performed for prognosis analysis.
A paired or unpaired two‑tailed Student's t‑test was used to
compare differences between two groups of paired tissues or
unpaired cells, respectively, while one‑way ANOVA followed
by Dunnett's or Tukey's post‑hoc test was used to compare
differences among multiple groups. Spearman's correlation
analysis was used for analyzing the correlation between SLIT1
and miR‑640 expression. P<0.05 was considered to indicate a
statistically significant difference.
Results
SLIT1 and miR‑640 are key regulators of glioblastoma. The
GSE90886 and GSE104291 datasets were downloaded from
the GEO database to identify the key gene in glioblastoma.
Venny 2.1.0 identified 362 common differentially expressed
genes (DEGs) that overlapped between the two mRNAs micro‑
array (Fig. 1A). The 362 DEGs were subsequently uploaded
onto Metascape for biological processes analysis. The central
nervous system neuron development, which involves eight
DEGs, was selected as the key biological process as glio‑
blastoma is associated with central nervous system neuron
development (39) (Fig. 1B). Based on The Cancer Genome
Atlas data (https://www.cancer.gov/about‑nci/organiza‑
tion/ccg/research/structural‑genomics/tcga) on glioblastoma
multiforme, low SLIT1 expression and high NRP1 expression
were observed in glioblastoma multiforme (Fig. 1C). Due to
its association with poor prognosis, SLIT1 was investigated
in the present study (Fig. 1D). The GSE103229 dataset was
used to identify the differentially expressed miRNAs, while
miRDB was used to predict the miRNAs binding to SLIT1.
hsa‑miR‑640 was identified as the key miRNA in glioblastoma
(Fig. 1E), so its role was further investigated in the present
study.
miR‑640 promotes the malignant phenotype of glioblastoma
cells. RT‑qPCR analysis was performed to detect miR‑640
expression in glioblastoma tissues and cells. The result

demonstrated that miRNA expression was higher in glio‑
blastoma tissues by 2.78‑fold compared with normal tissues
(P<0.001; Fig. 2A). Similarly, miR‑640 expression was
significantly higher in the glioblastoma cell lines (A172, H4,
U251 and SHG44) compared with the normal astrocyte HA
cell line (P<0.001; Fig. 2B). Given that miR‑640 expression
was higher in A172 and U251 cells compared with the other
glioblastoma cell lines, the A172 and U251 cell lines were
selected for subsequent cytological experiments. Following
transfection of A172 and U251 cells with miR‑640 mimic,
miR‑640 inhibitor and plasmids, the results demonstrated
that miR‑640 expression increased by ~2.5‑fold in A172 and
U251 cells transfected with miR‑640 mimic, while miR‑640
expression decreased by ~85% in A172 and U251 cells
transfected with miR‑640 inhibitor (P<0.001; Fig. 2C). The
results of the CCK‑8 assay demonstrated that overexpression
of miR‑640 enhanced cell viability, the effects of which were
reversed following downregulation of miR‑640 (P<0.001;
Fig. 2D).
The results of the BrdU ELISA assay demonstrated that
overexpression of miR‑640 promoted A172 and U251 cell
proliferation, the effects of which were reversed following
downregulation of miR‑640 (Fig. 2E). The cell adhe‑
sion assay demonstrated that the cell adhesive ability was
enhanced by almost 2‑fold in A172 and U251 cells trans‑
fected with miR‑640 mimic, while the cell adhesive ability
was impaired by ~50% following transfection with miR‑640
inhibitor (P<0.001; Fig. 2F). Caspase‑3 activity assay was
measured to assess cell apoptosis, as caspase‑3 activity is
enhanced during cell apoptosis (37). The results demon‑
strated that caspase‑3 activity was decreased in glioblastoma
cells transfected with miR‑640 mimic, while it was elevated
in glioblastoma cells transfected with miR‑640 inhibitor
compared with the control group (P<0.001; Fig. 2G). Taken
together, these results suggest that miR‑640 acts as an onco‑
gene in glioblastoma cells.
Association between miR‑640 and SLIT1. miRDB analysis
predicted that SLIT1 3'‑UTR contained two binding sites to
which miR‑640 could bind (Fig. 3A). The two binding sites in
SLIT1 3'‑UTR were co‑mutated and subsequently inserted into
the luciferase reporter plasmids. The results of the dual‑lucif‑
erase reporter assay demonstrated that fluorescence intensity
decreased >50% in A172 and U251 cells co‑transfected with
wild‑type SLIT1 3'‑UTR and miR‑640 mimic (P<0.001),
whereas the targeting effect of miR‑640 declined when the
two binding sites of SLIT1 3'‑UTR were mutated (Fig. 3B).
The results of the RNA pull‑down assay demonstrated that
SLIT1 mRNA expression was enriched in A172 and U251
cells transfected with biotin‑coupled miR‑640 (P<0.001;
Fig. 3C). Furthermore, RT‑qPCR analysis revealed that SLIT1
mRNA expression was downregulated by 55% in glioblastoma
tissue samples (P<0.001; Fig. 3D), and SLIT1 expression was
negatively correlated with miR‑640 expression in glioblas‑
toma tissues (Fig. 3E). Western blot analysis demonstrated that
SLIT1 expression was downregulated in glioblastoma tissues
compared with normal tissues (P<0.05; Fig. 3F). Similarly,
RT‑qPCR (P<0.001) and western blot (P<0.05) analyses indi‑
cated that SILT1 expression decreased in the glioblastoma cell
lines (A172, H4, U251 and SHG44) compared with the normal
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Figure 1. SLIT1 and miR‑640 are associated with glioblastoma. (A) A total of 362 DEGs were identified to overlap between the GSE90886 and GSE104291
datasets using Venny 2.1.0. (B) The central nervous system neuron development involving eight DEGs (ADARB1, FGFR2, ARHGAP35, SLIT1, CNTN2,
WNT5A, NRP1 and B4GALT5) was selected as the key biological process using Metascape. (C) SLIT1 and NRP1 were abnormally expressed in glioblastoma
multiforme based on The Cancer Genome Atlas analysis. (D) Low SLIT1 expression was significantly associated with poor prognosis of brain lower grade
glioma cancer using the ENCORI Pan‑Cancer Analysis platform. (E) miR‑640 was identified as the key miRNA that could bind to the SLIT1 3'‑UTR, and was
associated with glioblastoma. The GSE103229 dataset was the miRNA expression profile. miRDB was used to predict the miRNAs binding to mRNA 3'‑UTR.
SLIT1, Slit guidance ligand 1; miR, microRNA; UTR, untranslated region.

astrocyte cell line (HA) (Fig. 3G and H). Collectively, these
results suggest that SLIT1 is directly suppressed by miR‑640
as a target downstream in glioblastoma.
miR‑640 contributes to the development of glioblastoma by
inhibiting SLIT1. To investigate the effect of miR‑640 on

glioblastoma cells, miR‑640 mimic and SLIT1 overexpres‑
sion plasmid were transfected or co‑transfected into A172 and
U251 cells. RT‑qPCR analysis demonstrated that transfection
with SLIT1 overexpression plasmid did not affect miR‑640
expression (P<0.001; Fig. 4A). Conversely, SLIT1 overex‑
pression plasmid enhanced SLIT1 expression by 2.1‑fold,
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Figure 2. miR‑640 promotes cell viability, proliferation and adhesion but inhibits apoptosis in glioblastoma cells. (A) RT‑qPCR analysis was performed to
detect miR‑640 expression in glioblastoma tissues and normal tissues. (B) RT‑qPCR analysis was performed to detect miR‑640 expression in the glioblastoma
cell lines (A172, H4, U251 and SHG44) and the normal astrocyte cell line, HA. (C) Transfection efficiency of miR‑640 mimic and miR‑640 inhibitor were veri‑
fied via RT‑qPCR analysis. (D) The Cell Counting Kit‑8 assay was performed to assess the viability of A172 and U251 cells. (E) The BrdU ELISA assay was
performed to assess the proliferation of A172 and U251 cells. (F) The cell adhesion assay was performed to assess the adhesive ability of transfected A172 and
U251 cells. (G) The caspase‑3 activity assay was performed to assess apoptosis of transfected A172 and U251 cells. Data are presented as the mean ± standard
deviation (n=3). *P<0.05 vs. control group; **P<0.001 vs. HA, control group or NC. miR, microRNA; RT‑qPCR, reverse transcription‑quantitative PCR; NC,
negative control; OD, optical density.

while transfection with miR‑640 mimic decreased SLIT1
expression by ~60% in both glioblastoma cell lines (P<0.001;

Fig. 4B). Western blot analysis demonstrated that transfection
with SLIT1 overexpression plasmid increased SLIT1 protein
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Figure 3. miR‑640 directly binds to SLIT1 3'‑UTR. (A) The potential binding site between miR‑640 and SLIT1 was predicted using miRDB. (B) The potential
binding site between miR‑640 and 3'‑UTR of SLIT1 was determined via the Dual‑luciferase reporter assay. (C) The RNA pull‑down assay was performed
to detect SLIT1 enrichment in A172 and U251 cells. (D) RT‑qPCR analysis was performed to detect SLIT1 expression in glioblastoma tissues and normal
tissues. (E) Spearman's correlation analysis was performed to determine the association between miR‑640 and SLIT1 expression levels. (F) Western blot
analysis was performed to detect SLIT1 protein expression in glioblastoma tissues and normal tissues. (G) RT‑qPCR analysis was performed to detect SLIT1
mRNA expression in the glioblastoma cell lines (A172, H4, U251 and SHG44) and normal astrocyte HA cells. **P<0.001 vs. HA. (H) The expression level
of SLIT1 protein in glioblastoma cell lines (A172, H4, U251 and SHG44) and normal astrocyte cell line HA was measured using a western blot system. Data
are presented as the mean ± standard deviation (n=3). *P<0.05 vs. co‑transfection with Wt and miR‑640 mimic or HA; **P<0.001 vs. co‑transfection with
Wt and miR‑640 mimic, Bio‑NC or HA. miR, microRNA; SLIT1, Slit guidance ligand 1; UTR, untranslated region; Wt, wild‑type; Mut, mutant; Bio‑NC,
biotin‑coupled negative control; RT‑qPCR, reverse transcription‑quantitative PCR.
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Figure 4. miR‑640 exerts a promoting effect on glioblastoma cells by inhibiting SLIT1 expression. (A) miR‑640 and (B) SLIT1 expression was detected in
the transfected A172 and U251 cells via reverse transcription‑quantitative PCR analysis. (C) Western blot analysis was performed to detect SLIT1 protein
expression in A172 and U251 cells transfected with miR‑640 mimic or OE‑SLIT1. (D) The Cell Counting Kit‑8 assay was performed to assess the viability
of transfected A172 and U251 cells. (E) The BrdU ELISA assay was performed to assess the proliferation of transfected A172 and U251 cells. (F) The cell
adhesion assay was performed to assess the adhesive ability of transfected A172 and U251 cells. (G) The caspase‑3 activity assay was performed to assess
apoptosis of transfected A172 and U251 cells. Data are presented as the mean ± standard deviation (n=3). *P<0.05, **P<0.001 vs. the control group; #P<0.05,
##
P<0.001 vs. control co‑transfection with mimic and the OE‑SLIT1 group. miR, microRNA; SLIT1, Slit guidance ligand 1; OE, overexpression vector; NC,
negative control; OD, optical density.
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expression, while overexpression of miR‑640 decreased SLIT1
protein expression in A172 and U251 cells (P<0.05; Fig. 4C).
These results indicate that A172 and U251 cells were success‑
fully transfected or co‑transfected with miR‑640 mimic and
SLIT1 overexpression plasmid.
Several cytological experiments were performed in
transfected A172 and U251 cells. The results of the CCK‑8
assay demonstrated that the promotive effect of miR‑640
mimic on cell viability was attenuated following transfection
with SLIT1 overexpression plasmid in A172 and U251 cells
(P<0.001; Fig. 4D). Similarly, the results of the BrdU ELISA
assay demonstrated that the promotive effect of miR‑640
mimic on cell proliferation was relieved following transfec‑
tion with SLIT1 overexpression plasmid (P<0.05; Fig. 4E). The
cell adhesive ability in the co‑transfection group was impaired
by ~50% compared with the miR‑640 mimic group (P<0.001;
Fig. 4F). Notably, the inhibitory effect of miR‑640 mimic on
caspase‑3 activity was attenuated in both A172 and U251 cells
following transfection with SLIT1 overexpression plasmid
(P<0.001; Fig. 4G). Taken together, these results suggest that
the enhanced function of miR‑640 in the progression of glio‑
blastoma cells is repressed following overexpression of SLIT1.
Discussion
The results of the present study demonstrated high miR‑640
expression and the low SLIT1 expression in glioblastoma
tissues and cells. Furthermore, miR‑640 was demonstrated
to enhance cell proliferation and adhesion, but impaired
apoptosis in glioblastoma cells. In addition, SLIT1 exhibited
a suppressive role in glioblastoma cells, and miR‑640 was
demonstrated to bind to SLIT1 3'‑UTR, thereby suppressing
SLIT1 expression. Overexpression of SLIT1 attenuated the
promoting effect of miR‑640 on glioblastoma cells.
The effect of miR‑640 on different types of human cancer
has been extensively studied. For example, by performing
miRNA microarray analysis, Li et al (23) demonstrated that
miR‑640 expression is decreased in paclitaxel‑resistant ovarian
carcinoma samples, and that high miR‑640 expression yields a
more favorable prognosis (23). Furthermore, miR‑640 expres‑
sion has been reported to be downregulated in hepatocellular
carcinoma (HCC) tissues, which contributes to the develop‑
ment of HCC cells (24). Lodes et al (25) used a pan‑human
miRNA microarray to assess miRNA expression in five
forms of human cancers, including prostate carcinoma, colon
carcinoma, ovarian carcinoma, breast carcinoma and lung
carcinoma. The results demonstrated that miR‑640 is over‑
expressed in serum from patients with prostate cancer. Taken
together, these findings suggest that miR‑640 plays different
roles in different types of cancer. In glioblastoma, miR‑640
was upregulated using microarray analysis (40). Consistent
with this finding, the results of the microarray and RT‑qPCR
analyses performed in the present study demonstrated that
miR‑640 expression was upregulated in glioblastoma. In addi‑
tion, the CCK‑8, BrdU (41,42) and cell adhesion (43) assays
were performed to determine the molecular mechanism of
miR‑640 in glioblastoma cells. The results of these experi‑
ments demonstrated that overexpression of miR‑640 promoted
the viability, proliferation and adhesion of glioblastoma cells,
while interference with miR‑640 inhibited the proliferation
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and adhesion of these cells. Caspases, which are key regulators
of mammalian apoptosis, are activated following cell injury
and are responsible for regulating apoptosis (44). Caspase‑3
is the main mediator of apoptosis, and it is responsible for the
proteolysis of several downstream key proteins associated
with apoptosis (45). To determine the molecular mechanism of
miR‑640‑induced apoptosis in glioblastoma multiforme cells,
caspase‑3 activity was analyzed. The results demonstrated
that by interfering with A172 and U251 cells, miR‑640 could
promote the activity of caspase‑3; however, these effects were
reversed following overexpression of miR‑640. Therefore, it
was concluded that miR‑640 contributed to cell proliferation
and adhesion, and impaired apoptosis in glioblastoma cells.
Previous studies have demonstrated that SLIT1 partici‑
pates in intracellular metabolism and nerve cell elongation,
branching and functional regeneration through its receptor,
Robo (30,46,47). Kim et al (32) reported that SLIT1 is methyl‑
ated in different types of human cancer, and in 11 gastric cancer
cell lines. In addition, SLIT1 methylation occurs in patients
with early gastric cancer and advanced gastric cancer (32).
Similar to gastric cancer, the SLIT1 promoter region is methyl‑
ated in glioma tumor cells (48). Another study on glioblastoma
demonstrated that SLIT1 improves the As2O3 resistance of
glioblastoma cells (31). Based on previous findings (32,33), it
was speculated that SLIT3 may not only be downregulated
but also be a tumor suppressor in glioblastoma. In the present
study, microarray and RT‑qPCR analyses proved that SLIT1
expression was downregulated in glioblastoma. Based on
the results of the cytological experiments, overexpression of
SLIT1 inhibited cell viability, proliferation and adhesion, and
promoted apoptosis of glioblastoma cells. Additionally, SLIT1
was identified as a target gene of miR‑640, suggesting that
overexpression of SLIT1 may attenuate the promotive effect
of miR‑640 on glioblastoma. Thus, the present study revealed
that miR‑640 may act as a tumor promoter in glioblastoma
cells by targeting SLIT1.
The present study is not without limitations as it fails to
explain the potential signaling pathways affected by SLIT1
in the development of glioblastoma. Thus, prospective studies
will focus on investigating the effect of miR‑640 on the malig‑
nant behavior of tumors in animals.
In conclusion, the results of the present study demonstrated
that miR‑640 contributed to the progression of glioblastoma
cells by directly targeting SLIT1. Taken together, these results
suggest that the miR‑640/SLIT1 axis may have the potential
to provide novel targets for the treatment and diagnosis of
glioblastoma.
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