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miR-140-5Sp inhibits human glioma cell growth
and invasion by targeting JAG1
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Abstract. miR-140-5p has been reported to be a tumor
suppressor in several types of human cancer, however, little
is known about its expression and function in human gliomas.
The present study aimed to detect the expression of miR-140-5p
in human glioma tissues and cell lines, and to investigate the
effect of miR-140-5p on glioma cell growth, invasion and
adhesion using in vitro gain-of-function and loss-of-function
experiments. Furthermore, the hypothesis that Jaggedl (JAG1)
may be a target gene of miR-140-5p was tested. Reverse
transcription-quantitative polymerase chain reaction analysis
revealed that miR-140-5p was significantly downregulated in
human glioma tissues and cell lines compared with normal
tissues, and that its expression was correlated with the grade
of gliomas. Transfection of a miR-140-5p mimic into SW1783
glioma cells promoted cell growth, invasion and adhesion,
as determined by MTT, Transwell and cell adhesion assays
respectively. By contrast, transfection of a miR-140-5p
inhibitor had the opposite effect. A dual-luciferase reporter
assay confirmed that JAG1 was a target gene of miR-140-5p,
and miR-140-5p inhibited JAGI expression both at the mRNA
and protein level. In addition, JAG1 overexpression reversed
the effect of miR-140-5p on glioma cell growth, invasion and
adhesion. In conclusion, the present study is the first to reveal
that miR-140-5p acts as a tumor suppressor in human gliomas.
JAGI1 was demonstrated to be a novel target of miR-140-5p,
and miR-140-5p exerted its inhibitory effect on human glioma
growth and invasion, partly by suppressing JAG1. The present
study may provide useful information toward novel targets for
the treatment of gliomas.
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Introduction

Gliomas account for approximately 30% of all brain and
central nervous system tumors, and 80% of all malignant brain
tumors (1). Although conventional treatments for gliomas are
effective in controlling the disease, the median survival time
of patients with gliomas is only 15 months (2). Exceptional
invasiveness is one of the major reasons for treatment failure.
Therefore, it is necessary to elucidate the molecular mecha-
nisms for glioma invasion, and to find novel targets for the
treatment of gliomas.

Recently, the association between microRNAs (miRNAs)
and tumorigenesis has become a hot topic in the field of cancer
research (3-5). miRNAs are small, non-coding RNAs which
regulate a wide range of cellular processes, including cell
survival, death, differentiation, and motility (6,7). miRNAs
act as tumor oncogenes Or suppressors in various types
of cancer (8-11), including gliomas (12-16). miR-140-5p
has been reported to be a tumor suppressor in hepatocel-
lular carcinoma (17), tongue squamous cell carcinoma (18),
non-small cell lung cancer (19), and colorectal cancer (20).
Recent research has demonstrated that the gene expression
of hsa-miR-140-5p correlates with several selected magnetic
resonance imaging features of patients with glioblastoma
multiforme (21). However, little is known about the expression
and the function of miR-140-5p in human gliomas.

The Notch signaling pathway participates in various
aspects of tumor biology, and it has attracted increasing atten-
tion as a therapeutic target for cancer (22). Jaggedl (JAGI) is
one of the canonical ligands for Notch receptors. It binds to
Notch receptors and triggers Notch activation (23). Previous
studies have demonstrated that JAGI acts as an oncogene in
brain tumors (24-26). JAGI is overexpressed in glioblastoma
blood vessels, and it promotes tumor growth as well as main-
tains cancer stem-like cells (24,25,27).

In the present study, the expression of miR-140-5p
was detected in human glioma tissues and cell lines and
compared to that of normal tissue. In vitro gain-of-function
and loss-of-function experiments were then performed to
investigate the effect of miR-140-5p on glioma cell growth,
invasion and adhesion. Furthermore, the hypothesis that JAG1
may be a target of miR-140-5p was tested. The present study
may contribute to developing novel therapeutic strategies for
gliomas.
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Materials and methods

Tissue samples. The study was approved by the Ethics
Committee of Weinan Central Hospital (Weinan, China).
A total of 48 glioma tissue samples and 48 adjacent normal
tissue samples were collected from 48 patients with glioma
who underwent surgery at Weinan Central Hospital between
March 2012 and July 2015, including 21 patients who had
low-grade (grades I-II) and 27 patients who had high-grade
(grades III-1V) glioma. Among these patients, 23 were male
and 25 were female, with the age range 30-69 years. All
patients signed informed consent prior to enrollment in the
study.

Cell culture. The human glioma cell lines (U-87, LN-18,
U-118, U-138 and SW1783) and the human embryonic kidney
HEK?293 cell line were purchased from the American Type
Culture Collection (Manassas, VA, USA). The normal
human astrocytes were purchased from ScienCell Research
Laboratories, Inc. (Carlsbad, CA, USA). The cells were
cultured in Dulbecco's modified Eagle's medium (DMEM,;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) supple-
mented with 10% fetal bovine serum (FBS; Thermo Fisher
Scientific, Inc.) in a humidified atmosphere of 5% CO, at 37°C.

Cell transfection. The miR-control (5'-UUGUACUACACA
AAAGUACUG-3"), miR-140-5p mimic (sense 5-CAGUGG
UUUUACCCUAUGGUAG-3"; antisense 5'-ACCAUAGGG
U AAAACCACUGUU-3"), miR-140-5p inhibitor (antisense
5'-CUACCAUAGGGUAAAA CCACUG-3"), control empty
vector (cat. no. v855-20; Invitrogen; Thermo Fisher Scientific,
Inc.), JAGI overexpression plasmid (JAGI-pcDNA3.1), JAG1
small interfering (si) RNA (sense 5-GAUCUAAAAGGGAAU
AAAAGGTT-3"; antisense 5'-CCUUUUAUUCCCUUUUAG
AUCTT-3") and scramble siRNA (sense 5'-UUCUCCGAA
CGUGU CACGUTT-3'; antisense 5'-ACGUGACACGUUCGG
AGAATT-3") were synthesized from Sangon Biotech Co., Ltd.
(Shanghai, China). JAGI overexpression plasmid was synthe-
sized by ligating the cDNA of JAGI into pcDNA3.1 vector.
They were transfected into the cells using Lipofectamine 2000
(Thermo Fisher Scientific, Inc.), following the manufacturer's
instructions. Briefly, 50 nM RNA oligonucleotides or 100 ng
plasmids, and 10 pl lipofectamine were diluted in 250 ul
Opti-MEM (Thermo Fisher Scientific, Inc.). Then they were
mixed and incubated at room temperature for 20 min to form
a complex. Cells (1x10°) were incubated with the complex for
6 h and then the cells were maintained in fresh medium for at
least 24 h prior to analyses.

Luciferase reporter assay. TargetScan 7.1 software
(http://www.targetscan.org/vert_71/) was used to predict the
targets of miR-140-5p, and JAGI was found to be a target
gene. The wild type and mutant 3'-untranslated region (UTR)
of JAGI were cloned from JAGI ¢cDNA (accession number:
NM_000214.2) and inserted into the pmirGLO luciferase
reporter vector (Promega Corporation, Madison, WI, USA)
in the Xhol/Xbal sites. Primers used in this study were: wild
type, forward (F) 5'-CCGCTCGAGAACCAGCAACGATCA
CAA-3'" and reverse (R) 5"-TCTAGAGCAAAGCCGGTA
GAACTACG-3'; mutant, F 5-CCGCTCGAGCATAATACT
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GTTACTACTGTAGATTTGA-3' and R 5'- TCTAGAGC
AAAGCCGGTAGAACTACG-3'. The conditions for PCR
amplification were: 95°C for 5 min, followed by 32 cycles of
95°C for 20 sec, 56°C for 30 sec, and 72°C for 70 sec. For the
luciferase assay, the HEK293 cells were transfected with the
JAGI 3'UTR-pmirGLO plasmid and miR-140-5p mimic or
miR-control, using Lipofectamine 2000. The pRL-TK Renilla
luciferase reporter vector (Promega Corporation) was used as
an internal control for normalization. Luciferase activity in
the cells was determined using a Luciferase Reporter Assay
system (Promega Corporation).

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. MTT assay was used to determine cell growth
by measuring the numbers of live cells over 96 h. Cells were
plated at a density of 1x10* cells/well, and the cells were
allowed to grow for 24,48, 72 and 96 h in 96-well plates, and
then incubated with MTT (Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany) at 37°C, according to the manufacturer's
instructions. Following 4 h, dimethyl sulfoxide was added to
solubilize the formazan crystals. Absorbance at 570 nm was
measured using a Multiskan Ascent plate reader (Thermo
Fisher Scientific, Inc.). Results were calculated relative to
optical density of blank cells at 570 nm at 24 h.

Transwell invasion assay. Transwell invasion assays were used
to measure cell invasion ability. The Transwell inserts (Corning,
Inc., Corning, NY, USA) were precoated with Matrigel (BD
Biosciences, Franklin Lakes, NJ, USA) at 37°C for 30 min.
The resuspended cells (2 ml) at the final concentration of
5x10* cells/ml in serum-free medium were added to the upper
chambers, and cell culture medium containing 10% FBS was
added to the lower chambers. Following incubation at 37°C for
12 h, a cotton swab was used to gently remove the non-invasive
cells which remained on the upper surface of the membrane.
The invasive cells which migrated on the lower surface of the
membrane were fixed with 95% ethanol for 30 min, and then
stained with hematoxylin (Beyotime Institute of Biotechnology,
Shanghai, China) for 10 min at room temperature. The number
of invaded cells was counted in 10 randomly selected fields
using an inverted light microscope (37XC; Shanghai Optical
Instrument Co., Ltd., Shanghai, China). Results are presented
as the mean number of cells per field.

Cell adhesion assay.Cell adhesion was examined using 96-well
plates coated with fibronectin (Sigma-Aldrich; Merck KGaA).
The plates were blocked with 1% bovine serum albumin (BSA;
Sigma-Aldrich; Merck KGaA) at room temperature for 2 h.
The cells were suspended to the density of 3x10° cells/ml, and
200 ul cell suspension were cultured in serum-free medium at
37°C for 2 h. After washing with PBS, the adhesive cells were
fixed with 4% paraformaldehyde (Sangon Biotech Co., Ltd.)
for 15 min and then stained with 0.1% crystal violet (Sangon
Biotech Co., Ltd.) for 20 min. 12% SDS was added to dissolve
the crystals and the absorbance at 570 nm was measured using
a microplate reader. Results were calculated relative to optical
density at 570 nm of blank cells.

Western blot analysis. The proteins were extracted from
the cells using Western and Immunoprecipitation Cell Lysis
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Figure 1. Expression of miR-140-5p in human glioma tissues and cell lines. n=3. (A) Relative levels of miR-140-5p in human glioma tissues and adjacent normal
tissues. “P<0.01 compared with normal; “P<0.05 compared with low-grade gliomas. (B) Relative levels of miR-140-5p in human glioma cell lines and in a

human normal astrocyte cell line. "P<0.05 and “P<0.01 compared with normal.
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Figure 2. Effect of miR-140-5p on glioma cell growth, invasion and adhesion. SW1783 glioma cells were transfected with miR-control, miR-140-5p mimic and
miR-140-5p inhibitor. Untransfected cells were used as the blank control. n=3. (A) Relative expression levels of miR-140-5p, (B) cell viability, (C) cell invasion
and (D) cell adhesion were measured in the four experimental groups. ‘P<0.05 and “P<0.01 compared with control.

buffer (Sangon Biotech Co., Ltd.). Briefly, 5x10° cells were
incubated with 50 pl cell lysis buffer at 4°C for 20 min. and
protein concentrations were determined using a bicinchoninic
acid protein assay kit (Sangon Biotech Co., Ltd.). Equal
amounts of total protein (20 ug) were separated on 8% SDS
polyacrylamide gel electrophoresis, and then transferred to
nitrocellulose membranes (Merck KGaA). Following blocking
in tris-buffered saline containing 3% BSA at 4°C overnight, the
membranes were incubated with rabbit polyclonal antibody to
JAGI (1:500 dilution; cat no. ab7771; Abcam, Cambridge, MA,
USA) and rabbit polyclonal antibody to B-actin (1:1,000 dilu-
tion; cat no. ab8227; Abcam) at 4°C overnight. Subsequently,
the membranes were incubated with goat anti-rabbit horse-
radish peroxidase-conjugated secondary antibody (1:2,000
dilution; cat no. ab205718; Abcam) at room temperature for
2 h. The signals were detected using a chemiluminescence
detection kit (Pierce; Thermo Fisher Scientific, Inc.), and band
intensities were quantified using ImageJ version 1.46 (National
Institutes of Health, Bethesda, MD, USA) (28).

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR). Total RNA was isolated from the cells using

TRIzol reagent (Thermo Fisher Scientific, Inc.), and miRNAs
were isolated from tissues and cells using the miRNeasy Mini
kit (Qiagen GmbH, Hilden, Germany), as per the manufacturer's
instructions. Total RNA (1 #g) was converted into cDNA using
a RevertAid First Strand cDNA Synthesis kit (Thermo Fisher
Scientific, Inc.), as per the manufacturer's instructions. Dilute
the cDNA samples at 1:5 in RNAse free water. Subsequently,
the gPCR reactions were carried out using a SYBR-Green PCR
Master Mix (Applied Biosystems; Thermo Fisher Scientific,
Inc.) in a 7900 Real-Time PCR system (Applied Biosystems;
Thermo Fisher Scientific, Inc.). The primers used in this study
were: miR-140-5p, F 5'-CAGTGGTTTTACCCTATGGTAG-3'
and R 5"TGGTGTCGTGGAGTCG-3"; U6, F 5'-CTCGCT
TCGGCAGCACA-3" and R SAACGCTTCACGAATTTGC
GT-3"; JAGI, F 5-GACTCATCAGCCGTGTCTCA-3' and R
5'"TGGGGAACACTCACACTCAA-3'; p-actin, F 5-GGA
CTTCGAGCAAGAGATGG-3' and R 5-AGCACTGTGTTG
GCGTACAG-3". The conditions for PCR amplification were:
95°C for 5 min, followed by 40 cycles of 95°C for 20 sec,
60°C for 30 sec, and 72°C for 30 sec. The U6 spliceosomal
RNA gene or the B-actin gene were used as internal controls
for miRNA and mRNA expression respectively. The relative
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mRNA expression levels were calculated in accordance with
the 2444 method (29).

Statistical analysis. Data are presented as the mean + standard
deviation of three independent experiments. Statistical analysis
was performed using SPSS 19.0 statistical software (IBM SPSS,
Armonk, NY, USA). Student's t-test or one-way analysis of
variance followed by least significant difference test were used
to analyze the statistical difference between groups. P<0.05 was
considered to indicate a statistically significant difference.

Results

Expression of miR-140-5p in human glioma tissues and
cell lines. RT-qPCR was used to detect the relative expres-
sion levels of miR-140-5p in human glioma tissues and cell
lines. Compared with adjacent normal tissues, the relative
expression levels of miR-140-5p were significantly decreased
in the low-grade and high-grade human glioma tissues
(P<0.01; Fig. 1A). Furthermore, miR-140-5p expression was
significantly lower in the high-grade gliomas compared with
the low-grade gliomas (P<0.05; Fig. 1A). Next, miR-140-5p
expression was examined in normal human astrocytes and in
five glioma cell lines, U-87, LN-18, U-118, U-138 and SW1783.
As demonstrated in Fig. 1B, the relative expression levels of
miR-140-5p was significantly lower in the glioma cell lines
compared with the normal human astrocytes.

Effect of miR-140-5p on glioma cell growth, invasion and
adhesion. A miR-140-5p mimic or a miR-140-5p inhibitor was
transfected into the SW1783 glioma cells in vitro, in order to
overexpress or suppress miR-140-5p expression respectively.
As demonstrated by RT-qPCR analysis, transfection with a
miR-control did not alter miR-140-5p expression compared with
the untransfected blank group (Fig. 2A). However, the relative
expression levels of miR-140-5p were significantly increased
in the mimic group and significantly decreased in the inhibitor
group, compared with the miR-control group (P<0.01; Fig. 2A).

The effect of miR-140-5p on glioma cell growth was
determined by MTT assay. The results demonstrated that trans-
fection with the miR-140-5p mimic significantly decreased
the number of live cells over 96 h, while transfection with the
miR-140-5p inhibitor significantly increased the number of
live cells, compared with the miR-control group (Fig. 2B).

Transwell invasion assay was used to examine the ability
of the cells to invade through matrigel. The results demon-
strated that, compared with the control, miR-140-5p mimic
transfection resulted in decreased numbers of invaded cells,
while miR-140-5p inhibitor transfection had the opposite
effect (P<0.05; Fig. 2C).

Finally, a cell adhesion assay revealed that, compared with
the cells transfected with the miR-control, the cells transfected
with the miR-140-5p mimic exhibited decreased cell adhesive
ability (P<0.01; Fig. 2D). By contrast, the cell adhesive ability
was significantly increased in the cells transfected with the
miR-140-5p inhibitor compared with the miR-control group
(P<0.05; Fig. 2D).

Effect of miR-140-5p on JAGI expression in glioma cells.
JAGI was predicted to be a target gene of miR-140-5p by using
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Figure 3. Effect of miR-140-5p on JAGI expression in glioma cells. n=3.
(A) Relative mRNA expression levels and (B) relative protein expres-
sion levels of miR-140-5p in SW1783 cells transfected with miR-control,
miR-140-5p mimic and miR-140-5p inhibitor. Untransfected cells were used
as the blank control. Lane 1, blank; lane 2, control; lane 3, mimic; lane 4,
inhibitor. "P<0.05 and “"P<0.01 compared with control. JAG1, Jagged 1.
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Figure 4. JAGI is a direct target of miR-140-5p. The normalized luciferase
activity was measured in HEK293 cells transfected with the wild-type
or mutant JAG1 3'UTR reporter plasmid and the miR-140-5p mimic or
miR-control. n=3. “P<0.01 compared with control. JAGI, Jagged 1; 3'UTR,
3' untranslated region.

TargetScan 7.1 software (http:/www.targetscan.org/vert_71/).
To verify the effect of miR-140-5p on JAGI expression, the
miR-140-5p mimic or the miR-140-5p inhibitor was trans-
fected into the SW1783 glioma cells, and expression of JAGI
was examined by RT-qPCR and western blotting. Transfection
with the miR-140-5p mimic significantly inhibited JAG1
expression compared with control, both at the mRNA and
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protein level (Fig. 3). By contrast, transfection with the
miR-140-5p inhibitor significantly increased JAGl mRNA and
protein expression levels, compared with control (Fig. 3).

JAGI is a direct target of miR-140-5p. A dual-luciferase
reporter assay was used in order to determine whether
JAGI1 was a direct target of miR-140-5p. The wild-type or
mutant JAG1 3'UTR was cloned into the pmirGLO vector,
and co-transfected into HEK293 cells with either the
miR-140-5p mimic or the miR-control. The results revealed
that, compared with control, transfection of the miR-140-5p
mimic significantly repressed the luciferase activity of
wild-type JAG1 3'UTR (P<0.01; Fig. 4). By contrast, trans-
fection of the miR-140-5p mimic had no effect on the mutant
JAGI1 3'UTR luciferase activity compared with control
(P>0.05; Fig. 4).

JAGI mediates the effect of miR-140-5p on glioma cell growth,
invasion and adhesion. JAG1 overexpression plasmid or JAG1
siRNA was used to overexpress or silence JAGI respectively,
and they were transfected into SW1783 cells together with the
miR-140-5p mimic or inhibitor. As demonstrated by western
blot analysis, the relative protein level of JAG1 was signifi-
cantly higher in the cells transfected with the miR-140-5p
mimic and the JAG1 overexpression plasmid, compared with
the cells transfected with the mimic alone (P<0.01; Fig. 5A).
Importantly, JAG1 overexpression attenuated the inhibitory
effect of miR-140-5p on glioma cell growth (Fig. 5B), invasion
(Fig. 5C) and adhesion (Fig. 5D).

By contrast, cells transfected with the miR-140-5p inhibitor
and the JAGI siRNA exhibited a significantly downregulated
JAGI protein expression compared with cells transfected
with the inhibitor only (P<0.01; Fig. 6A). As expected, JAG1
silencing by siRNA reversed the miR-140-5p inhibitor-medi-
ated increased cell growth (Fig. 6B), invasion (Fig. 6C) and
adhesion (Fig. 6D) in SW1783 glioma cells.

Discussion

Abnormal expression of miR-140-5p is implicated in several
types of cancer (17,30). miR-140-5p has been reported to
suppress the growth and metastasis of hepatocellular carci-
noma, and its expression levels are correlated with various
clinical characteristics of hepatocellular carcinoma, including
vein invasion, multiple nodules, capsular formation, as well as
overall and disease-free survival (30). miR-140-5p affects the
proliferation of lung cancer cells by regulating mitogen-acti-
vated protein kinase 1 signaling (19). Upregulation of
miR-140-5p suppresses migration and invasion of FaDu
hypopharyngeal carcinoma cells by inhibiting the ADAM
metallopeptidase domain 10-mediated Notchl signaling
pathway, suggesting that miR-140-5p may have potential
therapeutic applications in hypopharyngeal squamous cell
carcinoma (31). Consistent with previous studies, the present
study demonstrated that miR-140-5p was significantly down-
regulated in human glioma tissues and cell lines compared
with normal tissues, indicating that miR-140-5p may be a
tumor suppressor in human gliomas. In addition, miR-140-5p
expression was significantly correlated with the grade of
gliomas, suggesting that miR-140-5p may be important in
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glioma progression. Subsequently, in vitro gain-of-function
and loss-of-function experiments were performed to investi-
gate the effect of miR-140-5p on glioma cell growth, invasion
and adhesion. The present results revealed that miR-140-5p
suppressed cell growth, invasion and adhesion in SW1783
glioma cells, suggesting that miR-140-5p may have an inhibi-
tory effect on glioma growth and metastasis. Consistent with
the role of miR-140-5p in other types of cancer, this study
demonstrated for the first time that miR-140-5p acts as a tumor
suppressor in human gliomas.

JAG1 mediates multiple signaling pathways, and is
important in both physiological and pathological condi-
tions (32-37). It has been demonstrated that JAGI is
overexpressed in various types of cancer, and it is involved
in several aspects of tumor biology, including cell growth,
apoptosis, cancer stem cell maintenance, epithelial-mesen-
chymal transition and metastasis (38). Fiaschetti ez al (39)
revealed that JAGI1 is overexpressed in the majority of
medulloblastoma (MB), and JAGI is crucial in maintaining
Notch-related pro-survival functions in MB cells (39). In the
present study, JAG1 expression was demonstrated to be regu-
lated by miR-140-5p in glioma cells. JAG1 was predicted
to be a target gene of miR-140-5p by using TargetScan
7.1 software (http://www.targetscan.org/vert_71/). Using a
dual-luciferase reporter assay, the present study confirmed
that miR-140-5p inhibited JAGI1 expression by directly
targeting the 3'UTR of JAGI. Furthermore, the effect of
miR-140-5p on glioma cell proliferation, invasion and adhe-
sion was reversed by JAGI overexpression, suggesting that
JAGI1 mediated the effect of miR-140-5p on glioma cell
growth and invasion.

In conclusion, the present study revealed that miR-140-5p
was downregulated in human glioma tissues and cell lines
compared with normal tissues. miR-140-5p exerted its inhibi-
tory effect on glioma growth and invasion at least partly by
suppressing JAGI expression. The present study revealed a
novel molecular mechanism underlying human glioma growth
and invasion, and provided a potential novel target for the
treatment of gliomas.
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