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miR-378a-3p inhibits cellular proliferation and migration
in glioblastoma multiforme by targeting tetraspanin 17
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Abstract. Glioblastoma multiforme (GBM) is the most
common and aggressive brain tumor and patients with this
disease tend to have poor clinical outcome. MicroRNAs
(miRs) are important regulators of a number of key pathways
implicated in tumor pathogenesis. Recently, the expression of
miR-378 was shown to be dysregulated in several different
types of cancer, including gastric cancer, colorectal cancer
and oral carcinoma. Additional studies have demonstrated that
miR-378 may serve as a potential therapeutic target against
human breast cancer. However, the underlying mechanisms
and potential targets of miR-378a-3p involved in GBM remain
unknown. The aim of the present of was to determine the
effects of miR-378a-3p and its potential targets. Tetraspanin 17
(TSPANI17) is involved in the neoplastic events in GBM and is a
member of the tetraspanin family of proteins. The tetraspanins
are involved in the regulation of cell growth, migration and
invasion of several different types of cancer cell lines, and may
potentially act as an oncogene associated with GBM pathology.
The results of the present study showed that high miR-378a-3p
and low TSPANI17 expression levels were associated with
improved survival in patients with GBM. Additionally, high
levels of TSPAN17 were linked to the poor prognosis of
patients with GBM aged 50-60, larger tumor sizes (=5 cm)
and an advanced World Health Organization stage. TSPAN17
was identified and confirmed as a direct target of miR-378a-3p
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using a luciferase reporter assay in human glioma cell lines.
Overexpression of miR-378a-3p in either of U87MG or
MT-330 cells decreased the expression of TSPAN17, promoted
apoptosis and decreased proliferation, migration and invasion.
Overexpression of TSPANI17 attenuated the aforementioned
effects induced by miR-378a-3p overexpression. The present
study indicated that miR-378a-3p suppresses the progression
of GBM by reducing TSPAN17 expression, and may thus serve
as a potential therapeutic target for treating patients with GBM.

Introduction

Malignant gliomas account for ~70% of all primary brain
tumors diagnosed in adults (1). As the most common form
of malignant glioma, glioblastoma multiforme (GBM) is the
most prevalent primary brain tumor and has one of the worst
prognoses of all different types of cancer (2). Several genetic
and epigenetic factors have been hypothesized to serve critical
roles in the etiology and prognosis of GBM; however, they
remain poorly defined and insufficiently characterized (3).
The identification of novel markers may be beneficial for the
diagnosis and prognosis of patients with GBM.

MicroRNAs (miRs) are non-coding RNA sequences which
are frequently complementary to the 3' untraslated region (UTR),
and may completely or incompletely match the sequence of the
target gene mRNA sequence. miRs degrade or inhibit translation
of mRNAs and thus regulate protein expression at the post-tran-
scriptional level (4). Bioinformatics prediction demonstrated that
miRs act on an extensive range of target genes and may regulate
the expression of >30% of human genes (4,5). miRs act on a wide
range of target genes and participate in the fine regulation of
multiple biological processes, including immunity, metabolism,
differentiation, proliferation and carcinogenesis (6). Recent
studies have identified miRNAs which act as tumor suppressor
and oncogenes that serve important roles in tumorigenesis (7).
Aberrant expression of miR-378 has been observed in various
types of cancer (8-11), which suggests its potential role in human
carcinogenic events (12). Li ef al (13) reported that miR-378 may
serve as a tumor suppressor and served an important role in inhib-
iting glioma tumor migration and invasion. However, the potential
roles and targets of miR-378a-3p involved in GBM remain known.

The aim of the present study was to examine the poten-
tial roles of miR-378a-3p/tetraspanin 17 (TSPAN17) in the
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pathological progression of GBM. In the present study, expres-
sion of miR-378a-3p and TSPANI17 was observed in GBM
tumors in patients with GBM and the human GBM cell lines,
U87MG and MT-330. Luciferase reporter assay was used to
determine and confirm the potential targets of miR-378a-3p and
TSPANI17. The mRNA and protein expression levels of TSPAN17
were measured in the GBM cells following transfection with
miR-378a-3p mimic or inhibitor. Proliferation, migration and
invasion were also assessed following transfection.

Materials and methods

Ethics approval. All procedures performed in the present study
involving human participants were conducted in accordance
with the 1964 Declaration of Helsinki and its later amend-
ments or comparable ethical standards. The present study
was approved by The Medical Ethics Committee of Kunming
Medical University (Kunming, China). GBM tumor specimens
were obtained from patients at The First People's Hospital of
Yunnan Province (Yunnan, China).

Preparation of tumor tissues. A total of 53 patients provided
written consent to participate in the present study. The patients
were registered at the clinic of The First People's Hospital of
Yunnan Province between January 2010 and August 2011. All
the patients recruited were undergoing surgery in the hospital
for the first time and had not received anti-tumor treatment
prior to surgery. The specimens were histopathologically
verified as primary GBM by three senior pathologists. The
primary carcinoma tissues and the matched adjacent normal
tissues (=3 cm away from the tumor) were collected and frozen
at -80°C immediately for analysis of gene or protein expression.
Genetic features, including isocitrate dehydrogenase (IDH),
0-6-methylguanine-DNA methyltransferase (MGMT), 1p 19q,
telomerase reverse transcriptase (TERT) ATP-dependent heli-
case (ATRX) status, were used as genetic markers of favorable
prognosis of GBM, and were used as indicators to distinguish
between the subclasses of glioma, and predict outcomes in
glioma with high grades (14,15). To determine the expression
of these markers, a DNeasy Blood & Tissue kit (Qiagen China
Co., Ltd.) was used to extract the DNA from tissue samples.
The methylation status of the MGMT promoter was analyzed
using a customized pyrosequencing assay, as previously
described (16). A SALSA MLPA probemix (cat. no. PO88-Cl1;
MRC-Holland BV) was used for analysis of copy number of
1p/19q as described previously (17). The presence of hotspot
mutations in the IDH gene (R132 and R172), as well as the two
mutation hotspots in the TERT promoter (C228T and C250T),
were assessed primarily using pyrosequencing and partly
using Sanger sequencing, as described previously (18,19).

Cell culture and treatment. The human normal skin fibroblast
HF cell line, and the GBM cell lines U87MG and MT-330,
were purchased from The Cell Bank of Type Culture
Collection of the Chinese Academy of Sciences. As it has been
reported that the US7MG cell line has been misidentified or
contaminated and this cell line is considered as a glioblastoma
with unknown origin, the US7MG cell line was authenticated
using STR profile detection by The Cell Bank of Type Culture
Collection of the Chinese Academy of Sciences. The results
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showed that between the test sample and American Type
Culture Collection standard data, the match ratio was 94.4%;
thus, the cell line was identified as a US7MG cell line. The
cells were cultured in Dulbecco's Modified Eagles medium
(Thermo Fisher Scientific, Inc.) at 37°C in a humidified atmo-
sphere containing 5% CO,. The medium was supplemented
with 10% fetal bovine serum (Thermo Fisher Scientific, Inc.),
100 U/ml penicillin and 100 pg/ml streptomycin.

After culturing for five passages, the U§7MG and MT-330
cells were transiently transfected with either miR-378a-3p
(Esembl ID: MIMAT0000732, hsa-miR-378a-3p) mimic
(1.5 p1,2.5 uM) /inhibitor (3 #1,2.5 uM) or the matched negative
control (NC, 2.5 uM) with Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.). The miR-378a-3p mimic,
miR-378a-3p antagomir and the matched miR NC (mimic-NC
or anta-NC) were purchased from Invitrogen (Thermo Fisher
Scientific, Inc.). The sequences of the miRNAs used are
described as: miR-378a-3p mimic: CUGGACUUGGAG
UCAGAAGG; mimic-NC: AGUGCAUGUUAUGCCUACG;
miR-378a-3p antagomir: AGUUCAGGUUCUGACUCCU,;
anta-NC: UGGUCCGUGUAGGCCUACUA. According to the
manufacturer's protocols, a final concentration of 2x10° cells
were seeded into each well of a 6-well plate and transfected for
48 h after which the cells were collected for further analysis.

Reverse-transcription-quantitative (RT-q)PCR. The expression
of miR-378a-3p and TSPANI17 in human GBM cells or speci-
mens from patients with GBM were determined using RT-qPCR.
Total RNA was isolated using TRIzol® and a miRNeasy kit
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. RT-qPCR was performed using an
All-in-One™ miRNA quantitative RT-PCR detection kit
according to the manufacturer's protocol (GeneCopoeia, Inc.).

The miRNA primers for hsa-miR-378a-3p and U6 were
purchased from Applied Biosystems (Thermo Fisher Scientific,
Inc.). The thermocycling conditions were: 95°C For 1 min;
followed by 45 cycles of 95°C for 10 sec, 59°C for 10 sec and
72°C for 30 sec. The expression of miRNAs was normalized to
U6. The sequences of primers are described as: U6, forward:
5'-CTCGCTTCGGCAGCACA-3', reverse: 5"AACGCTTCA
CGAATTTGCGT-3'; hsa-miR-378a-3p, forward: 5'-"ACUGGA
CUUGGAGUCAGAAGGC-3, reverse: 5'- GCTGTCAAC
GATACGCTACGTAACG-3..

For the detection of TSPAN17 mRNA expression, Moloney
Murine Leukemia Virus Reverse Transcriptase (Takara Bio,
Inc.) and a 2X SYBR Green I mix (Takara Bio, Inc.) were used.
The thermocycling conditions were: 95°C For 3 min; followed
by 39 cycles of 95°C for 10 sec, 57°C for 15 sec and 72°C for
30 sec; followed by 95°C for 10 sec, 65°C for 5 sec and a final
95°C for 10 sec. GAPDH was used as the control. The primers
were synthesized by Invitrogen (Thermo Fisher Scientific,
Inc.) and the sequences of the primers were: GAPDH forward,
5'-CGAGATCCCTCCAAAATCAA-3' and reverse, 5'-TTC
ACACCCATGACGAACAT-3"; and TSPAN17 forward 5'-cac
cagcatttccaggaacc-3' and reverse, 5-CGCCTCCAACTACCA
CAAAC-3'. The relative expression levels of the genes were
determined using the 2244 method (20).

Bioinformatics prediction. TargetScan (http://www.
targetscan.org/vert_72/), miRanda (http://miranda.org.uk)
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and PicTar (https:/pictar.mdc-berlin.de), were used to predict
the candidate target genes of miR-378a-3p. According to the
results predicted by all three databases and the clinical data,
TSPAN17 gene was selected for further analysis as a potential
target involved in GBM.

Luciferase reporter assays. The target of miR-378a-3p,
TSPAN17, was validated using a luciferase reporter assay
in 293T cells (The Cell Bank of Type Culture Collection
of the Chinese Academy of Sciences). The wild-type (wt)
or the mutant (mut) of two potential seed regions of human
TSPANI17 mRNA 3'UTR, which included a potential target
position for miR-378a-3p, were cloned and inserted into pLUC
vector (Invitrogen; Thermo Fisher Scientific, Inc.) to generate
the TSPAN17 pLUC-UTR-wt or TSPAN17 pLUC-UTR-mut
vector. Briefly, 293T cells were plated into 96-well plates
at 70% confluence for 24 h prior to transfection. A total of
25 ng of pLUC-UTR-wt or pLUC-UTR-mutTSPAN17 was
co-transfected with 50 nM miR-378a-3p mimic/anta-NC
control), or 10 ng Renilla luciferase into 293T cells using
Lipofectamine® 2000. Firefly luciferase activity was normal-
ized to Renilla, and the value of firefly luciferase activity/
Renilla luciferase activity was analyzed using an iMark
Fluorometer Microplate Reader (Bio-Rad, Laboratories, Inc.).
A total of five independent experiments were performed in
triplicate.

Knockdown of TSPANI7. Small interfering (si)RNA
sequences targeting TSPANI17 and the NC (si-NC) were
designed and purchased from Invitrogen (Thermo Fisher
Scientific, Inc.). Lentivirus was packaged in 293T cells using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) for TSPAN17 gene knockdown. The GBM cells lines,
U87MG and MT-330, as well as the normal HF cell line,
were infected with 1x10° recombinant lentivirus-transducing
units. The efficiency of siRNA knockdown was determined
using RT-qPCR and western blotting. Following transfection
with miR-378a-3p antagomir, the US7TMG and MT-330 cells
were infected with 1x10° recombinant lentivirus-transducing
TSPANT17 siRNA units. A total of 24 h after transfection, the
GBM cells were collected for further analysis. The effects of
miR-378a-3p antagomir and TSPAN17 siRNA co-treated in
GBM cells were also determined.

Western blotting. The protein expression levels of TSPANI17
were evaluated in the tumor tissues and different cell lines
as described previously (21). Lysis buffer supplemented with
protease inhibitors (cat. no. P1006, Beyotime Institute of
Biotechnology) was used to extract protein from cells and
tissues. A bicinchoninic acid assay (Beyotime Institute of
Biotechnology) was used to quantify the concentration of
the protein samples, and 35 mg of protein extract from either
the cells or tissues were used for analysis. The proteins were
resolved using 15% SDS-PAGE and transferred to nitrocel-
lulose membranes. The membranes were incubated with
anti-TSPAN17 (cat.no.PA5-69207; 1:1,000; Invitrogen; Thermo
Fisher Scientific, Inc.) and anti-GAPDH (cat. no. TAB1001;
1:800; Invitrogen; Thermo Fisher Scientific, Inc.) antibodies at
4°C for 12 h. The membranes were washed and incubated with
the horseradish peroxidase-conjugated anti-rabbit antibody
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(1:2,000; cat. no. PI-1000; Vector Laboratories, Inc.) at 37°C
for 1 h. The signals were visualized using enhanced chemilu-
minescence-based detection (BeyoECL Plus, cat. no. POO18M;
Beyotime Institute of Biotechnology). The quantity of the
target proteins were analyzed for each group. The blots were
quantified by densitometric analysis using a ChemiDoc™ RS+
imaging system and Image Lab™ software v5.2.1 (Bio-Rad,
Laboratories, Inc.).

MTT assay. Briefly, 1x10° cells were plated into 96-well
culture plates in 200 pl culture medium per well. After 48 h
of culture with the aforementioned treatments, 20 xl 5 mg/ml
MTT was added to each well and incubated at 37°C for 4 h.
The medium was gently aspirated and 150 ul of DMSO was
added to each well to solubilize the formazan crystals. The
absorbance of each sample was immediately measured using a
microplate reader (Multiskan Mk3; Thermo Fisher Scientific,
Inc.) at 570 nm.

Apoptosis assay. An Annexin V-fluorescein isothiocya-
nate-flow cytometry assay kit (Beijing 4A Biotech Co.) was
used to detect the apoptotic rate in the U§7MG and MT-330
cells following transfection with the vectors, as described
previously (22,23). The kit was used according to the manu-
facturer's protocols. For flow cytometry, a FACScan flow
cytometer (BD Immunocytometry Systems) was used and
the data were analyzed using Cellquest software 10.6.4
version (BD Immunocytometry Systems). The apoptotic
rate is indicated as the percentages of cells staining with
both Annexin V*/PI" (early apoptosis) and AnnexinV*/PI*
(late apoptosis). The calculated formula: apoptotic rate = the
percentages of (Q1-UR quadrant + QI-LR quadrant).

Migration and invasion assays. Cells (1x10°) in serum-free
medium were placed into the upper chamber of a Transwell
insert (BD Bioscience) with or without Matrigel®. After 48 h
of incubation, cells remaining in the upper chamber or on the
upper membrane were carefully removed. Cells adhering to
the lower membrane were stained with 0.1% crystal violet for
20 min and fixed with 20% methanol at room temperature for
30 sec, imaged, and counted using an IBX3 inverted micro-
scope (Olympus Corporation) (24). Under x200 magnification,
five random fields of view were analyzed.

Statistical analysis. Data are presented as the mean + standard
deviation. SPSS version 21.0 (IBM Corp.) was used for anal-
ysis. Based on the median expression levels of miR-378a-3p
or TSPAN17, the enrolled patients were divided into two
cohorts, high and low expression (25). 5-year overall survival
curves of GBM patients with different expressional levels of
miR-378a-3p or TSPAN17 were analyzed by the Kaplan-Meier
method and compared using the log-rank test. A x> test was
used to compare the test the significant differences in observed
variables. Pearson correlation analysis was performed to
analysis the correlation between miR-378a-3p expression
and TSPANI17 level in patients with GBM. Multivariate
logistical regression analysis was performed to evaluate the
association between TSPAN17 gene expression levels with
clinicopathologic characteristics of GBM. A paired Student's
t-test was used to compare the expression levels of TSPAN17
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Figure 1. Abnormal expression of miR-378a-3p and TSPANI17 are associated with GBM. (A) Relative expression of miR-378a-3p in normal adjacent tissues
and tumors from GBM patients were detected by RT-qPCR (n=53). (B) Relative expression of miR-378a-3p in normal human HF, U§7MG and MT-330
cells. (C) Relative expression of TSPAN17 in control and tumor samples from GBM patients were detected by RT-qPCR (n=53). (D) Relative expression of
TSPANI7 in normal human HF, U§7MG and MT-330 cells. (E) Correlation between miR-378a-3p and TSPAN17 expression levels in tumor of GBM patients
(n=53). (F) GBM patients with high expression of miR-378a-3p exhibited improved survival rate than those with low expression (log-rank test: x’=13.53,
P=0.00048). (G) Patients with low TSPAN17 expression levels were associated with higher survival rates than those with high TSPAN17 expression (log-rank
test: %*=17.93, P=0.00032) (n=53). Data are presented as the mean + standard deviation. Five independent experiments were performed in triplicate (n=5).
Control, normal adjacent tissues; GBM, glioblastoma multiforme; miR, microRNA; RT-qPCR, reverse transcription-quantitative polymerase chain reaction;
TSPANI17, tetraspanin 17.

and miR-378a-3p between GBM and the matched adjacent  apoptotic rates, cell activity, migration and invasion among
normal groups. The statistical significance of RNA expression, cells in the different treatment groups were analyzed using a
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Table I. TSPAN17 levels are associated with clinicopathologic and genetic features of patients with glioblastoma multiforme.

TSPAN17 levels (mMRNA)

Clinicopathological characteristics Low level n=12 High level n=41 I, P-value

Ages (years)® 0313 0.019°
40-49 4 7
50-60 5 25
>60 3 9

Sex 0.114 0.31
Male 7 20
Female 5 21

Tumor size (cm) 0.632 0.0009*
<5cm 7 9
=5 cm 5 32

WHO grade 0.554 0.0013*
I-II 6 7
I 5 10
v 1 24

IDH status 0.701 0.001*
Wild-type 10 33
Mutant 2 8

MGMT status 0.254 0.045*
Methylated 7 18
Unmethylated 5 23

1p 19q status 0.198 0.122
Non-codeletion 4 20
Codeletion 8 21

TERT 0.107 0.33
Wild-type 6 19
Mutant 6 22

ATRX 0.821 <0.001*
Wild-type 5 3
Mutant 7 38

Values in bold indicate P<0.05.*P<0.05. °The age classification of patients was according to Zhang et al (46). ATRX, ATP-dependent helicase;
IDH, isocitrate dehydrogenase; MGMT, O-6-methylguanine-DNA methyltransferase; TERT, telomerase reverse transcriptase; TSPAN17,

tetraspanin 17; WHO, World Health Organization.

one-way ANOVA. The Least Significant Difference post-hoc
test was used to obtain individual P-values following ANOVA.
P<0.05 was considered to indicate a statistically significant
difference unless otherwise indicated.

Results

Decreased expression of miR-378a-3p and increased expres-
sion of Tspanl7 are associated with GBM. The expression
levels of miR-378a-3p and its potential target gene TSPAN17
were detected in both the tumor tissues of patients with GBM
and GBM cell lines using RT-qPCR. The results showed
that the expression of miR-378a-3p in GBM tissues was
significantly lower compared with the adjacent non-neoplastic
tissues (P=0.00021; Fig. 1A). Similarly, the expression

of miR-378a-3p was significantly decreased in US7TMG
and MT-330 cells compared with HF cells (P=0.00017,
P=0.00028; Fig. 1B).

Conversely, the mRNA expression levels of TSPAN17 were
significantly increased in the tumor tissues compared with
the control (P=0.00008; Fig. 1C), which was also observed
in the GBM cells compared with the HF cells (P=0.00007,
P=0.00011; Fig. 1D).

Correlation analysis showed that decreased miR-378a-3p
expression was inversely correlated with TSPAN17 expression
in patients with GBM (r=-0.901, P<0.05; Fig. 1E).

The 5-year overall survival (OS) analysis revealed that
patients with GBM with high expression of miR-378a-3p
(cut-off level 0.49; >0.49 high expression) demonstrated a
higher rate OS compared with patients with low expression
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Table II. Multivariate analysis of miR-378a-3p and Tspanl7 levels in patients with glioblastoma multiforme.

miR-378a-3p expression

TSPAN17 expression

Low level High level Adjusted Low level High level Adjusted
(smedian) n (%) (>median) n (%) OR (95% CI) (=median) n (%) n (%) OR (95% CI)

WHO grade

I-1I 2 (3.7) 5 (94) 224 (1.54-4.02) 6 (11.3) 7(132) 1.58 (0.98-4.21)

11 23 (43.4) 2 (3.7) 16.19 (12.36-28.21) 5 94 10 (18.8) 14.11 (9.45-29.2)

v 21 (39.6) 0 O 21.15 (12.31-31.58) 1 (1.8) 24 (45.2) 10.34 (5.01-23.95)
Tumor size (cm)

<5 12 (22.6) 6 (11.3) 1.82 (1.33-5.01) 7(132) 22 (41.5) 123 (0.73-6.49)

=5 34 (64.1) 1 (1.8) 42.03 (28.93-57.38) 5 94 19(35.8) 149 (0.87-3.97)

Values in bold indicate P<0.05. 95% CI, confidence interval, miR, microRNA; OR, odds ratio; TSPAN17, tetraspanin 17.

(=0.49, low expression) (x*=13.53,P=0.00048; Fig. 1F). The OS
rate of patients with low levels of TSPANI17 (cut-off level 3.78;
<3.78, low expression) in tumors was higher compared with
high levels of TSPAN17 (>3.78, high expression) (x*=17.93,
P=0.00032; Fig. 1G).

The association between expression of TSPANI17 and the
clinicopathological characteristics of patients were deter-
mined using the GBM tissues. The results showed that high
expression of TSPAN17 was significantly associated with age
(50-60 years old; r,=0.313, P=0.019), tumor size (r,=0.632,
P=0.00009), World Health Organization (WHO) grade
(r,=0.554, P=0.0013), IDH status (r,=0.701, P<0.001), MGMT
status (r,=0.254, P=0.045) and ATRX status (r,=0.821,
P<0.001; Table I). The TERT promoter mutations, coinciding
with IDH1/2 mutations and 1p/19q codeletion were the most
common genotypes detected in the oligodendrogliomas,
while a combination genotype of IDH-wt and TERT promoter
mutation were always present in patients with GBM (14).
ATRX mutations, a molecular marker for astrocytic tumors,
combined with p53 mutations can predict the prognosis of
patients with glioma (26). The results of the present study indi-
cated that the high expression of TSPAN17 was significantly
associated with a poor survival rate, larger tumor and higher
WHO grade of glioma, as well as the aforementioned genetic
markers. Combined with the clinicopathologic features and
common genotypes present, high expression of TSPAN17 in
carcinomas may be used as a molecular indicator of poor prog-
nosis. The multivariate analysis of miR-378a-3p and TSPAN17
levels in patients with GBM were also analyzed (Table II).
The data suggested that decreased miR-378a-3p and increased
TSPAN17 levels were associated with GBM.

Validating TSPANI7 as a target gene of miR-378a-3p. The
expression levels of miR-378a-3p were measured in cells
transfected with miR-378a-3p mimics or inhibitor. The results
demonstrated that transfection with miR-378a-3p mimics
significantly upregulated the expression levels of miR-378a-3p
in US7MG cells (mimic, 2.08+0.15; mimic-NC, 0.53+0.07;
P<0.05) and MT-330 cells (mimic, 1.98+0.21; mimic-NC,
0.61+0.08; P<0.05) compared with the control. Following
miR-378a-3p antagomir transfection, miR-378a-3p expression

was significantly decreased in U§7MG (antagomir, 0.12+0.01;
anta-NC, 0.56+0.02; P<0.05) and MT-330 cells compared
with the control (antagomir, 0.22+0.01; anta-NC, 0.59+0.01;
P<0.05) (Fig. 2).

It was determined that miR-378a-3p has two conserved
putative binding sites for TSPAN17 mRNA on the 3'UTR at posi-
tions 179-186 and 891-897 (Fig. 3A). Transfection of TSPAN17
pLUC-UTR-wt in combination with miR-378a-3p mimic
significantly reduced the luciferase activity compared with the
corresponding control; this reduction of luciferase activity was
not observed in cells transfected with TSPAN17 pLUC-UTR-mut
vector. Furthermore, mutation of the putative miR-378a-3p
binding sites abrogated the suppressive effects of miR-378a-3p
mimic on the luciferase activity in 293T cells (Fig. 3B).

Transfection with miR-378a-3p mimic significantly
reduced the expression of TSPAN17 in the GBM cell lines
compared with miR-NC (P<0.05). On the contrary, transfec-
tion with miR-378a-3p antagomir increased the expression of
TSPAN17 mRNA levels in GBM cells compared with anta-NC
transfected cells (P<0.05; Fig. 3C and D). Therefore, the
results suggested that miR-378a-3p directly binds to TSPAN17
3' UTR and inhibited its expression.

TSPANI17 knockdown. The US7MG and MT-330 cells, as
well as the control HF cells were stably transfected with
TSPANI17-siRNA or si-NC lentiviral vector. The data showed
that siRNA significantly reduced mRNA and protein expression
levels of TSPAN17 (normalized by si-NC control) in US7TMG,
MT-330 and HF cells (Fig. 4). The mRNA levels of TSPAN17
were significantly reduced following TSPAN17-siRNA trans-
fection in US7MG (0.11+0.001 vs. si-NC; P<0.05), MT-330
(0.13+0.006 vs. si-NC; P<0.05) and HF (0.08+0.001 vs. si-NC;
P<0.05) cells. In accordance with the RT-qPCR results,
TSPANI17 protein levels were significantly lower in TSPAN17
siRNA- lentiviral transduced cells compared with the si-NC
control of US7TMG (0.08+0.009), MT-330 (0.07+0.005) and HF
(0.2+£0.003) cells (vs. si-NC, P<0.05; Fig. 4A-C).

Additionally, the effects of miR-378a-3p antagomir and
TSPANI7 siRNA co-treated were confirmed by RT-qPCR and
western blotting (Fig. 2B and C). Following co-treatment with
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Figure 2. Validation of transfection efficiency of mimic or antagomir on miR-378a-3p expression. (A) Relative expression of miR-378a-3p in US§7MG and
MT-330 cells treated with miR-378a-3p mimic or antagomir. The relative expression levels of miR-378a-3p were normalized with the matched NC. (B) Relative
expression of TSPAN17 mRNA in U87MG and MT-330 cells treated with both miR-378a-3p antagomir and si-TSPAN17. (C) Relative expression of TSPAN17
protein in US87MG and MT-330 cells treated with both miR-378a-3p antagomir and si-TSPAN17. Data are presented as the mean + standard deviation. All the
data are representative of five independent experiments (n=5). miR, microRNA; mimic, miR-378a-3p mimic; mimic-NC, miR-378a-3p mimic negative control;
antagomir, miR-378a-3p antagomir; anta-NC, miR-378a-3p antagomir negative control; si-NC, siRNA negative control; si-TSPAN17, TSPAN17 siRNA;

anta + si, miR-378a-3p antagomir + TSPAN17 siRNA.

miR-378a-3p antagomir and TSPAN17 siRNA, the levels of
TSPAN17 mRNA were significantly increased in US87MG
(anta + si, 2.89+0.14 vs. antagomir, 5.93+0.24, P<0.05; vs.
si-TSPAN17,0.4+0.02,P<0.05; vs. anta-NC, 4.02+0.16, P<0.05;
vs. si-NC, 4.1+£0.22, P<0.05) and MT-330 cells (anta + si,
2.51+0.21 vs. antagomir, 5.1+£0.19, P<0.05; vs. si-TSPAN17,
0.38+0.06, P<0.05; vs. anta-NC, 3.94+0.11, P<0.05; vs si-NC,
3.89+0.09, P<0.05) (Fig. 2B). The results of western blotting
were consistent with that of the RT-qPCR. TSPANI17 protein
levels in the con-transfected U87MG (anta + si, 2.1+0.16 vs.
antagomir, 2.8+0.24, P<0.05; vs si-TSPAN17, 0.28+0.03;
P<0.05; vs anta-NC, 1.56+0.23. P<0.05; vs si-NC, 1.51+0.09,

P<0.05) and MT-330 (anta+si, 1.9+0.14) (vs antagomir,
2.9+0.17; P<0.05; vs si-TSPAN17, 0.23+0.05; P<0.05; vs
anta-NC, 1.37+0.06. P<0.05; vs si-NC, 1.43+0.04, P<0.05)
cells were restored in part (Fig. 2C). However, the expres-
sions of TSPAN17 didn't return to the level of negative control
(P<0.05, Fig. 2B and C). Effects of miR-378a-3p/TSPANI7 on
proliferation and apoptosis. Transfection with miR-378a-3p
mimic or TSPAN17 siRNA significantly decreased cell prolif-
eration and increased the apoptotic rate in US7MG (P<0.05;
Fig. 5) and MT-330 cells, compared with the corresponding
controls (P<0.05; Fig. 6). Transfection with miR-378a-3p
antagomir resulted in a significant increase in cell proliferation
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and reduced apoptosis in both US7TMG (P<0.05; Fig. 5) and
MT-330 cells (P<0.05; Fig. 6) compared with the corresponding
controls. Co-treatment with miR-378a-3p antagomir and
TSPAN17 siRNA partially attenuated these effects induced by
miR-378a-3p antagomir.

Migration and invasion. The migration assay revealed that
there were significantly fewer cells stained with crystal violet
in the miR-378a-3p mimic-transfected cells, compared with
the matched NC transfected cells. Additionally, transfection
with TSPAN17 siRNA significantly decreased migration and
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invasion in both U87MG (Fig. 7) and MT-330 (Fig. 8) cells induced by miR-378a-3p antagomir transfection (Figs. 7
compared with the respective NC cells (P<0.05). Furthermore,  and 8). The results showed that overexpression of miR-378a-3p
co-treatment with miR-378a-3p antagomir and TSPAN17 significantly inhibited migration and invasion in GBM cells by
siRNA attenuated the effects on migration and invasion targeting TSPANI7.
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Figure 5. Effects of miR-378a-3p on the proliferation and apoptosis of U§7MG cells by targeting TSPANI17. (A) Cell proliferation was analyzed by an MTT
assay after transfection; "P<0.05 vs. the mimic-NC control; ““P<0.05 vs. anta-NC; 'P<0.05 vs. antagomir; AP<0.05 vs. si-NC; “P<0.05 vs. anta + si; “P<0.05 vs.
si-TSPAN17. (B and C) Apoptosis rates were evaluated by flow cytometry after transfection. Data are presented as mean + standard deviation. All the data
are representative of five independent experiments (n=5). FITC, fluorescein isothiocyanate; PI, propidium iodide; miR, microRNA; mimic-NC, miR-378a-3p
mimic negative control; mimic, miR-378a-3p mimic; anta-NC, antagomir negative control; anta, antagomir, miR-378a-3p antagomir; si-NC, small interfering
RNA negative control; TSPAN17, tetraspanin 17; si-TSPAN17, TSPAN17 small interfering RNA; anta + si, miR-378a-3p antagomir + TSPAN17 small
interfering RNA.

Discussion miR-378a-3p and low levels of TSPANI17 expression were

linked to better survival in patients with GBM. Additionally,
The present study showed that miR-378a-3p expression  high expression levels of TSPAN17 were associated with poor
was downregulated in GBM tissues and cell lines, whereas  prognosis in patients with GBM aged 50-60 years, tumor size
TSPANI17 expression was upregulated. High levels of and WHO grade. TSPAN17 was identified and confirmed as a
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Figure 6. Effects of miR-378a-3p on the proliferation and apoptosis of MT-330 cells by targeting TSPAN17. (A) Cell proliferation was detected by an MTT
assay after treatment various reagents. "P<0.05 vs. the mimic-NC control; “P<0.05 vs. anta-NC; 'P<0.05 vs. antagomir; "P<0.05 vs. si-NC; P<0.05 vs anta + si;
4P<0.05 vs. si-TSPAN17. (B and C) Apoptosis rates were evaluated by flow cytometry after transfection. Data are represented as mean + standard deviation.
All the data are representative of five independent experiments (n=5). FITC, fluorescein isothiocyanate; PI, propidium iodide; miR, microRNA; mimic-NC,
miR-378a-3p mimic negative control; mimic, miR-378a-3p mimic; anta-NC, antagomir negative control; antagomir, miR-378a-3p antagomir; si-NC, small
interfering RNA negative control; TSPANI17, tetraspanin 17; si-TSPAN17, small interfering RNA; anta + si, miR-378a-3p antagomir + TSPANI17 small

interfering RNA.

direct target of miR-378a-3p using a luciferase reporter assay
in human glioma cell lines. Overexpression of miR-378a-3p
in both US7MG and MT-330 cells decreased TSPAN17
expression, induced apoptosis, and suppressed proliferation,
migration and invasion. Functional inhibition of miR-378a-3p

using the antagomir in GBM cells increased TSPANI17
expression levels, reduced apoptosis rates, and promoted
proliferation, migration and invasion. Co-treated with the
miR-378a-3p antagomir and TSPAN17-siRNA attenuated the
effects induced by antagomir transfection alone. These data
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Figure 7. Effects of microRNA-378a-3p on the migration and invasion of US7MG cells by targeting TSPAN17. Analysis of (A) migration and (B) invasion of
transfected US7MG cells via crystal violet staining. Data are presented as the mean =+ standard deviation. All the data are representative of five independent
experiments (n=5). Scale bar=20 ym. mimic-NC, microRNA-378a-3p mimic negative control; si-NC, small interfering RNA negative control; TSPAN17,
tetraspanin 17; si-TSPAN17, small interfering RNA; anta + si, miR-378a-3p antagomir + TSPAN17 small interfering RNA.

suggested that miR-378a-3p acted as a suppressor of GBM by
targeting TSPAN17 mRNA.

miR-378a is a small noncoding RNA molecule that
can regulate gene expression at the post-transcriptional
level. miR-378a-3p, one of two mature strands of miR-378a,
originates from the first intron of the peroxisome prolif-
erator-activated receptor-g, coactivator 1f3 gene encoding
PGC-1p (27-29). Reports demonstrated that miR-378a-3p
regulated skeletal muscle growth and promoted the differ-
entiation of myoblasts through the post-transcriptional
downregulation of histone acetylation enzyme 4 (30), and
was involved in myotonic dystrophy type-2 (31) and adipo-
genesis by targeting mitogen-activated protein kinase 1 (32).
miR-378a-3p has multiple roles in various pathological
diseases by post-transcriptionally modifying its potential

targets, including in tuberous sclerosis (33), liver fibrosis (34),
breast cancer (35) and colorectal cancer (36). The results of
the present study showed that: i) The downregulated expres-
sion of miR-378a-3p in carcinoma of patients with GBM and
in GBM cells; and ii) high miR-378a-3p levels were associated
with better survival in patients with GBM. Similar observa-
tions have been demonstrated in other studies, which support
the hypothesis that miR-378a-3p may function as a tumor
suppressor in GBM (37,38).

Subsequently, it was identified and confirmed that
TSPANI17 was a direct target of miR-378a-3p, which was
associated with a poor prognosis in patients with GBM aged
50-60 years. Overexpression of miR-378a-3p in either the
U87MG or MT-330 cells inhibited TSPAN17 expression,
induced apoptosis, and suppressed proliferation, migration
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Figure 8. Effects of microRNA-378a-3p on the migration and invasion of MT-330 cells by targeting TSPAN17. Analysis of (A) migration and (B) invasion of
transfected MT-330 cells via crystal violet staining. Data are presented as the mean + standard deviation. All the data are representative of five independent

experiments (n=5). Scale bar=20 mm.mimic-NC, microRNA-378a-3p mimic

negative control; si-NC, small interfering RNA negative control; TSPAN17,

tetraspanin 17; si-TSPAN17, small interfering RNA; anta + si, miR-378a-3p antagomir + TSPAN17 small interfering RNA.

and invasion. Functional inhibition of miR-378a-3p using
the antagomir in GBM cells increased the expression levels
of TSPAN17, reduced apoptosis rates, and promoted migra-
tion and invasion. These data suggest that miR-378a-3p
may function as a tumor suppressor in GBM by targeting
TSPANI17.

Tetraspanins are a heterogeneous group of four-trans-
membrane proteins that segregate into tetraspanin-enriched
micro domains (TEMs), which interact laterally with each
other and different partners, such as integrins, immunoglob-
ulin-domain-containing proteins, growth factors and cytokine
receptors (39). TEMs of various types are reportedly involved
in the regulation of cell growth, migration and invasion of
several tumor cell types, both as suppressors and supporting
structures (40). Other members of the tetraspanin family,

such as Tspan9, Tspanl and Tspan5, were demonstrated to
serve possible roles in pathophysiological processes and
cancer biology, which highlight their contribution to tumori-
genesis (41-44). Using co-immunoprecipitation, it has been
demonstrated that A disintegrin and metalloprotease 10
(ADAMI0) interacted with TSPAN17, which defined TspanC8
tetraspanins as essential regulators of ADAMI10 maturation
and trafficking to the cell surface (45). However, the role of
TSPANI7 in gliomas has not been demonstrated previously,
to the best of our knowledge. The present study illustrated the
novel roles of miR-378a-3p in regulating TSPAN17 expression
and thus its involvement in GBM.

Considering that upregulated TSPAN17 expression in GBM
tissues and cell lines was associated with the poor prognosis
of patients and malignant features of GBM cells, we proposed
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that TSPAN17 upregulation in normal cell lines might greatly
increase the risk of glioma oncogenesis and development.
However, further in vivo evaluation is necessary to validate the
results obtained from this study. For example, a glioma xeno-
graft nude mouse model could be developed by intradermal
injection with TSPAN17 overexpressed/downregulated HF cells
or glioma cells in the future. After seeding the tumor cells,
tumor growth, and mouse survival may be measured to further
confirm the potential effects of TSPANI17 in tumorigenesis of
GBM. Additionally, as of the relatively small sample size (n=53)
employed in this study, external validation is required in further
investigation. We should use public datasets, taking The Cancer
Genome Atlas GBM as an example, to examine any consisten-
cies or variations from the results of our study.

In conclusion, in the present study, it was demonstrated
that: i) Upregulation of TSPAN17 was associated with a
poor prognosis in patients with GBM aged 50-60 years; ii)
TSPAN17 was identified and confirmed as a direct target
of miR-378a-3p by a luciferase report assay; and iii) over-
expression of miR-378a-3p in both U§7MG and MT-330
cells inhibited TSPANI17 expression, induced apoptosis and
suppressed proliferation, migration and invasion, and func-
tional inhibition of miR-378a-3p by antagomir reversed these
effects. TSPAN17-siRNA transfection also reversed the effects
induced by miR-378a-3p antagomir transfection in GBM cells.
The results highlight the potential role of miR-378a-3p as a
suppressor of GBM by targeting TSPANI7.
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