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Abstract: Background: Glioma is one of the most common brain tumors. Copious microRNAs have been identified
as critical regulators in the development of glioma. MicroRNA-142-3p (miR-142-3p) has been reported as a tumor
suppressor in some malignancies. However, the roles and molecular mechanisms of miR-142-3p in the develop-
ment of glioma are poorly defined. Methods: An RT-qPCR assay was carried out to detect expressions of miR-142-3p
and high-mobility group box 1 (HMGB21) mRNA. A bioinformatic analysis and a luciferase reporter assay were used
to explore the interaction between miR-142-3p and HMGB1 3'UTR. A Western blot assay was performed to examine
protein expression of HMGB1, c-myc, cleaved caspase-3, and B-catenin. Cell proliferative ability was assessed by
an MTS assay. The cell apoptotic rate was measured using flow cytometry via the double-staining of Annexin V-FITC
and propidium iodide (PI). Results: MiR-142-3p expression was remarkably reduced in glioma tissues. Mechanical
analyses showed that HMGB1 was a target of miR-142-3p. Functional investigations revealed that miR-142-3p sup-
pressed proliferation and induced apoptosis by targeting HMGB1 in glioma cells. Moreover, miR-142-3p inactivated
Wnt/B-catenin signaling and activated caspase-3 signaling by targeting HMGB1 in glioma cells. Conclusion: MiR-
142-3p inhibits proliferation and induces apoptosis by targeting HMGB1 via the Wnt/B-catenin signaling pathway in
glioma cells, providing a deep exploration into the roles and molecular basis of miR-142-3p in the proliferation and
apoptosis of glioma cells and highlighting the therapeutical values of miR-142-3p and HMGBA for glioma.
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Introduction

Glioma, one of the most common primary brain
tumors, accounts for about 26.5% of brain and
other CNS tumors and 80.7% of malignant
tumors in the United States [1]. Brain and other
CNS tumors are an enormous threat for human
health and life, with an estimated 200 new
diagnoses and 41 deaths each day in the
United States [2]. The median survival time for
patients with low-grade glioma is approximately
7 years [3], while the average survival time for
patients with high-grade glioma declines to
almost 15 months [4]. Although great advances
and exciting breakthroughs have been made in
the treatment of glioma over the past decades,
the prognosis-especially for high-grade glioma-
remains very poor, highlighting the urgency to
explore glioma pathogenesis [4, 5].

MicroRNAs (miRNAs), a group of small non-cod-
ing RNAs without the protein-coding potential,
function as guide molecules in RNA silencing
[6]. Recently, emerging miRNAs have been
identified as potential oncogenes or tumor sup-
pressors in the development of malignancies,
including glioma [7, 8]. MicroRNA-142-3p (miR-
142-3p), generated by the guide strand of miR-
142 hairpin, has been reported as a tumor sup-
pressor in some malignancies, such as colon
cancer [9], non-small-cell lung cancer [10], and
osteosarcoma [11]. For instance, miR-142-3p
suppresses cell invasion by targeting integrin
alpha V and some cytoskeleton-associated
molecules in breast cancer [12]. The ectopic
expression of miR-142-3p induces the reduc-
tion of cell proliferative and invasive capacities
by inhibiting the expression of the frizzled 7
receptor (FZD7) in cervical cancer [13]. MiR-
142-3p also has been demonstrated to be
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Table 1. Relationship between miR-142-3p expres-

sion and clinicopathological features of gliomas

miR-142-3p
Characteristics N expression X2 P
High  Low
Gender
Male 33 18 15 0.041 0.523
Female 27 15 12
Age 0.589 0.487
> 50 39 21 18
<50 21 11 10
Tumor size (cm)
<3 36 16 20 4856 0.023
>3 24 18 6
WHO grade
-1 34 30 4 58.632 <0.001
-1V 26 3 23

abnormally expressed in glioma tissues, cells,
and the serum of glioma patients [14, 15]. Also,
miR-142-3p could inhibit murine glioma growth
and extend its median survival time in vivo [15,
16]. However, the roles and molecular mecha-
nisms of miR-142-3p in the development of gli-
oma have not been well studied until now.

In the present study, we demonstrated that
miR-142-3p inhibited proliferation and promot-
ed apoptosis by targeting the high-mobility
group box 1 (HMGB1) via the Wnt/B-catenin
signaling pathway in glioma.

Materials and methods
Tissue samples and cell culture

Glioma tissues and adjacent normal tissues
were obtained from 60 untreated glioma
patients before their surgical resection in the
Neurosurgery Department of the Chinese PLA
General Hospital. The clinicopathological fea-
tures of the glioma patients are provided in
Table 1. Written informed consents were
obtained from every patient before the experi-
ments started. Also, our study was performed
with the approval of the Ethics Committee of
the Chinese PLA General Hospital.

U251 and U87 cell lines were purchased from
the American Type Culture Collection (ATCC,
Manassas, VA, USA) and cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM, Invitrogen,
Carlsbad, CA, USA) containing 10% fetal bovine

4494

serum (FBS, Invitrogen) in a 5% CO, incubator
at 37°C.

Reagents, plasmid construction and transfec-
tion

An MiR-142-3p mimic (MiR-142-3p) and a
scramble control (miR-control), an miR-142-3p
inhibitor (Anti/miR-142-3p) and its negative
control (Anti-NC), and a small interference RNA
(siRNA) targeting HMGB1 (siRNA/HMGB1) were
obtained from GenePharma Co. Ltd. (Suzhou,
China). A full-length fragment of the HMGB1
coding region was synthetically produced by
PCR and then constructed into a pcDNA3.1
vector (Invitrogen) to generate a pcDNA/
HMGB1 overexpression plasmid. All oligonucle-
otides or plasmids were transfected into U251
and U87 cells using the Lipofectamine™ 2000
transfection reagent (Invitrogen) following the
instructions recommended by the manu-
facturer.

RT-gPCR assay

Total RNA was extracted from glioma tissues
and cells using TRIzol reagent (Invitrogen)
according to the protocols of manufacturer. For
expression analyses of HMGB1 and B-actin,
RNA was reversely transcribed into cDNA using
M-MLV reverse transcriptase (Invitrogen) and
random primers. Then, cDNA was used as a
template to measure the levels of HMGB1 and
B-actin by SYBR™ Green PCR Master Mix
(Applied Biosystems, Foster City, CA, USA).
B-actin was used to normalize the expression
of HMGB1. Also, a TagMan real-time PCR kit
(Applied Biosystems, Carlsbad, CA) and TagMan
MicroRNA Assay primers (Applied Biosystems)
for miR-142-3p and RNUGB were used to de-
termine miR-142-3p levels with RNUGB as
an internal control. Quantitative primers for
HMGB1 and B-actin were presented as follows:
HMGB1, 5-GATCCCAATGCACCCAAGAG-3’ (for-
ward) and 5-GGGCGATACTCAGAGCAGAAGA-3’
(reverse); B-actin, 5-CCTGGCACCCAGCACAAT-3’
(forward) and 5-GCCGATCCACACGGAGTACT-3’
(reverse).

Western blot assay

Total proteins were extracted from glioma cells
using a RIPA Lysis and Extraction Buffer
(Thermo Fisher Scientific, Rockford, IL, USA)
containing a protease inhibitor cocktail (Sigma-
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Figure 1. MiR-142-3p expression was downregulat-
ed in glioma tissues. RT-gPCR assay was performed
to detect the expression of miR-142-3p in 60 pairs
of glioma tissues (Gliomas) and adjacent normal tis-
sues (Normal). *P < 0.05.

Aldrich, St. Louis, MO, USA) and quantified
using a Pierce™ BCA Protein Assay Kit (Thermo
Fisher Scientific). Then, forty micrograms of
proteins of each sample were separated using
sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) and electro-trans-
ferred to nitrocellulose membranes (Bio-Rad
Laboratories, Hercules, CA, USA). Next, the
membranes were subjected to the incubation
overnight at 4°C with primary antibodies
against HMGB1 (#6893, 1: 1000, Cell Signaling
Technology, Inc., Danvers, MA, USA), c-myc
(#13987, 1: 1000, Cell Signaling Technology),
cleaved caspase-3 (#9661, 1: 1000, Cell
Signaling Technology), B-catenin (#8480, 1:
1000, Cell Signaling Technology) and B-actin
(#8457, 1:2000, Cell Signaling Technology).
Afterwards, the membranes were probed with
goat anti-rabbit IgG H&L (HRP) secondary anti-
body (@b205718, 1:10000, Abcam, Cambridge,
UK). Finally, chemoluminescent signals were
visualized by a Pierce ECL Western Blotting
Substrate (Thermo Fisher Scientific) and quan-
tified using Quantity One software Version 4.1.1
(Bio-Rad Laboratories).

Luciferase reporter assay

An HMGB1 3'UTR sequence containing predict-
ed miR-142-3p binding sites was synthetically
produced by PCR and constructed into the lucif-
erase reporter vector psiCHECK-2 (Promega,
Madison, WI, USA) to obtain the HMGB1 3’'UTR
WT reporter. Also, an HMGB1 3'UTR MUT
reporter containing mutant miR-142-3p bind-
ing sites was generated using a KOD-plus-
mutagenesis kit (Toyobo, Osaka, Japan) refer-
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ring to the protocols of the manufacturers.
Then, an HMGB1 3’'UTR WT or HMGB1 3'UTR
MUT reporter were transfected into U251 and
U87 cells along with miR-control or miR-142-
3p. At 48 h upon transfection, luciferase activi-
ties were measured using a Dual-Luciferase®
Reporter Assay System (Promega) with renilla
luciferase activity as a normalization standard
to normalize the firefly luciferase activity.

MTS assay

Cell proliferative ability was assessed using a
MTS Cell Proliferation Assay Kit (Colorimetric)
(Abcam) according to the instructions of manu-
facturers. Briefly, cells were seeded into a
96-well microtiter plate with a final volume of
200 ul/well and incubated overnight. On the
next day, the cells were transfected with corre-
sponding oligonucleotides or plasmids. At 48 h
upon transfection, 20 pl/well of MTS reagent
was added into each well. After incubation for
another 2 h at 37°C, cell absorbance was
measured at the wavelength of 490 nm.

Cell apoptosis assay

Cell apoptotic rates were determined using
an AnnexinV-FITC/Pl Apoptosis Detection Kit
(Yeasen technology, Shanghai, China). Briefly,
collected cells were re-suspended ina 100 pl 1
x binding buffer and then stained with a 5 pl
Annexin V-FITC and 10 ul Pl staining solution for
15 min. Finally, the cell apoptotic rate was mea-
sured using flow cytometry (BD Biosciences,
Franklin Lakes, New Jersey, USA).

Statistical analysis

Data was obtained from at least three timeinde-
pendent experiments and analyzed using
GraphPad Prism software (La Jolla, CA, USA).
All results were presented as the mean % the
standard deviation. Student’s t test was used
to compare the difference between the two
groups. P < 0.05 was considered statistically
significant.

Results

MiR-142-3p expression was downregulated in
glioma tissues

Firstly, the expression patterns of miR-142-3p
in the 60 pairs of glioma tissues (Gliomas) and
the adjacent normal tissues (Normal) were
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A HMGB1 3:UTR WT 5-UUUGUAUAGUUAAC--ACACUACC-3'
5'-AGGUAUUUCAUCCUUUGUGAUGU-3"

HMGB1 3:UTR Mut 5-UUUGUAUAGUUAAC--UACCGCUU-3'

miR-142-3p

142-3p had no obvious influ-
ence on luciferase activity of
the HM-GB1 3'UTR MUT re-

B porter in U251 and U87 cells
1.5 3 miR-control 1.5+ , (Figure 2B). In other words,
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Figure 2. HMGB1 was a target of miR-142-3p. (A) Predicted binding sites
between miR-142-3p and HMGB1 3'UTR, and mutant sites in the HMGB1

A Western blot assay further
demonstrated that the en-

3’UTR MUT reporter. (B) U251 and U87 cells were co-transfected with

HMGB1 3’UTR WT or the HMGB1 3’UTR MUT reporter and miR-control or
miR-142-3p. At 48 h after transfection, relative luciferase activity was deter-
mined using a Dual-Luciferase® Reporter Assay System. (C and D) U251 and
U87 cells were transfected with miR-control or miR-142-3p. At 48 h upon
transfection, HMGB1 mRNA (C) and protein (D) levels were measured by RT-
gPCR and western blot assays, respectively. *P < 0.05.

examined by an RT-qPCR assay. The results
showed that the miR-142-3p level was mark-
edly reduced in the glioma tissues (n = 60) as
compared to the adjacent normal tissues (n =
60) (Figure 1), hinting that miR-142-3p might
be implicated in the pathogenesis of glioma.

HMGB1 was a target of miR-142-3p

A bioinformatical analysis by the TargetScan
website showed that HMGBL1 is a potential tar-
get of miR-142-3p (Figure 2A). To further verify
this prediction, the effect of miR-142-3p on the
luciferase activity of the HMGB1 3’'UTR WT or
HMGB1 3'UTR MUT reporter was firstly deter-
mined in U251 and U87 cells. The results
showed that the introduction of miR-142-3p
induced a conspicuous reduction in luciferase
activity of the HMGB1 3'UTR WT reporter in
U251 and U8T7 cells (Figure 2B). Moreover, miR-
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forced expression of HMGB1
partly abrogated the inhibitory
effect of miR-142-3p on HM-
GB1 expression in U251 and
U87 cells (Figure 3A). Also, the
inhibition of miR-142-3p by
anti/miR-142-3p induced an
increase of HMGB1 protein levels in U251 and
U87 cells, while the promotive effect of anti/
miR-142-3p on HMGB1 expression was weak-
ened by siRNA/HMGB1-mediated HMGB1 sil-
encing (Figure 3B). MTS assay revealed that
miR-142-3p overexpression suppressed the
proliferation of U251 and U87 cells (Figure 3C).
Also, a notable elevation of the apoptotic rate
was observed in U251 and U87 cells following
the upregulation of miR-142-3p (Figure 3E). In
other words, the ectopic expression of miR-
142-3p induced apoptosis in U251 and U87
cells. Restoration experiments further demon-
strated that the overexpression of HMGB1
alleviated miR-142-3p-mediated anti-prolifera-
tion (Figure 3C) and pro-apoptosis (Figure 3E)
effects, as evidenced by improved proliferation
capacity and reduced apoptotic rate in miR-
142-3p-transfected U251 and U87 cells follow-
ing the upregulation of HMGB1 (Figure 3C, 3E).
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Figure 3. MiR-142-3p inhibited proliferation and induced apoptosis by targeting HMGB1 in U251 and U87 cells. (A-
F) U251 and U87 cells were transfected with miR-control, miR-142-3p, miR-142-3p + pcDNA/HMGB1, Anti-miR-NC,
Anti/miR-142-3p, or Anti/miR-142-3p + siRNA/HMGB1. At 48 h after transfection, the HMGB1 protein level was
examined by a Western blot assay (A and B), cell proliferative ability was measured by an MTS assay (C and D), and
the cell apoptotic rate was determined using flow cytometry via the double-staining of Annexin V-FITC and PI (E and

F). *P < 0.05. *#P < 0.05.

4497

Int J Clin Exp Pathol 2018;11(9):4493-4502



HMGB1 is a target of miR-142-3p

A
C-myc

E— e —
Cleaved Caspase-3 s s a—
B-catenin s o  w—

B-actin s w— —

U251

1.5 3 miR-control
% Bl miR-142-3p
§ E miR-142-3p+pcDNA/HMGB1
o 1.0 %
k]
s #
2 0.5 #
: D-i *
>
“ 3 ﬂ

0.0-

B-catenin Cleaved caspase-3 C-myc

C

C-MyC w— — —

C-myc

Cleaved Caspase-3 e g w—

P-actin w_— ——
us7

159 3 miR-control
Wl miR-142-3p
B3 miR-142-3p+pcDNA/HMGB1

| ﬂii lafl

B-catenin Cleaved caspase-3 C-myc

Expression of protein

C-MyC .

Cleaved caspase-3 s sswsn s Cleaved caspase-3 s .

B-catenin T —

B-actin M. ——

1.6
= 3 Anti-NC U251
.g Wl Anti/miR-142-3p
g 1.04 E Anti/miR-142-3p+siRNA/HMGB1 *
‘e *
g # #
a 0.5 #
=
il | Ns"

0.0

B-catenin Cleaved caspase-3 C-myc

B-catenin ce—— — —
B-actin wm—" — ——

[ Anti-NC us7
l El Anti/miR-142-3p

-
n

B Anti/miR-142-3p+siRNA/HMGB1

ﬂ'i ﬁ-._D'l

B-catenin Cleaved caspase-3 C-myc

-
=]

Expression of protein
=
o

=
>

Figure 4. MiR-142-3p inactivated Wnt/B-catenin signaling and activated caspase-3 signaling by targeting HMGB1 in
U251 and U87 cells. A-D. U251 and U87 cells were transfected with miR-control, miR-142-3p, miR-142-3p + pcDNA/
HMGBZ1, Anti-miR-NC, Anti/miR-142-3p, or Anti/miR-142-3p + siRNA/HMGB1. At 48 h post transfection, a Western
blot assay was performed to examine the protein levels of c-myc, B-catenin and cleaved caspase-3. *#P < 0.05.

Conversely, the deficiency of miR-142-3p result-
ed in an increase of cell proliferative ability
(Figure 3D) and the reduction of the cell apop-
totic rate (Figure 3F) in U251 and U87 cells.
Additionally, the depletion of HMGB1 under-
mined the miR-142-3p inhibitor-induced prolif-
eration increase and apoptosis reduction in
U251 and U87 cells (Figure 3D, 3F). In summa-
ry, these data manifested that miR-142-3p
inhibited proliferation and induced apoptosis by
targeting HMGB1 in U251 and U87 cells.

MiR-142-3p inactivated Wnt/B-catenin sig-
naling and activated caspase-3 sighaling by
targeting HMGB1 in U251 and U87 cells

Next, the effect of miR-142-3p alone or along
with HMGB1 on Wnt/B-catenin and caspase-3
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signaling was further examined. The results
showed that miR-142-3p overexpression nota-
bly reduced c-myc and [-catenin protein levels,
and markedly increased the cleaved caspase-3
level in U251 and U87 cells (Figure 4A, 4B). In
other words, miR-142-3p inhibited the activa-
tion of Wnt/B-catenin signaling and induced
the activation of caspase-3 signaling in U251
and U87 cells. Moreover, we further demon-
strated that HMGB1 upregulation rescued the
miR-142-3p-mediated Wnt/B-catenin signaling
inactivation and caspase-3 activation in U251
and U87 cells, as evidenced by the increase of
c-myc and B-catenin levels and the reduction of
the cleaved caspase-3 level in miR-142-3p-
transfected cells following the overexpression
of HMGBA1 (Figure 4A, 4B). Inversely, the inhibi-
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tion of miR-142-3p resulted in the upregulation
of c-myc and B-catenin levels, and the down-
regulation of cleaved caspase-3 levels in U251
and U8T cells, while this effect was counter-
acted by HMGB1 knockdown (Figure 4C, 4D). In
summary, these results indicated that miR-
142-3p inactivated Wnt/B-catenin signaling
and activated caspase-3 signaling by targeting
HMGB1 in U251 and U87 cells.

Discussion

Glioma can induce serious functional impair-
ment for patients and bring about a massive
burden for their families and society [17, 18].
Studies on the molecular basis of glioma carci-
nogenesis have contributed to the discovery of
some key genetic events and the invention of
novel therapeutic approaches [19]. MiR-142-3p
has been reported to be involved in regulating
multiple biological processes such as autopha-
gy [20], neuronal differentiation [21], and
aerobic glycolysis [22]. Moreover, miR-142-3p
expression was found to be drastically down-
regulated in glioma tumors, glioma cell li-
nes, and glioblastoma-infiltrating macrophages
compared to healthy donor monocytes [15].
However, Dong et al. pointed out that the miR-
142-3p level was strikingly increased in the
serum of glioblastoma patients compared with
healthy controls [14]. In the present study, we
demonstrated that miR-142-3p was expressed
lower in glioma tissues relative to adjacent nor-
mal tissues.

It is well known that miRNAs can negatively
regulate gene expression by binding with 3'UTR
of target mRNAs and inducing target degra-
dation or/and translational repression [23].
Hence, a biological prediction by the TargetScan
online website was performed to search for
potential targets of miR-143-3p. Among candi-
date targets, HMGB1 was selected due to its
significant roles in human health and diseases
including cancers [24]. Following a luciferase
reporter assay, RT-qPCR and western blot as-
says further revealed that HMGB1 was a target
of miR-142-3p in glioma cells, which was in line
with a previous study [25]. Also, HMGB1 as a
target of miR-142-3p also has been validated in
other neoplasms such as non-small-cell cancer
[10] and osteosarcoma [26]. Additionally, our
study showed that miR-142-3p suppressed
proliferation and induced apoptosis by target-
ing HMGB1 in U251 and U87 cells.
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HMGB1 is a member of HMGB family, which
also contains HMGB2, HMGB3 and HMGB4
[27]. It is well documented that HMGB1 plays a
vital role in multiple biological processes such
as inflammation, immunity, proliferation, senes-
cence and death [24]. Moreover, the dual para-
doxical roles of HMGB1 have been noted in
some cancers including glioma [28, 29]. For
instance, intracellular HMGB1 behaves as a
tumor suppressor, while extracellular HMGB1
functions as an oncogene in pancreatic cancer
[29]. Also, tumor-derived HMGB1 induced the
activation of endogenous TLR-2 signaling and
initiated T cell-dependent glioma regression
[30]. Conversely, some studies have found that
HMGB1 promotes proliferation, migration, inva-
sion and inhibited apoptosis in glioma cells [31,
32].

It was reported that the Wnt/B-catenin signal-
ing played vital roles in glioma progression,
including initiation, proliferation, and invasion
[33]. Moreover, Isobe et al. demonstrated that
miR-142 knockdown inhibited the tumorigenic-
ity of human breast cancer stem cells partly
by inactivating the Wnt/B-catenin signaling
pathway [34]. Also, miR-142-3p overexpression
promoted osteoblast differentiation by activat-
ing Wnt/B-catenin signaling [35]. Additionally,
some studies discovered that HMGB1 facilitat-
ed B-catenin expression in acute lung injury
models [36], malignant mesothelioma cells
[37], and bronchial epithelial cells [38]. Mo-
reover, an earlier study showed that Wnt sig-
naling facilitated tumorigenesis by suppressing
c-Myc-induced apoptosis [39]. In a word, this
evidence hinted that the Wnt/B-catenin signal-
ing was closely linked with the functions of the
miR-142-3p/HMGB1 axis in glioma. A prior
study pointed out that the proteolytic inactiva-
tion of caspase 3 inhibited tumorigenicity in
U87 glioma xenografts [40]. Moreover, high
cleaved caspase-3 level was positively associ-
ated with a better prognosis of glioma patients
[41]. Furthermore, HMGB1 could induce apop-
tosis by activating caspase-3 in hepatocyte
[42], pancreatic and colorectal cells [43].
Hence, the effect of miR-142-3p alone or along
with HMGB1 on Wnt/B-catenin and caspase-3
signaling was examined in glioma cells. The
results showed that miR-142-3p inactivated
Wnt/B-catenin signaling and activated cas-
pase-3 signaling by targeting HMGB1 in glioma
cells.
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Collectively, our study showed that miR-142-3p
inhibited proliferation and induced apoptosis
by targeting HMGB1 and by inactivating the
Wnt/B-catenin signaling and activating cas-
pase-3 signaling in glioma, deepening our
understanding of the roles and molecular basis
of the miR-142-3p/HMGB1 axis in the develop-
ment of glioma and providing some candidate
targets for the intervention and treatment of
glioma.
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