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MicroRNA-30a regulates cell proliferation, migration,
invasion and apoptosis in human nasopharyngeal
carcinoma via targeted regulation of ZEB2
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Abstract. MicroRNA-30a (miR-30a) was previously reported
to serve as a tumor suppressor able to inhibit the develop-
ment and progression of certain types of cancer. A number of
previous studies demonstrated that zinc finger E-box binding
homeobox 2 (ZEB2) may be regulated by miR-30a in clear
cell renal cell carcinoma and breast cancer. However, the func-
tion of miR-30a in human nasopharyngeal carcinoma (NPC)
remains unclear. The present study aimed to investigate the
association between miR-30a and ZEB2 in NPC. Therefore,
the expression levels of miR-30a and ZEB2 were measured
in human NPC cells and tissues from patients with NPC,
and the present results suggested that the expression level of
miR-30a was significantly decreased in NPC tissues compared
with paracancerous tissues. The direct interaction between
miR-30a and the untranslated region of ZEB2 was examined
using the dual-luciferase reporter assay, and ZEB2 was iden-
tified as a direct target of miR-30a. Additionally, the effects
of miR-30a and ZEB2 overexpression on cell proliferation,

Correspondence to: Dr Wenbin Lei, Department of
Otorhinolaryngology, Otorhinolaryngology Hospital, The First
Affiliated Hospital, Sun Yat-Sen University, 58 Zhongshan Road 11,
Guangzhou, Guangdong 510080, P.R. China

E-mail: leiwb@mail.sysu.edu.cn

Dr Chun Xie, Department of Stomatology, People's Hospital
of Longhua, 38 Jinglong Construction Road, Shenzhen,
Guangdong 518109, P.R. China

E-mail: 1211822815@qq.com

Key words: microRNA30a, zinc finger E-box binding homeobox 2,
nasopharyngeal carcinoma, cell viability, cell apoptosis

migration, invasion and apoptosis were additionally investi-
gated. Functional experiments identified that overexpression of
miR-30a increased apoptosis and suppressed cell proliferation,
cell migration and cell invasion by directly targeting ZEB2.
Collectively, the present study suggested that miR-30a may
serve an important role in the progression of NPC and may
represent a novel target for the treatment of patients with NPC.

Introduction

Nasopharyngeal carcinoma (NPC) is a common type of epithe-
lial squamous cell head and neck carcinoma, and is the most
common type of nasopharyngeal tumor (1). Despite recent
advances in the diagnosis and treatment of NPC, the 10-year
survival rate of patients with NPS remains poor, and the occur-
rence rate in South-eastern Asia and North Africa increased
over the past years (2). Therefore, the development of effective
therapeutic strategies and novel prognostic molecular markers
is necessary to improve the survival rate of patients with NPC.

A number of previous studies have demonstrated that
multiple microRNAs (miRNAs) may act as oncogenes or tumor
suppressor genes; therefore, the dysregulation of miRNAs was
identified to be involved in the process of cancer development
and progression (3,4). In addition, miRNAs may be used as
molecular biomarkers for cancer prognosis and targeted
therapies (5-8). miRNA-30a (miR-30a) was previously demon-
strated to have an important role in the proliferative, metastatic
and invasive potential of ovarian carcinoma (9), gallbladder
cancer (10) and other types of cancer (11-13). However, the
molecular mechanism underlying miR-30a function in human
NPC remains unclear.

Epithelial-mesenchymal transition (EMT) is an important
process for tumor cell invasion of epithelial and non-epithelial
cancers, and zinc finger E-box binding homeobox 2 (ZEB2)
was demonstrated to promote EMT (14). A previous study
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demonstrated that ZEB?2 served as a DNA-binding transcrip-
tional repressor that may be able to interact with activated
SMAD family member 1, thus regulating the bone morpho-
genetic protein signaling pathway (15). Previous studies
investigating the role of ZEB2 in cancer identified that the
expression of ZEB2 is important for the development of
cancer (16), and the inhibition of ZEB2 may suppress cancer
cell growth, migration and invasion (17). In addition, a previous
studies demonstrated that the association between ZEB2 and
Spl transcription factor was able to promote cancer cell survival
and angiogenesis during metastasis via the upregulation of
survivin and vascular endothelial growth factor (18). Certain
miRNAs, including miR-335 and miR-200c, were identified to
bind to the 3' untranslated region (3'-UTR) of ZEB2, inhibiting
cancer progression (17,19); therefore, miRNAs may be used for
the development of novel therapeutic strategies to treat cancer.

In the present study, ZEB2 was identified as a direct target
gene of miR-30a in human NPC. miR-30a overexpression
was identified to induce apoptosis and suppress prolifera-
tion, migration and invasion of NPC cells. The present data
suggested that miR-30a may possess the potential to be used
as a novel diagnostic marker and therapeutic target for the
treatment of patients with NPC.

Materials and methods

NPC samples. NPC and paracancerous tissues were collected
from 4 patients at The People's Hospital of Longhua (Shenzhen,
China) in August 2017. All volunteers [Patient 1 (a 46-year-old
male), Patient 2 (a 59-year-old male), Patient 3 (a 53-year-old
female) and Patient 4 (a 58-year-old male)] provided written
informed consent. The consent procedure was approved by
The Animal Care and Use Committee of People's Hospital
of Longhua (Shenzhen, China). Inclusion criteria for the
study were as follows: i) Having received a clinical or referral
record in the electronic medical record of NPC during the
period of the study; and ii) being =40 years of age at the time
of diagnosis. Exclusion criteria for the study were as follows:
i) Having a secondary cancer; ii) not having received primary
care in the year prior to cancer diagnosis; and iii) not having
any matched controls.

Following resection, the collected tissues were placed in a
solution containing PBS, 0.1 g/ml streptomycin and 100 U/ml
penicillin. The tissues were washed three times using PBS.
Subsequently, NPC tissues and paracancerous tissues
were lysed, and total RNA and protein were extracted for
reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) and western blot assay, respectively.

Cell culture. The human NPC cell line, C666-1, and 293 cells
were purchased from The Cell Bank of Type Culture Collection
of Chinese Academy of Science (Shanghai, China). The two cell
lines were cultured in Dulbecco's Modified Eagle's Medium
(DMEM; HyClone; GE Healthcare Life Sciences, Logan, UT,
USA) supplemented with 10% fetal bovine serum (HyClone;
GE Healthcare Life Sciences), 0.1 g/ml streptomycin and
100 U/ml penicillin (Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) in a humidified incubator at 37°C with 5% CO,. The
culture medium was replaced every other day, and the C666-1
cells were passaged (dilution, 1:4) every 5 or 6 days.
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miR-30a preparation and transfection. Potential target genes
of miR-30a were first analyzed in silico using TargetScan 7.2
(http://www.targetscan.org). miR-30a (5'-UGUAAACAUCCU
CGACUGGAAG-3") was purchased from Sangon Biotech
Co., Ltd. (Shanghai, China). A non-specific miRNA (5'-ACG
UGACACGUUCGGAGAAUU-3") was used as the negative
control (Ctrl miRNA). The reverse complementary sequence
of miRNA-30a (5'-CUUCCAGUCGAGGAUGUUUACA-3")
was used as the miR-30a inhibitor. Ctrl miRNA and miR-30a
inhibitor was purchased from Sangon Biotech Co., Ltd. Cell
transfection was performed using Lipofectamine® 3000 trans-
fection reagent (cat. no. L3000008; Invitrogen; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) with 10 nM of miRNA,
according to the manufacturer's protocol. Briefly, 1x10° cells
were transfected with miRNA molecules. Following trans-
fection for 24 h, the cells in each group were harvested for
subsequent experimentation.

Overexpression of ZEB2 in NPC cells and grouping. Total
RNA was isolated from 293 cells using TRIzol® (Invitrogen;
Thermo Fisher Scientific, Inc.) and used as a template to obtain
genomic cDNA using a PrimeScript reverse transcription-poly-
merase chain reaction (RT-PCR) kit (cat. no. RRO14B; Takara
Biotechnology Co., Ltd., Dalian, China) according to the
manufacturer's protocols, and the coding sequence plus 3'-UTR
of ZEB2 was amplified using PCR (Phusion® High-Fidelity
DNA Polymerase, M0530L, New England BioLabs, Inc.,
Ipswich, MA, USA) and subsequently cloned into a pCI
vector (Addgene, Inc., Cambridge, MA, USA) using Nhel/Sall
restriction sites. The following primer sequences were used to
amplify ZEB2: Forward (F), 5-~ATGAAGCAGCCGATCATG
GCG-3' and reverse®, 5'-CACACATCTTGGAGCAAAAGC
ATG-3". PCR was performed under the following conditions:
Initial denaturation at 95°C for 5 min, 35 cycles of 95°C for
35 sec, 60°C for 35 sec and 72°C for 2.5 min, followed by a
final extension at 72°C for 5 min.

To overexpress ZEB2 in NPC cells, C666-1 cells were
transfected with the pCI-ZEB2 vector (final concentration,
1 pug/ml) using Lipofectamine 3000 (Invitrogen; Thermo
Fisher Scientific, Inc.) according to the manufacturer's protocol.
Following transfection for 24 h, the cells in each group were
harvested for the subsequent experimentation. The overexpres-
sion efficiency was examined by RT-qPCR. Cells transfected
with Ctrl miRNA, pCI-empty vector, pCI-ZEB2 vector (ZEB2
vector), miR-30a, miR-30a inhibitor, pCI-empty vector +
Ctrl miRNA (Ctrl), pCI-ZEB2 vector + Ctrl miRNA (ZEB2
overexpression), pCIl-empty vector + miR-30a (miR-30a over-
expression) and pCI-ZEB2 vector + miR-30a (ZEB2+miR-30a
overexpression) were used for further analysis.

RT-qPCR. In total, 50 mg of homogenized NPC and para-
cancerous tissues were lysed using 1 ml Trizol® (Invitrogen;
Thermo Fisher Scientific Inc., Waltham, MA, USA). A total
of 5x10% C666-1 cells from each group were lysed using 1 ml
Trizol®. Total RNA was extracted using Trizol according to
the manufacturer's protocol, and cDNA was synthesized
using 1 ug RNA from each sample. RT was performed using
a Transcriptor first-strand cDNA synthesis kit (Promega
Corporation, Madison, WI, USA) under the following condi-
tions: 20°C for 10 min, 42°C for 60 min and 95°C for 5 min.
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gPCR was conducted using an SYBR® Fast qPCR Mix kit
(Takara Biotechnology Co., Ltd.). Following an initial poly-
merase activation and denaturation step at 50°C for 2 min
and 95°C for 5 min, respectively, the samples in each group
underwent 40 amplification cycles of 95°C for 20 sec, 65°C
for 10 sec and 72°C for 30 sec in the LightCycler 480 instru-
ment (Roche Diagnostics, Basel, Switzerland). RT-qPCR
results were quantified using the 244%4 method as previously
described (20-22). In the present study, GAPDH and U6 were
used as reference genes for the normalization of ZEB2 and
miR-30a, respectively. The expression levels of the genes
analyzed were normalized to their expression levels in the
corresponding control group. The primer sequences used were
the following: miR-30a F, 5~ACACTCCAGCTGGGTTGC
ATAGTCACAAAAGT-3 and R, 5" ACACTCCAGCTGGGT
GTAAACATCCTACACTCT-3; U6 F, 5'-CTCGCTTCGGCA
GCACA-3' and R, 5-AACGCTTCACGAATTTGCGT-3
ZEB2 F, 5-CTCTTCCCACACGCTTAGTT-3' and R, 5-GGC
CTAAGCTTACAGTGTCATG-3'; GAPDH F, 5-GGGAAA
CTGTGGCGTGAT-3' and R, 5-GAGTGGGTGTCGCTG
TTGA-3".

Western blot analysis. Radioimmunoprecipitation assay lysis
buffer (RIPA; cat. no. 89900; Thermo Fisher Scientific, Inc.)
was used to extract the total protein. The protein concentra-
tion was measured using a bicinchoninic acid assay kit
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany).
Homogenized tissue (50 mg) was lysed using 0.3 ml RIPA
lysis buffer. For the in vifro experiments, 1x10° cells were
lysed using 0.1 ml RIPA lysis buffer. Western blot assay was
performed as previously described (23-25). In brief, protein
(15 ug/lane) was separated via 10% SDS-PAGE and then trans-
ferred to nitrocellulose membranes. Membranes were blocked
with 5% bovine serum albumin (Thermo Fisher Scientific,
Inc.) for 2 h at room temperature, then incubated with
primary antibodies overnight at 4°C. In the present study, the
primary antibodies used were: Anti-ZEB2 (1:1,000; Abcam,
Cambridge, UK; cat. no. ab223688) and anti-GAPDH (1:5,000;
Abcam; cat. no. ab8245). The secondary antibodies used were:
Anti-mouse IgG [horseradish peroxidase (HRP)-conjugated;
1:5,000; Sigma-Aldrich; Merck KGaA; cat. no. A-9044] and
anti-rabbit IgG (HRP-conjugated; 1:5,000; Sigma-Aldrich;
Merck KGaA; cat. no. A-0545). Protein bands were visualized
using an enhanced chemiluminescence kit (Thermo Fisher
Scientific, Inc.) and ChemiDoc Imagers (ChemiDoc™ XRS
+ System; Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Protein expression was quantified using ImageJ 1.x software
(National Institutes of Health, Bethesda, MD, USA).

Dual-luciferase reporter assay. The 3'-UTR sequence of
human ZEB2 gene was amplified using PCR and cloned
into a psiCHECK-1-based luciferase plasmid (Addgene,
Inc., Cambridge, MA, USA) in which the Renilla luciferase
sequence was replaced with a firefly luciferase sequence
(restriction enzyme sites: Nhel/SgfT) from pGL-4.22 vector
(Addgene, Inc.). pRL Renilla luciferase control reporter vectors
(Promega Corporation) was co-transfected as an internal refer-
ence. The construction of the psiCHECK plasmid containing
the mutated 3'-UTR of ZEB2 was performed as previously
described (26-28). In brief, cell transfection was performed
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using Lipofectamine 3000 transfection reagent according to
the manufacturer's protocol. Cells (3x10°) were co-transfected
with 1 ug plasmids, and miR-30a mimics, inhibitor or Ctrl
miRNA for 24 h, then the dual luciferase assay was performed
using a Dual Luciferase Assay Kit according to the manu-
facturer's instructions (Promega Corporation). In the present
study, firefly and Renilla luciferase values were detected; for
the evaluation of relative luciferase activity, the firefly lucif-
erase activity was normalized to the Renilla luciferase value.

Colony-formation assay, cell proliferation and cell cycle
analysis. To investigate the colony-forming ability of cancer
cells, 100 cells were seeded into 12-well plates and incubated
for 7 days in an incubator at 37°C with 5% CO,. The cells
were subsequently fixed with 75% ethanol for 20 min at
room temperature and stained using crystal violet (5 g/l) for
20 min at room temperature. Cell colonies in each groups were
imaged using an Epson Perfection V600 scanner (Seiko Epson
Corporation, Suwa, Japan) and the results were analyzed using
BioSpot® version 5.0 software (Cellular Technology Limited,
Cleveland, OH, USA).

To examine cell proliferation, the proliferation index
of each group was assessed using a CCK-8 assay (Dojindo
Molecular Technologies, Inc., Kumamoto, Japan) as previously
described (29). The proliferation index was calculated as the
absorbance detected in the experimental group-the absorbance
detected in the blank group.

To analyze the cell cycle, 5x10° cells were fixed with 70%
ethanol for 30 min at 4°C. The cell samples were stained
with 200 pl propidium iodide (PI; Beyotime Institute of
Biotechnology, Haimen, China) in a solution containing ribo-
nuclease A (Beyotime Institute of Biotechnology) for 10 min
at room temperature. Subsequently, the samples were analyzed
using a FACSCalibur flow cytometer (BD Biosciences, San
Jose, CA, USA) and FlowJo 7.6.1 (FlowJo LLC, Ashland, OR,
USA).

Cell apoptosis assay. Cell apoptosis assay was performed
using a Cell Apoptosis Assay kit (Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol. NPC cells
in each group were dissociated into single cells with trypsin,
washed with PBS, and incubated with a solution containing
Annexin V-fluorescein isothiocyanate and PI. Cells were
analyzed using a FACSCalibur flow cytometer and FlowJo 7.6.1.

Cell migration and invasion assays. The migration and invasion
of cancer cells were measured using Transwell plates (pore filter
size, 8 ym; Corning Inc., Corning, NY, USA). NPC cells were
seeded in the upper chamber at a concentration of 1x10° cells/well
in serum-free DMEM. Inserts covered with Matrigel were used
for invasion assays, whereas normal inserts were used for migra-
tion assays. High glucose DMEM (HyClone; GE Healthcare Life
Sciences) containing 10% FBS was plated in the lower chamber.
Subsequently, cells were incubated for 48 h at 37°C. Cells on the
upper chambers were removed, and migrating or invading cancer
cells were fixed in 10% neutral buffered formalin for 15 min
at room temperature, and stained with crystal violet (5 g/l) for
20 min at room temperature. The number of cancer cells in four
randomly-selected fields of view were counted under a light
microscrope (magnification, x100) for each group.



CHEN et al: ROLE OF miRNA-30a IN NASOPHARYNGEAL CARCINOMA

B Paracancerous tissue
B Cancer tissue

AL

Relative expression of miR-30a

1675

B 30

M Paracancerous tissue
M Cancer tissue

nil

Relative expression of ZEB2

Patient 1 Patient2 Patient3 Patient4 Patient 1 Patient2 Patient3 Patient 4
107 .
B Paracancerous tissue
M Cancer tissue
o 8
fas]
C Patient 1 Patient 2 Patient 3 Patient 4 i
Il Il . Il . Il . 5 6
w
=
@
E 4
2
©
- A
Patient 1 Patient2 Patient3 Patient 4

Figure 1. Expression levels of miR-30a and ZEB2 in human nasopharyngeal carcinoma tissues and paracancerous tissues. Expression level of (A) miR-30a and
(B) ZEB2 was assessed using reverse transcription-quantitative polymerase chain reaction. (C) Protein expression levels of ZEB2 were measured using western
blotting. miR-30a, microRNA-30a; ZEB2, zinc finger E-box binding homeobox 2.

Tumor formation assay. ZEB2 cDNA was obtained as
described above. In addition, the miR-30a sequence was
purchased from Sangon Biotech Co., Ltd., and the two
sequences were separately cloned into pMXs-based retroviral
plasmids (Addgene, Inc.). In total, 40,000 cancer cells were
transduced in 6-well culture dishes using pMX-based retro-
viruses (5x10° PFU) as previously described (20). To obtain a
stable overexpression, cells were infected using retroviral parti-
cles containing pMXs-ZEB2 (ZEB?2 retrovirus), pMXs-empty
vector (Ctrl retrovirus), pMXs-miR-30a (miR-30a retrovirus)
and pMXs-ZEB2 + pMXs-miR-30a (ZEB2 retrovirus +
miR-30a retrovirus).

Athymic nude mice were purchased from Charles River
Laboratories, Inc. (Wilmington, MA, USA). Male mice in
each group (n=3/group, 12 mice in total; 22-25 g, 6-8 weeks
old; n=3/group) were injected intrahepatically with infected
cancer cells (5x10° cells/mouse). Mice were maintained
in a fully controlled animal facility (12:12-h light:dark
cycle at 22+2°C with 50% humidity), and were housed in
standard clear plastic cages with access to food and water
ad libitum. Following 6 weeks, all animals were sacrificed
using isoflurane gas, and tumor weight and volume were
measured in each group. Tumor volume was calculated
using the following formula: (Iength x width?)/2. During the
6 weeks, animal health and behavior were monitored every
other day. In case of body weight loss >20% within 3 weeks,

mice were immediately sacrificed. The animal experiments
were approved by The Animal Care and Use Committee of
People's Hospital of Longhua (Shenzhen, China).

Statistical analysis. Data are presented as the mean + standard
error of the mean. Statistical analysis was performed using
SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). The detec-
tion of different samples form each patients or different cell
groups was repeated for 3 times. Unpaired Student's t-test was
used to compare two groups. One-way analysis of variance
followed by Bonferroni's post hoc test was used to compare
three or more groups. P<0.05 was considered to indicate a
statistically significant difference.

Results

ZEB?2 is a direct target of miR-30a in human NPC cells.
Human NPC tissues and paracancerous tissues were collected
from four patients to investigate the association between the
expression levels of miR-30a and ZEB2. The result suggested
that the expression level of miR-30a was significantly increased
in human paracancerous tissues compared with NPC tissues
(Fig. 1A); whereas the mRNA and protein expression levels of
ZEB2 exhibited the opposite trend (Fig. 1B and C), suggesting
that there was a negative association between the expression
levels of miR-30a and ZEB2 in NPC tissues.
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Figure 2. Expression level of ZEB2 is directly regulated by miR-30a. Effects of overexpression and inhibition of miR-30a on the expression level of ZEB2 in
C666-1 human nasopharyngeal carcinoma cells. (A) Expression level of miR-30a in various experimental groups, as assessed by RT-qPCR. (B) mRNA and
(C) protein expression levels of ZEB2 were determined using RT-qPCR and western blotting, respectively. (D) Direct interaction between miR-30a and ZEB2.
Dual-luciferase reporter assay was used to examine the direct interaction between ZEB2 and miR-30a. "P<0.05. RT-qPCR, reverse transcription-quantitative
polymerase chain reaction; miR-30a, microRNA-30a; Ctrl, control; miRNA, microRNA; ZEB2, zinc finger E-box binding homeobox 2; WT, wild-type; UTR,

untranslated region; Mut, mutant.

In addition, a human NPC cell line, C666-1, was used to
analyze the negative association between miR-30a and ZEB2
in NPC cells. miR-30a inhibitor or miR-30a were transfected
in the C666-1 cells. RT-qPCR results suggested that miR-30a
inhibitor decreased miR-30a expression level by >70%, and the
expression level of miR-30a following overexpression increased

by ~5-fold compared with the control group (Fig. 2A). In addi-
tion, the mRNA and protein expression levels of ZEB2 were
decreased following overexpression of miR-30a in human NPC
cells. Conversely, C666-1 cells transfected with miR-30a inhib-
itor exhibited an increased expression level of ZEB2 compared
with cells transfected with the control miRNA (Fig. 2B and C).



CHEN et al: ROLE OF miRNA-30a IN NASOPHARYNGEAL CARCINOMA

A

<o
oo

W Empty vector B

W ZEB2 vector
6 *

—

]

(]
"
[

8
o
& i
c = ™~
=] E e
7 — (=]
8 c §
x4 84 94—
)] = j=3
> a =
= x 5}
o o [
[} o >
o = £
& ]
@ o
[1'4

O miR-30a  ZEB2

o
o

Proliferation index

Day 0 Day 1 Day 2 Day 3
D 120
&
*
100 ——
=
h]
® = Ctrl
£ .
S B ZEB2 overexpression
> . .
5 = miR-30a overexpression
© . .
O m ZEB2+miR-30a overexpression
k=]
=
51 8] | 8] 5
- GO/G1: 67.54+3.66% GO/G1: 53.20+264% GO/G1: 77.8643.77% -1 GO/G1: 61.43£3.32%
o $:21.7942.54% & S:32814210% o §:15.10£1.08% 3 S:21.73£1.07%
3 G2/M: 10.6841.32% 3 G2M: 13.89#1.12% ¥ G2/M: 6.96:0.75% 3 G2/M: 10.83£0.77%
ig, =g ;&_ ;ﬁ:
8] & 2]
T LR I MR Daalpzal® 0w Crathais 1128 .
Ctrl ZEBZ overexpression miR-30a overexpression  ZEB2+miR-30a overexpression

m Ctrl

B ZEB2 overexpression

= miR-30a overexpression

W ZEB2+miR-30a overexpression

m Ctrl
B ZEB2 overexpression

= miR-30a overexpression
B ZEB2+miR-30a overexpression

1677
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ZEB2, zinc finger E-box binding homeobox; miR-30a, microRNA-30a; Ctrl, control.

The potential target genes of miR-30a were analyzed using  3'-UTRs of ZEB2 were cloned into psi-CHECK vectors, C666-1
TargetScan (Fig. 2D), suggesting that miR-30a may target the  cells were transfected, and dual-luciferase assay was performed.
3'-UTR of ZEB2 mRNA, regulating the expression level of = miR-30a repressed the luciferase activity of WT ZEB2-3-UTR
this coding gene. Therefore, wild-type (WT) and mutant (Mut)  plasmid; however, transfection with miR-30a did not affect the
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luciferase activity of Mut ZEB2-3'-UTR plasmid (Fig. 2D).
Furthermore, the inhibitory effects of miR-30a were suppressed
by miR-30a inhibitor in the WT ZEB2-3'-UTR group; however,
the luciferase activity in the Mut ZEB2-3'-UTR group was not
altered (Fig. 2D). Collectively, the present results suggested that
ZEB2 was a direct target of miR-30a.

Effects of miR-30a on the proliferative ability of NPC cells.
ZEB2 overexpression did not affect the expression level of
miR-30a; however, the expression level of ZEB2 increased. In
addition, the RT-qPCR results suggested that the expression
levels of miR-30a and ZEB2 increased following cotransfection
of miR-30a and ZEB2 in human NPC cells (Fig. 3A and B).

Furthermore, the proliferative abilities of cells in various
groups were assessed using a CCK-8 assay. The present results
suggested that the number of proliferating cells was increased
following ZEB2 overexpression. miR-30a overexpression
decreased the proliferation index of normal NPC cells and
cells overexpressing ZEB2 (Fig. 3C), consistently with the
colony formation assay results (Fig. 3D).

The effects of miR-30a and ZEB2 on the cell cycle were
further assessed using flow cytometry. miR-30a overex-
pression was identified to increase the percentage of cells
in G,/G, phase and decreased the percentage of cells in
S phase and G,/M phase in NPC cells. The opposite effect
was observed in cells overexpressing ZEB2, and the cell
cycle in ZEB2-overexpressing cells was partially reversed by
overexpression of miR-30a (Fig. 3E). Collectively, miR-30a
suppressed NPC cell proliferation by targeting ZEB2, down-
regulating its expression level.

Effect of miR-30a on NPC cell apoptosis. Cell apoptosis
was measured using Annexin V/PI staining. The number
of early-stage apoptotic cells (Annexin V-positive and
PI-negative) and late-stage apoptotic cells (Annexin V-positive
and PI-positive) was assessed by flow cytometry. The
percentage of late-stage apoptotic cells increased following
miR-30a overexpression. The increased apoptosis observed
following miR30a overexpression was reversed by ZEB2
cotransfection. Conversely, ZEB2 transfection decreased
the percentage of early-stage apoptotic cells in cells overex-
pressing miR-30a. Notably, ZEB2 overexpression decreased
the number of late-stage apoptotic cells compared with the
control group, and ZEB2 + miR-30a group exhibited an
increased number of apoptotic cells compared with cells
overexpressing ZEB2 alone (Fig. 4). Collectively, the present
data suggested that the effect of miR-30a on cell apoptosis
was dependent on ZEB2.

miR-30a inhibits NPC cell migration and invasion. The
effects of ZEB2 and miR-30a on the migratory and invasive
ability of cancer cells were analyzed using Transwell and
Matrigel assays, respectively. The present results suggested
that cell migration and invasion increased following ZEB2
overexpression. Furthermore, compared with the control
group, human NPC cells exhibited decreased migration
and invasion following miR-30a overexpression. In addi-
tion, miR-30a overexpression inhibited the effects of ZEB2
overexpression, suggesting a role for miR-30a in regu-
lating the migration and invasion of human NPC cells via
ZEB2 (Fig. 5).
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Effects of miR-30a on NPC growth in vivo. A ZEB2 overex-
pressing stable cell line, miR-30a overexpressing stable cell
line and ZEB2 + miR-30a overexpressing stable cell line
were established using retroviral infection. The expression
levels of ZEB2 and miR-30a were assessed by RT-qPCR
(Fig. 6A). The expression level of ZEB2 was suppressed by
retroviral-mediated miR-30a overexpression compared with
the control group. Following co-infection with miR-30a and
ZEB?2, the expression level of ZEB2 decreased significantly
compared with cells infected with ZEB2 alone (Fig. 6A). In
addition, the growth of cancer cells infected with various
vectors was assessed in vivo using a xenograft model. The
present results suggested that ZEB2 overexpression increased
the weight and the volume of NPC and promoted tumor
growth in vivo. Notably, tumor growth was suppressed by
miR-30a overexpression, and growth of tumors overexpressing
miR-30a was restored following concomitant overexpression

of ZEB2 (Fig. 6B). Collectively, the present results suggested
that miR-30a may exhibit the potential to suppress the growth
of NPC in vivo by inhibiting the expression level of ZEB2.

Discussion

Previous studies reported that miR-30a may have a role
in cancer development and progression (9,13,30). A recent
study suggested that miR-30a may modulate clear cell renal
cell carcinoma (ccRCC) aggressiveness via repression of
the expression level of ZEB2 (31). Chen et al (31), identi-
fied that, in ccRCC cells and tissues, the expression level of
miR-30a was decreased, and decreased expression levels of
miR-30a were associated with a poor prognosis in patients
with ccRCC. In addition, overexpression of miR-30a in
ccRCC cells was previously identified to suppress cellular
proliferation, invasion and EMT by regulating ZEB?2 in vitro



1680

MOLECULAR MEDICINE REPORTS 20: 1672-1682, 2019

A 10 ¥ 10
;

[13]
3 8 I N 8
I:IE w £
€T N - .
E = I . ® Ctrl retrovirus
o 6- 5 6 # .
ks 5 B ZEB2retrovirus
(2] w
o 2 ™ miR-30a retrovirus
E’ 4 - é 4 . .
(3 P B ZEB2+miR-30a retrovirus

0 0

4 . = 4 % ®

w

[\S]

ola ereliregssion

iR 30a overexpressmn

Tumor volume (CME)

| S ——
& 0 0

Tumor weight (g)
] w

—_—

M Ctrl retrovirus
B ZEB2 retrovirus

“ miR-30a retrovirus
m ZEB2+miR-30a retrovirus

Figure 6. Effects of miR-30a and ZEB2 on tumor growth. (A) Expression levels of ZEB2 and miR-30a were measured using reverse transcription-quantitative
polymerase chain reaction. (B) Quantification of tumor weight and volume (n=3 in each group). Scale bar, 1 cm. "P<0.05. miR-30a, microRNA-30a; Ctrl,

control; ZEB2, zinc finger E-box binding homeobox.

and in vivo, indicating that the expression level of ZEB2 was
negatively associated with miR-30a. The present results are
in line with a previous study that demonstrated the direct
association between miR-30a and ZEB2 in human breast
cancer (32). Collectively, these previous studies suggested
that miR-30a may serve a role in the regulation of cancer
progression (31,32). Wang er al (33) identified an asso-
ciation between the expression level of miR-30a and the
survival rate of patients with NPC. However, the results of
Wang et al (33) were in contrast with previous studies (31,32).
Wang et al (33) observed that the expression level of miR-30a
in NPC primary tumors was decreased compared with meta-
static tumors, and overexpression of miR-30a increased cell
metastasis and invasion in vitro and in vivo. Mechanistically,
this previous study identified that miR-30a interacted with
the 3'-UTR of E-cadherin, decreasing its expression level
and promoting epithelial-mesenchymal transition, thus
decreasing the survival rate of patients with NPC (33). The
present study aimed to investigate the functional association

between miR-30a and ZEB2 in NPC. In the present study,
miR-30a was identified to target the 3'-UTR of ZEB2, nega-
tively regulating the expression level of ZEB2 in human
NPC tissues and cells. miR-30a overexpression promoted
cell apoptosis and inhibited the proliferative, migratory and
invasive abilities of NPC cell, suggesting that miR-30a may
serve a role in the development and progression of human
NPC. Using the dual-luciferase reporter assay, the direct
interaction between miR-30a and ZEB2 was observed, and
the expression level of ZEB2 was identified to be suppressed
by miR-30a. Furthermore, functional experiments were
performed in the present study to investigate the effects of
miR-30a on cell viability. Therefore, the effects of miR-30a,
ZEB2 and miR-30a + ZEB2 overexpression on cell viability
and proliferation were examined.

Although the role of miR-30a was previously investigated,
the molecular mechanism underlying the function of miR-30a
in human NPC remains unclear. In particular, the association
between the downregulation of the expression level of miR-30a
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and the development of NPC required further investigation.
A previous study observed that the level of hypermethylation
in the promoter of certain miRNAs increased in cancer
cells, resulting in the downregulation of these miRNAs (34).
Therefore, the hypermethylation of miRNA promoters may
serve an important role in the regulation of miRNAs, thus
modulating the development and progression of cancer. Further
investigation is required to examine the association between
hypermethylation and the regulation of miR-30a expression.
Previous studies demonstrated that miR-30a may be down-
regulated by the long non-coding RNA deleted in lymphocytic
leukemia 2, which exhibited an increased expression level in
cancer cells, suggesting a possible mechanism underlying the
regulation of miR-30a in NPC (31).

Previous studies observed that miR-30a was able to
directly target multiple genes. For example, miR-30a was
significantly downregulated in human gallbladder cancer,
and E2F transcription factor 7 (E2F7) was identified to be
a target of miR-30a (35). Overexpression of miR-30a inhib-
ited the expression level of E2F7 and the re-establishment
of the expression level of E2F7 reversed the inhibitory
effects of miR-30a on cancer cell proliferation and metas-
tasis (35). Notably, miR-30a may regulate the viability
of cancer cells via multiple pathways, and the expression
levels and roles of various target genes of miR-30a may be
cancer type-specific. The present results suggested that, in
human NPC, ZEB2 and ZEB2 downstream genes may serve
an important role compared with other genes targeted by
miR-30a. Nevertheless, further studies are required to inves-
tigate multiple signaling pathways associated with miR-30a.
Understanding the important pathways and genes regulated
by miR-30a in various types of cancers may aid the develop-
ment of novel strategies to treat patients with cancer. Notably,
in the present study, the number of patients was not sufficient
to perform linear regression analysis of the expression levels
of ZEB2 and miR-30a, and an increased number of patients
is required in order to investigate the role of these two genes
in further clinical studies.

The present results suggested that ZEB2 was a target of
miR-30a in human NPC, and miR-30a negatively regulated the
expression level of ZEB2 by directly binding to its 3'-UTR.
miR-30a overexpression increased the level of apoptosis in
human NPC cells and inhibited cell proliferation, migration
and invasion in C666-1 cells by suppressing the expression
level of ZEB2. Collectively, the present results suggested that
miR-30a may have the potential to become a novel diagnostic
biomarker in human NPC, and may facilitate the development
of gene therapy strategies to treat NPC.
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