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MicroRNA-545 targets ZEB2 to inhibit the development
of non-small cell lung cancer by inactivating
Whnt/f-catenin pathway
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Abstract. The specific function of microRNA-545 (miR-545)
has been reported to regulate the development of human
cancers. However, the effect of miR-545 is still unclear in
non-small cell lung cancer (NSCLC). Hence, this study
explored the molecular mechanism of miR-545 in NSCLC.
The expression levels of miR-545 and ZEB2 were measured
through reverse transcription-quantitative polymerase
chain reaction (RT-qPCR) assay. The protein expression
was detected by western blotting. Dual luciferase assay
was applied to evaluate the relationship between miR-545
and zinc finger E-box-binding homeobox 2 (ZEB2). MTT
and Transwell assays were used to investigate the function
of miR-545 in NSCLC. The expression of miR-545 was
decreased in NSCLC tissues. The overexpression of miR-545
suppressed the migration, invasion and proliferation of
NSCLC cells. Furthermore, ZEB2 was a direct target gene of
miR-545. The knockout of ZEB2 suppressed the development
of NSCLC. miR-545 inhibited the progression of NSCLC
through targeting ZEB2. Moreover, miR-545 repressed the
development of NSCLC via blocking EMT and Wnt/B-catenin
pathway. In conclusion, miR-545 inhibited the progression
of NSCLC through targeting ZEB2 and blocking EMT and
Wnt/p-catenin pathway.
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Introduction

With the increase of aging population, the acceleration of
industrialization, and the intensification of environmental
pollution, the incidence and mortality of lung cancer has
increased rapidly (1). Lung cancer has become one of the
most rapidly increasing cancers in China, and will be the
leading cause of death for a long time (2). Therefore, the
prevention and early detection of lung cancer is expected
to become one of the key points of tumor control in China.
Moreover, non-small cell lung cancer (NSCLC) accounts
for approximately 84% of all lung cancers, which can be
transferred to the whole body through lymphoids and blood.
NSCLC is metastatic but not infectious (3). It should be
emphasized that the clinical staging before the treatment
of NSCLC is crucial. Accurate clinical staging is not
only helpful for doctors to make scientific and reasonable
treatment program for patients with NSCLC, but also can
better help doctors to judge the prognosis of NSCLC and
modify the auxiliary treatment strategies after surgery (4).
However, there is a great disparity in clinical diagnosis and
treatment due to the non-standard diagnosis and treatment
of NSCLC.

Carcinogenesis of NSCLC involves in multistep process
which is regulated by activating oncogenes or inactivating
tumor-suppressing genes (5). Recently, several microRNAs
(miRNAs) have been reported to participate in tumorigenesis
of NSCLC which play a carcinogenic or suppressive role in the
progression of NSCLC. For example, miR-520a inhibited cell
growth and metastasis of NSCLC through PI3K/AKT/mTOR
signaling pathway (6). On the contrary, miR-96 promoted
invasion and metastasis by targeting GPC3 in NSCLC
cells (7). The function of microRNA-545 (miR-545)in human
disease and cancers has drawn increased attention. The
downregulation of miR-545 has been identified in pancre-
atic ductal adenocarcinoma which inhibited tumor growth
through targeting RIGI (8). In addition, miR-545 can be used
as an early biomarker of Alzheimer's disease (9). Moreover,
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a previous study reported the role of miR-545 in lung cancer.
miR-545 arrested cell cycle and induced cell apoptosis in lung
cancer through regulating cyclin D1 and CDK4 (10). However,
the effect of miR-545 on the development of NSCLC is still
unknown.

Zinc finger E-box-binding homeobox 2 (ZEB2) has been
found to participate in pathogenesis of human cancers (11).
ZEB2 has been documented to be correlated with metas-
tasis and invasion in several types of malignant tumors.
Chua et al (12) demonstrated that ZEB2 repressed E-cadherin
expression and enhanced epithelial to mesenchymal transi-
tion (EMT) of mammary epithelial cells. Furthermore,
miR-132 suppressed the migration and invasion of lung cancer
cells via targeting the EMT regulator ZEB2 (13). However, the
relationship of miR-545 with ZEB?2 still needs to be investi-
gated in NSCLC. ZEB2 has been revealed to be involved in the
Wnt/B-catenin pathway to regulate the development of gastric
adenocarcinoma (14). In lung cancer, miR-130b targeted PTEN
to induce resistance to cisplatin by activating Wnt/B-catenin
pathway (15). However, no interaction between ZEB2 and
Wnt/B-catenin pathway in NSCLC has been proposed.

The main objective of this research was to observe the
aberrant expression, as well as the function of miR-545 in the
progression of NSCLC with the aim to provide a theoretical
basis for illuminating the regulatory mechanism of miR-545
in NSCLC.

Patients and methods

Clinical tissues. In total, 84 human NSCLC tissues and adja-
cent normal lung tissues were acquired from the The Third
People's Hospital of Qingdao (Qingdao, China). The patients
with NSCLC did not receive any treatment before the opera-
tion. The tissues were frozen in liquid nitrogen and then stored
at -80°C in a refrigerator. All the patients provided informed
consent and this experiment was approved by the Institutional
Ethics Committee of The Third People's Hospital of Qingdao.

Cell culture. H522 [cat.no.ZK156 (XR)], A549 [cat.no ZK(0930
(XR)], H650 [cat. n0.ZK1573(XR)] cell lines and human
normal bronchial epithelial cells (HBECs) (ZKCC-X2676)
were used for this experiment. The cell lines were acquired
from Shanghai Maisha Biotechnology. The cells were seeded
in DMEM medium with 10% fetal bovine serum (FBS) and
cultured at 37°C with 5% CO,.

Cell transfection. The miR-545 mimics or inhibitor and nega-
tive control (NC) were obtained from RiboBio. ZEB2 siRNA
or negative control siRNA was purchased from Genechem.
They were transferred into A549 cells respectively by using
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) based on the manufacturer's protocol.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-qgPCR). TRIzol reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) was applied to extract total RNA in NSCLC.
The synthesis of cDNA was performed using RevertAid First
Strand cDNA kit (cat. no. K1622; Thermo Fisher Scientific,
Inc.). RT-qPCR was conducted using SYBR-Green Reagent
(cat. no. 4385612; Thermo Fisher Scientific, Inc.) on 7500
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Fast Real-Time PCR system (Thermo Fisher Scientific, Inc.).
The thermocycling parameters were as follows: 95°C for
3 min and 38 cycles of 95°C for 15 sec followed by 60°C for
30 sec The temperature conditions of the reverse transcrip-
tion were as follows: 37°C for 15 min and 85°C for 5 sec.
U6 or GAPDH was used as internal control for miR-545
or ZEB2. Their expression levels were calculated using the
2-44¢d method (16).

Western blot analysis. The protein samples were obtained using
RIPA lysis buffer. Protein determination method was calcu-
lated using bicinchoninic acid (BCA). Then equal amounts of
proteins (30 ug) were separated through a 10% SDS-PAGE
and transferred into a polyvinylidene difluoride (PVDF)
membrane (Thermo Fisher Scientific, Inc.). Then, the
membranes were blocked with 5% non-fat milk for 1 h at room
temperature. Next the membranes were incubated overnight at
4°C with EMT markers [(E-cadherin (rabbit monoclonal anti-
body; dilution, 1:1,000; cat. no. abl416; Abcam), N-cadherin
(rabbit polyclonal antibody; dilution, 1:1,000; cat. no. 18203;
Abcam), vimentin (rabbit polyclonal antibody; dilution,
1:1,000; cat. no. 137321; Abcam), Wnt/B-catenin pathway
markers (f3-catenin), rabbit polyclonal antibody; dilution,
1:1,000; cat. no. 6302; Abcam), ZEB2 (rabbit polyclonal anti-
body; dilution, 1:1,000; cat. no. 138222; Abcam)] and GAPDH
primary, rabbit monoclonal antibodies (dilution, 1:1,000;
cat. no. ab181602; Abcam). After washing, they were incubated
with the corresponding secondary mouse anti-rabbit (dilution,
1:2,000; cat. no. 3678; Abcam) or goat anti-mouse (dilution,
1:2,000; cat. no. 58802; Abcam) antibodies conjugated with
horseradish peroxidase (Cell Signaling Technology, Inc.) for
2 h at room temperature. Then, protein expression levels were
measured by ECL (Pierce; Thermo Fisher Scientific, Inc.).

MTT assay. MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide) assay was used to assess cell viability.
The 5x10* A549 cells with transfection were incubated in a
96-well plate at 37°C for 48 h. Next, the cells were incubated at
37°C in a serum-free medium with 20 ¢l MTT for 4 h. Finally,
they were dissolved in 100 ul of dimethyl sulfoxide after
removing the supernatant and absorbance was read at 490 nm
on a microplate spectrophotometer (Thermo Labsystems).

Transwell assay. Transwell chambers (8§ pm pore size;
Millipore) were applied to evaluate the migratory and
invasive ability of A549 cells in 24-well plates. A549 cells
(3x10%) without serum were put in the upper chamber on the
non-coated membrane, and the lower chamber was filled with
10% FBS to induce A549 cells to migrate or invade through
the membrane. The cells were put in the upper chamber with
100 pl Matrigel (dilution, 1:8 in DMEM medium) for inva-
sion assay. The cells on the lower surface of the membrane
were fixed with 4% paraformaldehyde, stained with 1%
crystal violet (Solarbio) for 5 min and subsequently counted
in 3 randomly selected fields under an inverted microscope
(Leica Microsystems GmbH) at magnification x200.

Dual luciferase assay. The wild or mutant type of 3'-UTR of
ZEB2 was inserted into pcDNA3.1 plasmid vector (Promega
Corporation) to perform luciferase reporter experiments. Then,
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Table I. Relationship of miR-545 expression and their clinico-
pathological characteristics of NSCLC patients.

miR-545
Characteristics Cases High Low  P-value
Age (years) 0.072
=60 54 20 34
<60 30 12 18
Sex 0.21
Male 50 21 29
Female 34 16 18
Tumor size (mm) 0.144
<3 48 22 26
>3 36 15 21
Lymph node metastasis 0.016*
Yes 19 7 12
No 65 25 40
Tumor stage 0.02*
I-I 60 24 36
I-1v 24 10 14

Statistical analyses were performed by the %> test. “P<0.05 was con-
sidered statistically significant. miR-545, microRNA-545; NSCLC,
non-small cell lung cancer.

wild or mutant type of 3'-UTR of ZEB2 and miR-545 mimic
were transfected into A549 cells. Subsequently, the luciferase
activity was measured through dual luciferase assay system
(Promega Corporation).

Statistical analysis. The data are shown as mean + SD. SPSS
19.0 or Graphpad Prism 6 (GraphPad Software, Inc.) was
employed to analyze these data. The difference between the
groups was calculated through one-way ANOVA followed
by the Bonferroni post hoc test. The correlation of miR-545
with clinicopathological characteristics of NSCLC was calcu-
lated through the Chi-squared test. The overall survival rates
and survival differences were detected through univariate
Kaplan-Meier method followed by log-rank test. P<0.05 was
considered to indicate a statistically significant difference.

Results

Expression of miR-545 is decreased in NSCLC tissues.
Alteration of miR-545 expression was examined in NSCLC
tissues by RT-qPCR assay. miR-545 was found to be down-
regulated in NSCLC tissues in comparison with the normal
tissues (P<0.01, Fig. 1A). Moreover, the close association
between the decreased expression of miR-545 and lymph node
metastasis (P=0.016) or tumor stage (P=0.02) was identified in
NSCLC patients (Table I). Low miR-545 expression predicted
worse prognosis and was associated with shorter overall
survival of NSCLC patients (P=0.044, Fig. 1B). Thus, it was
implied that miR-545 was involved in the tumorigenesis and
prognosis of NSCLC.
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Figure 1. Expression of miR-545 is decreased in NSCLC tissues. (A) The
expression levels of miR-545 in NSCLC tissues. (B) The low miR-545
expression was associated with shorter overall survival of NSCLC patients.
“P<0.05, ""P<0.01. miR-545, microRNA-545; NSCLC, non-small cell lung
cancer. NC, negative control.

Overexpression of miR-545 inhibits progression of NSCLC.
The expression levels of miR-545 were observed in H522,
A549, H650 and HBECs cell lines. Decreased miR-545
expression was identified in H522, A549 and H650 cell lines
compared with HBEC cells (P<0.05 or 0.01, Fig. 2A). In order
to investigate the function of miR-545 in NSCLC, A549 cells
were transfected with miR-545 mimics or inhibitor. The
RT-qPCR assay showed that miR-545 expression level was
enhanced by miR-545 mimics and inhibited by miR-545
inhibitor (P<0.01, Fig. 2B). MTT assay suggested that upregu-
lation of miR-545 inhibits the proliferation of A549 cells
(P<0.01, Fig. 2C), whereas, cell proliferation was promoted
by the knockout of miR-545 in NSCLC (P<0.05, Fig. 2D).
Similarly, cell migration was also suppressed by upregulation
of miR-545 and promoted by the knockout of miR-545 in
AS549 cells (P<0.01, Fig. 2E). Cell invasion in A549 cells was
also identified with similar results (P<0.01, Fig. 2F). These
results indicate that miR-545 plays a suppressive role in the
progression of NSCLC.

ZEB?2 is a direct target gene of miR-545. Furthermore,
miR-545 was predicted to have binding sites with the 3'-UTR
of ZEB?2 in the database of TargetScan (http://www.targetscan.
org/) (Fig. 3A). Then luciferase reporter assay was performed
to confirm the above prediction. As expected, the luciferase
activity of Wt-ZEB2 was obviously inhibited by miR-545
mimics (P<0.01, Fig. 3B). However, the luciferase activity of
Mut-ZEB2 was not affected by miR-545 mimics. Moreover,
the negative association between miR-545 and ZEB2 was
detected in NSCLC tissues (P<0.0001, R?=0.826; Fig. 3C).
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Figure 2. Overexpression of miR-545 inhibits the progression of NSCLC. (A) The expression of miR-545 in H522, A549, H650 and HBECs cell lines.
(B) The expression of miR-545 was examined in A549 cells with miR-545 mimics or inhibitor. (C and D) Cell proliferation was measured in cells containing
miR-545 mimics or inhibitor. (E and F) Cell migration and invasion analysis in cells containing miR-545 mimics or inhibitor. “P<0.05, “P<0.01. miR-545,
microRNA-545; NSCLC, non-small cell lung cancer; NC, negative control.
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Figure 4. Knockout of ZEB2 suppresses the development of NSCLC. (A) The expression levels of ZEB2 in NSCLC tissues. (B) ZEB2 expression in H522,
A549, H650 and HBECs cell lines. (C) The expression of ZEB2 was examined in A549 cells with ZEB2 siRNA. (D) Cell proliferation was measured in cells
containing ZEB2 siRNA. (E and F) Migration and invasion analysis in cells containing ZEB2 siRNA. "P<0.05, “P<0.01. ZEB2, zinc finger E-box-binding

homeobox 2; NSCLC, non-small cell lung cancer; NC, negative control.

To further confirm their relationship, ZEB2 expression was
examined in A549 cells with miR-545 mimics or inhibitor.
Consistently, the expression level of ZEB2 was declined by
miR-545 mimics (P<0.05, Fig. 3D) and was enhanced by
miR-545 inhibitor (P<0.01, Fig. 3E). These results confirmed
that miR-495 directly targeted ZEB2 and had negative asso-
ciation with ZEB2 expression in NSCLC tissues.

The knockout of ZEB2 suppresses the development of NSCLC.
Subsequently, the expression of ZEB2 was identified in NSCLC
tissues and cell lines. We found that ZEB2 was upregulated
in NSCLC tissues in contrast to the normal tissues (P<0.01,
Fig. 4A). Increased ZEB2 expression was also identified in

H522, A549 and H650 cell lines compared with HBECs cells
(P<0.05 or 0.01, Fig. 4B). ZEB2 siRNA was transfected into
AS549 cells to investigate its role in NSCLC. The expression
of ZEB2 was significantly declined by ZEB2 siRNA (P<0.01,
Fig. 4C). Furthermore, knockout of ZEB2 suppressed the
proliferation of A549 cells (P<0.01, Fig. 4D). Moreover, cell
migration and invasion were also found to be inhibited by
ZEB2 siRNA (P<0.01, Fig. 4E and F). These findings revealed
that ZEB2 had carcinogenic effect on NSCLC.

miR-545 inhibits progression of NSCLC through targeting
ZEB?2. miR-545 mimics and ZEB2 vector were co-transfected
into A549 cells to evaluate their interaction. It was found
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Figure 5. miR-545 inhibits progression of NSCLC through targeting ZEB2. (A) The expression of ZEB2 was measured in A549 cells with ZEB2 vector
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finger E-box-binding homeobox 2.

that the decreased ZEB2 expression induced by miR-545
mimics was restored by ZEB2 vector in A549 cells (P<0.01,
Fig. 5A). Similarly, the inhibitory effect of miR-545 for cell
proliferation was impaired by ZEB2 vector (P<0.01, Fig. 5B).
Moreover, the diminished role of miR-545 for cell migration
and invasion was also impeded by ZEB2 vector in NSCLC
(P<0.01, Fig. 5C and D). Collectively, miR-545 inhibited the
progression of NSCLC through targeting ZEB2.

miR-545 blocks EMT and Wnt/f3-catenin pathway in NSCLC.
In order to further confirm the effect of miR-545 on cell
survival and metastasis, EMT and Wnt/B-catenin pathway
was investigated in NSCLC. It was found that the expression
levels of N-cadherin and vimentin were inhibited by overex-
pression of miR-545 which promoted E-cadherin expression in
A549 cells (Fig. 6). Whereas, the knockout of miR-545 had oppo-
site effect on the expression levels of the three markers (Fig. 6).
The results suggested that miR-545 inhibited the metastasis of
NSCLC cells through blocking EMT. Moreover, expression of
[B-catenin involved in Wnt/p-catenin pathway was also inhib-
ited by overexpression of miR-545 (Fig. 6), while the knockout

E-cadherin
N-cadherin
Vimentin
B-catenin

GAPDH

Figure 6. miR-545 blocks EMT and Wnt/f-catenin pathway in NSCLC.
Western blot analysis of E-cadherin, N-cadherin, vimentin, ZEB2 and
B-catenin in A549 cells contained miR-545 mimics or inhibitor. miR-545,
microRNA-545; NSCLC, non-small cell lung cancer; NC, negative control.

of miR-545 promoted [-catenin expression (Fig. 6). In total,
miR-545 repressed cell survival and metastasis through
blocking EMT and Wnt/p-catenin pathway in NSCLC.
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Discussion

Recently, exploiting and antagonizing microRNA regulation
have been reported in therapeutic and experimental applica-
tions (17). Moreover, many miRNAs have been found to
contribute or attenuate the carcinogenic effect of NSCLC,
such as miR-101 (18) and miR-4443 (19). In the current study,
we paid attention to the abnormal expression and function
of miR-545. miR-545 was identified to be downregulated
in NSCLC which was associated with worse prognosis of
NSCLC patients. Similarly, Liao et al (20) found downregula-
tion of miR-545 in Lewis lung carcinoma. In addition, miR-545
was related to poor prognosis of HCC patients shortening the
5-year overall survival (OS) (21). MTT and Transwell assays
were performed to further explore the function of miR-545 in
NSCLC. We found that overexpression of miR-545 inhibited
the proliferation, migration and invasion of NSCLC cells. A
previous study reported the tumor suppressing role of miR-545
in epithelial ovarian cancer (22). miR-545 negatively medi-
ated colorectal cancer cell proliferation through upregulating
EGFR expression (23). In the present study, miR-545 inhibited
the progression of NSCLC through targeting ZEB2.

Previous studies have implied that ZEB2 was a vital onco-
gene which contributed to the progression of multiple cancers
including NSCLC (24). Here, upregulation of ZEB2 was
identified in NSCLC and the knockout of ZEB2 suppressed
the development of NSCLC. Similar results of ZEB2 was
also detected in osteosarcoma (25). miR-200c inhibited
metastasis of NSCLC cells by targeting ZEB2 (26) which was
consistent with our findings. Additionally, ZEB2 was reported
to induce EMT via suppressing E-cadherin and promoting
tumorigenesis (27). EMT is recognized as a crucial biological
process which is related to metastasis of cancers. This study
indicates that miR-545/ZEB2 axis blocked EMT to metastasis
of NSCLC. Shi et al (28) demonstrated that downregulation
of miR-218 contributed to EMT and tumor metastasis in lung
cancer by targeting ZEB2. ZEB2 has been reported to mediate
multiple pathways regulating cell proliferation, migration,
invasion, and apoptosis in glioma, including Wnt/f-catenin
pathway (29). We also observed that miR-545/ZEB?2 blocked
Wnt/B-catenin pathway to regulate the progression of NSCLC.

Accumulated evidence demonstrate that aberrant activation
of the Wnt/B-catenin pathway could result in tumor forma-
tion (30). Previous studies demonstrated that Wnt/f-catenin
pathway was involved in pathogenesis of NSCLC (31).
Qi et al (29) revealed that downregulation of ZEB2 suppressed
cell proliferation and reduced p-catenin expression. It is well
known that (-catenin is a key regulator in Wnt/f3-catenin
pathway. In the present study, overexpression of miR-545
declined B-catenin expression and miR-545 inhibited the
development of NSCLC by targeting ZEB2 and inactivating
Whnt/B-catenin pathway. Similarly, miR-145 also inhibited
hepatic stellate cell proliferation by targeting ZEB2 through
Wnt/B-catenin pathway (32). Combined with these results, we
considered that the suppressive effect of miR-545 on the devel-
opment of NSCLC was partly exhibited through the abnormal
ZEB2 expression involved in Wnt/f3-catenin pathway.

In conclusion, downregulation of miR-545 was identified
in NSCLC which is involved in tumorigenesis and prognosis
of NSCLC. Moreover, ZEB2 was confirmed as a direct target
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gene of miR-545. miR-545 inhibited progression of NSCLC
through targeting ZEB2 and blocking EMT and Wnt/f-catenin
pathway. These results can potentially help in elucidation of
the regulatory mechanism of miR-545 in NSCLC.
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