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Introduction: Non-small cell lung cancer (NSCLC) is a common cause of deaths all over
the world. Emerging evidence has indicated that microRNA (miR) play key roles in NSCLC
progression. We aimed to determine the functions of miR-129 in NSCLC. miR-129 was
dramatically downregulated in NSCLC tissue samples and cells. The decreased miR-129 was
found to be associated with poorer prognosis and malefic phenotype of NSCLC patients. We
demonstrated that miR-129 upregulation could inhibit NSCLC cell growth. Furthermore, we
also sought the molecular mechanism by which miR-129 repressed NSCLC development.
Methods: QRT-PCR was applied to detect the expressions of miR-129 in 51 pairs of NSCLC
tissue samples. We further performed the Kaplan-Meier analysis to determine the association
between miR-129 expressions and the survival rate of NSCLC patients. We then measured the
expression levels of miR-129 in NSCLC cell lines. After that, MTT assays were performed to
determine the influence of miR-129 on A549 cell proliferation. Transwell assay was then con-
ducted to explore the biological functions of miR-129 in invasion and migration of NSCLC cells.
Results: Results showed that ZEB2 was directly targeted by miR-129 in NSCLC cell lines.
Moreover, miR-129 restoration could inhibit EMT and Wnt/B-catenin in NSCLC cell lines.
Conclusion: In short, all these results indicated that miR-129/ZEB2 axis maybe a useful
diagnostic and prognostic biomarker for NSCLC treatment.
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Introduction

Lung cancer has the highest morbidities and mortalities worldwide.' Particularly,
85% of the cases with lung cancer are non-small cell lung cancer (NSCLC), which
is the leading cause for lung cancer deaths.> Currently, surgery is the main treatment
for NSCLC, and adjuvant chemotherapy has gradually become common in patients
with proper indications post-operation.” Moreover, after surgical resections and
other interventions, the 5-year survival rate for NSCLC remains below 50%.*
NSCLC is still one of the most challenging cancers in the clinic, despite the
emergence of targeted biological agents and novel cytotoxic drugs.’ Therefore, it
is necessary to search the factors of NSCLC pathogenesis for the improvement of
clinical therapies.
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MicroRNAs (miRNAs/miRs) could regulate gene expres-
sions by targeting the 3' UTRs in different kinds of cellular
processes.’ It has been shown that miRNA plays key roles in
tumorigenesis. For example, miR-411 was found to inhibit the
malignant behaviors in colorectal carcinoma via regulation of
PIK3R3;’ dysregulation of miR-567 could contribute to carci-
nogenesis of breast cancer;® miR-544 promoted colorectal
cancer progression by targeting forkhead box O1.° Moreover,
functional research of miRNAs shows that miRNAs are almost
involved in all biological processes, such as cell metastasis,
growth, differentiation and apoptosis.'® ' Therefore, in cancer
progression, over-expressed or down-regulated miRNAs may
be potential candidates for therapeutic interventions. In addi-
tion, miRNA, which regulates the responses of tumor cells to
chemotherapy, could be inhibited or over-expressed as an
adjuvant for tumor therapy. Importantly, recent studies have
indicated the underlying significance of miR-129 in diagnosis
and prognosis predictions of NSCLC."*'* However, the
mechanism of miR-129 remains largely unknown. In the cur-
rent study, we explored the bio-functions of miR-129 in
NSCLC to identify new biomarkers for effective diagnosis
and prediction of prognosis in tumor treatments, which may
exhibit significant implications in the clinic.

Zinc finger E-box binding homeobox 2 (ZEB2) is a mem-
ber of the ZEB family of transcription factors."® Studies have
reported that ZEB2 was a regulator of epithelial-to-mesench-
ymal transition (EMT).'® In EMT, cells in epithelial pheno-
types are converted into mesenchymal phenotypes with
increased invasion and migration capacities. In this process,
mesenchymal marker is upregulated while E-cadherin marker
is downregulated.'” The overexpression of ZEB2 has been
reported in different cancer types and has been suggested as
a candidate biomarker for poor prognosis.'®'® Therefore, sup-
pressing ZEB2 activation is a promising approach for suppres-
sing cancer by inhibiting EMT. The signaling pathways
known to be activated in NSCLC included Wnt/B-catenin
signaling pathway, which regulated multiple processes
involved in tumor growth, survival, migration, differentiation,
and apoptosis.”> ** Consequently, this study investigated the
roles of miR-129 in NSCLC Wnt/B-catenin and EMT, to
provide new ideas for the efficacious developments of clinical
therapy of NSCLC.

Materials And Methods

Tissue Samples
From October 2011 to June 2012, 51 pairs of NSCLC
tissue samples and matched para-carcinoma tissue samples

were collected from the Jinan City People’s Hospital after
receiving written informed consent. All enrolled patients
underwent no prior radiation therapy or chemotherapy.
The collected tissue samples were frozen in liquid nitrogen
and reserved at —80°C. Our study gains approval from the
Ethics Committee of Jinan City People’s Hospital. All
patients provided written informed consent. This study
was conducted in accordance with the Declaration of
Helsinki.

Cell Lines

Human NSCLC cells (NCI-H460, NCI-H1299, and A549)
and normal bronchial epithelium cell line BEAS-2B were
obtained from American Type Culture Collection (ATCC).
The spcal cell line was obtained from Shanghai Sure
Shengwu Technology Co., LTD (Shanghai, China). All
the cells were maintained in RPMI-1640 (Gibco; Thermo
Fisher Scientifc, Inc., Waltham, MA, USA) including 10%
FBS (Invitrogen, Carlsbad, CA, USA) at 37°C.

Cell Transfections

MiR-129 mimics, inhibitor or negative controls (NC) used in
current study were obtained from GenePharma (Shanghai,
China). miRNAs were transfected into NSCLC cells by
Lipofectamine®™ 2000 (Invitrogen) following the manufac-
turer’s protocols.

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)

Total RNA was isolated from cells and tissues with TRIzol
(Invitrogen, Carlsbad, CA, USA), and the PrimeScript
reverse transcription reagent kit (Thermo Fisher Scientific)
was utilized for cDNAs synthesis. qPCR was conducted with
SYBR® Premix Ex Tag™ II (Takara, Dalian, China) using a
7500 Fast Real-Time PCR detection system (Thermo Fisher
Scientifc). 272" method was utilized to calculate relative
expressions. U6 and glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) were internal controls. The primer
sequences are list in Table 1.

MTT Assay

The cell proliferation ability was detected by 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT) assays. In brief, NSCLC cells with different trans-
fections (miR-129 mimics/inhibitor) were plated into 96-
well plates and incubated for 0, 24, 48, 72hrs. Then, MTT
(5 mg/mL) solution was appended into each well and
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Table | Primer Sequences For gRT-PCR

Primer Sequence

miR-129 forward
miR-129 reverse
U6 forward

U6 reverse
ZEB2 forward
ZEB2 reverse
GAPDH forward
GAPDH reverse

5-GTTGGGGAGATTTAGTTTGTT-3'
5'-CCTACTCCAATTCCCCCTATAATAC-3'
5-CTCGCTTCGGCAGCACA-3'
5-AACGCTTCACGAATTTGCGT-3'
5-CAAGAGGCGCAAACAAGCC -3
5-GGTTGGCAATACCGTCATCC-3'
5-ACCTGACCTGCCGTCTAGAA-3’
5-TCCACCACCCTGTTGCTGTA-3'

Notes: U6: small nuclear RNA, snRNA.
Abbreviations: ZEB2, zinc finger E-box binding homeobox 2; GAPDH, glyceral-
dehyde-3-phosphate dehydrogenase.

incubated for another 4hrs. After that, 150 pL dimethyl
sulfoxide (DMSO) was added. The ODg49y values were
determined by a microplate (BioTek, Winooski, VT, USA).

Transwell Assays

Transwell assay was carried out to explore the roles of
miR-129 in invasive and migratory capacities of NSCLC
cells with 8-pm pore sized transwell chamber (BD
Biosciences, San Jose, CA, USA). For invasion assay,
the upper chambers were precoated with a matrigel (BD
Biosciences). The transfected cells at 1 x 10° cells/well
resuspended in FBS-free medium were plated into the top
chamber. Medium containing 10% FBS was added to the
bottom chambers. After incubated for 48 hrs, the non-
invading or -migrating cells were scraped whereas cells
adhering to the bottom surface of the upper chamber were
fixed and stained. Finally, the results were quantified by
counting five independent visual fields under the micro-
scope (Olympus).

Western Blot

The cell lysates were prepared with radioimmunoprecipita-
tion assay (RIPA) buffer (Thermo Scientific) and a BCA
Protein Assay Kit (Pierce, Rockford, IL, USA) was used to
examine the protein concentrations. Then, the protein was
loaded on 10% SDS-PAGE for separation and then trans-
ferred onto polyvinylidene fluoride (PVDF) membranes
(Invitrogen) which were blocked with 5% skim milk in
TBST at room temperature for 2hrs. Subsequently, the
membrane was incubated overnight with primary first anti-
bodies at 4°C. After that, the membranes were then incu-
bated with HRP-labeled secondary antibody (1:3000,
Abcam) at room temperature for 2hrs. The protein band
was analyzed with ECL reagent (Beyotime). The following

primary antibodies were used: antibodies against cyclin D1
(1:1000, Abcam Cambridge, MA, USA), c-Myc (1:1000,
Abcam), B-catenin (1:1000, Abcam), p-GSK3p (1:1000,
Abcam), total GSK3B (1:1000, Abcam), E-cadherin
(1:2000, Abcam), N-cadherin (1:2000, Abcam), Vimentin
(1:1000, Abcam), ZEB2 (1:1000, Abcam) and GAPDH
(1:1000, Abcam). GAPDH was an internal reference.

Luciferase Reporter Assay

The mutant (MUT) or wild-type (WT) sequences contain-
ing the predicted target site of miR-129 in the 3'UTRs of
ZEB2 mRNA were inserted into the pmir-GLO vectors
(Promega Corporation, Madison, WI, USA). Then, 50
nM miR-129 mimics and the ZEB2 —3'UTR-MUT or
ZEB2 —3'UTR-WT were cotransfected into NSCLC cells
using Lipofectamine 2000; 5 ng of pRL-SV40 was added
per 80 ng of plasmid; 48 hrs after transfections, luciferase
activity was detected by the Dual-Luciferase Reporter
Assay system (Promega) in line with the manufacturers’
proposals.

Statistical Analysis

All data were from at least 3 independent experiments.
Statistical analysis was performed using SPSS software
version 17.0 (SPSS Inc., Chicago, IL). Differences
between two groups were analyzed by using the
Student’s ¢-test. Comparison between groups was done
using one-way ANOVA test followed by Post Hoc Test
(Least Significant Difference). The survival rate was ana-
lyzed by Kaplan—Meier analysis and log-rank test. P<0.05
was statistically significant difference.

Results
Downregulated miR-129 In NSCLC
Tissue Samples Indicated A Poor Survival

Rate

QRT-PCR was applied to detect the expressions of miR-
129 in NSCLC tissue samples. As shown in Figure 1A,
miR-129 expression in NSCLC tissues was dramatically
decreased compared to the adjacent non-tumor tissue
samples. We then explored the correlation between
miR-129 level and clinical characteristics of NSCLC
patients. As itemized in Table 2, the downregulated
miR-129 was associated with the adverse clinicopatho-
logic parameters of NSCLC patients. We further per-
formed the Kaplan—Meier analysis to determine the

association between miR-129 expressions and the
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Figure | Decreased miR-129 in NSCLC tissues indicated poor prognosis of NSCLC patients. (A) miR-129 expression in NSCLC tissues was detected by qRT-PCR. (B)
Kaplan—Meier analysis was used to detect the OS of NSCLC patients with different miR-129 expressions. **P<0.01.

Table 2 Correlation Of miR-129 Expression With The Clinicopathological Characteristics Of The NSCLC Patients

Clinicopathological Features Cases (n=51) miR-129* Expression P-Value
High (n=20) Low (n=31)

Age (years) 0.4356
>60 29 12 17
<60 22 8 14

Gender 0.4632
Male 27 9 18
Female 24 I 13

Tumor size (cm) 0.2723
25.0 25 6 19
<5.0 26 14 12

Lymph node metastasis 0.0014*
Yes 21 16 5
No 30 4 26

Histology 0.2932
Squamous cell carcinoma 26 I 15
Adenocarcinoma 25 9 16

TNM stage 0.0021*
[+l 23 17 6
n+v 28 3 25

Smoker 0.5636
Yes 27 12 15
No 24 8 16

Notes: *Statistically significant. “The mean expression level of miR-129 was used as the cutoff.

Abbreviations: NSCLC, non-small cell lung cancer; TNM, tumor-node-metastasis.

survival rate of NSCLC patients. Results indicated that
patients with low miR-129 group had a significantly
poor overall survival (OS) than those in high miR-129
group (Figure 1B).

MiR-129 Overexpression Repressed
NSCLC Cell Proliferation

We then measured the expression levels of miR-129 in
NSCLC cell lines. As expected, miR-129 was prominently
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downregulated in NSCLC cells in comparison with that in
bronchial epithelium cell (Figure 2A). The effects of miR-
129 on the biological phenotypes were investigated; 48hrs
after transfection of miR-129 mimics or inhibitors, the
transfection efficiencies in A549 cells were detected by
qRT-PCR analysis. miR-129 expression was evidently
increased by miR-129 mimics whereas decreased
by miR-129 inhibitor in A549 cells (Figure 2B and C).
After that, MTT assays were performed to determine the
influence of miR-129 on A549 cell proliferation. miR-129
overexpression significantly inhibited A549 cell prolifera-
tion (Figure 2D). On the other hand, results also shown
that A549 cell proliferation ability was dramatically pro-
moted by miR-129 inhibition (Figure 2E).

MiR-129 Upregulation Suppressed
NSCLC Cell Invasion And Migration

Transwell assay was then conducted to explore the biolo-
gical functions of miR-129 in invasion and migration of
NSCLC cells.

pressed A549 cells showed remarkably decreased invasion

Results indicated that miR-129-overex-
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and migration abilities (Figure 3A and B). In contrast, the
invasion and migration abilities were significantly pro-
moted by miR-129 inhibition in A549 cells (Figure 3C
and D). The above findings suggested that miR-129 served
as an anti-tumor miRNA in NSCLC.

ZEB2 Was A Target Of miR-129 In NSCLC Cell Lines
To investigate the potential mechanisms underlying miR-
129-induced regulation of NSCLC biology, TargetScan
was utilized to explore the targets of miR-129. ZEB2
was one candidate target of miR-129 (Figure 4A). Next,
we performed luciferase reporter assays to confirm the
above hypothesis. A549 cell lines were cotransfected
with ZEB2-3'UTR-WT or -MUT and miR-129 mimics.
As shown in Figure 4B, the luciferase activity was
significantly decreased by miR-129 mimics in the ZEB2-
3'UTR-WT group, while luciferase activity of ZEB2-
3'UTR-MUT exhibited no obvious changes. Next, the reg-
ulatory functions of miR-129 in ZEB2 expressions were
investigated. Results demonstrated that miR-129 upregula-
tion led to a prominent repression of ZEB2 expressions,
and on the other hand, transfection of miR-129 inhibitor
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Figure 2 miR-129 overexpression inhibited NSCLC cell proliferation ability. (A) miR-129 expressions were detected in human NSCLC cells (NCI-H460, NCI-H 1299, and
A549) and normal bronchial epithelium cell line BEAS-2B by qRT-PCR. (B and C) qRT-PCR showed the expression of miR-129 in A549 cell transfected with miR-129 mimic
or inhibitors. (D and E) MTT assay showed proliferation of A549 transfected with miR-129 mimic or inhibitors. *P<0.05, **P<0.01, ***P<0.001.
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Figure 3 miR-129 overexpression suppressed A549 cell migration and invasion. (A and B) The influence of miR-129 upregulation on A549 cell migration and invasion was
detected by Transwell assays. (C and D) miR-129 inhibition facilitated A549 cell migration and invasion. *P<0.05, **P<0.01.

remarkably promoted the ZEB2 expression (Figure 4C-E).
Therefore, ZEB2 was a potential target of miR-129 in
NSCLC cell lines.

MiR-129 Inhibited NSCLC Cell EMT And

Wht/B-Catenin Signaling Pathway
We then performed gRT-PCR to determine the expressions of
ZEB2 in NSCLC tissues. Results indicated that ZEB2 in

NSCLC tissues was mainly located in the nucleus

(Figure 5A). Positive rates of ZEB2 protein expressions in
adjacent normal tissue samples were evidently lower than that
in NSCLC tissue samples (Figure 5B). Subsequently, we
analyzed the influence of ZEB2 on the OS of NSCLC patients.
It was found that patients with higher ZEB2 expression level
presented lower OS than patients with lower ZEB2 expression
level (Figure 5C). Next, Western blot analysis was used to
detect the functions of miR-129 in NSCLC cell EMT and Wnt/
B-catenin. As shown in Figure 5D, miR-129 upregulation
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Figure 4 ZEB2 was directly targeted by miR-129 in NSCLC cell lines. (A) The binding sites of miR-129 on the 3'UTRs of ZEB2. (B) Luciferase reporter assays were carried
out to confirm the correlation between miR-129 and ZEB2. (C-E) The expression of ZEB2 was detected by qRT-PCR and Western blot in A549 after transfection with miR-

129 mimic or inhibitors. **P<0.01, ***P<0.001.

significantly promoted E-cadherin expression while inhibited
Vimentin and N-cadherin expressions in A549 cells, and on
the other hand, miR-129 inhibition exhibited the opposite
functions. Moreover, Western blotting results showed that
the expressions of activated B-catenin, c-Myc, cyclin D1, and
p-GSK3pB were significantly decreased by miR-129 overex-
pression and were notably increased in cells with low miR-129
expressions (Figure 5D). Findings indicated that miR-129
participated in regulating NSCLC cell EMT and Wnt/B-cate-
nin signaling pathway.

MiR-129 Inhibited NSCLC Cell
Progression Via Regulating ZEB2

Since above results have indicated ZEB2 was direct target
of miR-129 in NSCLC, ZEB2 might take part in miR-129-
mediated inhibition of NSCLC cells. Therefore, to detect

whether ZEB2 affects miR-129-induced function, we used
miR-129 mimic to over express miR-129 in A549 cells
and then transfect with ZEB2 plasmid in these cells to
reverse ZEB2 expression. The mRNA level of ZEB2 was
reduced by miR-129 mimic, and then increased after trans-
fection with ZEB2 plasmid in A549 cells (Figure 6A). As
estimated, miR-129 up-regulation inhibited NSCLC cells
proliferation, migration and invasion, and ZEB2 plasmid
evidently reversed miR-129 inhibited cell proliferation,
migration and invasion as shown in Figure 6B-D.
Overall, we deducted that ZEB2 was involved in miR-
129-mediating inhibition of NSCLC progression.

Discussion
NSCLC remains one of the main causes for cancer deaths
all around the world due to a lack of understanding about
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the mechanism of NSCLC tumorigenesis.”® Novel biomar-
kers which may effectively assess the risks of tumor
metastasis and recurrence, are worthy of exploration for
NSCLC patients. Emerging studies have confirmed the
dysregulation of miRNAs in NSCLC, indicating that aber-
rantly expressed miRNAs (or the target genes) play key
roles in NSCLC progression.** Therefore, to seek more
effective treatments; contemporary research is centralized
on mechanism of epigenetic or genetic NSCLC processes.
For instance, Liao XH et al found that miR-500a-3p sup-
pressed NSCLC cell invasion and proliferation by regulat-
ing LY6K.?® Chen Y et al reported that miR-148a served
as a prognostic factor and suppressed migration and inva-
sion through Wnt1 in NSCLC.?® Peng X et al revealed that

miR-19 promoted NSCLC cell proliferation via inhibiting
CBX7 expression.?’

Our study provided functional evidence that miR-129 was
important in NSCLC tumorigenesis. In particular, miR-129
expression was obviously decreased in NSCLC. Moreover,
low miR-129 expression was related to malignant phenotypes
and poor prognosis of patients with NSCLC. Findings also
indicated that miR-129 overexpression prominently repressed
NSCLC cell proliferation, invasion and migration capacities.
Moreover, upregulation of miR-129 repressed EMT and Wnt/
[-catenin in NSCLC cells. Additionally, miR-129 overexpres-
sion decreased the in vivo NSCLC growth. Altogether, these
results demonstrated miR-129 exerted tumor-suppressive role
in NSCLC by regulating EMT and Wnt/B-catenin.
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Figure 6 MiR-129 inhibited NSCLC proliferation, migration and invasion by targeting ZEB2. (A) RT-qPCR was used to detect ZEB2 expression after transfection with ZEB2
plasmid or miR-129 mimics. (B=D) Proliferation, migration and invasion were detected via MTT and transwell assays. *P<0.05, **P<0.01.

The dysregulation of miR-129 is frequently identified in
multiple types of human cancers, playing important roles in
tumor occurrence and development.miR-129 was involved
in the occurrence of uterine fibroid through inhibiting
TET1.2® In colorectal cancer, miR-129 enhanced chemosen-
sitivity and promoted apoptosis to 5-fluorouracil.>® miR-129
potentiated chemosensitivity and inhibited growth in neuro-
blastoma via regulation of MY010.*® miR-129 inhibited
prostate cancer development via PI3K/AKT/mTOR and
targeting ETS1.>' These findings suggested that miR-129

can be developed into an effective therapeutic target for

these types of cancer. In addition, multiple targets of miR-
129 have been validated, including CDK1 and iASPP in
Burkitt lymphoma,*? PAKS5 in hepatocellular carcinoma,*
and MAL2 in papillary thyroid carcinoma.’® These studies
suggested that miR-129 exhibited tissue-specific functions.
ZEB2 confirmed as a functional target of miR-129 in
NSCLC. Furthermore, ZEB2 was involved in miR-129-
mediating inhibition of NSCLC progression. Given the
important roles of ZEB2 in NSCLC, regulation of the
miR-129/ZEB2/Wnt/B-catenin axis is a potential novel ther-
apeutic strategy for NSCLC patients.
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Conclusion

In conclusion, miR-129 was significantly down-regulated in
NSCLC. Elevated miR-129 inhibited tumorigenesis and malig-
nant progression of NSCLC. Moreover, we confirmed that the
anti-NSCLC roles of miR-129 were regulated by ZEB2 and
Wnt/B-catenin. Therefore, our findings suggest that miR-129 is

a potential molecular target in NSCLC treatment.
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