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Purpose: MicroRNA-32 (miR-32) is dysregulated in certain human malignancies and correlates 

with tumor progression. However, its expression and function in non-small cell lung cancer 

(NSCLC) remain unclear. Thus, the aim of this study was to explore the effects of miR-32 

expression on NSCLC tumorigenesis and development.

Methods: Using real-time quantitative reverse-transcription polymerase chain reaction (qRT-

PCR), we detected miR-32 expression in NSCLC cell lines and primary tumor tissues. The 

association of miR-32 expression with clinicopathological factors and prognosis was also 

analyzed. Then, the effects of miR-32 expression on the biological behavior of NSCLC cells 

were investigated. Finally, the potential regulatory effect of miR-32 on SOX9 expression was 

confirmed.

Results: miR-32 expression levels were significantly downregulated in NSCLC compared 

with the corresponding noncancerous lung tissues (P0.001). In addition, decreased miR-32 

expression was significantly associated with lymph node metastasis (P=0.002), advanced tumor/

nodes/metastasis (TNM) classification stages (P0.001), and shorter overall survival (P0.001). 

Multivariate regression analysis corroborated that downregulated miR-32 expression was an 

independent unfavorable prognostic factor for NSCLC patients. In vitro studies demonstrated 

that miR-32 overexpression reduced A549 cell proliferation, migration, and invasion, and 

promoted apoptosis. Furthermore, SOX9 was confirmed as a direct target of miR-32, using a 

luciferase reporter assay.

Conclusion: These findings indicate that miR-32 may act as a tumor suppressor in NSCLC 

and could serve as a novel therapeutic agent for miR-based therapy.
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Introduction
With approximately 1.5 million new cases diagnosed yearly, lung cancer is one of the 

most common neoplasias and the leading cause of cancer-related deaths worldwide.1 

Despite recent advances in clinical and experimental oncology, the prognosis of 

lung cancer remains unfavorable. Non-small cell lung cancer (NSCLC) accounts for 

more than 80% of all lung cancers, and its 5-year survival rate is only approximately 

15%. As in other cancers, NSCLC development is a multistep process involving the 

accumulation of genetic and epigenetic changes. Previous studies have demonstrated 

diverse genetic alterations in NSCLC; however, the molecular mechanisms underlying 

NSCLC carcinogenesis and progression are highly complex, and the further identifi-

cation of new candidate molecules that participate in these processes is important for 

improving the diagnosis, prevention, and treatment of this disease.

correspondence: Dan Zhu 
Department of respiratory Medicine, 
Jinhua Municipal central hospital, Jinhua 
321000, People’s republic of china
email manuzhudan@163.com 

Journal name: OncoTargets and Therapy
Article Designation: Original Research
Year: 2015
Volume: 8
Running head verso: Zhu et al
Running head recto: Decreased microRNA-32 in non-small cell lung cancer
DOI: http://dx.doi.org/10.2147/OTT.S72457

RETRACTED

O
nc

oT
ar

ge
ts

 a
nd

 T
he

ra
py

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OTT.S72457
mailto:manuzhudan@163.com


OncoTargets and Therapy 2015:8submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1774

Zhu et al

MicroRNAs (miRs) are a class of short (approximately 

22 nucleotides in length), endogenous, single-stranded, 

nonprotein-coding RNAs that directly bind to the 3′ 
untranslated regions (3′ UTRs) of target messenger RNAs 

(mRNAs), leading to mRNA degradation or translational 

suppression.2 miRs are involved in many different biological 

processes, including cell growth, apoptosis, development, 

differentiation, and endocrine homeostasis.3 Accumulat-

ing studies also suggest that miRs play essential roles in 

the biology of human cancers, which may provide a new 

and promising way to treat cancer.4–6 The dysregulation of 

miR expression has frequently been reported and is closely 

associated with tumor initiation, promotion, and progression. 

miR-32 has been implicated in the pathogenesis of several 

human malignancies. miR-32 expression is upregulated in 

colorectal cancer,7 kidney cancer,8 prostate cancer,9 and 

multiple myeloma,10 and acts as a potential oncogene in these 

tumors; however, miR-32 expression is also significantly 

decreased in gastric cancer and osteosarcoma, and acts as 

a candidate tumor suppressor.11,12 Notably, Yanaihara et al 

revealed miR-32 downregulation in lung cancer by miR 

microarray analysis.13 In their study, these authors detected 

the expression levels of 352 miRs in 104 pairs of lung can-

cer and normal adjacent tissue, and identified 43 miRs that 

were differentially expressed, including miR-32. However, 

the correlation between miR-32 dysregulation and the clini-

copathological characteristics of NSCLC has not yet been 

evaluated, and the biological roles of miR-32 and its direct 

functional targets in NSCLC remain poorly understood.

SOX9, which is a high-mobility-group box transcrip-

tion factor, is a key regulator of developmental processes, 

including male sex determination, chondrogenesis, neuro-

genesis, and neural crest development.14,15 Recent cogent 

evidence has provided a link between SOX9 and cancer 

development,16 and SOX9 upregulation has been reported 

in breast cancer,17 colorectal cancer,18 prostate cancer,19 and 

lung adenocarcinoma,20 where its expression correlated with 

malignancy and overall patient survival. Intriguingly, several 

miRs, including miR-124,21 miR-145,22 and miR-1247,23 par-

ticipate in the regulation of SOX9 activity in different tissues; 

however, the potential regulatory effect of miR-32 on SOX9 

expression in NSCLC has not been confirmed.

In the present study, we examined miR-32 expression in 

NSCLC tissues and cell lines, using real-time quantitative 

reverse-transcription polymerase chain reaction (qRT-PCR). 

The association of miR-32 levels with clinicopathologic 

features and prognosis was also analyzed. Furthermore,  

we investigated the effects of miR-32 expression on the 

proliferation, apoptosis, invasion, and migration of NSCLC 

cells. Finally, SOX9 was identified as a direct target of 

miR-32, using a luciferase reporter assay.

Materials and methods
Patients and clinical specimens
Paired NSCLC and adjacent noncancerous lung tissues 

(pathologically confirmed normal tissues and 2 cm away 

from the cancer tissues) were obtained from 115 patients who 

received curative resection of NSCLC at Jinhua Municipal 

Central Hospital (Jinhua, Zhejiang Province, People’s 

Republic of China) from January 2007 to December 2009. 

These tissues were flash-frozen in liquid nitrogen immedi-

ately after resection and stored at −80°C until use. None of 

the patients received neoadjuvant chemo- or radiotherapy 

before surgery. The patient characteristics are shown in 

Table 1. Follow-up information was available for all patients. 

Overall survival (OS) was defined as the time from the day 

of operation to death or, for living patients, to the date of the 

last follow-up visit. This study was approved by the Research 

Ethics Committee of our hospital, and written informed 

consent was obtained from each patient.

cell lines and mir transfection
Four NSCLC cell lines (A549, H460, 95D, and HCC827) and 

normal lung epithelial cells were purchased from American 

Type Culture Collection (ATCC) (Manassas, VA, USA) 

and maintained in Roswell Park Memorial Institute (RPMI) 

1640 medium (Invitrogen®; Life Technologies Corp, Carl-

sbad, CA, USA) supplemented with 10% heat-inactivated 

fetal bovine serum (FBS), 100 units/mL of penicillin G 

sodium, and 100 µg/mL streptomycin sulfate. All of the 

cells were incubated at 37°C in a humidified atmosphere 

with 5% CO
2
.

For RNA transfection, the cells were seeded into each 

well of 24-well plates, incubated overnight, and then trans-

fected with mature miR-32 mimics, miR-32 inhibitors (anti-

miR-32), or negative control (miR-NC or anti-miR-NC; 

GenePharma, Shanghai, People’s Republic of China) using 

Lipofectamine® 2000 (Invitrogen; Life Technologies Corp) 

according to the manufacturer’s instructions.

rna extraction and qrT-Pcr
Total RNA was isolated using TRIzol® reagent (Invitrogen; 

Life Technologies Corp) according to the manufacturer’s 

instructions. The reverse reaction was performed using 100 

ng of total RNA at the templete with looped primers. qRT-

PCR was performed using the standard TaqMan® miRNA 

RETRACTED

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2015:8 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1775

Decreased microrna-32 in non-small cell lung cancer

assay protocol on an ABI7500 Real-Time PCR System, 

with the following cycling conditions: 95°C for 10 minutes, 

followed by 40 cycles of 95°C for 15 seconds, 60°C for 30 

seconds, and 74°C for 5 seconds. U6 small nuclear RNA 

was used as an internal control. The threshold cycle (Ct) 

was defined as the fractional cycle number at which the 

fluorescence passed the fixed threshold. Each sample was 

measured in triplicate, and the relative amount of miR-32 

to U6 was calculated using the equation:

 Relative amount of miR-32 = 2−∆Ct, (1)

where 

 ∆Ct = (CtmiR-32 – CtU6). (2) 

MTT assay
After transfection, NSCLC cells were harvested, seeded into 

96-well culture plates at a density of 2,000 cells in 200 µL/well, 

and incubated at 37°C. At different time points (24, 48, 72, 

or 96 hours), 100 µL of 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) solution (0.5 mg/mL) 

(Sigma-Aldrich Corp, St Louis, MO, USA) was added to 

each well, and the plates were incubated for another 4 hours. 

Then, the MTT solution was removed, and 150 µL of dimethyl 

sulfoxide (DMSO) was added to each well to stop the reaction. 

The plates were gently shaken on a swing bed for 10 minutes, 

and spectrometric absorbance, at 490 nm, was measured using 

a microplate reader. This experiment was run in triplicate for 

each sample.

Detection of apoptosis by flow 
cytometry
Apoptosis was detected by flow cytometric analysis. Briefly, 

the cells were washed and resuspended at a concentration of 

1×106 cells/mL. Then, the cells were stained with annexin V 

and propidium iodide using an annexin V apoptosis detec-

tion kit. After incubation at room temperature in the dark for  

15 minutes, cell apoptosis was analyzed on a FACSCalibur™ 

(BD Biosciences, Franklin Lakes, NJ, USA).

Transwell® invasion assay
The invasion assay was performed using 24-well Transwell 

chambers (8 µm; Corning Inc, Corning, NY, USA). After 

Table 1 correlation between mir-32 expression and different clinicopathological features in non-small cell lung cancer

Clinicopathological features Cases, N miR-32 expression P

Low, n (%) High, n (%)

age (years)
60 58 34 (58.6%) 24 (41.4%) ns

60 57 24 (42.1%) 33 (57.9%)
sex

Male 77 40 (51.9%) 37 (48.1%) ns
Female 38 18 (47.4%) 20 (52.6%)

smoking status
smoking 68 38 (55.9%) 30 (44.1%) ns
nonsmoking 47 20 (42.6%) 27 (57.4%)

histological type
squamous cell carcinoma 40 23 (57.5%) 17 (42.5%) ns
adenocarcinoma 61 26 (42.6%) 35 (57.4%)
Others 14 9 (64.3%) 5 (35.7%)

histological grade
g1 + g2 61 27 (44.3%) 34 (55.7%) ns
g3 54 31 (57.4%) 23 (42.6%)

T classification
T1+2

77 36 (46.8%) 41 (53.2%) ns
T3 38 22 (57.9%) 16 (42.1%)

N classification
Positive 80 48 (60.0%) 32 (40.0%) 0.002
negative 35 10 (28.6%) 25 (71.4%)

TnM stage
i+ii 69 25 (36.2%) 44 (63.8%) 0.001
iii 46 33 (71.7%) 13 (28.3%)

Abbreviations: miR-32, microRNA-32; N, nodes; NS, nonsignificant; T, tumor size; TNM, tumor/nodes/metastasis.
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transfection, tumor cells were resuspended in serum-free 

RPMI-1640 medium, and 2×105 cells were seeded into 

the upper chambers, which were covered with 1 mg/mL 

Matrigel®. Then, 0.5 mL of RPMI-1640 containing 10% 

FBS was added to the bottom chambers. Following a 24-hour 

incubation, the cells on the upper surface of the membrane 

were scrubbed off, and the invaded cells were fixed with 

95% ethanol, stained with 0.1% crystal violet, and counted 

under a light microscope.

scratch migration assays
Scratch migration assays were performed to observe the 

influence of miR-32 expression on NSCLC cell migration. 

When cells transfected with miR-32 mimics, miR-32 inhibi-

tors, or negative controls were grown to confluence, the cell 

monolayer was scratched with a cell-scratch spatula. After the 

cells were incubated under standard conditions for 24 hours, 

images of the scratches were captured using a digital camera 

system coupled to a microscope.

luciferase reporter assays
The pGL3-reporter luciferase vector was used to construct the 

pGL3-SOX9 or pGL3-SOX9-mut vectors. The pGL3-SOX9-

mut vector was built with SOX9 that underwent site-directed 

mutagenesis of the miR-32 target site, using a Stratagene 

Quik-Change® Site-Directed Mutagenesis Kit (Stratagene; 

Agilent Technologies, Santa Clara, CA, USA). For the 

luciferase reporter assay, cells were cultured in 24-well 

plates and transfected with the plasmids and miR-32 mimics 

using Lipofectamine 2000. At 24 hours after transfection, 

luciferase activity was measured using the Dual Luciferase 

Reporter Assay System (Promega Corporation, Fitchburg, 

WI, USA). Firefly luciferase activity was normalized to 

Renilla luciferase activity for each transfected well.

Western blot analysis
Protein lysates were separated by 10% sodium dodecyl sulfate 

(SDS)-polyacrylamide gel electrophoresis and transferred to 

nitrocellulose membranes. After blocking, the membranes 

were incubated with purified rabbit anti-SOX9 antisera at 4°C 

overnight. The next day, the membranes were washed with 

phosphate-buffered saline (PBS) and then incubated with 

peroxidase-conjugated goat anti-rabbit IgG. Immunodetec-

tion was conducted with enhanced chemiluminescence (ECL) 

reagents (Pierce; Thermo Fisher Scientific Inc, Waltham, 

MA, USA) and exposed on an X-ray film. β-Actin was used 

as an internal reference for relative quantification.

statistics
All statistical analyses were performed using the SPSS 16.0 

software package (SPSS Inc., Chicago, IL, USA). The data 

were presented as the mean ± standard deviation (SD). Dif-

ferences between groups were analyzed using Student’s t-test 

or the chi-square test. Relations between miR-32 expression 

and SOX9 protein levels were explored by Pearson cor-

relation analysis. Survival curves were constructed using 

the Kaplan–Meier method and compared by log-rank tests. 

To evaluate independent prognostic factors associated with 

survival, a multivariate Cox proportional hazards regression 

analysis was used. P0.05 was considered significant.

Results
Decreased expression of mir-32 in 
nsclc and its correlation with sOX9 
levels
The expression levels of miR-32 in NSCLC tissues, cor-

responding noncancerous samples, human NSCLC cell 

lines A549, H460, 95D, and HCC827, and normal lung 

epithelial cells were detected by qRT-PCR and normalized 

to U6 small nuclear RNA. As shown in Figure 1A, the 

results indicated that the expression levels of miR-32 were 

significantly lower in NSCLC specimens (8.2±1.9) com-

pared with those in the corresponding adjacent noncancer-

ous tissues (19.2±4.0) (P0.001). The miR-32 expression 

levels were also clearly downregulated in the four NSCLC 

cell lines (Figure 1B). Because A549 cells exhibited the 

lowest miR-32 expression, whereas 95D cells expressed 

relatively high levels of miR-32 expression among the 

four NSCLC cell lines, these two cell lines were selected 

for mature miR-32 mimic or miR-32 inhibitor transfection 

and for further studies.

SOX9 protein levels were detected by western blot analy-

sis in clinical specimens and cell lines. The results showed 

that the SOX9 protein levels were higher in tumor samples 

than in the adjacent normal tissues (P0.001) (Figure 1C). 

SOX9 protein levels were also higher in NSCLC cells than 

in normal lung epithelial cells (Figure 1D). In addition, 

we observed an obvious inverse correlation (R=−0.4725, 

P=0.0003) between SOX9 levels and miR-32 expression in 

NSCLC tumor tissues (Figure 1E).

mir-32 expression and clinicopathologic 
features in nsclc
The associations of miR-32 expression with various clinico-

pathological parameters of NSCLC tissues are summarized 
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β

Figure 1 expression of mir-32 and sOX9 in nsclc tissues and cell lines.
Notes: (A) miR-32 expression was significantly lower in NSCLC tissues than in the corresponding noncancerous tissues. miR-32 expression levels were calculated by the 
2−∆ct method and normalized to U6 small nuclear rna. (B) mir-32 expression was downregulated in the nsclc cell lines a549, h460, 95D, and hcc827 compared with 
nlecs. (C) relative sOX9 protein levels in nsclc and corresponding non cancerous tissues. sOX9 protein levels were measured by Western blot analysis and normalized 
to β-actin. (D) sOX9 protein levels in nsclc cells were higher than in nlecs. (E) The inverse correlation of sOX9 protein levels with mir-32 expression was examined 
by Pearson correlation analysis. *P0.05; **P0.01.
Abbreviations: mir-32, microrna-32; nlecs, normal lung epithelial cells; nsclc, non-small cell lung cancer.

in Table 1. Using the median miR-32 expression in all 

115 NSCLC patients as a cutoff, the patients were divided 

into a high-miR-32-expression group and a low-miR-

32-expression group. As shown in Table 1, the miR-32 

expression levels were lower in samples with lymph node 

metastasis (P=0.002) and advanced tumor/nodes/metastasis 

(TNM) classification stage (P0.001). No significant dif-

ferences between miR-32 expression and patient age, sex, 

smoking status, cell types, tumor (T) stage, or tumor dif-

ferentiation were observed.
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Downregulation of mir-32 confers poor 
prognosis in nsclc patients
Then, we evaluated whether miR-32 expression had prog-

nostic potential for the OS of NSCLC patients. Using the 

Kaplan–Meier method and log-rank test, we found that the 

survival rate of patients with high miRNA-32 expression was 

higher than that of patients with low miRNA-32 expression 

(P0.001) (Figure 2). In addition, the survival rates was also 

higher for those patients with negative nodes (N) classification 

(P=0.022) and early TNM stages (P0.001) (Table 2).

Multivariate Cox regression analysis using the afore-

mentioned significant parameters revealed that miR-32 

expression (relative risk [RR] 7.514; P=0.015), lymph node 

metastasis (RR 5.156; P=0.032), and TNM stage (RR 9.328; 

P=0.008) were independent prognostic markers for the OS 

of NSCLC patients (Table 2).

effects of mir-32 expression on the 
biological behaviors of nsclc cells
To selectively overexpress or downregulate miR-32, mature 

miR-32 mimics or miR-32 inhibitors were transfected into 

A549 or 95D cells, respectively. qRT-PCR analysis con-

firmed increased miR-32 expression after miR-32 mimic 

transfection and decreased miR-32 expression following 

miR-32 inhibitor transfection (Figure 3A). The MTT assay 

indicated that cell proliferation was significantly impaired 

in A549 cells transfected with miR-32 mimics, whereas the 

proliferation of 95D cells increased in miR-32 inhibitor-

transfected cells compared with controls (Figure 3B).

Flow cytometry was employed to determine the effect 

of miR-32 on cell apoptosis. The proportion of apoptotic 

A549 cells transfected with miR-32 mimics was signifi-

cantly higher than that of the negative control group. More-

over, miR-32 downregulation reduced 95D cell apoptosis  

(Figure 3C).

A Transwell invasion assay was performed to inves-

tigate whether miR-32 had a direct influence on NSCLC 

cell invasion. As shown in Figure 3D, the upregulation of 

miR-32 expression impeded the invasion of A549 cells 

compared with the control. Conversely, the transfection of 

95D cells with miR-32 inhibitors promoted cell invasion. 

Figure 2 Overall survival curves for two groups defined by low and high expression 
of mir-32 in patients with non-small cell lung cancer.
Notes: Low miR-32 expression levels were significantly associated with poor 
outcomes (P0.001, log-rank test).
Abbreviation: mir-32, microrna-32.

Table 2 Univariate and multivariate analysis of overall survival in 115 patients with non-small cell lung cancer

Variables Univariate log-rank test (P) Cox multivariable analysis (P) RR

age at diagnosis (years)
60 vs 60 0.62 – –

sex
Male vs female 0.45 – –

smoking status
smoker vs never smoked 0.34 – –

histological type
squamous cell carcinoma vs others 0.58 – –

histological grade
(g1 + g2) vs g3 0.19 – –

T classification
T1+2 vs T3

0.16 – –
N classification

Positive vs negative 0.022 0.032 5.156
TnM stage

i–ii vs iii 0.001 0.008 9.328
mir-32 expression

high vs low 0.001 0.015 7.514

Abbreviations: mir-32, microrna-32; n, nodes; rr, relative risk; T, tumor size; TNM, tumor/nodes/metastasis.

RETRACTED

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2015:8 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1779

Decreased microrna-32 in non-small cell lung cancer

Figure 3 (Continued)
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Figure 3 effects of mir-32 mimic or inhibitor transfection on the biological behaviors of a549 and 95D cells.
Notes: (A) qRT-PCR analysis confirmed increased miR-32 expression in A549 cells transfected with miR-32 mimics and decreased miR-32 expression in 95D cells transfected 
with mir-32 inhibitors. U6 rna was used as an internal control. **P0.01; ***P0.001. (B) an MTT assay showed that mir-32 expression reduced cell proliferation in vitro. 
The data represent the mean ± sD of the experiments performed in triplicate. **P0.01. (C) Cell apoptosis was detected by flow cytometric analysis after transfection with 
mir-32 mimics, mir-32 inhibitors, or a negative control. (D) a Transwell® invasion assay demonstrated that the up-regulation of mir-32 expression impeded the invasion of a549 
cells, whereas the transfection of 95D cells with mir-32 inhibitors promoted cell invasion. (E) A scratch migration assay confirmed the inhibitory effect of miR-32 on NSCLC 
cell migration. **P0.01.
Abbreviations: mir-32, microrna-32; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium; nsclc, non-small cell lung cancer; qrT-Pcr, quantitative reverse-
transcription polymerase chain reaction; sD, standard deviation; OD, optical density; nc, negative control.

The scratch migration assay also confirmed the inhibitory 

effect of miR-32 expression on NSCLC cell migration 

(Figure 3E).

SOX9 is the target gene of mir-32
Using the bioinformatics software miRWalk for target gene 

prediction, SOX9 was identified as a potential target of 

miR-32. The predicted binding of miR-32 with the SOX9 

3′ UTR is illustrated in Figure 4A. To further confirm that 

SOX9 is a direct target of miR-32 in NSCLC, first, we 

transfected miR-32 mimics into A549 cells and found that 

miR-32 mimics significantly reduced SOX9 protein levels in 

these cells (Figure 4B). Then, we created pGL3-SOX9 and 

pGL3-SOX9-mut plasmids. The results of the reporter assay 

revealed that the transfection of miR-32 mimics triggered a 

marked decrease in the luciferase activity of the pGL3-SOX9 

plasmid in A549 cells, without changing the luciferase activ-

ity of pGL3-SOX9-mut (Figure 4C). These data indicated 

that SOX9 was a direct target of miR-32 in NSCLC.

Discussion
The dysregulation of miRs is involved in the tumorigenesis 

and progression of various types of tumors; however, their 

potential roles in NSCLC remain unclear. In the present 

study, we found that miR-32 was downregulated in NSCLC 

cell lines and in primary tumor samples. Decreased miR-32 

expression significantly correlated with aggressive clinico-

pathological features and poor OS. Moreover, in vitro func-

tional assays demonstrated that the modulation of miR-32 

expression affected NSCLC cell proliferation, apoptosis, 

invasion, and migration. Finally, SOX9 was identified as a 

direct target of miR-32. To our knowledge, this study is the 

first to analyze the clinical significance and biological func-

tion of miR-32 in NSCLC.

The tumor-suppressor functions of miR-32, which is 

on chromosome band Xq26.2, have been shown in human 

osteosarcoma and gastric cancer. Xu et al found that 

miR-32 was significantly downregulated in osteosarcoma 

tissues compared with the adjacent normal tissues. In vitro 
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Figure 4 sOX9 is a direct target of mir-32.
Notes: (A) mir-32-binding sites in the sOX9 3′ UTr region. sOX9-mut indicates the sOX9 3′ UTr with mutations in mir-32-binding sites. (B) Western blotting showed 
that the transfection of mir-32 decreased sOX9 protein expression. (C) relative luciferase assay comparing the pgl3-sOX9 and pgl3-sOX9-mut vectors in a549 cells. 
Firefly luciferase activity was normalized to Renilla luciferase activity. *P0.05.
Abbreviations: mir-32, microrna-32; UTr, untranslated region; WT, wild-type.

studies demonstrated that miR-32 mimics suppressed pro-

liferation and invasion, whereas its antisense oligonucle-

otides promoted the proliferation and invasion of Saos-2 

and U2OS osteosarcoma cells.12 Zhang et al revealed 

that the upregulation of miR-32 expression significantly 

inhibited the proliferation capabilities and decreased the 

migration and invasion capabilities of SGC-7901 gastric 

cancer cells.11

In contrast to the aforementioned antitumor properties, 

miR-32 also acts as an oncogene in several cancers. miR-32 

overexpression in colorectal carcinoma cells enhanced cell pro-

liferation, migration, and invasion, and reduced cell apoptosis.7 

High miR-32 levels in colorectal carcinoma patients were sig-

nificantly associated with lymph-node and distant metastasis, 

as well as with poor OS.24 Increased miR-32 expression has 

also been reported in kidney cancer and prostate cancer,8,25 

and miR-32 was shown to be androgen-regulated and over-

expressed in castration-resistant prostate cancer.26 In addition, 

pretreatment with anti-miR-32 oligonucleotides sensitized 

acute myelogenous leukemia (AML) cells to arabinocytosine, 

a chemotherapeutic drug used to treat human AML, via the 

induction of cell apoptosis.27 Taken together, these findings 

indicate that the role of miR-32 in human malignancies may 

be multifaceted, depending on the involved tissue.

miRs clearly execute their oncogenic or tumor suppressor 

functions by regulating the expression of target genes.28 Sev-

eral targets of miR-32 have been confirmed in recent research, 

including B-cell translocation gene 2 (BTG2),26 phosphatase 

and tensin homolog (PTEN),7 and tumor necrosis factor 

receptor-associated factor (TRAF).29 SOX9, which is a tumor-

promoting gene that is upregulated in various tumor types, 

has been identified as a target gene of several miRs. Zhou 

et al corroborated high SOX9 expression in both NSCLC 

tumor tissues and cell lines.30 Further analysis indicated that 

the upregulation of SOX9 expression significantly correlated 

with advanced tumor stages and shorter OS times. Using a 

luciferase reporter assay, our study demonstrated that SOX9 

is a direct target of miR-32 in NSCLC. However, a “one to 
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one” connection between miRs and target mRNAs does not 

exist, as an average miR can have more than 100 targets.31 

Conversely, several miRs can converge on a single transcript 

target.32 SOX9 is not the only miR-32 target dysregulated in 

NSCLC. Other functional targets of miR-32, such as PTEN 

and TRAF,33,34 also modulate NSCLC pathogenesis. There-

fore, the potential regulatory circuitry afforded by miR-32 is 

enormous, and the actual mechanisms by which miR-32 influ-

ences NSCLC progression require further clarification.

In summary, our study revealed that the expression level of 

miR-32 significantly decreased in NSCLC and was associated 

with tumor development. Low miR-32 expression may imply 

a poor prognosis. The antitumor effects of miR-32 were also 

observed in the functional analysis, and SOX9 was confirmed 

as a direct target of miR-32. These findings suggest that miR-32 

may act as a tumor suppressor in NSCLC and could be a poten-

tial candidate for miR-based therapy against NSCLC.
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