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	 Background:	 MicroRNA-32 (miR-32) is dysregulated in certain human malignancies and correlates with tumor progression. 
However, its expression and function in oral squamous cell carcinoma (OSCC) remain unclear. Thus, the aim of 
this study was to explore the effects of miR-32 expression on OSCC tumorigenesis and development.

	 Material/Methods:	 Real-time quantitative PCR was applied to evaluate the expression level of miR-32 in OSCC cell lines and pri-
mary tumor tissues. The association of miR-32 expression with clinicopathological factors and prognosis was 
also analyzed. In vitro cell proliferation, apoptosis, invasion, and migration assays were executed to elucidate 
biological effects of miR-32. Western blotting and luciferase assays were performed to confirm the regulation 
of EZH2 by miR-32.

	 Results:	 Down-regulation of miR-32 was found in OSCC tissues compared with corresponding noncancerous tissues 
(P<0.001). Decreased miR-32 expression was significantly associated with advanced T classifications, positive 
N classification, advanced TNM stage, and shorter overall survival (all P<0.05). Multivariate regression analysis 
corroborated that low-level expression of miR-32 was an independent unfavorable prognostic factor for OSCC 
patients. In vitro functional assays showed that overexpression of miR-32 reduced OSCC cell proliferation, mi-
gration, and invasion, and promoted cell apoptosis. In contrast, miR-32 knock-down resulted in an increase in 
cell growth and invasiveness. Finally, we identified EZH2 as the functional downstream target of miR-32 by di-
rectly targeting the 3’-UTR of EZH2.

	 Conclusions:	 These findings indicate that miR-32 may act as a tumor suppressor in OSCC and could serve as a novel thera-
peutic agent for miR-based therapy.
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Background

Oral squamous cell carcinoma (OSCC) is the sixth most com-
mon cancer worldwide and represents about 90% of all the 
oral malignancies [1]. Despite advances in clinical and exper-
imental oncology, the prognosis of OSCC is still unfavorable 
due to its invasive nature, and the 5-year survival rates remain 
at less than 50% and have not improved in the last 3 decades 
[2]. Previous studies have demonstrated diverse genetic altera-
tions in OSCC, but the molecular mechanisms underlying OSCC 
carcinogenesis and progression are highly complex, and fur-
ther identification of new candidate molecules that take part 
in these processes is important for improving the diagnosis, 
prevention, and treatment of this disease.

MicroRNAs (miRs) are a class of short (about 22 nucleotides in 
length), endogenous, single-stranded, non-protein-coding RNAs 
that directly bind to the 3’-untranslated regions (3’-UTRs) of 
target messenger RNAs (mRNAs), leading to mRNA degrada-
tion or translational suppression [3]. Accumulating research 
suggests that miRs play essential roles in the biology of hu-
man cancers, which may provide a new and promising way 
to deal with cancer [4]. Dysregulation of miR expression has 
been frequently reported and closely associated with tumor 
initiation, promotion, and progression [5–7]. In terms of miR-
32, it is up-regulated in colorectal cancer [8], kidney cancer 
[9], prostate cancer [10], and multiple myeloma [11], and acts 
as a potential oncogene in these tumors. In contrast, miR-32 
is significantly decreased in gastric cancer and osteosarcoma 
and acts as a candidate tumor suppressor [12,13]. However, 
the biological function of miR-32 in OSCC and its clinicopath-
ologic significance remain poorly understood.

Enhancer of zeste homolog 2 (EZH2) is a member of the 
Polycomb group gene family and is involved in cell cycle reg-
ulation and carcinogenesis[14]. Sustained activation of EZH2 
can lead to abnormal proliferation and malignant transforma-
tion of cells [15]. Overexpression of EZH2 in OSCC is correlated 
with malignant potential and poor prognosis [16]. Intriguingly, 
several miRs, such as miR-101 [17], miR-144 [18], and miR-
200c [19], participate in the regulation of EZH2 activity in dif-
ferent tissues, but the potential regulatory effect of miR-32 on 
EZH2 expression in OSCC has not been confirmed.

In the present study, we focused on the expression and func-
tion of miR-32 in OSCC. We found that miR-32 was downregu-
lated in OSCC compared with corresponding noncancerous tis-
sues. Decreased miR-32 expression was significantly correlated 
with aggressive clinicopathological features and poor survival. 
In vitro functional assays demonstrated that overexpression of 
miR-32 reduced OSCC cell proliferation, migration, and inva-
sion, and promoted cell apoptosis. In contrast, miR-32 knock-
down resulted in an increase in cell growth and invasiveness. 

Finally, EZH2 was identified as a direct target of miR-32 by lu-
ciferase reporter assay. Our novel findings suggest that aber-
rant miR-32 expression contributes to OSCC development. miR-
32 may act as a novel diagnostic and prognostic marker and 
is a potential target for molecular therapy of OSCC.

Material and Methods

Patients and clinical specimens

Paired OSCC and adjacent noncancerous tissues were obtained 
from 109 pathologically confirmed primary OSCC patients at 
the Department of Oral and Maxillofacial Surgery, School and 
Hospital of Stomatology, Wenzhou Medical University, P. R. 
China between January 2006 and December 2009. These tis-
sues were flash-frozen in liquid nitrogen immediately after 
resection and stored at −80°C until use. None of the patients 
had received neoadjuvant chemo- or radio-therapy before sur-
gery. Patient characteristics are shown in Table 1. Follow-up 
information was available for all patients. Overall survival was 
defined as the time from the day of operation to death or, for 
living patients, the date of last follow-up. This study was ap-
proved by the Research Ethics Committee of our hospital, and 
written informed consent was obtained from each patient.

Cell lines and miR transfection

Four human OSCC cell lines (SCC-4, SCC-9, SCC-25, and Tca8113) 
and a human normal oral keratinocyte cell line (hNOK) were ob-
tained from the Beijing Institute for Cancer Research (Beijing, 
China) and maintained in DMEM supplemented with 10% fe-
tal bovine serum (Invitrogen, CA), 100 U/mL penicillin, and 100 
ug/ mL streptomycin. All the cells were incubated at 37°C in 
a humidified atmosphere with 5% CO2.

For RNA transfection, the cells were seeded into each well of a 
24-well plate and incubated overnight, then transfected with 
mature miR-32 mimics, miR-32 inhibitors (Anti-miR-32), or neg-
ative control (miR-NC or anti-miR-NC) (GenePharma, Shanghai, 
China) using Lipofectamine 2000 (Invitrogen, California, USA) 
in accordance with the manufacturer’s instructions.

RNA extraction and quantitative real-time PCR

Total RNA was isolated using TRIzol® reagent (Invitrogen Corp, 
Carlsbad, CA, USA) according to the manufacturer’s instruc-
tions. Reverse transcription reaction was carried out starting 
from 100 ng of total RNA using the looped primers. Real-time 
PCR was performed using the standard TaqMan MicroRNA 
assays protocol on ABI7500 real-time PCR detection system 
with cycling conditions of 95°C for 10 min, followed by 40 cy-
cles of 95°C for 15 s, 60°C for 30 s, and 74°C for 5 s. U6 small 
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nuclear RNA was used as an internal control. The threshold cy-
cle (Ct) was defined as the fractional cycle number at which the 
fluorescence passed the fixed threshold. Each sample was mea-
sured in triplicate, and the relative amount of miR-32 to U6 was 
calculated using the equation 2–DCt, where DCT=(CTmiR-32 – CTU6).

MTT assay

After transfection, OSCC cells were harvested, seeded into 96-
well culture plates at a density of 2000 cells in 200 uL/well, and 
incubated at 37˚C. At different time points (24, 48, 72, or 96 h), 
100 uL of MTT solution (0.5 mg/mL; Sigma, USA) was added to 
each well, and the plates were incubated for another 4 h. Then, 
the MTT solution was removed and 150 uL dimethyl sulfoxide 
(DMSO) was added to each well to stop the reaction. The plates 
were gently shaken on a swing bed for 10 min, and spectro-
metric 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 (PI), using the Annexin V apoptosis de-
tection kit. After incubation at room temperature in the dark 
for 15 min, the cell apoptosis was analyzed on a FACSCalibur 
(Becton, Dickinson and Company, San Jose, CA, USA).

Transwell invasion assay

The invasion assay was performed using 24-well transwell 
chambers (8 μm; Corning). After transfection, tumor cells were 
resuspended in serum-free DMEM medium and 2×105 cells 
were seeded into the upper chambers covered with 1 mg/ml 
matrigel. We added 0.5 mL DMEM containing 10% FBS to the 
bottom chambers. Following a 24-h incubation, 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 assay

Scratch migration assay was performed to observe the influence 
of miR-32 on OSCC cell migration. When the cells transfected 
with miR-32 mimics, miR-32 inhibitors, or NC were grown to 

Clinicopathological features No. of cases
miR-32 expression

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

Age

	 <60 50 	 28	 (56.0%) 	 22	 (44.0%)
0.338

	 ³60 59 	 27	 (44.8%) 	 32	 (55.2%)

Gender

	 Male 80 	 43	 (53.8%) 	 37	 (46.2%)
0.284

	 Female 29 	 12	 (41.4%) 	 17	 (58.6%)

Histology/differentiation

	 Well + moderate 75 	 34	 (46.6%) 	 39	 (53.4%)
0.310

	 Poor 34 	 21	 (58.3%) 	 15	 (41.7%)

T classification 	

	 T1 + T2 43 	 30	 (69.8%) 	 13	 (30.2%)
0.002

	 T3 + T4 66 	 25	 (37.9%) 	 41	 (62.1%)

N classification

	 Positive 42 	 14	 (33.3%) 	 28	 (66.7%)
0.006

	 Negative 67 	 41	 (61.2%) 	 26	 (38.8%)

TNM stage

	 I + II 33 	 24	 (72.7%) 	 9	 (27.3%)
0.003

	 III + IV 76 	 31	 (40.8%) 	 45	 (59.2%)

Table 1. Correlation between miR-32 expression and different clinicopathological features in oral squamous cell carcinoma.
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confluence, a scratch in the cell monolayer was made with a 
cell scratch spatula. After the cells were incubated under stan-
dard conditions for 24 h, pictures of the scratches were taken 
by using a digital camera system coupled with a microscope.

Luciferase reporter assays

The pGL3-report luciferase vector was used for the construction 
of the pGL3-EZH2 or pGL3-EZH2-mut vectors. The pGL3-EZH2-
mut vector was built with EZH2 that had undergone site-directed 
mutagenesis of the miR-32 target site using the Stratagene Quik-
Change site-directed mutagenesis kit (Stratagene, Germany). 
For the luciferase reporter assay, cells were cultured in 24-well 
plates, transfected with the plasmids and miR-32 mimics us-
ing Lipofectamine 2000. Luciferase activity was measured us-
ing the Dual Luciferase Reporter Assay System (Promega) 24 h 
after transfection. Firefly luciferase activity was normalized to 
renilla luciferase activity for each transfected well.

Western blot analysis

Protein lysates were separated by 10% SDS-polyacrylamide gel 
electrophoresis and transferred to the nitrocellulose membrane. 
After blocking, the membranes were incubated with purified 
rabbit anti-EZH2 antisera at 4°C overnight. The next day, the 
membranes were washed with PBS and then incubated with 
peroxidase-conjugated goat anti-rabbit IgG. Immunodetection 
was conducted with chemiluminescence (ECL) reagents (Pierce) 
and exposed on an X-ray film. b-actin was used as an internal 
reference for relative quantification.

Statistics

All statistical analyses were carried out using the SPSS 16.0 
software package (SPSS, Chicago, IL, USA). Data were present-
ed as mean ± standard deviation. Differences between groups 
were analyzed using the Student’s t-test or chi-square test. 
Relationships between miR-32 expression and EZH2 protein 
levels were explored by Pearson correlation analysis. Survival 
curves were constructed with the Kaplan-Meier method and 
compared by log-rank tests. To evaluate independent prognos-
tic factors associated with survival, a multivariate Cox propor-
tional hazards regression analysis was used. P<0.05 was con-
sidered to be statistically significant.

Results

Decreased expression of miR-32 in OSCC and its 
correlation with EZH2 levels

The expression levels of miR-32 in OSCC tissues and cell lines 
were detected by qRT-PCR and normalized to U6 small nuclear 

RNA. As in Figure 1A, the results showed that the expression 
levels of miR-32 were significantly lower in OSCC specimens 
(mean ±SD: 9.4±1.9) than those in the corresponding adja-
cent non-cancerous tissues (mean ±SD: 19.9±4.3; P<0.001). 
The miR-32 expression in 4 OSCC cell lines was also clearly 
downregulated (Figure 1B). Because Tca8113 cells exhibited 
the lowest miR-32 expression and SCC-4 cells expressed rela-
tively high levels of miR-32 among the 4 OSCC cell lines, these 
2 cell lines were selected for mature miR-32 mimics or miR-32 
inhibitors transfection and further studies.

EZH2 protein levels were detected by using Western blot anal-
ysis in clinical specimens and cell lines. The results showed 
that EZH2 protein levels in tumor samples were higher than 
in the adjacent normal tissues (P<0.001; Figure 1C). EZH2 lev-
els in OSCC cells were also higher than in normal oral kera-
tinocyte cells (Figure 1D). In addition, we found an obvious 
inverse correlation (R=−0.4328, P=0.0003) between EZH2 lev-
els and miR-32 expression in OSCC tumor tissues (Figure 1E).

Association of miR-32 expression with clinicopathological 
features and patient survival in OSCC

Using the median miR-32 expression in all 109 OSCC patients 
as a cutoff, the patients were divided into a high miR-32 ex-
pression group and a low miR-32 expression group. As shown 
in Table 1, miR-32 expression level was lower in samples with 
advanced T classifications (P=0.002), positive N classification 
(P=0.006), and later TNM stage (P=0.003). No significant dif-
ference was observed between miR-32 expression and patient 
age, gender, or tumor differentiation.

Kaplan-Meier analysis indicated that the survival rate of pa-
tients with high miRNA-32 expression was higher than that 
of patients with low miRNA-32 expression (P<0.001; Figure 2). 
Survival benefits were also found in those with early T clas-
sification (P=0.011), negative N classification (P=0.006), and 
early TNM stage (P<0.001; Table 2).

Multivariate Cox regression analysis enrolling the above-men-
tioned significant parameters revealed that miR-32 expres-
sion (relative risk [RR] 6.793; P=0.008), lymph node metasta-
sis (RR 4.655; P=0.019), and TNM stage (RR 8.245; P=0.005) 
were independent prognostic markers for overall survival of 
OSCC patients (Table 2).

Effects of miR-32 on the biological behaviors of OSCC cells

To selectively over-express or down-regulate miR-32, ma-
ture miR-32 mimics or miR-32 inhibitors were transfected 
into Tca8113 or SCC-4 cells. qRT-PCR analysis confirmed in-
creased miR-32 expression after miR-32 mimics transfection 
and decreased miR-32 expression following miR-32 inhibitors 
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Figure 1. �Expression of miR-32 and EZH2 in oral squamous cell carcinoma (OSCC) tissues and cell lines. (A) MiR-32 expression 
was significantly lower in OSCC tissues than in the corresponding non-cancerous tissues. MiR-32 expression levels were 
calculated by the 2–DCt method and normalized to U6 small nuclear RNA. (B) miR-32 expression was down-regulated in 
OSCC cell lines SCC-4, SCC-9, SCC-25, and Tca8113, compared to human normal oral keratinocyte cells. * p<0.05; ** p<0.01. 
(C) Relative EZH2 protein levels in OSCC and corresponding non-cancerous tissues. EZH2 protein levels were measured 
by Western blot analysis and normalized to b-actin. (D) EZH2 protein levels in OSCC cells were higher than in normal 
lung epithelial cells. (E) The inverse correlation of EZH2 protein levels with miR-32 expression was examined by Pearson 
correlation analysis.
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transfection (Figure 3A). MTT assay showed that cell prolifer-
ation was significantly impaired in Tca8113 cells transfected 
with miR-32 mimics, while proliferation of SCC-4 cells was in-
creased in miR-32 inhibitors 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 Tca8113 cells 
transfected with miR-32 mimics was significantly higher than 

the negative control group. Moreover, down-regulation of miR-
32 reduced SCC-4 cell apoptosis (Figure 3C).

Transwell invasion assay was performed to investigate whether 
miR-32 had a direct influence on OSCC cell invasion. As shown 
in Figure 3D, up-regulation of miR-32 impeded the invasion of 
Tca8113 cells compared with control. Conversely, transfection 
of SCC-4 cells with miR-32 inhibitors promoted cell invasion 
ability. Scratch migration assay also confirmed the inhibitory 
effect of miR-32 on OSCC cell migration (Figure 3E).

EZH2 is a target gene of miR-32

Using the bioinformatics software TargetScan (http://www.
targetscan.org) for target gene prediction, EZH2 was identi-
fied as 1 of the potential targets of miR-32. The predicted 
binding of miR-32 with EZH2 3’UTR is illustrated in Figure 4A. 
To further confirm that EZH2 is the direct target of miR-32 in 
OSCC, we first transfected miR-32 mimics into Tca8113 cells 
and found that miR-32 mimics significantly reduced EZH2 pro-
tein levels in these cells (Figure 4B). Then, we created pGL3-
EZH2 and pGL3-EZH2-mut plasmids. Reporter assay revealed 
that transfection of miR-32 mimics triggered a marked de-
crease of luciferase activity of pGL3-EZH2 plasmid in Tca8113 
cells, without change in luciferase activity of pGL3-EZH2-mut 
(Figure 4C). These data indicate that EZH2 is a direct target 
of miR-32 in OSCC.

Variables
Univariate log-rank test 

(p)
Cox multivariable analysis 

(P)
Relative risk 

(RR)

Age at diagnosis (years) 

	 <60 vs. ³60 0.35 — —

Gender

	 Male vs. female 0.42 — —

Histology/differentiation

	 (Well + moderate) vs. poor 0.29 — —

T classification

	 T1–2 vs. T3–4 0.011 0.086 0.872

N classification

	 Positive vs. negative 0.006 0.019 4.655

TNM stage

	 I–II vs. III–IV < 0.001 0.005 8.245

MiR-32 expression

	 High vs. low < 0.001 0.008 6.793

Table 2. Univariate and multivariate analysis of overall survival in 109 patients with oral squamous cell carcinoma.

Figure 2. �Overall survival curves for 2 groups defined by low 
and high expression of miR-32 in patients with oral 
squamous cell carcinoma. Low miR-32 expression 
levels were significantly associated with poor outcome 
(P<0.001, log-rank test).
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Discussion

Dysregulation of miRs has been demonstrated to be involved 
in tumorigenesis and progression in various types of tumors; 
however, elucidation of their potential roles in OSCC remains 
in the early stage. In the present study, the potential relation-
ship between miR-32 expression level and various clinicopath-
ological factors and postoperative survival time were analyzed. 
We confirmed miR-32 downregulation in OSCC tumor samples 
and its correlation with advanced tumor stage, lymph node in-
volvement, and shorter overall survival. Multivariate Cox haz-
ard regression analysis identified low miR-32 expression as an 
indicator of unfavorable prognosis independent of other clini-
copathological factors. In vitro functional assays demonstrated 
that modulation of miR-32 expression affected OSCC cell pro-
liferation, apoptosis, invasion, and migration. These findings 
indicate that miR-32 may participate in regulating the initia-
tion and development of OSCC, and could be useful as a di-
agnostic/prognostic biomarker and serve as a novel target for 
the gene therapy of OSCC. To the best of our knowledge, this 
is the first study to analyze the clinical significance and bio-
logical function of miR-32 in OSCC.

MiR-32, located on chromosome band Xq26.2, has been shown 
to have tumor-suppressor functions in human osteosarcoma 
and gastric cancer. Xu et al. found that miR-32 was significant-
ly down-regulated in osteosarcoma tissues, compared with the 
adjacent normal tissues. In vitro studies demonstrated that miR-
32 mimics were able to suppress, while its antisense oligonu-
cleotides promoted, the proliferation and invasion of Saos-2 
and U2OS osteosarcoma cells [13]. Zhang et al. revealed that 
up-regulation of miR-32 significantly inhibited the prolifera-
tion and decreased the migration and invasion capabilities of 
SGC7901 gastric cancer cells.

In contrast to the antitumor properties mentioned above, miR-
32 also acts as an oncogene in several cancers. MiR-32 over-
expression in colorectal carcinoma cells enhanced cell prolif-
eration, migration, and invasion, and reduced cell apoptosis 
[8]. High miR-32 levels in colorectal carcinoma patients were 
significantly associated with lymph node and distant metas-
tasis, and poor overall survival [20]. Increased miR-32 expres-
sion has also been reported in kidney cancer and prostate can-
cer [9,21], and miR-32 was shown to be androgen-regulated 
and overexpressed in castration-resistant prostate cancer [22]. 
In addition, pretreatment with anti–miR-32 oligonucleotides 

sensitized acute myelogenous leukemia (AML) cells to arabi-
nocytosine, a chemotherapeutic drug used to treat human 
AML, via induction of cell apoptosis [23]. Taken together, the 
role of miR-32 in human malignancies may be multifaceted, 
depending on the involved tissue.

It is now clear that miRs execute their oncogenic or tumor sup-
pressor functions by regulating the expression of target genes 
[24]. With regard to miR-32, several targets have been con-
firmed in recent research, including B-cell translocation gene 
2 (BTG2) [22], sex-determining region Y-box 9 protein (SOX9) 
[13], phosphatase and tensin homologue (PTEN) [8], and tumor 
necrosis factor-receptor-associated factor (TRAF) [25]. EZH2, as 
a tumor-promoting gene, has been found to be upregulated in 
different tumor types, and was identified as a target gene of a 
number of miRs. Kidani et al. corroborated high EZH2 expres-
sion in OSCC tumor tissues and cell lines [16]. Further analy-
sis indicated that up-regulation of EZH2 was significantly cor-
related with advanced tumor stage and shorter survival time. 
Zhao et al. found that knock-down of EZH2 could decrease 
the proliferation ability, induce apoptosis, and inhibit the mi-
gration of OSCC cells [26]. Using luciferase reporter assay, our 
study demonstrated that EZH2 was a direct target of miR-32 in 
OSCC. However, there is no ‘one-to-one’ connection between 
miRs and target mRNAs. An average miR can have more than 
100 targets [27]. Conversely, several miRs can converge on a 
single transcript target [28]. EZH2 is not the only miR-32 tar-
get dysregulated in OSCC. Other functional targets of miR-32 
such as PTEN and SOX9 [29,30] also modulate OSCC patho-
genesis. Therefore, the potential regulatory circuitry afforded 
by miR-32 is enormous, and the exact mechanisms by which 
miR-32 influences OSCC progression need further clarification.

Conclusions

MiR-32, down-regulated in OSCC, functions as a tumor sup-
pressor, and EZH2 is one of its downstream target genes. This 
finding helps us understand the molecular mechanism of car-
cinogenesis and also gives us a strong rationale to further in-
vestigate miR-32 as a potential treatment target for OSCC.
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