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miR-222 regulates the cell biological behavior of
oral squamous cell carcinoma by targeting PUMA
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Abstract. Previous reports have shown that low expression of
p53 upregulated modulator of apoptosis (PUMA) and abnormal
expression patterns of a number of miRNAs may be associated
with poor prognosis in various types of human malignancies.
As a member of the oncomiRs, miR-222 has been found to
be upregulated in oral squamous cell carcinoma (OSCC). We
hypothesized that there was an important relationship between
miR-222 and PUMA in OSCC based on the prediction of the
target genes of miR-222. In the present study, Pre-miR-222,
As-miR-222 and the empty vector, were used to treat OSCC
cells, respectively. Using the non-transfected cells as blank
control, the expression levels of miR-222 and the PUMA
gene were evaluated by RT-PCR and western blotting. Cell
proliferation and migration abilities were analyzed by MTT
and Transwell assays. Cell cycle distribution and apoptosis
were assessed by flow cytometry. Our results demonstrated
that, when compared with the blank control group, OSCC
cells in the Pre-miR-222 transfection group showed increased
expression of miR-222 and decreased expression of PUMA,
enhanced proliferation and invasion abilities, and decreased
apoptosis. In contrast, the above indices in the As-miR-222
transfection group confirmed the opposite results when
compared with those in the Pre-miR-222 transfection group.
In addition, no significant differences between the empty
vector transfection group and the control group were noted.
Our results suggest that miR-222 targets the expression of
PUMA in OSCC cells and affects cell growth, invasive and
apoptotic abilities. Thus, PUMA may be a possible new target
for the treatment of OSCC.

Correspondence to: Professor Dongsheng Yu, Institute of
Stomatological Research, Department of Oral and Maxillofacial
Surgery, Guanghua College of Stomatology, Sun Yat-sen University,
56 Lingyuan Road West, Guangzhou, Guangdong 510055, P.R. China
E-mail: yudsh@mail.sysu.edu.cn

“Contributed equally

Key words: oral squamous cell carcinoma, miR-222, PUMA, proli-
feration, apoptosis

Introduction

MicroRNAs (miRNAs), which play important roles in trans-
formation and carcinogenesis, are potent post-transcriptional
regulators of protein-coding genes and function as tumor
oncogenes or suppressors (1,2). As a member of the oncomiRs,
miR-222 has been reported to drive the oncogenesis of many
types of malignancies (3-5), and a recent study demonstrated
that co-suppression of miR-221/222 inhibits glioma cell
growth by targeting the 3'-untranslated region (3'UTR) of p27
mRNA in vitro and in vivo (4). However, the mode of action
of miR-222 in carcinogenesis has not been characterized, and
the mechanism of the biological function of miR-222 in oral
squamous cell carcinoma (OSCC) remains unknown.

The p53 upregulated modulator of apoptosis (PUMA),
also called Bcl-2 binding component 3 (BBC3), was newly
discovered as a target for activation by p53 in 2001 and was
found to possess a powerful pro-apoptotic effect as a member
of the Bcl-2 family (6-8). Although the specific mechanisms
for inducing apoptosis require further investigation, PUMA
is a promising new target for gene therapy as its pro-apoptotic
function has achieved favorable results (1,2,9).

Studies suggest that PUMA is a direct target of miR-222
which functions as an endogenous apoptosis regulator in
various common forms of human epithelial cancers (4,5).
However, little is known concerning the role of PUMA in the
targeted treatment of human OSCC. In the present study, we
identified miR-222 as a potent regulator of PUMA, a cell prolif-
eration inducer and tumor promoter. Inhibition of miR-222
appears to induce cell apoptosis and reduce cell growth and
directly upregulate PUMA expression by targeting the binding
sites in the 3'UTR. The results suggest that miR-222 may play
important roles in regulating the cell biological behavior of
OSCC by targeting PUMA.

Materials and methods

Cell culture and transfection. The OSCC cell lines Tca8113
and UM1 were cultured in Dulbecco's modified Eagle's
medium (DMEM) supplemented with 10% fetal bovine
serum (FBS), penicillin and streptomycin (100 pg/ml), and
incubated in a humidified 5% CO, environment at 37°C. The
2'-OMe-oligonucleotides were synthesized and purified by
high-performance liquid chromatography by GenePharma
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Co. Ltd. (Shanghai, China). The oligonucleotides were modi-
fied by 2'-OMe to obtain the following sequences: hsa-miR-222
inhibitor (As-miR-222), 5'-~ACCCAGUAGCCAGAUGUAG
CU-3"; hsa-miR-222 mimics (Pre-miR-222), the positive-sense
strand, 5'-"AGCUACAUCUGGCUACUGGGU-3', and the anti-
sense strand, 5'-CCAGUAGCCAGAUGUAGCUUU-3'; and
the empty vector, 5'-CAGUACUUUUGUGUAGUACAA-3'.
Pre-miR-222, As-miR-222 and the empty vector were
transfected using Lipofectamine™ RNAiIMAX (Invitrogen)
according to the recommended protocol, and the transfection
medium was replaced with fresh medium 4-6 h later. After
treatment for 2 days, cells were divided into 4 groups: the
control, empty vector, Pre-miR-222 and As-miR-222 which
were used for subsequent analysis.

RNA preparation and reverse transcription-polymerase chain
reaction (RT-PCR). After treatment for 48 h, Tca8113 and
UMI cells were lysed using TRIzol reagent (Invitrogen), and
total RNA was extracted using an RNeasy Mini kit according
to the manufacturer's instructions. RT-PCR was carried out
using a reverse transcription kit, and the human B-actin gene
was used as the internal control. The PUMA gene primers
were as follows: 5"“TGTCGAATAAACGCTTTACAAAC-3'
(forward) and 5'-AACGTTTGTAATGATGGCTTCTG-3'
(reverse). The P-actin primers were as follows: 5'-GGT
CGGAGTCAACGGATTTGGTCG-3' (forward) and 5'-CCT
CCGACGCCTGCTTCACCAC-3' (reverse). Relative expres-
sion levels were calculated using the 2"t method (10).

Western blot analysis. After transfection for 48 h, cells of
every group were washed with cold phosphate-buffered
saline (PBS) three times and lysed in lysis buffer. Cell lysates
were centrifuged at 14,000 x g for 20 min at 4°C, and the
protein concentration was determined using the Enhanced
BCA protein assay kit (Beyotime Institute of Biotechnology,
China) using bovine serum albumin (BSA) as the standard.
Equal amounts of crude protein were mixed with sodium
dodecyl sulphate (SDS) sample buffer and denatured and
then separated on 12% SDS-polyacrylamide gels. After elec-
trophoresis, gels were transferred to a PVDF membrane by
electroblotting. The membrane was blocked in Tris-buffered
saline (TBST) (50 mM Tris-HCI pH 7.5, 150 mM NaCl, 0.2%
Tween) containing 5% skim milk for 1 h at room temperature.
The blots were incubated with the primary antibodies against
PUMA, Bcl-2 and GAPDH overnight at 4°C and rinsed three
times with TBST. The rinsed blots were then incubated with
the secondary antibody for 1 h and washed with TBST. The
membrane was developed by enhanced chemiluminescence
and exposed to AlphaView SA for 1-15 min. The bands of the
specific proteins were quantified after normalization with the
density of GAPDH with ImageJ instrument software.

Immunofluorescence. Tca8113 and UMI cells were seeded
in 24-well plates with 12-mm-diameter coverslips. After
incubation for at least 24 h, the cells were treated with
Pre-miR-222, As-miR-222 or empty vector for the indicated
times. Subsequently, cells were washed three times with PBS
(pH 7.4), fixed in 4% formaldehyde for 20 min and permea-
bilized in 0.1% Triton X-100 for 30 min and sequentially
washed three times with PBS. The cells were then incubated
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with the indicated primary antibodies (PUMA and Bcl-2)
according to the manufacturer's instructions, and the primary
antibodies were diluted (1:250) in 1X PBS as recommended
by the manufacturer. After 18 h, cells were washed three
times with PBS and incubated for 1 h with each of the corre-
sponding secondary antibodies. Nuclei were stained with the
nuclear stain DAPI. After mounting with the coverslips on the
microscopic slides, cells were examined using laser scanning
confocal microscopy.

Cell migration assay. After transfection, OSCC cells in
DMEM/F12 medium containing 0.1% FBS were transferred to
8-um pore inserts, and then placed in companion wells which
contained DMEM/F12 medium and 10% FBS as a chemoat-
tractant. The inserts were removed after a 12-h incubation,
and the non-migrating OSCC cells on the upper surface were
harvested. Cells on the lower surface were fixed and stained
and then counted under a microscope.

Cell viability assay. The OSCC Tca8113 and UMI1 cell lines
were seeded into 96-well plates with ~4,000 cells/well. After
transfection as described above, 10 ul of 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) (5 mg/ml)
was added to each well at 12, 24, 36, 48, 60 and 72 h after
treatment and incubated for 4 h at 37°C. The supernatant was
discarded, and 100 pl of DMSO was added to each well to
dissolve the precipitate. Optical density (OD) was measured
at the wavelength of 570 nm. The data are expressed as
means + SD, derived from quintuplicate samples of at least
three independent experiments.

Apoptosis assays. Treated and untreated cells were washed
with cold PBS twice and resuspended in buffer at a concentra-
tion of 10%ml. Cells were mixed with 5 ul of FITC-conjugated
Annexin V reagent and 5 ul of propidium iodide (PI). After a
15-min incubation at room temperature in the dark, samples
were analyzed by flow cytometry.

Statistical analysis. The experimental data are presented as
means + SD from at least triplicate analyses. Statistical analyses
were performed by one-way analysis of variance (ANOVA) or
t-test using SPSS software 17.0. Statistical significance was set
at P<0.05.

Results

Expression of miR-222 and PUMA in OSCC cells. In the
transfection groups of Tca8113 and UMI cells, As-miR-222
inhibited the expression of miR-222. In order to knock down
endogenous miR-222, chemically engineered oligonucleotides
were synthesized and transfected into Tca8113 and UMI cells.
RT-PCR analysis showed that As-miR-222 efficiently and
specifically silenced endogenous miR-222. In contrast, the
expression of the PUMA gene in the As-miR-222 group
was upregulated to a greater extent when compared to the
control group. However, cells transfected with Pre-miR-222
exhibited an opposite trend of expression. No significant
differences between the empty vector transfection group
and the control group were noted. The results showed that
miR-222 was negatively correlated with PUMA expression in
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Figure 1. miR-222 regulates the expression of PUMA in Tca8113 and UMI cells. RT-PCR analysis of the expression of (A and C) miR-222 and (B and D) PUMA
in OSCC Tca8113 and UM cell lines after treatment with Pre-miR-222, As-miR-222 and empty vector. RT-PCR was performed as described in Materials and
methods. PUMA, p53 upregulated modulator of apoptosis; RT-PCR, reverse transcription-polymerase chain reaction; OSCC, oral squamous cell carcinoma.
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Figure 2. Expression of apoptotic proteins in (A and C) Tca8113 and (B and D) UMI cells following treatment with Pre-miR-222, As-miR-222 and the empty
vector. As determined by western blot assay, PUMA was observed to be overexpressed in the Tca8113 and UMI cells in the As-miR-222 group, and the
expression of PUMA in the Pre-miR-222 group was downregulated to a greater degree when compared with the other three groups. In contrast, the expression

of Bcl-2 exhibited an opposite trend when compared with the expression of PUMA. PUMA, p53 upregulated modulator of apoptosis.

the OSCC cell lines. U6 was present as a loading control in the
4 groups (Fig. 1).

Pre-miR-222 and As-miR-222 alter the expression of apoptotic
proteins (Fig. 2). The expression of apoptosis-related proteins
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Figure 3. Determination of PUMA and Bcl-2 expression in OSCC cells by immunofluorescence confocal microscopy. Tca8113 and UMI cells were stained
with CY3-conjugated PUMA and Bcl-2 antibodies (red fluorescence), and the nuclei were stained with DAPI (blue fluorescence). Images showed that PUMA
was overexpressed in the Tca8113 and UMI cells following treatment with As-miR-222. However, the expression of PUMA in the Pre-miR-222 group was
downregulated to a greater degree when compared to the other three groups. In contrast, Bcl-2 expression in the Pre-miR-222 and As-miR-222 groups exhib-
ited an opposite trend when compared with the expression of PUMA. PUMA, p53 upregulated modulator of apoptosis; OSCC, oral squamous cell carcinoma.

was measured by western blot analysis in order to detect the
molecular mechanism of the involvement of miR-222 in the
apoptosis of Tca8113 and UMI cells. A significant increase
in PUMA, one of the pro-apoptosis-related proteins, was
observed in the Tca8113 and UMI cells in the As-miR-222
group. In contrast, the expression of Bcl-2 in the As-miR-222
group was significantly downregulated when compared to
that in the control group. The data indicate that As-miR-222
induces cancer cell apoptosis through suppression of PUMA
and passivation of Bcl-2. Similarly, the Pre-miR-222 group
exhibited increased expression of Bcl-2 and decreased expres-
sion of PUMA.

Determination of the expression of PUMA and Bcl-2in Tca8113
and UM]1 cells. Since PUMA is one of the pro-apoptosis

regulators, overexpression of PUMA has been attributed to the
induction of apoptosis. Therefore, in order to determine the
expression of PUMA in human OSCC Tca8113 and UMI cells,
we performed immunofluorescence staining and examined
the cells under a laser scanning confocal microscope (Fig. 3).
Confocal images of OSCC cells after immunofluorescence
staining showed high red fluorescence of PUMA (revealed
by CY3-conjugate) in the As-miR-222 group, whereas, the
Pre-miR-222 group exhibited relatively low red fluorescence
suggesting weaker expression of PUMA. In contrast, confocal
images showed that the expression of Bcl-2 in the As-miR-222
group was significantly downregulated when compared to
that in the control group. However, in the Pre-miR-222 group
the expression of Bcl-2 was upregulated. The cell nuclei were
stained for blue fluorescence (using DAPI dye). Low expression
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Figure 4. Effect of miR-222 on the migratory ability of OSCC cells. Images of (A) Tca8113 and (B) UMI cells which were transferred to inserts following
treatment with Pre-miR-222, As-miR-222 and empty vector for migration assays. No significant difference between the empty vector transfection group
and the control group in terms of migratory ability was observed. OSCC cells in the Pre-miR-222 transfection group showed enhanced migratory ability. In
contrast, the migratory ability of the cells in the As-miR-222 transfection group exhibited an opposite trend when compared with that in the Pre-miR-222
transfection group. (C and D) Data values indicating the percentage of migratory cells are expressed as the means + SD of three different experiments. OSCC,

oral squamous cell carcinoma.

of PUMA and high expression of Bcl-2 are important charac-
teristics of various types of cancer including OSCC.

Effect of the alteration of miR-222 expression on the migra-
tory ability of OSCC cells. We examined whether an alteration
in miR-222 expression is involved in OSCC cell motility, as
cell motility plays an important role in metastasis. Cells
transfected with Pre-miR-222 or As-miR-222 migrated in a
manner which had an obvious difference to that of the control
cells (Fig. 4), indicating that alteration of miR-222 did affect
the migratory ability of the OSCC cells.

miR-222 influences cancer cell proliferation and apop-
tosis. As shown in Fig. 5, human OSCC Tca8113 and UM1
cells which were treated with As-miR-222 proliferated at a
significantly lower rate than that in the other three groups as
evaluated by MTT assay. Apoptosis assays were used to assess
whether As-miR-222 inhibits cell proliferation through the
induction of cell apoptosis. Annexin V-PI analysis showed that
the percentage of apoptotic cells was significantly increased
in the cells treated with As-miR-222 as compared to the other
three groups, suggesting that apoptosis was obviously induced

in cells which were transfected with As-miR-222 (Fig. 6). In
the Pre-miR-222 group, both Tca8113 and UM cells showed
enhanced proliferative ability and decreased apoptosis. Thus,
an alteration in miR-222 expression may affect OSCC cell
proliferation and apoptosis.

Discussion

Oral squamous cell carcinoma (OSCC) is one of the most
common types of cancer (11,12). Despite improvements in
the treatment of OSCC over the last few years, new targeted
therapies need to be developed as the survival rate of OSCC
patients in the last five years has remained poor (13,14).
Therefore, understanding the mechanisms of OSCC and iden-
tifying new therapeutic options are clinically significant. As
a new strategy, gene therapy was recently developed and has
achieved beneficial results.

MicroRNAs (miRNAs) are a class of small non-coding
RNAs that negatively regulate gene expression at the post-tran-
scriptional level through association with the 3'-untranslated
region (3'UTR) of protein-coding genes and induction of trans-
lation inhibition. They play critical roles in the control of cell
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Figure 5. miR-222 influences cancer cell growth. MTT assay showed that (A and B) Tca8113 and (C and D) UM cells treated with As-miR-222 proliferated at a
significantly lower rate than the other three treatment groups. However, cells in the Pre-miR-222 transfection group exhibited an opposite trend when compared
with those in the As-miR-222 transfection group. No significant differences between the empty vector transfection group and the control group were noted.
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Figure 6. Effect of miR-222 on the apoptosis of OSCC cells. The apoptosis rates of (A) Tca8113 and (B) UMI cells in the different treatment groups were
analyzed by flow cytometry 48 h after treatment with Pre-miR-2222, As-miR-222 and the empty vector. Annexin V-PI analysis showed that the apoptosis
index was highest in the As-miR-2222 group, which was at a significantly higher rate than the other three groups (P<0.01). Cells transfected with Pre-miR-222
presented a lower apoptosis index than the other three groups (P<0.01). OSCC, oral squamous cell carcinoma.

proliferation, differentiation, apoptosis and death (15-19) as
well as in the process of OSCC and head and neck squamous cell
carcinoma (HNSCC) (20-22). As a member of the oncomiRs,
miR-222 has a seed sequence, which is a short evolutionarily
conserved region through with miRNAs bind its target sites in

mRNA 3'UTRs, indicating an important role in coordinated
regulation and function. Some studies have reported that
miR-222 may induce cell growth and cell cycle progression
by targeting p27 and p57 (3-5,23,24). Moreover, several genes
have been found to be common targets of miR-222, such as
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p27, Bmf and PTEN (4,5,25). One study showed that miR-222
may inhibit cell apoptosis in human glioma cells by targeting
the pro-apoptotic gene, PUMA (26,27). In the present study,
we report the modulating effect of miR-222 on the pro-apop-
totic gene PUMA by directly targeting the 3'UTR of PUMA
mRNA in OSCC (Tcal8113 and UM1) cell lines. These results
may have implications in the pathogenesis of OSCC.

PUMA, which is also named Bcl-2 binding component 3
(BBC3), is a newly discovered tumor suppressor which was
induced by the p53 tumor suppressor or other apoptotic
stimuli and was found to possess a powerful pro-apoptotic
effect. PUMA belongs to the BH3-only subfamily of the Bcl-2
protein family. This gene encodes two BH3 domain-containing
proteins (PUMA-a and PUMA-f), with similar activities, and
they bind to Bcl-2 and localize to the mitochondria to induce
cytochrome c release to promote apoptosis (6,28). Similar to
all the other BH3-only proteins, PUMA promotes apoptosis
through binding to and neutralizing pro-survival members of
the Bcl-2 family (28). PUMA induces apoptosis through both
p53-dependent and non-p53-dependent pathways and these
features make PUMA a particularly potent effector of apop-
tosis. In the present study, upregulation of the pro-apoptosis
protein PUMA and downregulation of the apoptotic protein
Bcl-2 were observed following treatment with As-miR-222.
Furthermore, bioinformatics and luciferase assays showed
that miR-222 may modulate PUMA expression by directly
targeting the binding site within the 3'UTR (5). These findings
suggest that PUMA is probably directly regulated by miR-222.

The integration of various therapeutic strategies is a trend
in current gene therapy to induce synergistic effects (29,30). In
the present study, we demonstrated that PUMA gene expres-
sion in OSCC cell lines was significantly upregulated at both
the mRNA and protein levels by transfection with As-miR-222.
We also found that As-miR-222 transfection may obviously
upregulate PUMA protein expression and significantly inhibit
the growth of Tca8113 and UMI cells by reducing cell
proliferation and promoting cell apoptosis. However, cells
transfected with Pre-miR-222 exhibited an opposite trend of
expression, and no significant differences between the empty
vector transfection group and control group were noted. The
results indicate that there was a negative correlation between
the expression of PUMA and miR-222, and that the modula-
tion of miR-222 activity may regulate the expression of the
PUMA gene, thus affecting the biological behavior of OSCC
cells. PUMA is a novel target of miR-222 and may be a critical
therapeutic target for OSCC intervention.
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