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Abstract. Aberrant expression of miR-15a was recently 
reported in several types of cancers; however, its role in 
HPV-positive hypopharyngeal squamous cell carcinoma 
(HSCC) remains obscure. In the present study, we investigated 
the mechanism by which miR-15a induces HPV-positive 
HSCC apoptosis. Synthetic miR-15a mimics were transfected 
into FaDu cells (HPV-negative), and the miR-15a inhibitor was 
transfected into HPV-positive HSCC cells. miR-15a expres-
sion was analyzed by RT-PCR, and BCL2L2 and BCL2 were 
analyzed by western blotting. The Hochest 33342/propidium 
iodide (PI) and caspase-3/-9 assays, and Annexin V staining 
were used to assess the effect of miR-15a on apoptosis. After 
transfection, overexpression of miR-15a in the FaDu cells was 
associated with significantly decreased BCL2L2 and BCL2 
expression and a significant increase in the apoptosis rate. The 
opposite results were observed in HPV-positive HSCC, where 
downregulation of miR-15a suppressed apoptosis. These 
findings indicate that miR-15a acts as a tumor suppressor in 
HPV-positive HSCC.

Introduction

Hypopharyngeal squamous cell carcinoma (HSCC) is a 
common type of malignant tumor among head and neck 
squamous cell carcinomas (HNSCCs) (1-3). In China, the 
morbidities of lip, oropharynx, hypopharynx and larynx 
carcinomas were reported as 0.04-0.14, 1-2, 0.15-0.8 and 
3-5/100,000, respectively (4-6). Tobacco and alcohol are the 
predominant risk factors in patients with HNSCC. However, 
human papillomavirus (HPV) type 16 DNA is found in up to 
30% of these cancers, and such cases of HNSCC are often 
found in individuals without the risk factors of alcohol and 
tobacco use (7-10). HPV-positive cases of HNSCC have a much 
better disease outcome compared to HNSCC cases lacking 
HPV (11-13). Differences in microRNA (miRNA) expression 
may affect their clinical outcomes (14).

miRNAs are small, non-coding RNAs ~18-24 nucleo-
tides in length that negatively regulate gene expression at 
the post-transcriptional and/or translational level by binding 
to complimentary sequences in the 3'-untranslated regions 
(3'-UTRs) of target mRNAs (15). miRNAs regulate up to 30% 
of human protein coding genes (16) and can function as onco-
genes or tumor-suppressor genes by modulating the expression 
of their targets in many types of cancers (17).

Recent studies indicate that miR-15a is downregulated 
in chronic lymphocytic leukemia (18), prostate cancer (19), 
osteosarcoma (20), keratocystic odontogenic tumors (21) and 
breast cancer (22). Overexpression of miR-15a was found 
to downregulate BCL-2 and induce the apoptosis of MCF-7 
breast cancer cells (23). However, the mechanism by which 
miR-15a contributes to HPV-positive HSCC tumorigenesis 
remains unclear.

Our previous study (24) showed that miR-15a is highly 
expressed in HPV-positive tissues and cells. It may be speculated 
that HPV-positive tumors have a better prognosis. In the present 
study, a synthetic miR-15a inhibitor and miR-15a mimics were 
transfected into HPV-positive and HPV-negative cell lines, 
respectively, to examine the effects of miR-15a on these cells.

The aim of the present study was to investigate the 
mechanism by which miR-15a induces HPV-positive HSCC 
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apoptosis. The novel tumor-suppressive miR-15a-mediated 
cancer pathways identified herein provide new insights into the 
potential mechanisms of HPV-positive HSCC and apoptosis 
and suggest potential therapeutic targets for the treatment of 
HPV-positive HSCC.

Materials and methods

Patients and tumor samples. Tumor samples were collected 
from patients with pharyngeal cancer who had undergone 
surgery at the Department of Otolaryngology-Head and Neck 
Surgery, The First Affiliated Hospital of Zhengzhou University 
(Zhengzhou, China). Patients recruited to the present study had 
not undergone chemotherapy, radiotherapy or immunotherapy. 
Collected tumor samples were frozen in liquid nitrogen and 
stored at -80˚C until required. The present study was approved 
by the Ethics Committee of Zhengzhou University and 
informed consent was obtained from each patient.

Cell lines and culture conditions. FaDu cells were purchased 
from the Type Culture Collection of the Chinese Academy 
of Sciences (Shanghai, China). HPV-positive HSCC were 
established using lentiviral vectors expressing the E6 and E7 
proteins of HPV-16. Positive clones were identified according 
to the expression of enhanced green fluorescent protein 
(EGFP). Cells were cultured in Dulbecco's modified Eagle's 
medium (DMEM) supplemented with 10% fetal bovine serum 
(FBS) (both from Gibco-BRL, Co., Ltd., Carlsbad, CA, USA) 
and grown in a 37˚C/5% CO2 incubator.

miR-15a transfection. miR-15a mimics, miR-15a inhibitors 
and their negative controls were obtained from GenePharma 
Co., Ltd. (Shanghai, China). For transfections, cells (2x106) 
were added into each well of a 6-well plate and cultured with 
DMEM without serum and antibiotics. When the density of 
cells reached 50-60%, mimics and inhibitor were transfected 
into FaDu cells (HPV-negative) and HPV-positive HSCC cells 
using the Lipofectamine transfection reagent (Invitrogen, 
Carlsbad, CA, USA). The mimics/inhibitor and Lipofectamine 
transfection reagent were each diluted in 500 µl DMEM at a 

ratio of 1 µg:3 µl and incubated for 5 min at room temperature 
(RT). The two mixtures were then gently combined and 
incubated for a further 30 min at RT. Subsequently, 1,000 µl 
of the complexes were added to each well. After 4-6 h of 
incubation, the medium was replaced by DMEM with 10% 
FBS. Cells were incubated at 37˚C in a CO2 incubator for 48 h 
before further testing.

Quantitative reverse-transcription polymerase chain 
reaction (qRT-PCR). Total RNA was extracted from cells 
using the TRIzol reagent (Invitrogen) according to the 
manufacturer's protocol. RNA concentration was spectropho-
tometrically determined. RNA quality was confirmed using a 
NanoDrop 1000 Spectrophotometer (Thermo Fisher Scientific, 
Wilmington, DE, USA). Conversion to cDNA was performed 
using ReverTra Ace® qPCR RT kit (Toyobo, Osaka, Japan). 
qRT-PCR was carried out using the Maxima SYBR-Green 
qPCR kit (Thermo Fisher Scientific) on a 7500 Fast Real-Time 
PCR system (Applied Biosystems, Foster City, CA, USA). 
U6 was used as an internal normalized reference for miRNA 
expression, and GAPDH was used as an endogenous control for 
mRNA expression. PCR was performed with primers specific 
for miR-15a, U6, BCL2, BCL2L2 and GAPDH. The primer 
sequences are shown in Table I. The PCR parameters for rela-
tive quantification were as follows: 5 min at 94˚C, followed 
by 30 cycles of 30 sec at 94˚C, 45 sec at 55˚C and 45 sec at 
72˚C. Each sample was tested in triplicate. The fold-change of 
target miRNA/mRNA expression was calculated based on the 
threshold cycle (Ct) with the 2-ΔΔCt method (25).

Western blot analysis. FaDu cells and HPV-positive HSCC 
were lysed and total proteins were isolated. Total cell protein 
concentrations were determined using the bicinchoninic acid 
protein assay kit (Pierce Biotechnology, Inc., Rockford, IL, 
USA). Equal amounts of protein (10 µg) from the cell lysates 
were separated by 12% sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (Bio-Rad Laboratories, Inc., Hercules, 
CA, USA). Electrophoresed proteins were transferred to 
nitrocellulose membranes (GE Healthcare, Logan, UT, USA), 
which were subsequently blocked with 5% (w/v) non-fat 

Table I. miR-15a, U6, BCL2, BCL2L2 and GAPDH reverse transcription (RT) primers.

Name RT primers PCR primers

miR-15a 5'-GTCGTATCCAGTGCAGGGTCCGAGG F 5'-TCCGAGTGTTTGGTAATACA-3'
 TATTCGCACTGGATACGACATCGTCG-3' R 5'-GTGCAGGGTCCGAGGT-3'
U6 nRNA 5'-GTCGTATCCAGTGCAGGGTCCGAGG F 5'-TCCGATCGTGAAGCGTTC-3'
 TATTCGCACTGGATACGACAAAATA-3' R 5'-GTGCAGGGTCCGAGGT-3'
BCL-2 Oligo(dT)18 primer F 5'-ACGACTTCTCCCGCCGCTA-3'
  R 5'-CATCTCCCGGTTGACGCTCT-3'
BCL2L2 Oligo(dT)18 primer F 5'-TGAGTTCGAGACCCGCTTC-3'
  R 5'-AAAAGTTCATCGGAGACCTG-3'
GAPDH Oligo(dT)18 primer F 5'-CCACCCATGGCAAATTCCATGGCA-3'
  R 5'-TCTAGACGGCAGGTCAGGTCCCC-3'

F, forward; R, reverse.
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milk and incubated overnight at 4˚C with antibodies against 
BCL2 (diluted 1:1,000; Cell Signaling Technology, Danvers, 
MA, USA) and BCL2L2 (1:1,000; Santa Cruz Biotechnology, 
Santa Cruz, CA, USA). The membranes were then incubated 
with the appropriate horseradish peroxidase-conjugated 
secondary antibody (1:2,000; Santa Cruz Biotechnology). 
Protein band density was quantified using a Molecular 
Dynamics densitometer (Molecular Dynamics, Sunnyvale, 
CA, USA). Glyceraldehyde 3-phosphate dehydrogenase was 
used as an internal reference.

Analysis of apoptosis by Annexin V-APC/7-aminoactino-
mycin D (7-AAD) staining. The Annexin V-APC apoptosis 
detection kit (Abcam, Cambridge, MA, USA) was used to 
detect and quantify apoptosis by flow cytometry. miR-15a 
mimics, miR-15a inhibitor, and their negative control 
groups of adherent cells were harvested and incubated with 
Annexin V incubation reagent (prepared by combining 10 µl 
of 10X binding buffer, 10 µl of 7-AAD, 1 µl Annexin V-APC 
and 79 µl of deionized, distilled H2O) at 105-106 cells/100 µl for 
15 min at RT in the dark. All samples were processed by flow 

cytometry (FACSCanto™ II; BD Biosciences). FACS analyses 
were performed at least three times with reproducible results.

Hoechst 33342 and propidium iodide (PI) staining. 
Hoechst 33342 and PI staining was used to evaluate the 
morphological changes in apoptotic cells. The cells were 
stained with 10 µg/ml Hoechst 33342 and 10 µg/ml PI for 
30 min at 37˚C. Following two successive washes with phos-
phate-buffered saline (PBS), images of the cells were captured 
with a digital camera attached to a fluorescence microscope 
(IX70; Olympus Corporation, Tokyo, Japan).

Caspase-3/-9 activity assay. The activity of caspase-3/-9 was 
determined using the Colorimetric Assay kit (KeyGen Biotech 
Co., Ltd., Nanjing, Jiangsu, China). Cell lysates were prepared 
and incubated with reaction buffer containing caspase-3/-9 
substrate after treatments as indicated. Assays were performed 
on 96-well plates by incubating 10 ml of cell lysate/sample 
in 80 ml of reaction buffer containing 10 ml caspase-3/-9 
substrate at 37˚C for 2 h according to the manufacturer's 
protocol. Cell fluorescence intensity at 465 nm was measured 
by ELISA tablet counter for quantitative assessment.

Statistical analysis. All statistical analyses were performed 
using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA) software. 
Multiple comparisons between parental and control groups 
were made using Tukey's honest significant difference test. 
The expression levels of miRNAs in cells were analyzed 
using the Wilcoxon signed-rank test. Values are presented as 
the mean ± SD. A p-value <0.05 was considered to indicate a 
statistically significant result.

Results

miR-15a is overexpressed in HPV-positive HSCC samples. 
miR-15a expression was significantly higher in samples 
from HPV-positive than in those from HPV-negative HSCC 
patients (Fig. 1).

Figure 1. miR-15a is overexpressed in the HPV-positive pharyngeal squa-
mous carcinoma tissues. miR-15a expression was assessed by qRT-PCR in 
samples from patients. Graph represents the 2-ΔΔCt values ± SEM; *p<0.05.

Figure 2. E6-E7 is overexpressed in the stably transfected FaDu cells. (A) The HPV-16 E6-E7 gene was detected by PCR. (B) Positive clones were identified 
by positive EGFP expression.
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Overexpression of HPV-16 E6-E7 in HPV-positive hypopha-
ryngeal squamous cells. HPV-16 E6-E7-positive FaDu cells 
were established by recombinant lentivirus infection and 
termed HPV-positive hypopharyngeal squamous cell carci-
noma. PCR was used to identify the E6 and E7 genes. Analysis 
by 1.5% agarose gel electrophoresis showed a bright band at 
~750 bp consistent with the theoretical value of the HPV-16 
E6-E7 gene sequence. Positive clones were identified based on 
the expression of EGFP (Fig. 2).

Overexpression of miR-15a in HPV-positive HSCC. Before 
transfection, the expression of miR-15a was detected in FaDu 
cells (HPV-negative) and HPV-16 E6-E7-infected FaDu cells 
(HPV-positive) by real-time PCR. The results confirmed 
that miR-15a was overexpressed in the HPV-positive 
FaDu cells compared with the levels in normal FaDu 
cells (Table II and Fig. 3).

miR-15a is upregulated in FaDu cells and is downregulated 
in HPV-positive HSCC after transfection. To upregulate or 
downregulate miR-15a, cells were transfected with miR-15a 
mimics or inhibitor, which consisted of chemically modified 
sense or antisense oligonucleotides designed to specifically 
target mature miR-15a. The efficient overexpression and 
downregulation of miR-15a in cells is shown in Fig. 4. Cellular 

miR-15a levels were increased ~15-fold when FaDu cells 
were transfected with miR-15a mimics, while these levels 
decreased when HPV-positive HSCC were treated with 
miR-15a inhibitor.

miR-15a expression is negatively correlated with BCL2L2 
and BCL2 expression. To assess the correlation between 
miR-15a and BCL2L2 or BCL2, BCL2L2 or BCL2 expression 
was evaluated in cells transfected with miR-15a mimics or 
inhibitor. Overexpression of miR-15a significantly suppressed 

Figure 3. miR-15a is overexpressed in HPV-positive HSCC. miR-15a 
mRNA was quantified by real-time PCR. Data represent the mean ± SD 
of four independent experiments. miR-15a mRNA was increased in 
HPV-16 E6-E7-positive FaDu cells compared with the control and FaDu 
cells (*p<0.05).

Table II. Relative amounts of miR-15a from three independent experiments.

Group Ct miR-15a Ct U6 ΔCt 2-ΔCt

HPV-E6-E7 (HPV-positive) 22.53±0.62 24.58±0.63 -2.05±0.47 4.15±0.13a

Empty vector control 28.37±0.32 26.09±0.40 2.08±0.08 0.20±0.03
FaDu cells (HPV-negative) 26.82±0.45 24.61±0.47 2.21±0.03 0.21±0.02

miR-15a mRNA was significantly increased in the HPV-positive FaDu cells compared with that noted in the empty vector control and FaDu 
cells (HPV-negative), blank control and scramble groups; ap<0.05.

Figure 4. (A) miR-15a mRNA upregulation in miR-15a mimic-transfected 
FaDu cells (HPV-) and (B) downregulation in miR-15a inhibitor-transfected 
HPV-positive HSCC (HPV+). Cells were incubated with different synthetic 
oligonucleotides as described in Materials and methods, and miR-15a mRNA 
was quantified by real-time PCR. Data represent the mean ± SD of four 
independent experiments. miR-15a mRNA was increased in the miR-15a 
mimic-treated cells compared with the control and scramble groups; *p<0.01.
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BCL2L2 or BCL2 mRNA levels in the HPV-positive FaDu 
cells, whereas miR-15a knockdown had the opposite effect 
on BCL-2 and BCL2L2 expression in the HPV-positive 
cells (Fig. 5A and D). The downstream proteins of BCL2L2 
and BCL2 were also analyzed. To determine the regulatory 
levels at which miR-15a modulates BCL2L2 and BCL2 protein 
expression, we repeated the above experiments and examined 
protein levels after transfections (Fig. 5B, C, E and F). The 
results of western blotting were consistent with those of real-
time PCR and showed that overexpression or knockdown of 
miR-15a suppressed or increased BCL2L2 and BCL2 protein 
levels in the cells.

miR-15a overexpression induces apoptosis. We next analyzed 
the biological consequences of the miR-15a-driven repression 
of BCL2L2 and BCL2 expression in HPV-positive HSCC. Since 
BCL2L2 and BCL2 are involved in the regulation of cell apop-
tosis, we evaluated the effects of miR-15a on the apoptosis of 
HPV-positive HSCC using Annexin V-APC/7-AAD staining. 
Statistically significant (p<0.05) increases in Annexin V 
apoptotic cells were observed in the miR-15a mimic-treated 
FaDu cells (14.30±1.24%) compared to the scramble control 
(4.33±2.89%) and blank control (2.80±0.71%) cells. The 
apoptosis rate in the miR-15a inhibitor-treated HPV-positive 
HSCC was decreased (2.30±0.61%; p<0.05) compared 

Figure 5. Overexpression of miR-15a significantly suppresses BCL2L2 and BCL2 mRNA and protein levels. Cells were incubated with different synthetic 
oligonucleotides as described in Materials and methods. (A and D) BCL2L2 and BCL2 mRNA was quantified by real-time PCR. Data represent the mean ± SD 
of three independent experiments. BCL2L2 and BCL2 mRNA were decreased in the miR-15a mimic-treated cells and increased in the miR-15a inhibitor-
treated cells compared with the control and scramble groups. (B, C, E and F) Protein levels of BCL2L2 and BCL2 were measured by western blotting after 
transfection of miR-15a mimics, a miR-15a inhibitor and miR-control into HPV-positive and HPV-negative FaDu cells separately. GAPDH was used as an 
internal control (*p<0.05).
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to the scramble control (9.03±1.35%) and blank control 
cells (7.90±0.89%) (Fig. 6). Typical apoptotic changes, such as 
nuclear fragmentation, were observed in the cells transfected 

with the miR-15a mimics, and the percentage of apoptotic cells 
was significantly greater than that of cells transfected with the 
miR-15a inhibitor, as shown by Hoechst 33342/PI staining 

Figure 6. miR-15a induces apoptosis. Cells were transfected with miR-15a mimics or an inhibitor and analyzed by apoptosis assay. (A) Statistically significant 
(*p<0.05) increases in Annexin V apoptotic cells were observed in the miR-15a mimic-treated FaDu cell lines. (B) The opposite result was observed in the 
miR-15a inhibitor-treated HPV-positive HSCC. Data are presented as the mean of triplicate experiments.

Figure 7. Cell death at 48 h after the transfection with miR-15a mimics/inhibitor (20 nM). Fragmented nuclei stained with Hoechst 33342/PI indicate apoptotic 
cell death (magnification, x400). The number of apoptotic cells in the (A) miR-15a mimic-transfected FaDu cells was significantly increased compared with 
that in the (B) miR-15a inhibitor HPV-positive HSCC. Significant difference between experimental group (miR-15a mimic/inhibitor) and control group 
(scramble and blank control) (*p<0.05).
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at 48 h after transfection (Fig. 7). Analysis of caspase-3/-9 
activity showed significantly increased enzyme activity in the 
FaDu cells after miR-15a mimic transfection (p<0.01) (Fig. 8). 
The results showed that miR-15a promoted FaDu cell apop-
tosis in vitro.

Discussion

HPV-associated hypopharyngeal squamous cell carcinoma 
(HSCC) is a distinct clinical entity with better prognosis 
than that of the classical tobacco and alcohol-associated 
cancer (25). HPV-positive HNSCC harbors wild-type p53, 
while the classical smoking- and alcohol-induced cancers 
have mutated p53 (26). In addition, several cellular miRNAs 
are differentially expressed in HPV-positive HNSCC cell lines 
and in HPV-negative HNSCC cell lines (27). In our previous 
study (24), we detected the expression of miR-15a in HNSCC 
tissues, and found that miR-15a expression was significantly 
higher in HPV-positive than in HPV-negative HNSCC. These 
results suggested that miR-15a plays an important role in 
HPV-positive HNSCC and acts as an anti-oncogene.

In the present study, we examined the expression levels of 
miR-15a in HPV-positive HNSCC and HPV-negative HNSCC. 
miR-15a was overexpressed in FaDu cells by transfection 
with miR-15a mimics. This led to a significant induction of 
apoptosis as determined by Annexin V-APC/7-AAD staining, 
Hoechst 33342/PI staining, and caspase-3/-9 expression. 
Transfection of a miR-15a inhibitor into HPV-positive HSCC 
had the opposite effects. Taken together, these data indicate 
that miR-15a may be a novel tumor suppressor in HPV-positive 
HNSCC.

BCL2L2, also known as BCL-W, is a prosurvival member 
of the BCL2 protein family and functions as an oncogene. 
Upregulation of BCL2L2 was reported in various human 
malignancies, such as gastric, colon and cervical cancers (28). 
In the present study, BCL2L2 and BCL2 were negatively regu-
lated directly by miR-15a in HPV-positive HSCC as shown by 
western blotting. miR-15a had a significant effect on BCL2L2 
and BCL2 mRNA levels as detected by qRT-PCR, suggesting 
that miR-15a negatively regulates BCL2L2 and BCL2 expres-
sion at the post-transcriptional level. These results indicate 

that miR-15a may induce apoptosis by targeting BCL2L2 and 
BCL2 in HPV-positive HSCC.

In conclusion, we found that miR-15a was significantly 
upregulated in HPV-positive HSCC. miR-15a overexpression 
induced apoptosis by targeting BCL2L2 and BCL2. Further 
study is needed to dissect the molecular mechanisms by which 
miR-15a, BCL2L2 and BCL2 play a role in HPV-positive 
HSCC to design optimal prevention and treatment strategies.
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