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Abstract

Purpose: APAF-1, a key mediator in cytochrome C-dependent apoptotic pathway, plays a critical role in many
cancers. MicroRNA-27a inhibits hypoxia-induced neuronal apoptosis by targeting APAF-1. Whether microRNA-27a
participates in carcinogenesis via regulating APAF-1 is not reported.

Methods: Laryngeal cancer tissues, Hep2 cell line and HEK293 cell line were used in the study. qRT-PCR was
used to detect microRNA-27a and APAF-1 mRNA levels. Western blot was to monitor APAF-1 protein level. Cell
viability, colony formation and apoptosis assays were applied to evaluate the function of microRNA-27a and APAF-1
in laryngeal cancer. Dual-luciferase reporter assay was to detect the binding ability of microRNA-27a to APAF-1
3'UTR.

Results: In the study, we found that up-regulation of microRNA-27a was negatively correlated with down-
regulation of APAF-1 in laryngeal cancer. MicroRNA-27a was reconfirmed to directly bind APAF-1 mRNA 3'UTR.
Similar to si-APAF-1, ectopic miR-27a significantly promoted laryngeal cancer cell proliferation and colony formation
ability and suppressed early apoptosis compared to the controls.

Conclusion: miR-27a acts as a potentially oncogenic role in laryngeal squamous cell carcinoma partly though
repressing APAF-1 expression, which enriches regulatory network of APAF-1 mediating apoptotic pathway.

Keywords: Laryngeal cancer; miR-27a; APAF-1; Proliferation;
Apoptosis

Introduction
Balance of apoptosis and proliferation, which is required for

maintenance of a steady-state cell number and tissue homeostasis,
plays a critical role in cell renewal and organ regeneration [1-4]. Due
to dysregulation of apoptosis or/and proliferation, the balance between
them is disturbed, leading to carcinogenesis [5-7].

Apoptosis, programmed cell death, is the main type of normal cell
death. As for apoptosis pathways .in mammals, the intrinsic and the
extrinsic pathways have been concerned [8]. In cytochrome C-
dependent apoptotic pathway (intrinsic pathway), APAF-1 is core
component forming apoptosome together with Caspase-9 [9]. APAF-1
is also an important tumor suppressor gene and its functional loss is a
common event in many cancers [10-14]. In addition to LOH and DNA
methylation, microRNA (miRNA) dysregulation is the third
mechanism for inactivation of tumor suppressor genes including
APAF-1 [10-12].

In the previous study, we found that APAF-1 is significantly
hypermethylated and down-regulated in laryngeal cancer, suggesting
that APAF-1 is inactivated by DNA methylation in laryngeal cancer
[15]. Additionally, we also found that up-regulation of microRNA-27a
(miR-27a) promotes proliferation and represses apoptosis in laryngeal
cancer cells [16]. Chen et al found that miR-27a alleviates hypoxia-
induced neuronal apoptosis by targeting APAF-1 [17]. We speculate
that miR-27a plays the similar roles via APAF-1 in human diseases
including cancer.

In this study, we explored the correlation between miR-27a and
APAF-1 and their roles in laryngeal cancer occurrence. We also
analyzed the relationship between miR-27a level and clinic-
pathological characteristics in laryngeal cancer patients. Meanwhile,
we reconfirmed the binding of miR-27a to APAF-1 mRNA 3'UTR and
compared function of miR-27a and APAF-1 in regulation of laryngeal
cancer cell proliferation and apoptosis.
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Materials and methods

Patients and tissue samples
This study was approved by the Research Ethics Committee of

China Medical University (Shenyang, China) and the 463th Hospital of
PLA (Shenyang, China). Written informed consent was obtained from
all patients. All specimens were handled and made anonymous
according to the ethical and legal standards.

Forty-two laryngeal cancer patients who did not receive radio- or
chemotherapy prior to surgery during 1999 and 2011 were enrolled in
the study. All patients suffered from primary laryngeal cancer were
selected randomly in the Otolaryngology Department of the 463th

Hospital of PLA (Shenyang, China) and met the inclusion criteria
during the period. Laryngeal carcinoma tissue and the paired normal
tissue from each patient were stored at −80°C immediately after
surgical resection. Evaluation of laryngeal cancer tissues in all patients
was performed by a pathologist. Twenty-eight patients had received
complete follow-up after surgery and median follow up period was
56.5 (range 30 to 111) months. Fourteen patients did not enter our
follow-up cohort study, because six patients died within a year after
surgery and eight patients did not respond to our first interview when
six months after the operation.

Cells and cell culture
Human laryngeal cancer cells Hep-2 and human embryonic kidney

cells HEK293 were bought from the Cell Biology Institute of Shanghai,
Chinese Academy of Science. Cells were maintained in RPMI 1640
(GIBCO, Los Angeles, CA) with 100 units/ml penicillin, 100 μg/ml
streptomycin and 10% fetal bovine serum (Hyclone, Logan, USA) in a
humidified condition at 37˚C with 5% CO2.

Name Sequence

miR-27a mimics 5'- UUCACAGUGGCUAAGUUCCGC -3'

miR-27a inhibitor 5'- GCGGAACUUAGCCACUGUGAA -3'

mimics NC 5'-UUCUCCGAACGUGUCACGUTT-3'

inhibitor NC 5'-CAGUACUUUUGUGUAGUACAA-3'

NC 5'-GGCUACGUCCAGGAGCGCACC-3'

miRNA-27a 5'- TTCACAGTGGCTAAGTTCCGC -3'

U6F 5'-CTCGCTTCGGCAGCACA-3'

U6R 5'-AACGCTTCACGAATTTGCGT-3'

APAF-1F 5'-CCTCTCATTTGCTGATGTCG-3'

APAF-1R 5'-TCACTGCAGATTTTCACCAGA-3'

GAPDH F 5'-ATCATCAGCAATGCCTCC-3'

GAPDH R 5'-CATCACGCCACAGTTTCC-3'

Note: F and R indicate forward and reverse primers, respectively. NC shows the
negative control.

Table 1: General information of the nucleotide sequences used in the
study.

Cell transfection
LipofectamineTM2000 reagent (Invitrogen, Carlsbad, CA) was used

in transfection. Cells were transfected with different small RNAs
according to the manufacturer’s instructions. All the nucleotide
sequences used in the study are shown in Table 1.

qRT-PCR analysis
Trizol reagent (Takara, Dalian, China) was used in total RNA

extraction. miRcute miRNA isolation kit (tiangen, Bejing, China) was
applied in microRNA separation. Small and total RNA concentrations
were monitored according to the absorbance at OD260/280 nm.

qRT-PCR was performed to detect miR-27a and APAF-1 mRNA
expression in LSCC tissues and cells by using the ABI 7500 Real Time
PCR system (Applied Biosystems, Foster City, USA). miR-27a reverse
transcription was performed using the One Step PrimeScript miRNA
cDNA Synthesis Kit (Takara, Dalian, China) following the
manufacturer’s instructions and quantitative PCR was carried out by
using SYBR® Premix Ex Taq™ II (Takara, Dalian, China). U6 small
nuclear RNA (snRNA) was used as control. The thermal cycling
conditions for miR-27a and U6 snRNA included 95˚C for 30 sec, 40
cycles of 95˚C for 5 sec and 60˚C for 34 sec. In APAF-1 mRNA
detection, reverse transcription was performed using the cDNA
Synthesis Kit (Takara, Dalian, China) and quantitative PCR was
carried out by using SYBR® Premix Ex Taq™ II (Takara, Dalian, China)
and GAPDH was used as control. The PCR conditions in APAF-1 and
GAPDH mRNA synthesis were 95˚C for 30 min, 40 cycles of 95˚C for
5 sec and 60˚C for 34 sec. miR-27a and APAF-1 mRNA levels were
normalized to the internal U6 and GAPDH mRNA levels, respectively.
Equation 2-ΔΔCt was used to evaluate the fold change in miR-23a or
APAF-1 mRNA level. Fold change ≤ 2 or >2 indicate low or high
miR-27a expression level, respectively [18].

Western blot analysis
Protein extraction reagent (Beyotime, Shanghai, China) was used to

isolate proteins from laryngeal cancer tissues and cells and BCA
Protein Assay kit (Beyotime, Shanghai, China) was applied to measure
protein concentration. Fifty μg of protein from each sample was
separated on 8% SDS-PAGE and transferred to a PVDF membrane.
Membrane was then blocked with 5% non-fat milk and incubated with
anti-APAF-1 antibody (1:500 dilution; Abcam, Cambridge, USA)
followed by horseradish peroxidase-conjugated antibody (1:2000
dilution; ZhongShan, China). Membrane was stained with ECL Plus
(Beytime, Nantong, China) and exposed to a film (Fuji, Japan). β-actin
was used for normalization.

Cell viability detection
Two to three thousands of Hep-2 cells tansfected with different

small RNAs were plated into 96-well plates in triplicate and cultured
for 24 h, 48 h, 72 h, 96 h and 120 h, respectively. The cells were then
incubated with 100 μl sterile MTT dye (0.5 mg/ml, Sigma) for 4 h at
37˚C and 150 μl DMSO for 15 min. Cell growth curve was constructed
by using OD 490 nm as ordinate axis.

Colony formation detection
Hep-2 cells tansfected with different small RNAs for 12 h were

seeded at a density of 3000-5000 cells in a 60-mm Petri dishes and
cultured in RPMI 1640 (GIBCO, Los Angeles, CA) with 10% fetal
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bovine serum. Fourteen days later, cell colonies were fixed with
methanol for 30 min, stained with hematoxylin for 20 min, and scored
under a microscope. The mock and the scramble-treated cells were
used as controls.

Cell apoptosis assay
Cells grown in 96-well plates to about 60% confluence were

transiently transfected with the desired miRNAs and siAPAF-1 at a
final concentration of 50 pmol. Cells were collected after transfection
for 48 h, and washed with PBS. Apoptosis was then detected by
Annexin V-EGFP Apoptosis Detection Kit (KeyGEN, Nanjing, China).

APAF-1-3'-UTR activation detection
miRanda (http://cbio.mskcc.org/cgi-bin/mirnaviewer/

mirnaviewer.pl?type=miRanda), pictar (http://pictar.mdc-berlin.de/)
and TargetScan (http://www.targetscan.org/) were applied to predict
the potential binding of miR-27a to APAF-1-3'UTR. GV272-
APAF-1-3'UTR and GV272-APAF-1-3'UTR-mut vectors were
constructed by GENECHEM (Shanghai, China). GV272-
APAF-1-3'UTR or GV272-APAF-1-3'UTR -mut and related miRNAs
(NC duplex; GenePharma) were cotransfected into HEK293 cells in
96-well plates. pRL-TK (Promega Corporation) was used as control.
Dual-luciferase reporter assay kit (Promega Corporation, Madison,
USA) was used to detect luciferase activity of the cells transfected for
24 h. Luciferase activity was read by a Chemiluminescence Meter
(Promega Corporation, Madison, USA).

Statistical analysis
Data were presented as means ± standard deviation (SD) and

analyzed by SPSS 16.0 software. miR-27a expression difference in
laryngeal cancer was analyzed by a paired-samples T-test. Analytic
correlation between miR-27a expression and clinic-pathological
characteristics of laryngeal cancer patients was performed by
Independent-Sample Test. Correlation between APAF-1 and miR-27a
levels in laryngeal cancer was assessed by Pearson's product-moment
correlation coefficient. Independent samples T-test and one-way
ANOVA were applied to analyze the data from cell-based experiments.
Survival differences were estimated by the log-rank test. Prognostic
factors were evaluated by Univariate analyses (Cox proportional
hazards regression model). Each experiment was performed in
triplicate. Statistical significance is indicated as P<0.05.

Results

miR-27a overexpression and APAF-1 protein downregulation
are negatively correlated in LSCC

miR-27a upregulation was detected in 30 out of 42 cancer tissues
(Figure 1A). In general, miR-27a was significantly overexpressed in
cancer tissue compared to the normal control (Figure 1A). One-way
ANOVO analysis results displayed that miR-27a expression was not
significantly associated with patients' survival and other clinic-
pathological features including differentiation, clinical stage, lymph
node metastasis and tumor depth (Figure 1B and Table 2). Significant
differences in lymph node metastasis and clinical stage were found in
laryngeal carcinoma (Table 3), suggesting that lymph node metastasis
and clinical stage are risk factors in progression of laryngeal cancer.

Features No.of cases miR-27a expression P-value

Age

60 23 5.52 ± 8.76 0.611

≥ 60 19 4.38 ± 4.56

Gender

male 35 5.20 ± 7.63 0.684

female 7 3.99 ± 3.76

Differentiation

Moderate-well 36 5.00 ± 7.48 0.981

Poor 6 5.07 ± 4.76

Tumor Depth

T1T2 18 4.61 ± 4.34 0.76

T3T4 24 5.30 ± 8.72

Lymph node

Negative 31 4.22 ± 4.89 0.236

Positive 11 7.21 ± 11.33

Stage

15 4.43 ± 4.75 0.703

27 5.32 ± 8.20

Independent-Sample Test was used to analyze the correlation between miR-27a
expression and clinicopathological features.

Table 2: Association between miR-27a and clinicopathological
characteristics in LSCC patients.

Both APAF-1 mRNA and protein levels decreased significantly in
laryngeal cancer tissue compared to normal control, respectively
(Figures 1C and 1E). Statistically, miR-27a level was negatively
correlated with APAF-1 protein level but not mRNA level in laryngeal
cancer, respectively (Figures 1D and 1F).

Univariate analysis

hazard ratio (95% confidence interval) P value

Gender

Male vs female 1.294 (0.397-4.219) 0.669

Age

≥ 60 vs 60 1.027 (0.981-1.076) 0.256

Smoking

Smoker vs Nonsmoker 1.544 (0.198-12.054) 0.678

Drinking

Drinker vs nondrinker 1.418 (0.43-4.679) 0.566

Differentiation
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Poor vs moderate vs
well 0.777 (0.374-1.617) 0.501

Tumor depth (PT)

T4vs T3 vs T2 vs T1 1.727 (0.986-3.023) 0.056

Lymph node metastasis

Positive vs negative 3.966 (1.588-9.9) 0.003*

Clinical stage

vs vs vs 4.674(1.373-15.909) 0.014*

miR-27a expression

High vs low 1.169 (0.375-3.643) 0.788

*P<0.05.

Table 3: Univariate Cox hazard regression analysis for prognostic
factors in LSCC.

miR-27a is reconfirmed to target APAF-1-3’UTR
By prediction, we found a highly-conserved miR-27a binding

sequence in APAF-1 3'-untranslated region (3'-UTR), suggesting that
APAF-1 is a candidate target of miR-27a (Figure 2A). We also
discovered that luciferase activity significantly decreased in the
presence of miR-27a in HEK293 cells cotransfected with GV272-
APAF-1 3’UTR but not with GV272-3’UTR-mut (Figure 2B). Taken
together with the evidence that miR-27a expression was negatively
correlated with APAF-1 expression in LSCC (Figure 1F), we speculate
that miR-27a directly regulates APAF-1 expression in laryngeal
carcinoma.

Figure 1: miR-27a is negatively correlation with APAF-1 in LSCC. (A) miR-27a expression in LSCC by qRT-PCR. Left: miR-27a expression in
42 pairs of LSCC tissues. Right: Analysis for miR-27a expression in LSCC. (B)Correlation between miR-27a level and postoperative 5-year
survival time in LSCC patients. Kaplan–Meier estimates of overall survival for the LSCC patients with low miR-27a expression (fold change ≤
2) and high miR-27a expression (fold change >2), respectively. (C) APAF-1 mRNA level in LSCC by qRT-PCR. Left: APAF-1 mRNA level in
representative LSCC tissues. Right: Analysis for APAF-1 mRNA level in LSCC. (D) Correlation analysis of miR-27a expression to APAF-1
mRNA level. (E) APAF-1 protein level in LSCC by Western blot. Left: APAF-1 protein level in representative LSCC tissues. Right: Analysis for
APAF-1 protein level in LSCC. (F) Correlation analysis of miR-27a expression to APAF-1 protein level. T and R indicate cancer and paired
normal tissues, respectively. ALL data are expressed as the mean ± SD of three independent experiments. *P0.05.
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MiR-27a overexpression and APAF-1 knockdown promote
proliferation and suppress apoptosis in Hep-2 cells

As shown in Figures 2C and 2D, miR-27a mimics and inhibitor
significantly increased and decreased cell viability and colony
formation compared to the controls, respectively. There were
significant increase and decrease in the early apoptosis in the Hep-2

cells transfected with miR-27a inhibitor and mimics compared to the
controls, respectively (Figure 2E). Similar to miR-27a mimics,
siAPAF-1 significantly promoted cell viability and colony formation
and repressed early apoptosis in laryngeal cancer cells, respectively
(Figures 2C-2E).

Figure 2: miR-27a regulates proliferation and apoptosis in LSCC via targeting APAF-1. (A) Putative binding sites of miR-27a to of APAF-1 3'-
UTR in different species. (B) Luciferase activity detection of HEK293 cells cotransfected with different constructs. Each value of luciferase
activity was calculated as the ratio of firefly to renilla. (C) Effects of miR-27a and siAPAF-1 on Hep2 cell proliferation by MTT assay. (D)
Effects of miR-27a and siAPAF-1 on Hep2 cell clone formation by clone formation assay. (E) Effects of miR-27a and siAPAF-1 on Hep2 cell
apoptosis measured by flow cytometry detection. Data are the mean ± SD of three independent experiments. *P<0.05.

Discussion
Laryngeal cancer, commonly found in the upper aerodigestive tract,

severely affects life quality of the patients [19]. Presently, searching for
molecular biomarkers seems to be the best way on laryngeal cancer
diagnosis and treatment study.

microRNA (miRNA) is a kind of small noncoding RNAs and has
been described as a "fine-tuner" in various cellular events [20].
miR-122 has been considered as a unique molecule with great potential
in diagnosis, therapy and prognosis of liver disease [21]. Importantly,
miRNA is detectable in lots of human fluids such as blood, stool, bile,
saliva and urine, indicating that miRNA is the most useful biomarker
of human diseases at presence [22].

miR-27a can target different genes and regulate a series of
pathological processes including osteoarthitis, viral infections, sepsis,
cardiomyocyte hypertrophy and cancer, implying that miR-27a act as
an important regulator in human diseases [23-28]. However, different
groups have discovered that miR-27a plays suppressive or oncogenic

role in different cancer. For examples, miR-27a is a tumor suppressor
in glioblastoma, esophageal squamous cell carcinoma and acute
leukemia [29-31]. However, oncogenic role of miR-27a is found in
most cancer such as breast cancer, chonic myeloid leukemia, renal
cancer, hepatocellular cancer, colon cancer, ovarian cancer, prostate
cancer and pancreatic cancer, respectively, suggesting that miR-27a has
tissue specificity [32-39]. In laryngeal cancer, only our group found
that miR-27a is a potential oncogene and plays its role through
targeting PLK2 [16]. Therefore, further investigation of molecular
mechanism of miR-27a in laryngeal cancer is necessary.

During development in mouse cortex, miR-27a expression is
reversely correlated with APAF-1 expression [17]. In the present study,
we found that there is negative correlation between miR-27a and
APAF-1 protein levels in laryngeal cancer. However, we did not found
a significant correlation between miR-27a and APAF-1 mRNA levels.
We speculate that there are two reasons. One is that miR-27a induces
APAF-1 mRNA posttranscriptional modification via targeting APAF-1
and another one dues to small size of samples, which will be
investigated in our future work.
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We also reconfirmed that miR-27a can target APAF-1 directly.
Furthermore, miR-27a overexpression and APAF-1 knockdown have
the similar function in regulation of laryngeal cancer cell viability and
apoptosis. These results present a novel opinion that miR-27a might
play its roles in laryngeal cancer though APAF-1-mediated apoptotic
pathway. In addition to miR-27a, APAF-1 is also the target of several
other miRNAs such as miR-17, miR-221, miR-155, miR-23a and
miR-24a [40-44]. Therefore, our study enriches APAF-1-associated
miRNA regulatory network, which helps us better understand
cytochrome C-dependent apoptotic pathway.

In the study, we found that lymph node metastasis and clinical stage
are risk factors in laryngeal cancer progression, which is also
confirmed in other studies [45-47]. Moreover, we did not find
significant correlation between miR-27a expression and survival time
and other clinic-pathological features of laryngeal cancer, which
implies that the sample size is relatively small in the study. Thus, we
will collect and analyze many more samples in the future study.

In conclusion, up-regulation of miR-27a directly inhibits APAF-1
expression, leading to increase of proliferation and decrease of
apoptosis in LSCC, which provides a novel regulator in the intrinsic
apoptotic pathway.
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