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ABSTRACT. The identification of new biomarkers for early 
detection of highly recurrent head and neck cancer is urgently 
needed. MicroRNAs (miRNAs) are small and non-coding RNAs 
that regulate cancer-related gene expression, such as tumor protein 
53 (TP53) gene expression. This study was carried out to analyze 
TP53 gene expression using real-time PCR and to determine changes 
in intracellular p53 level by flow cytometry after downregulation 
of miRNA-181a miRNA inhibitor in the FaDu cell line. TP53 gene 
expression showed a 3-fold increment and the p53 protein level 
was also increased in the miRNA-181a-treated cells. In conclusion, 
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miRNA-181a binds to the TP53 gene and inhibits its expression, 
decreasing the synthesis of p53.
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INTRODUCTION

Almost all head and neck cancers are squamous cell carcinomas (HNSCC) that 
arise in the squamous epithelium (Rezende et al., 2010). HNSCC accounts for 6% of all 
cancer cases, representing the sixth most common type of cancer and cancer-related death 
worldwide (Argiris et al., 2008; Schaaij-Visser et al., 2010), with an average five-year sur-
vival rate of less than 50% for the last 30 years. Moreover, late stage diagnosis is the major 
reason that further reduces the survival rate of patients with regional or distant metasta-
sis (Nurul-Syakima et al., 2011). Thus, the identification of new biomarkers to improve 
the current diagnosis of head and neck cancer is urgently needed for early detection and 
prognosis prediction to design better treatment (Twu et al., 2006). Like most other human 
cancers, the establishment of HNSCC also results from a multi-step process including 
activation of oncogenes and inactivation of tumor suppressor genes, which result from the 
accumulation of genetic and epigenetic alterations (Liu et al., 2009; Schaaij-Visser et al., 
2010). In normal cells, p53 acts as the guardian of the genome by arresting the cell cycle 
and initiating apoptosis of cells with DNA damage through stimulation of the expression 
of downstream genes (Chien et al., 2003).

Nowadays, researchers in biomedical fields have expanded their interest in a non-
coding, relatively small number of small genes with products ~22 nucleotide in length 
called microRNAs (miRNAs) (Liu et al., 2009). Many studies have profiled differential 
miRNA expression to distinguish cancer and normal cells for the identification of cancer 
markers (Nurul-Syakima et al., 2011). In addition, the finding of miRNAs that are differ-
entially expressed in carcinoma samples suggests that miRNAs may be involved in cancer 
development. Therefore, to determine the function of every single miRNAs in head and 
neck cancers, we should study the genes, functions and pathway that are regulated by the 
miRNAs that are differentially expressed. One of the important pathways regulated by 
miRNAs is the p53 signaling pathway, which is responsible for tumor suppression ac-
tivities such as DNA replication, repair and recombination to eliminate spontaneous and 
chemically induced DNA damage. The roles of p53 can be attributed to its ability to act 
as a sequence-specific transcription factor that coordinately activates and regulates the ex-
pression of multiple transcriptional targets to modulate various cellular processes (Morris, 
2002; Nurul-Syakima et al., 2011). According to Nurul-Syakima et al. (2011), miRNA-
181a is upregulated in head and neck cancer, but the function of miRNA-181a in the p53 
tumor suppressor pathway is still unknown. Moreover, it is hard to predict the target gene 
of miRNAs due to partial complementary binding of miRNAs and their target sequences 
(Tran et al., 2007; Seoudi et al., 2012), even with the aid of special prediction algorithms. 
Hence, miRNA functions, target genes and regulated pathways need to be validated by 
studies before being further exploited in cancer research (Nurul-Syakima et al., 2011). 
From this point of view, the target miRNA-181a may bind to mRNA of p53 and may also 
bind to other mRNAs. To understand this, the effect of miRNA-181a on p53 synthesis in 
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downregulated FaDu (HTB-43) hypopharyngeal cancer cells was evaluated using real-time 
PCR and flow cytometry in this study.

MATERIAL AND METHODS

The human hypopharyngeal FaDu (HTB-43) head and neck cancer cell line was used 
in this study. The cells were maintained in 89% medium (Iscove’s Modified Dulbecco’s me-
dium), 10% fetal bovine serum (FBS), and 1% antibiotic solution (100X penicillin and strep-
tomycin) at 37°C in a humidified atmosphere with 5% CO2. FaDu cells were divided into two 
groups: untreated cells (with complete medium only) and treated cells (with complete me-
dium, transfection reagent and miRNA inhibitor). miRDIAN miRNA hairpin inhibitor (5 µM), 
Dharmafect 1 Transfection reagent, serum-free medium and complete medium were added to 
prepare the transfection medium according to manufacturer instructions. After 48 h, cells (1 x 
106) were harvested and total RNA was extracted using QIAzol Lysis Reagent (Qiagen, Ham-
burg, Germany) and the RNeasy Mini kit (Qiagen). cDNA was synthesized using a QuantiTect 
Reverse Transcription kit (Qiagen, Hamburg, Germany), according to manufacturer instruc-
tion. Real-time RT-PCR was performed using the Rotor-Gene SYBR Green PCR kit (Qiagen, 
Hamburg, Germany) in a Fast Real-time PCR System (Rotor Gene 6000). p53 mRNA was 
amplified using previously described primer pairs: 5'-AGA GTC TAT AGG CCC ACC CC 
-3'(forward) and 5'-GCT CGA CGC TAG GAT CTG AC-3' (reverse), and GAPDH 5'-CAT 
GGG GAA GGT GAA GGT CGG A-3' (forward) and 5'-TTG GCTCCC CCC TGC AAA 
TGA G -3' (reverse) (Miyachi et al., 2009). Relative target mRNA levels were determined 
using the delta-delta CT method (Schmittgen and Livak, 2008), with the formula given below 
(Livak and Schmittgen, 2001), and threshold value of 0.2, where the results were expressed in 
fold changes of treated cells compared with untreated cells.

2-ΔΔCT = 2-[(miRNA p53 - miRNA GADPH) - (normal p53 - normal GADPH)]

Besides, transfected and non-transfected FaDu cells were harvested, fixed with 70% 
ethanol and stained with BD Via-ProbeTM Cell Viability Solution (BD, USA) according to manu-
facturer instructions after 72 h of transfection. Cells were fixed using cold 70-80% ethanol. The 
expression of intracellular p53 was then analyzed using a BD Accuri 6 flow cytometer. Raji cells, 
showing constitutive expression of p53 (Zamai et al., 2002), were used as positive control in the 
flow cytometry study. Results for real-time PCR and flow cytometry are reported as means ± SD 
from three independent experiments. One-way analysis of variance (ANOVA) followed by the 
Duncan test was used in this study and P < 0.05 was regarded as significant.

RESULTS

After 48 h of transfection, a 3-fold increase in TP53 gene expression was detected 
in transfected FaDu cells as compared to the non-transfected cells by real-time PCR (Table 
1). On the other hand, flow cytometer analysis after 72 h demonstrated an increment in p53+ 
cells from 0% in non-transfected FaDu cells to 83.4 ± 0.55% in miRNA-181a knockdown 
FaDu cells. Positive control Raji cells also displayed a high percentage of p53+ (88.8 ± 1.1 
%) cells (Figure 1).
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DISCUSSION

Recently, there have been many studies profiling differential miRNA expression in 
head and neck cancer. These results are very helpful in differentiating between tumors and 
normal tissues. In addition, some miRNAs have even been identified as biomarkers in cancer 
diagnosis and prognosis (Tran et al., 2007; Liu et al., 2009; Hui et al., 2010; Nurul-Syakima 
et al., 2011). The sequence of human miRNA-181a is 3'-UGAGUGGCUGUCGCAACUUAC
AA-5', 23 nucleotides long (Wang et al., 2009). Upregulation of the oncogene miRNA-181a 
has been reported to be associated with downregulated p53 protein level in various cancer 
cells such as squamous head and neck carcinoma, HPV(+), multiple myeloma and MCF-7 cell 
line (Shi et al., 2008; Seoudi et al., 2012).

Recent findings indicate that mRNA degradation can occur even though the binding be-
tween miRNAs and their target genes share only partial sequence complementarity. However, it is 
unclear whether translational processes are inhibited preceding destabilization of target genes or 
vice versa (Esquela-Kerscher and Slack, 2006). From the results of real time PCR, gene expres-
sion of the TP53 gene was increased around 3-fold after miRNA-181a inhibition. This indicated 
that miRNA-181a binding may cause mRNA of TP53 gene to be destabilized or degraded at the 
post-transcriptional level. Flow cytometry analysis demonstrated that the p53 protein level of 
transfected FaDu cells increased significantly compared with untreated FaDu cells. These results 
indirectly proved that miRNA-181a bound to mRNA of the TP53 gene and inhibited its transla-
tion, while the presence of miRNA-181a inhibitor successfully restored p53 synthesis.

Since FaDu cells possess only mutant p53, functional studies such as cell cycle and 

Figure 1. Intracellular deteciton of p53 on untreated control FaDu cells (A), treated FaDu cell (B) and positive 
control Raji cell (C). M3 indicated p53 positively stained cell. *P < 0.05 compared to A.

Name Ct value 1 Ct value 2 Ct value 3 Average Ct ∆ Ct ∆∆ Ct Relative ratio
       (2∆∆CT)

Transfected FaDu-p53 28.18 26.5 29.78 28.15 1.08 -1.59 3.02
Transfected FaDu-GAPDH 26.55 26.59 28.09 27.08
Non-transfected FaDu-p53 28.64 28.67 29.69 29.00 2.67
Non-transfected FaDu-GAPDH 26.49 26.06 26.44 26.33

Table 1. Average Ct value and relative ratio of p53 expression on transfected and non-transfected FaDu cell.
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apoptosis analysis should be carried out in the future to ensure the functionality of restored 
p53 after knockdown of miRNA-181a. Furthermore, further studies can also be performed 
to examine if there are any other factors that may affect or act together with miRNA-181a to 
inhibit the post-transcriptional activities of p53, since a wide range of miRNAs besides miR-
181a could control TP53 at the post-transcriptional level and because cancer is usually caused 
by multiple factors (Seoudi et al., 2012).

In conclusion, miRNA-181a bound to mRNA of the TP53 gene and affected the post-
transcriptional processing of the TP53 gene. p53 mRNA and protein levels were increased af-
ter suppression of miRNA-181a. Therefore, miRNA-181a is considered an oncogene in head 
and neck cancer. This will be a novel biomarker that may be a useful in the early diagnosis, 
treatment, and prognosis of head and neck cancer.
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