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The aetiology of OSCC remains unclear, however, aberrant methylation of CpG island 

promoters of tumor suppressor genes have been identified as contributory developmental 

pathways in several cancers. The aim of this study was to determine the presence of 

RUNX3 gene methylation and how its association with patients’ demographic variables 

such as gender, age, histologic class and tumor location could be of diagnostic value for 

OSCC. Sixty-seven formalin-fixed paraffin-embedded (FFPE) solid tissue blocks of 

OSCC, and nine blocks of benign oral lesions of epithelial origin retrieved from the 

archives of the Department of Oral Pathology, University College Hospital, Ibadan, 

South-West Nigeria were used for the analyses. Frequency of CpG island methylation in 

the promoter region of RUNX3 was determined by methylation-specific polymerase 

chain reaction (MSP). Association between gender, age, tumor location, histologic class 

and promoter methylation in RUNX3 was assessed with Pearson’s χ2 test. Overall, 45% 

(30/67) of OSCC demonstrated methylation in the RUNX3 promoter indicating a high 

frequency of methylation of the CpG island promoter region of RUNX3. There was no 

association between gender, age, histologic class and promoter methylation in RUNX3 (P 

> 0.05), however a significant association was observed between tumor location and 
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promoter methylation of RUNX3 (P < 0.05). Aberrant methylation of the CpG island 

promoter region of RUNX3 together with tumor location could therefore be critical in the 

development and diagnosis of OSCC. 
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INTRODUCTION 

Oral squamous cell carcinoma is the most common carcinoma affecting the oral cavity. 

It is capable of locally destructive growth and distant metastases. It is made up of three 

histological sub-types and constitutes about 94% of all oral carcinomas and 4% of all cancers 

irrespective of anatomic site (AL-RAWI and TALABANI, 2008; BHARGAVA et al., 2010; KHAN and 

KHAN, 2015). Worldwide, there are approximately 540,000 new cases annually, out of which 

271,000 deaths occur, representing 50% mortality (CADONI et al., 2012). Approximately 4 - 6% 

of oral squamous cell carcinoma occurs in patients aged <40 years old, and are more prevalent in 

males than in females with a ratio of 3:1 (IAMAROON et al., 2004; DEL CORSO et al., 2016). Post-

management recurrence and metastatic phenomena have been observed in 60% of patients and 

15 - 20% of cases respectively (CHOI and CHEN, 2005) with a low survival of 5 years in 40 - 59% 

of patients (LEEMANS et al., 2011; CORDEIRO-SILVA et al., 2012). In Nigeria as in other African 

countries, there is a male preponderance with increasing incidence in younger populations, high 

morbidity and mortality rates and poor treatment outcome (LILLY-TARIAH et al., 2009). 

The idea that epigenetic changes can be a mechanism for altering gene expression and 

driving tumorigenesis has been validated by works on breast cancer (SNIDER et al., 2019), lung 

cancer (NITSCHKOWOSKI et al., 2019), hepatocellular cancer (ZHENG et al., 2019), gastric cancer 

(FANG et al., 2019) and colorectal cancer (JENSEN et al., 2019). An important epigenetic pathway 

of transcriptional inactivation for many tumor suppressor genes is CpG island methylation within 

promoter regions.  

This has been identified in several human cancers including head and neck cancers 

(LIYANGE et al., 2019; JASEK et al., 2019; KHATAMI et al., 2019; ELJABO et al., 2018). One of 

such gene is RUNX3, a transcription factor regulating developmental processes and localized on 

chromosome 1p36.1 (TSUNEMATSU et al., 2009; SUPIC et al., 2011). Non expression of this gene 

by epigenetic mechanism has been shown to inhibit the invasion of bone cells in oral squamous 

cell carcinoma (PARK et al., 2017). 

The purpose of this study was to determine the pattern of RUNX3 gene methylation and 

its relationship with demographic variables such as gender, age, histology and location of tumor 

in OSCC patients in Ibadan, South-West Nigeria. 

 

MATERIAL AND METHODS 

Study samples  

Between January 2004 and December 2015, blocks of 10% buffered FFPE solid tissues 

of OSCC samples (test samples) and benign oral lesions of epithelial origin (control samples) 

were retrieved from the archives of the Department of Oral Pathology, University College 

Hospital, Ibadan, South-West Nigeria. Genomic DNA extraction 

Four tissue sections (≤ 20 µm thick) were obtained from each block of tissue and 

transferred to 1.5 ml microcentrifuge tubes for deparaffinization (COURA et al., 2005). Samples 
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were subsequently digested with Protenaise-K followed by DNA isolation according to 

manufacturers’ (ZYMO RESEARCH) instruction. The eluted DNA were then collected in sterile 

PCR tubes and stored at -30oC for subsequent applications. 

 

Bisulfite-modification of isolated DNA 

50µl of DNA from each sample was used for sodium bisulfite treatment in order to 

convert all unmethylated cytosines to uracils whilst leaving methylated cytosines unaffected. For 

the denaturation of DNA, 50µl of genomic DNA from each sample was placed in sterile PCR 

tubes to which 0.2M NaOH was added and incubated for 10 minutes at 37oC. Thereafter, 30µl of 

10mM hydroquinone and 520µl of 3M sodium bisulfite at pH 5.0 both freshly prepared was 

added to each tube, mixed and incubated at 50oC for 16 hours. Subsequently, the modified DNA 

was purified using DNA purification resin (Promega) and eluted into 50µl of water. Modification 

was completed by NaOH (0.3M) treatment for 5 minutes at room temperature, followed by 

ethanol precipitation (TSUNEMATSU et al., 2009).  

 

Methylation-specific PCR amplification  

Each modified DNA was thereafter amplified in a 12.5µl total reaction volume 

containing 2µl of modified DNA, 2.25µl of Mastermix, 2.0µl of RUNX3 gene primer and 6.25µl 

of sterile water after an initial denaturation step at 95°C for 3 minutes, subsequent denaturation 

at 95°C for 15 seconds, annealing at 58°C for 30 seconds, extension at 72°C for 60 seconds and a 

final extension step at 72°C for 5 minutes. This was carried out for 40 cycles. Thereafter, the 

PCR products were loaded onto 2% agarose gel and visualized by ethidium bromide staining 

using 100-bp ladder (TSUNEMATSU et al., 2009). The following primer pairs were used for the 

detection of the methylated and unmethylated regions of the gene (F 5’- 

ATAATAGCGGTCGTTAGGGCGTCG-3’; R 5’- GCTTCTACTTTCCCGCTTCTCGCG-3’ 

and F 5’- TTATGAGGGGTGGTTGTATGTGGG-3’; R 5’- 

AAAACAACCAACACAAACACCTCC-3’), respectively. 

 

Statistical analysis 

Data of promoter methylation of RUNX3 for gender, age, tumor location and histology 

was analyzed by descriptive statistics and presented as frequencies and percentages while 

Pearson’s χ2 test was used to assess association between gender, age, tumor location, histology 

and promoter methylation in RUNX3. For all analysis, P ≤ 0.05 was considered significant. 

 

Ethics 

Ethical approval (reference number AD 13/479/4003A) for the study was obtained from the 

Ministry of Health, Oyo State, Nigeria.  

 

RESULTS 

Frequency of RUNX3 methylation in OSCC 

On the basis of the presence of CpG islands methylation in the 5ʹ region of RUNX3 gene, 45% 

(30/67) of the OSCC tumor samples were found to be methylated while 55% (37/67) were not 

methylated.  
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Association between RUNX3 methylation and patients’ demographic variables 

Association between promoter methylation of RUNX3 with gender, age, histologic 

class and tumor location in OSCC are shown in Figures 1-4 respectively and summarized in 

Table 1.  

 

Table 1. Association between promoter methylation in RUNX3 and tumor location 

Tumour site                 Number of cases                 methylated (%)                        P-value 

                               0.010* 

     Tongue                                 13                                 6 (46.2) 

     Antrum                                 2                                   1 (50.0) 

     Facial mass                           6                                   3 (50.0) 

     Maxilla                                 10                                 5 (50.0) 

     Lip                                        4                                   2 (50.0) 

     Mandible                              14                                 9 (64.3) 

     Floor of mouth                     2                                   2 (100.0) 

     Commissure                         1                                   1 (100.0) 

     Buccal mass                         2                                   1 (50.0) 

     Palate                                    8                                   0 (0.0) 

     Oropharynx                          1                                    0 (0.0) 

     Undisclosed                          2                                   0 (0.0) 

     Parotid                                  1                                    0 (0.0) 

     Medial canter                        1                                   0 (0.0) 

*significant at p ≤ 0.05 using Pearson’s χ2 test 

 

Out of a total of 43 male and 24 female OSCC samples, 21 male and 9 female samples 

respectively were methylated while 22 male and 15 female samples were not methylated. No 

association was established between promoter methylation of RUNX3 with gender (P = 0.157).  

Out of a total of 32 samples with ages in the range of ≥ 60 years, 13 were methylated while 19 

were not methylated. Furthermore, out of the 32 samples with ages < 60 years, 16 were 

methylated and 16 were not methylated. Out of the 3 samples with undisclosed age, 1 sample 

was methylated while 2 were not methylated. No association was established between promoter 

methylation of RUNX3 with age (P = 0.223). 

Out of the 17 well differentiated squamous cell carcinoma samples, 10 were methylated 

while 7 were not methylated. Furthermore, out of the 46 moderately differentiated squamous cell 

carcinoma samples, 19 were methylated while 27 were not methylated. And out of the 4 poorly 

differentiated squamous cell carcinoma samples used in the study, 1 was methylated while 3 

were not methylated. No association was established between promoter methylation of RUNX3 

with histology (P = 0.199). The total number of samples for each tumor location and the 

respective frequencies for methylated and unmethylated samples are also presented in Table 1. 

Strong association was established between promoter methylation of RUNX3 with tumor 

location (P = 0.010). 
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Figure 1. Association between promoter methylation in RUNX3 and gender (P-value = 0.157). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Association between promoter methylation in RUNX3 and age (P-value = 0.223). 
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Figure 3. Association between promoter methylation in RUNX3 and histologic class (P-value = 0.199). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Association between promoter methylation in RUNX3 and tumor location (P-value = 0.010). 
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DISCUSSION 

Aberrant CpG island methylation of the promoter region is known to silence some genes 

as efficiently as mutations or deletions; genome scans for aberrant DNA methylation have shown 

that up to 10% of CpG islands are methylated in human malignancies (COSTELLO et al., 2000). 

To this end, involvement of transcriptional silencing of several genes including p16 (SHI et al., 

2015; NIKOLIC et al., 2015), MGMT (CHEN et al., 2018), ZNF471 (BHAT et al., 2017) and 

DAPK1 (JAYAPRAKASH et al., 2017) among others by DNA methylation in cancer development 

have been established.  

Furthermore, methylation of TFP12, SOX17 and GATA4 genes (KIM et al., 2019); P15, 

P14, DAPK, P73, WIF1, E cadherin, hMLH1 genes (HEMA et al., 2017); APC, MGMT, TIMP3 

and CDH1 genes (STRZELCZYK et al., 2018); P16, RASSF1A, TIMP3, PCQAP/MED15 genes 

(LIYANGE et al., 2019; ELJABO et al., 2018) to mention a few have been associated with OSCC 

development. In this study, we show the methylation status of RUNX3 in OSCC and investigate 

its association with patients’ demographic variables such as gender, age, tumor location and 

histologic differentiation. 

First, we observed the occurrence of a fairly high frequency of promoter methylation of 

RUNX3 in OSCC. Similar observations of elevated methylation of this gene had been made in 

colorectal cancer (SHIN et al., 2018); lung cancer (ZHAO et al., 2019); gastric cancer (LIN et al., 

2017); bladder cancer (LEE and SONG, 2017); hepatocellular cancer (GAOFENG et al., 2017); 

esophageal cancer (REHMAN et al., 2020) and OSCC in a Brazillian study (CORDEIRO-SILVA et 

al., 2012).  

In addition, SUPIC et al., (2011) did not only report a high rate of deviant RUNX3 

methylation in tongue cancers but, also that this was positively connected with nodal metastases 

and tumour staging. On their part, LIU et al., (2016) also reported a high occurrence of RUNX3 

methylation in laryngeal squamous cell carcinoma and that this was certainly associated with 

disease outcome and spread.  It was also observed that epigenetic silencing of RUNX3 also 

contributes to invasion of bony structures and the development of osteolysis in OSCC (PARK et 

al., 2017). So was it also reported by SASAHIRA et al., (2011) that, down-regulation of RUNX3 

gene correlates with poor prospects in both adenoid cystic and mucoepidermoid carcinomas of 

the salivary gland. 

This suggests that aberrant methylation of CpG islands in the promoter region of 

RUNX3 may be a mechanism for the development of OSCC through gene inactivation. Second, 

we also demonstrate that promoter methylation of RUNX3 in OSCC was not significantly 

associated with gender, age and histologic differentiation 

This agrees with observations made in gastric cancer (HU et al., 2010; GARGANO et al., 

2007); colorectal cancer (SHIN et al., 2018); and OSCC in a Brazillian study (CORDEIRO-SILVA et 

al., 2012). We however demonstrate a significant association between promoter methylation of 

RUNX3 in OSCC with tumor location which is in contrast with what was observed in the 

Brazillian study (CORDEIRO-SILVA et al., 2012).  

 

CONCLUSIONS 

We have shown that aberrant methylation of CpG islands in the promoter region of 

RUNX3 (1) occurs frequently in OSCC (2) may be a possible mechanism for RUNX3 
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inactivation thus giving rise to OSCC development and that (3) tumor location together with 

promoter methylation may be an important factor in the development of OSCC, which should be 

further investigated on a larger cohort.  

ABBREVIATIONS 

OSCC: Oral squamous cell carcinoma; CpG: Cytosine-phosphate-guanine; FFPE: Formalin-

fixed paraffin-embedded; MSP: Methylation-specific polymerase chain reaction; PCR: 

Polymerase chain reaction; DNA: Deoxyribonucleic acid 
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Izvod 

Etiologija OSCC-a ostaje nejasna, međutim, aberantna metilacija CpG ostrva promotera 

tumorskih supresorskih gena identifikovana je kao dodatni razvojni put kod nekoliko karcinoma. 

Cilj ove studije je bio da se utvrdi prisustvo metilacije gena RUNX3 i kako njegova povezanost 

sa demografskim varijablama pacijenata kao što su pol, starost, histološka klasa i lokacija tumora 

može biti od dijagnostičkog značaja za OSCC. Šezdeset sedam formalinom fiksiranih parafinom 

ugrađenih (FFPE) čvrstih blokova tkiva OSCC-a i devet blokova benignih oralnih lezija 

epitelnog porekla preuzetih iz arhive Odeljenja za oralnu patologiju, Univerzitetske bolnice, 

Ibadan, jugozapadna Nigerija koristi su se za analize. Učestalost metilacije CpG ostrva u 

promotorskom regionu RUNX3 određena je lančanom reakcijom polimeraze specifične za 

metilaciju (MSP). Povezanost između pola, starosti, lokacije tumora, histološke klase i metilacije 

promotera u RUNX3 procenjena je Pearsonovim χ2 testom. Sve u svemu, 45% (30/67) OSCC je 

pokazalo metilaciju u promotoru RUNX3 što ukazuje na visoku učestalost metilacije regiona 

promotera CpG ostrva RUNX3. Nije bilo veze između pola, starosti, histološke klase i metilacije 

promotera u RUNX3 (P > 0,05), međutim uočena je značajna povezanost između lokacije 

tumora i metilacije promotera RUNX3 (P < 0,05). Aberantna metilacija regiona promotora CpG 

ostrva RUNX3 zajedno sa lokacijom tumora mogla bi stoga biti značajna u razvoju i dijagnozi 

OSCC-a. 
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