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Abstract   

   

Background: Head and neck cancer (HNC) is one of the most prevalent 

cancers of the upper aerodigestive tract, with squamous cell carcinomas 

accounting for most cases. Tobacco and alcohol are the foremost 

etiological factors; however, bioactive food components, including those 

that modulate DNA methylation, are being linked to susceptibility. 

Vitamin B2 (Riboflavin) has been associated with carcinogenesis. 

Riboflavin is essential for one-carbon metabolism, which involves the 

transfer of one carbon unit for Deoxyribonucleic Acid (DNA) and 

Ribonucleic Acid (RNA), amino acid metabolism and methylation. 

Aim & Objectives: To evaluate the association of Riboflavin (Vitamin 

B2) mediated one-carbon metabolism with Oral Squamous Cell 

Carcinoma (OSCC) 

Materials and Methods: This study involved 10 newly diagnosed cases 

of oral squamous cell carcinoma and 10 age & gender-matched healthy 

controls. The cases were made up of 05 males and 05 females same as in 

controls. Serum obtained from participants' blood was analysed by high-

performance liquid chromatography technique for evaluation of Vitamin 

B2 levels. 

Results: The mean ages of cases and controls were 60.1 and 58.3 years, 

and the median ages of cases and controls were 62.5 and 59.5 years, 

respectively. Serum Riboflavin (Vitamin B2) levels were statistically low 

in OSCC when compared to controls (P<0.05). 

Conclusion: Serum Riboflavin levels can differ due to tumour growth 

and subsequent metabolic changes, or they may precede and accelerate 

tumour progression. 

 

Keywords:   Riboflavin, Vitamin B2, One carbon metabolism, Oral 

squamous cell carcinoma, Oral cancer. 
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INTRODUCTION : 

 

Head and neck cancer, which includes the oral cavity is the 7th most common cancer globally, 

accounting for more than 660,000 new cases and 325,000 deaths each year [1]. Oral squamous cell 

carcinoma (OSCC) represents 95% of all forms of head and neck cancer derived from the stratified 

squamous epithelium of the oral mucosa [2]. Oral cancer risk factors are widely known and include 

tobacco (chewing/smoking), alcohol, betel quid [3], genetic factors, socioeconomic status, poor oral 

hygiene, human papillomavirus (HPV), and diet [4]. The incidence of OSCC increases with age, with 

most of the OSCC cases occurring in patients >40 years. The incidence is higher in men than in 

women (5.8 and 2.3 per 100,000 individuals respectively); however, there seems to be an increasing 

trend in women mainly due to their relatively past exposure to potential risk factors like tobacco or 

alcohol [5]. 

Many studies seem to indicate that different food compounds could alter or modify cancer cells. 

Certain nutrients and micronutrients in food components can act as protective elements. This 

protective effect can be procured from fruits, vegetables, and certain vitamins as well as in other foods 

and products common to our diet. Bioactive components present in the diet appear to have the 

potential to prevent various types of cancer, including oral cancer [6]. Vitamins found in numerous 

dietary products have antioxidant and antiproliferative properties, including immune system 

enhancement with synthesis and DNA methylation [7]. 

Riboflavin (7,8-dimethyl-10-ribityl-isoalloxazine) is a water-soluble vitamin present in an ample 

variety of meats and fortified foods. Detailed biochemical analyses have shown that riboflavin or FAD 

plays a central role in regulating the activity of phagocytic NADPH oxidase that generates superoxide 

anions in response to infection  [8]. 

It is an essential element in DNA methylation and has been linked to different tumours such as breast, 

ovary, cervix, lung, and colon cancer. Poor riboflavin status has also been embroiled as a risk factor 

for cervical dysplasia, which is a precursor condition for invasive cervical cancer [9]. This study 

attempts to study the association of Vitamin B2 in OSCC. 

 

 

MATERIALS AND METHODS: 

 

This was a cross-sectional study between 2020 and 2022. It involved 10 recently diagnosed Oral 

squamous cell carcinoma cases and 10 healthy counterparts. The age of the participants involved in 

the study ranged from 45 to 75 years. The study was explained and informed consent was obtained 

from all the individuals before collecting the blood sample from them. Five millilitres of blood were 

taken from the antecubital fossa under aseptic conditions for cases of OSCC and allowed to clot and 

retract. The blood sample was centrifuged at 3000 rpm for 10 minutes and Sera were obtained from 

all the samples. The sera were stored at -20 degrees until the time of analysis. 

Analysis was accomplished by high-performance liquid chromatography (HPLC) technique. The 

column effluents were monitored at 290nm for Vitamin B2. The study protocol was ratified by the 

Institutional ethics committee review board. (Letter No.:-SDCH/IEC/OUT/2022/39) 

 

 

RESULTS: 

 

The mean ± SD of the age of cases in Group 1(OSCC) and Group 2(Controls) was 58.30± 10.42 years 

and 60.10± 7.86 years, respectively (Table 1). The minimum–maximum age range in Group 1 and 

Group 2 was 43-69 years and 47-68 years, respectively. 
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Table 1. Mean Age of participant 

 

 N Minimum Maximum Mean 
Standard 

Deviation 

Control 10 43.00 71.00 58.30 10.42 

OSCC 10 47.00 68.00 60.10 7.86 

 

The Inter-group comparison of the type of diet among both groups was studied. Of 10 OSCC cases 

in Group 1, 03 (30.0% had a vegetarian diet and 08 (80.0%) had a non-vegetarian diet. Of 10 

Controls in Group 2, 05 (50.0%) had a vegetarian diet and 05 (50.0%) had a non-vegetarian diet. The 

distribution of type of diet did not differ significantly between the two study groups (P value >0.05) 

(Table 2). 

 
Table 2. Distribution of Participants based on Diet. 

 Control OSCC P-value 

 N Percent N Percent  

Vegetarian 03 50.0 05 50.0 0.35 

Non-Vegetarian 08 80.0 05 50.0 

 10 100 10 100  

 

Inter-group comparison of tobacco use was performed between OSCC cases and Controls. Of 10 

controls, none had any habits. Out of 10 OSCC cases, 05 (50.0%) had smokeless tobacco, 04(40.0%) 

had smoking tobacco, and 01 (10.0%) used Mishri. The distribution of tobacco use among the cases 

and controls studied did not differ significantly between the two study groups (P value<0.05) (Table 

3). 

 
Table 3. Distribution of Participants based on Tobacco Habit for OSCC group (Group 1) 

  N Percent P-Value 

Tobacco Habit Smoking 04 40.0 0.33 

Mishri 01 10.0 

Smokeless 05 50.0 

Total 10 100.0 

 

Inter-group comparison of average serum vitamin B2 levels was analyzed. The Mean and Standard 

deviation of Serum Vitamin B2 levels were lower in the OSCC cases as compared to controls (Table 

4 and Figure 1). 

 
Table 4. Mean B2 levels in OSCC and Control group 

 

  N Mean Standard Deviation 

Vitamin B2 OSCC 10 3.22 2.16 

Conrol 10 7.97 4.63 
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Figure 1: The inter-group distribution between the Mean and Standard Deviation of Vitamin B2 

levels in Oral Squamous Cell Carcinoma Patients and Healthy Individuals. 

 

Serum levels of Vitamin B2 were lower in OSCC cases and statistically significant between the study 

group and controls (P value= 0.009) (Table 5 and Figure 2). 

 
Table 5. Comparison of Vitamin B2 between OSCC and Control Group 

 

 t p-value Mean 

Difference 

95% Confidence interval of the Difference 

    Lower Upper 

Vitamin B2 -2.93 0.009* -4.74 -8.15 -1.34 

    

 

 

 
 

 

Figure 2: The inter-group distribution between Serum Vitamin B2 levels. 
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DISCUSSION: 

 

Oral squamous cell carcinoma (OSCC) is the most common head and neck squamous cell carcinoma, 

accounting for 90% of all oral cancers [10], with an estimated 5-year overall survival rate of only 

approximately 50% [11]. The consequential associated risk factors of OSCC are tobacco, alcohol, 

viral infections such as EBV, HPV, and herpes simplex virus, poor oral hygiene (including sharp teeth 

and decay), ill-fitting denture, ultraviolet (UV) exposure, nutrition, and genetic predisposition. The 

etiology of oral cancer varies in different populations due to area-specific etiological factors [12]. A 

delay in OSCC diagnosis is often associated with increased disfigurement and poorer survival rates 

[13]. 

In oral squamous cell carcinogenesis, multiple genetic events leading to the alteration of normal 

functions of both oncogenes and tumour suppressor genes. The histologic progression of oral 

carcinogenesis from hyperplasia to dysplasia, followed by severe dysplasia and eventual invasion and 

metastases, is believed to reflect the accumulation of these changes [14]. 

The most important dietary sources of vitamin B2 are milk and dairy products [15]. Vitamin B2 serves 

as a co-factor in fat, amino acid, carbohydrate, and vitamin metabolism [16]. It is a major co-factor 

for the one-carbon metabolism pathway. One-carbon metabolism has a vital role in nucleic acid 

synthesis pathways, making it a high-octane therapeutic target for the treatment of cancer. 

Disturbances in one-carbon metabolism can lead to decreased DNA synthesis, genomic instability, 

and decreased methyl donor production. 

Decreased levels of riboflavin in the blood can be due to various internal and external factors with 

genetic polymorphism being the formal factor and diet being the latter one. Alterations in riboflavin 

metabolism have been documented in various types of cancer, which can affect cellular processes and 

contribute to cancer progression. This raises the possibility of utilizing Riboflavin as an essential 

etiopathological marker for cancer. 

In a study by Zhao et al (2016), Decreased levels of Riboflavin were associated with poor prognosis, 

and alterations in Riboflavin metabolism were linked to increased cellular proliferation and survival, 

which was observed in breast cancer patients [17]. Similarly in oral cancer, decreased expression of 

riboflavin transporter proteins has been associated with poor prognosis [18]. Another study published 

in the American Journal of Clinical Nutrition in 2011 found that high riboflavin intake was associated 

with a reduced risk of oesophagealal squamous cell carcinoma in Chinese adults [19]. In a study 

conducted by Yoon et al (2016), Vitamin B2  is inversely correlated with colorectal cancer risk [20]. 

Literature also supports altered Riboflavin metabolism in gastric cancers [21] and lung cancers [22]. 

In our pilot study distribution of mean serum, and riboflavin levels were significantly different 

between the group of cases and the group of controls studied [Table 4]; [Figure 1]. The negative t-

value and low p-value (0.009) suggest that there is a significant difference in the mean Vitamin B2 

levels between the two groups [Table 5]. The results of our study are consistent with the studies 

reported in the literature. 

 

CONCLUSION: 

 

This study investigated Serum Riboflavin (Vitamin B2) levels in OSCC patients and healthy 

individuals using the chemiluminescence immunoassay method. Decreased serum  Riboflavin levels 

were observed in OSCC compared to healthy individuals. Based on our results we also suspect that 

Riboflavin deficiency could be one of the factors responsible for the etiopathogenesis of Oral 

Squamous Cell Carcinoma. Further research with a larger sample size and prospective studies should 

be carried done to validate the findings. 
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