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Abstract
Background

Nasopharyngeal carcinoma is a multifactorial malignancy influenced by genetic, environmental, and viral
factors, particularly Epstein-Barr Virus. Alterations in folate metabolism genes may impair DNA synthesis
and methylation, promoting carcinogenesis. This study aimed to investigate the association between
common polymorphisms in MTHFR (C677T and A1298C), MTRR (A66G), and MTR (A2756G) genes and
nasopharyngeal carcinoma risk in a Tunisian cohort.

Methods

Between May 2020 and August 2023, 36 patients diagnosed with NPC and 41 healthy controls were
enrolled. Genotyping was performed using TagMan® Real-Time PCR assays. Allelic and genotypic
distributions were compared using chi-square and Fisher’s exact tests, and odds ratios (ORs) with 95%
confidence intervals (Cls) were calculated.

Results

A significant association was observed between the MTHFR A1298C polymorphism and NPC
susceptibility. The C allele was associated with an increased risk of NPC (OR =4.07; 95% Cl: 1.47-11.24;
p =0.0068), and the CC genotype was detected exclusively among cases. No significant associations
were found for MTHFR C677T, MTRR A66G, or MTR A2756G variants.

Conclusion

Our findings provide preliminary evidence that the MTHFR A1298C polymorphism may contribute to
genetic susceptibility to NPC in the Tunisian population. Although confirmation in larger cohorts is
required, these results support the growing evidence that alterations in folate metabolism could
modulate NPC risk through interactions with environmental and viral factors.

Introduction

Nasopharyngeal cancer (NPC) is the most common cancer of the nasopharynx. Its incidence varies
significantly by geographic location with higher rates in Southeast Asia, Southern region of China,
Malaysia and Indonesia. Intermediate incidence rates were recorded in North Africa especially Tunisia,
Morocco and Algeria, while in Western countries NPC is rare [1, 2, 3]. NPC remains a significant cancer to
diagnose and treat early, as it can be aggressive and difficult to manage in its advanced stages.
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Variations in the prevalence of NPC result from ethnic and environmental differences, and multifactorial
etiologies involving environmental factors such as smoking, alcohol consumption salt-preserved food
intake, smen and harr in Tunisia [2, 4, 5], infection with Epstein-Barr virus (EBV) and genetic
predisposition [6,7].

Folate metabolizing genes including methylenetetrahydrofolate reductase (MTHFR), methionine
synthase (MTR) and methionine synthase reductase (MTRR) [8, 9, 10] play a central role in
carcinogenesis. They are involved in the process of DNA repair and methylation [11,12]. Single
nucleotide polymorphisms, MTHFR C677T,rs1801133; MTHFR A1298C, rs1801131; MTR A2756G,
rs1805087; and MTRR A66G, rs1801394) reduce the serum folate level [11] and generates DNA damage
[12].

The human gene MTHFR (OMIM number: 607093) is located in chromosome 1 (1p36.3) and consists of
11 exons that encode a protein of 656 amino acids; it is a key regulatory enzyme involved in the folate
and homocysteine metabolic pathways. Converts 5, 10-methylenetetrahydrofolate into 5-
methyltetrahydrofolate and this reaction provides a methyl for homocysteine into methionine in the
catalyzed by MTR [13]. MTR requires vitamin B12 (cobalamin) as a coenzyme. Over time, the cobalamin
(1) cofactor of MTR will be oxidized to cobalamin (Il) which leads to inactivation of MTR. MTRR restores
oxidized cobalamin (Il) to CH3-cobalamin (lll) in order to maintain the activity of MTR [9, 11, 13].

There are two common allelic variants of the MTHFR gene: C677T located at exon 4 and causes an
amino acid substitution (Ala 222Val) and A1298C, located at exon 7 and results in a glutamate-to-valine
substitution at codon 429. The C677T polymorphism is more strongly associated with decreased
MTHFR enzyme activity [13].

The other crucial enzymes of the folic acid pathway are MTRR and MTR. MTRR is a housekeeping gene
and located at chromosome 5p15.31 with 17 coding exons. The A66G polymorphism (rs1801394) is
located in exon 3, resulting in an lle22Met amino acid substitution in the protein [11, 14, 15].

MTR is located on chromosome 1 (1g43) and with 34 exons. Methionine synthase rs1805087 A/G variant
is the most common mutation. It can lead to an aspartic acid to glycine transition at position 919 of the
polypeptide chain [8, 16].

Several studies have shown associations between MTR, MTRR, and MTHFR polymorphisms and
susceptibility to various cancers (colorectal, gastric, and head and neck cancers), including NPC, have
been investigated in Asian populations, data remain limited and inconsistent [17]. Importantly, no study
to date has specifically addressed this relationship in the Tunisian population, where genetic background
and environmental exposures may differ significantly from other high-incidence regions. That’s why we
investigated, in this study, MTHFR C677T, MTHFR A1298C, MTRR A66G, and MTR A2756G as key factors
in the occurrence of NPC in a Tunisian cohort.
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This will be the first study to investigate these factors in this population, and may shed light on the role
of folate metabolism genes in NPC etiology.

Materials and Methods
Study subjects

A total of 36 NPC patients (30 males and 6 females; mean age: 52.14 + 12.90 years) were randomly
recruited at the moment of diagnosis from the Department of medical oncology of Salah Azaiez
institute, Tunis, Tunisia, between May 2020 and August 2023.

Patients were staged based on the 8th Edition of the UICC/AJCC Staging System for Nasopharyngeal
Carcinoma [18] (Fig. 1). The exclusion criteria were as follows: (1) patients with associated hypertension,
coronary heart disease, or other important organ diseases. All control group samples (N = 44) were
collected at random, confirmed to be healthy by physical examinations and consisted of white, Tunisian
blood donors of both sexes from the same geographic area as the study patients (mean age 50,82 *
14,84 years). The characteristics of the case and control groups were comparable, including basal state
of illness and age (all Ps > 0.05).

This study was approved by the Ethics Committee of Salah Azaiez Institute, Tunis, Tunisia (approval No.
ISA/2020/10). All procedures performed in this study involving human participants were conducted in
accordance with the ethical standards of the institutional research committee and with the 1964
Declaration of Helsinki and its later amendments or comparable ethical standards [19]. Written informed
consent was obtained from all patients and healthy donors prior to inclusion in the study.

TNM, Tumor—Node—Metastasis; T, primary tumor size and local extent; N, regional lymph node
involvement; M, distant metastasis.

Stage IV A - Locally advanced disease without distant metastasis.

Stage IV B — Advanced regional disease or with specific regional spread, still without distant metastasis

DNA extraction and genotyping

Genomic DNA was extracted from peripheral blood collected in EDTA tubes of patients and controls
using the salting out method [20]. DNA quantity and purity were assessed by a nano spectrophotometer
and agarose gel electrophoresis, respectively. Genotype analyses for MTHFR C677T (rs1801133 C>T,
607093. 0003), MTHFR A1298C (rs1801131, 607093.0004), MTR (rs1805087 A > G), MTRR (rs1801394 A
> G) were run on an ABI PRISM® 7900HT sequence-detection system (Applied Biosystems), using real-
time polymerase chain reaction and TagMan chemistry. Representative melting curves obtained during
the real-time PCR analysis of the MTHFR A1298C polymorphism are shown in Fig. 2. Distinct melting
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profiles enabled clear discrimination of the AA, AC, and CC genotypes, confirming the reliability of the
genotyping assay.

Statistical analysis

Statistical analysis of the data was carried out using the STATA version 11.0 statistical software. The
Chi-square test and Fisher’s exact test were used to compare the frequencies of alleles and genotypes. p
values less than 0.05 were considered statistically significant. Hardy—Weinberg equilibrium was
evaluated by the ¥2 test. The odds ratio (OR) and 95% confidence interval (Cl) were calculated.

Results

1. Clinical and epidemiological characteristics of patients

The clinical and demographic characteristics of the 36 patients diagnosed with nasopharyngeal
carcinoma (NPC) are summarized in Table 1. The patients had a mean age of 52.14 years (x 12.90) at
diagnosis. The cohort was predominantly male 83.33% (6/36). Data completeness was limited, with
several clinical variables available only for a smaller subset of cases. A history of smoking was
documented in 50% (18/36) of cases, while alcohol consumption was less frequent (16.66%) (6/36).
Concerning diet, 52.77% (19/36) reported dietary habits considered risk factors for NPC (e.g., high salt
intake, preserved foods).

To ensure a comprehensive evaluation of known lifestyle risk factors for nasopharyngeal carcinoma,
smoking and alcohol consumption data were gathered for the control group as well (Table 2). These
variables were analyzed for their association with disease status, whereas clinical characteristics were
collected only for patients.

Regarding lifestyle factors, smoking showed a strong association with nasopharyngeal carcinoma in our
cohort. Smokers had a significantly higher risk of disease compared with non-smokers (OR = 8,53, 95%
Cl: 2,78 - 26,15, P< 0.01). By contrast, alcohol consumption was not associated with cancer status, with
no significant difference observed between drinkers and non-drinkers (OR = 3,20, 95% CI: 0,73 - 13,96, P
=0.11) (Table 2).

In terms of disease staging, none of the patients were diagnosed at Stage |, indicating that the majority
presented with advanced disease. The most frequent categories were TANXMO (19.44%) (7/36), TXN3MO
(13.88%) (5/36), and T1-3N2MO (13.88%) (5/36). TxNxM1 category (11.11%) (4/36) as well was
documented, which indicating the presence of distant metastases. Consequently, Stage Ill and IV (IVA,
IVB) accounted for most cases, highlighting the typically late presentation of NPC.

The vast majority of patients exhibited head and neck (ENT) signs (77.77%) (28/36), including cervical
lymphadenopathy (66.67%) (24/36), otologic findings (66.67%) (24/36), Rhinological symptoms (58.33%)
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(21/36) and functional symptoms (69.44%). Neurological manifestations were present in 19.44% (7/36)
of patients, suggesting a possible extension to the skull base.

Furthermore 50% (18/36) of tested patients, was seropositive for Epstein—Barr Virus (EBV), supporting
its role in the NPC carcinogenesis. Radiological evaluation using MRl and CT scan (TDM) was performed
in 66.66% (24/36) of cases. Distant metastases were observed, mainly involving the bones, detected in
11.11% (4/36) of patients, while no hepatic metastases were found. Clinical response to treatment was
recorded in 25% (9/36) of documented cases, although radiological response was slightly less frequent
(22.22%) (8/36).
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Table 1

Clinical and Epidemiological Characteristics of NPC Patients (n = 36)

Variable

Age (mean = SD)

Sex

Smoking history

Alcohol consumption

Dietary risk exposure

TNM Classification

Tumor Stage

Imaging (MRI)

Category
Male
Female
Yes

No
Unknown
Yes

No
Unknown
Yes

No
Unknown
T2NO-1MO0
T3N0-2MO0
T1-3N2MO
TANXMO
TxN3MO
TXNxM1
None
Stage |
Stage ll
Stage lll
Stage IVA
Stage IVB
Unknown

Performed

Not performed
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Frequency (n)
30

6

18

13

5

6

25

5

19

(D-POCIJ-#U‘I\IU‘IQ)-PO\:

-
N

24
S)

Percentage (%)
52.14+12.90
83.33
16.67
50
36.11
13.88
16.66
69.44
13.88
52.77
30.55
16.66
11.11
8.33
13.88
19.44
13.88
11.11
22.22
0.00
11.11
22.22
33.33
11.11
22.22
66.66
13.88




Variable

Imaging (CT)

Personal medical history

Family history of cancer

ENT signs

Lymph node signs

Rhinological signs

Otological signs

Functional symptoms

Neurological signs

Category
Unknown
Performed
Not performed
Unknown
Yes

No
Unknown
Yes

No
Unknown
Yes

No
Unknown
Yes

No
Unknown
Yes

No
Unknown
Yes

No
Unknown
Yes

No
Unknown
Yes

No

Unknown
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Frequency (n)
7

24

5

7

9

20

18
10
28

19
10

Percentage (%)
19.44
66.66
13.88
19.44
25
55.55
19.44
22.22
50
27.77
77.77
2.77
19.44
66.67
8.33
25
58.33
19.44
22.22
66.67
11.11
22.22
69.44
8.33
22.22
19.44
52.77
27.77




Variable

Liver metastasis

Bone metastasis

EBV serology

Clinical response

Radiologic response

Tobacco

Alcohol

Risk factors

Statut

Non

Oui

Non

consumption

Oui

Category Frequency (n) Percentage (%)
Yes 0 0.00
No 26 72.22
Unknown 10 27.77
Yes 4 11.11
No 24 66.66
Unknown 8 22.22
Positive 18 50
Negative 2 5.55
Unknown 16 44 .44
Yes 9 25
No 0 0.00
Unknown 27 75
Yes 8 22.22
No 1 2.77
Unknown 27 75
Table 2
Comparison of Tobacco and Alcohol Consumption between Patients and Controls
Patients Controls P-value OR Cl
41,93 86.05
(13) (37)
58,06 1395(6) <103+ 853 [2,78-
(18) 26,15]
80,64 93.02
(25) (40)
19,35(6) 6,98 (3) 0,153 ¢ 320 [0,73-
(NS) 13,96]

value

<1073

0,11

*Significant; (NS) Not significant; 4 Fisher's exact test in cases where the chi-squared test is not valid.

2. Molecular Results and Genotypic Frequencies
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Genotypic and allelic distributions of four polymorphisms in genes involved in folate metabolism among
NPC cases and healthy controls were examined. All genotypes within the control group conformed to
Hardy—Weinberg equilibrium (p > 0.05), indicating genetic stability.

The reliability of the genotyping assay was confirmed by the clear discrimination of melting profiles
obtained during real-time PCR analysis (Fig. 2).

Among the different studied SNPs, only MTHFR A1298C (Glu429Ala) revealed a statistically significant
association with NPC. The C allele was significantly more prevalent in patients than controls (p =
0.00463), conferring a 4.07-fold increased risk (OR = 4.07; 95% Cl =1.47-11.24; p = 0.0068). Moreover,
The CC genotype was observed only among NPC patients in this cohort. However, the AA genotype was
more frequent within controls (p = 0.024; OR=3.51; Cl =1.27-9.71; p = 0.015) (Table 3).

No significant association was identified between NPC and the polymorphisms MTHFR C677T
(Ala222Val), MTRR A66G (lle22Met), or MTR A2756G (Asp919Gly) in either allelic or genotypic models
(all p>0.20) (Fig. 3).

These findings suggest that the MTHFR A1298C variant may contribute to genetic susceptibility to
nasopharyngeal carcinoma in the Tunisian population, whereas the other investigated polymorphisms do
not appear to play a major role. The significant associations observed at both the allelic and genotypic
levels for MTHFR A1298C (Glu429Ala) were supported by the conformity of genotype frequencies in the
control group with Hardy—Weinberg equilibrium, indicating the reliability of the genotyping data.
Nevertheless, the relatively small sample size may have limited the statistical power to detect modest
genetic effects and contributed to the wide confidence intervals observed. Therefore, larger studies
integrating environmental, viral, and functional data are warranted to validate these findings and further
clarify the role of folate metabolism genes in NPC susceptibility.
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Table 3
Frequencies of genes and genotypes (%) in the studied groups

Gene Genotype & Patients Controls P-value OR Cl
polymorphisms alleles
MTHFR: CcC 38.24 48.57 0,1424 098 [0,48-
(13) (17) (NS) 1,98]
677C>T
(Ala222Val) CT 55.88 34.29
(19) (12)
TT 588(2)  17.14
(6)
C 66,18 65,71
(45) (46)
T 33,82 34,29 095(NS) 098 [048-
(23) (24) 1,98]
MTHFR: AA 53.57 80.65 0.0249* 351 [1,27-
(15) (25) 9,71]
1298 A>C
(Glu429Ala) AC 32.14 19.35
(9) (6)
cC 14.29 0.00 (0)
(4)
A 69,64 90,32
(39) (56)
C 30,36 09,68 (6) 0,00463* 4,07 [1,47-
(17) 11,24]
MTRR: AA 35.29 45.95 0,503 1,43 [0,77 -
(12) (17) (NS) 2,67]
66 A>G
AG 38.24 37.84
(lle22Met) (13) (14)
GG 26.47 16.22
(9) (6)
A 54,41 64,86
(37) (48)
G 45,59 35,14 020(NS) 1,55 [0,79-
(31) (26) 3,04]
MTR: AA 77.42 65.71 0,301¢ 082 [037-
(24) (23) (NS) 1,80]
2756A > G
(Asp919Gly) AC 12.90 28.57
(4) (10)
CcC 9.68 (3) 571 (2)
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P-value

0.95

0,95

0.015

0,0068*

0,25

0,21

0,61




Gene Genotype & Patients Controls P-value OR Cl P-value
polymorphisms alleles
A 83,87 80,00
(52) (56)
C 16,13 20,00 056 (NS) 0,77 [0,31- 0,57
(10) (14) 1,88]

*Significant; (NS) Not significant; 4 Fisher's exact test in cases where the chi-squared test is not valid.

Discussion

In this study, we first presented the clinical and sociodemographic features of NPC patients from our
Tunisian cohort. The average age of the individuals in our cohort was circa 52 years, and male patients
(83.3%) clearly outnumbered female patients. This sex predominance has been reported in virtually all
other global and regional epidemiological studies, which present sex as a common feature of NPC
susceptibility with possible connections with hormonal, occupational and/or behavioral characteristics
including tobacco and alcohol use [21]. In fact, among individuals with available lifestyle information,
smoking was reported by 50% and alcohol consumption by approximately 16.66%. Smoking emerged as
a robust predictor of nasopharyngeal carcinoma risk, with smokers displaying a substantially higher
likelihood of disease compared with non-smokers (OR = 8,53, 95% CI: 2,78 - 26,15, P< 0.01). These
findings regarding tobacco and alcohol exposure are relevant in the context of NPC, where they are
considered co-factors to modify the carcinogenic effects of other agents, especially Epstein - Barr virus
(EBV). EBV seropositivity was detected in 50% of our cases which supports its primary role in the
etiology of NPC and was reported in both endemic and non-endemic areas [21, 22, 23].

In the clinic, most of our patients with available data were seen with advanced disease. Using the TNM
staging [18], about half of the patients had clinically T3 or T4 disease with most patients having nodal
involvement (N2, N3). We also observed at least 66.7% were seen with advanced stages lll, and IV at
diagnosis, suggesting that there is a significant delay in diagnosis; this remains one of the most
important factors affecting outcomes in NPC. During presentation, patients presented with ENT feature
predominantly: cervical lymphadenopathy 66.67%), otologic signs (66.67%), rhinological complaints
(58.33%) and general functional features (69.44%) and less than one-quarter with neurological signs
(19.44%), which suggests potential skull base invasion in certain cases. Overall, the clinicopathological
features observed in our cohort are in line with those reported in prior studies [23, 24, 25].

The role of imaging such as MRI and CT scan in the initial assessment was extensive in regard to the
diagnostic process (each used in > 60% of cases) and highlights their central role in assessing tumor
extension and for planning the treatment. Clinical response to treatment was seen in 25% patients
followed over time, despite the severity of presentation in many cases, and although the data for clinical
and radiologic response were less complete and reported in a smaller subset.
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Personal and family history of cancer were noted in 25% and 22.22% of cases respectively suggestive of
some genetic predisposition. Thus, these findings provide justification for searching for host genetic
parameters, particularly those involved in the folate metabolism and DNA repair pathways that may
modify the individual's susceptibility to NPC either alone or in conjunction with environmental exposures
and viral exposures.

Our molecular examination focused on four polymorphisms in folate metabolism genes: MTHFR C677T;
MTHFR A1298C; MTRR A66G; and MTR A2756G.These genes contribute to the regulation of one-carbon
metabolism, DNA methylation, and nucleotide synthesis processes, all of which are pivotal in cancer.
These pathways are especially relevant to tissues that undergo chronic processes (e.g., viral infections,
environmental exposures, or stress).

Among the four studied SNPs, it was only the MTHFR A1298C (Glu429Ala) variant that statistically
correlated with NPC in all allelic and genotypic genetic models. The C allele was significantly more
common in patients (30.4%) versus controls (9.7%), with an over four-fold increase in risk of disease (OR
=4.07,95% Cl: 1.47-11.24, p = 0.0068). While the CC genotype was only seen in NPC cases, the AC
heterozygous genotype was also significantly more common in patients (32.1% v 19.4%). The
significance of the genotype distributions was further confirmed (p = 0.024); importantly, a model with
covariates remained statistically significant (OR =3.51, Cl: 1.27-9.71, p = 0.015). This result is consistent
with the findings reported by Cao et al. (2010) [26] in a population from southern China.

Genotype frequencies in the control group were consistent with Hardy—Weinberg equilibrium, reducing
the likelihood of findings due to population structure or selection effects.

In all, no statistically significant associations were observed between NPC and the other three SNPs
(MTHFR C677T, MTRR A66G, and MTR A2756G). For MTHFR C677T, there was an equal distribution of T
allele between the patients and controls (~ 34%), and the distribution of genotypic frequencies did not
demonstrate significant differences (p = .142). This indicates that, in our cohort, this variant does not
significantly contribute to NPC susceptibility. These results are in agreement with several studies from
East Asia that reported no significant association between the MTHFR C677T polymorphism and
susceptibility to head and neck cancer [25] These differences may relate to ethnicity or variations in
dietary consumption of folate that may, in part, interact with viral status.

The MTRR A66G and MTR A2756G variants also did not demonstrate significant differences in allele or
genotype frequencies between cases and controls (p = 0.20 and p = 0.56 respectively). Although the
frequency of the GG genotype of MTRR A66G variant was higher in patients, this variation was not
statistically relevant. Similar inconsistencies have been observed in other diseases [21, 28], but no data
are yet available for nasopharyngeal carcinoma. Our result supports that it is possible these variants are
relatively minor contributors to NPC risk, or that their effect could depend on the genetic context or
operate through particular gene-gene or gene-environment interactions.
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Overall, the present findings suggest MTHFR A1298C is a potential biomarker of genetic susceptibility to
NPC in the Tunisian population. Given that the A1298C substitution may act biologically similar to the
C677T variant, it is plausible that the association may affect MTHFR activity differently, which could
produce altered levels of folate available for DNA synthesis and methylation. These precipitating events
may provoke genomic instability and oncogenesis, particularly in chronic EBV infection, which is the
main feature of NPC in our cohort.

Importantly, the association seen for A1298C is not driven by evolutionary forces, as this SNP was found
to be in Hardy-Weinberg equilibrium in the control group. This strengthens the case for A1298C acting as
a true disease-associated variant rather than just a byproduct of demographic admixture or selection.

Along with the clinical data, the molecular results indicate the need for expanded studies within North
African populations to confirm the associations, identify potential mechanisms, and to acknowledge that
genetic screening should be included in future studies for NPC.

Conclusion

Overall, this study provides the first evidence for an association between the MTHFR A1298C (Glu429Ala)
polymorphism and NPC risk in the Tunisian population. The implications of our findings support the
notion that host genetic variation in folate metabolism may play a role in individual susceptibility to NPC,
especially in populations that have been exposed to EBV and other environmental risk factors. Although
no associations were observed for the MTHFR C677T, MTRR A66G, or MTR A2756G variants, the A1298C
SNP emerged as a potential biomarker for risk stratification. Overall, this study underlines the utility of
combining molecular and epidemiological evidence as a strategy to improve our understanding of NPC
disease mechanisms; this would give way to future studies completed in large cohorts, with a more
robust characterization of viral and epigenetic factors, and biological validation of the SNPs through
experimental studies. In this regard, integrated approaches will ultimately lead to optimally tailored,
personalized risk mitigation strategies for preventing and detecting disease early in high-risk individuals.

Abbreviations

EBV

Epstein-Barr virus

MTHFR

Methylenetetrahydrofolate Reductase
MTR

Methionine Synthase

MTRR

Methionine synthase reductase

NPC

Nasopharyngeal cancer
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Figure 1

TNM stage grouping for NPC according to the 8th edition of the AJCC/UICC staging system [18].

TNM, Tumor—Node—Metastasis; T, primary tumor size and local extent; N, regional lymph node
involvement; M, distant metastasis.

Stage IV A — Locally advanced disease without distant metastasis.

Stage IV B — Advanced regional disease or with specific regional spread, still without distant metastasis
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Figure 2

Representative melting curves obtained for MTHFR A1298C genotyping by TagMan real-time PCR.
Distinct melting profiles allowed discrimination of the three genotypes (AA, AC, and CC), demonstrating
the specificity and reproducibility of the assay.
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Association between Folate Metabolism Gene Polymorphisms and NPC Risk
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Figure 3

Forest plot showing the association between folate metabolism gene polymorphisms and NPC a risk
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