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ABSTRACT – BACKGROUND: The enzyme methylenetetrahydrofolate reductase is engaged in DNA 
synthesis through folate metabolism. Inhibiting the activity of this enzyme increases the susceptibility 
to mutations, and damage and aberrant DNA methylation, which alters the gene expression of tumor 
suppressors and proto-oncogenes, potential risk factors for esophageal cancer. AIMS: This study 
aimed to investigate the association between methylenetetrahydrofolate reductase 677C>T and 
methylenetetrahydrofolate reductase 1298A>C polymorphisms and susceptibility to esophageal 
cancer, by assessing the distribution of genotypes and haplotypes between cases and controls, as well 
as to investigate the association of polymorphisms with clinical and epidemiological characteristics 
and survival. METHODS: A total of 109 esophageal cancer patients who underwent esophagectomy 
were evaluated, while 102 subjects constitute the control group. Genomic DNA was isolated from the 
peripheral blood buffy coat followed by amplification by polymerase chain reaction and real-time 
analysis. Logistic regression was used to assess associations between polymorphisms and the risk of 
developing esophageal cancer. RESULTS: There was no association for methylenetetrahydrofolate 
reductase 677C>T and methylenetetrahydrofolate reductase 1298A>C polymorphisms and haplotypes, 
with esophageal cancer susceptibility. Esophageal cancer patients carrying methylenetetrahydrofolate 
reductase 677TT polymorphism had higher risk of death from the disease. For polymorphic 
homozygote TT genotype, the risk of death significantly increased compared to wild-type genotype 
methylenetetrahydrofolate reductase 677CC (reference) cases (p=0.045; RR=2.22, 95%CI 1.02–4.83). 
CONCLUSIONS: There was no association between methylenetetrahydrofolate reductase 677C>T and 
methylenetetrahydrofolate reductase 1298A>C polymorphisms and esophageal cancer susceptibility 
risk. Polymorphic homozygote genotype methylenetetrahydrofolate reductase 677TT was associated 
with higher risk of death after surgical treatment for esophageal cancer.

HEADINGS: Esophageal Neoplasms. Adenocarcinoma. Carcinoma, Squamous Cell. 
Polymorphism, Genetic. Methylenetetrahydrofolate Reductase (NADPH2). 
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RESUMO – RACIONAL: A enzima metilenotetrahidrofolato redutase está envolvida na síntese de DNA 
através do metabolismo do folato. A inibição da sua atividade aumenta a suscetibilidade a mutações, 
danos e metilação aberrante do DNA, o que altera a expressão gênica de supressores tumorais e proto-
oncogenes, potenciais fatores de risco para câncer de esôfago. OBJETIVOS: Investigar a associação 
entre os polimorfismos metilenotetrahidrofolato redutase 677C>T e metilenotetrahidrofolato 
redutase 1298A>C e a suscetibilidade ao câncer de esôfago, avaliando a distribuição de genótipos 
e haplótipos entre casos e controles, bem como investigar a associação de polimorfismos com 
características clínicas, epidemiológicas e sobrevida. MÉTODOS:  Avaliaram-se 109 pacientes 
com câncer de esôfago submetidos à esofagectomia, enquanto 102 indivíduos constituaram o 
grupo controle. O DNA genômico do sangue periférico foi isolado e submetido à amplificação 
por reação em cadeia da polimerase em tempo real. A associação entre os polimorfismos e o 
risco de desenvolver câncer de esôfago foi avaliada por regressão logística. RESULTADOS: Não 
houve associação dos polimorfismos e haplótipos metilenotetrahidrofolato redutase 677C>T e 
metilenotetrahidrofolato redutase 1298A>C com a suscetibilidade ao câncer de esôfago. Pacientes 
com câncer de esôfago portadores do polimorfismo metilenotetrahidrofolato redutase 677TT 
apresentaram maior risco de morte pela doença. Para o genótipo TT homozigoto polimórfico, o 
risco de morte aumentou significativamente em comparação com os casos do genótipo selvagem 
metilenotetrahidrofolato redutase 677CC (referência) (p=0,045; RR=2,22, IC95% 1,02–4,83). 
CONCLUSÕES: Não houve associação entre os polimorfismos metilenotetrahidrofolato redutase 
677C>T e metilenotetrahidrofolato redutase 1298A>C e o risco de suscetibilidade ao câncer de 
esôfago. O genótipo homozigoto polimórfico metilenotetrahidrofolato redutase 677TT associou-se 
a um maior risco de óbito após tratamento cirúrgico para câncer de esôfago.

DESCRITORES: Neoplasias Esofágicas. Adenocarcinoma. Carcinoma de Células Escamosas. 
Polimorfismo Genético. Metilenotetra-Hidrofolato Redutase (NADPH2). 
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A QUEDA DA PRESSÃO PORTAL APÓS DESVASCULARIZAÇÃO 
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ABSTRACT - Background: The treatment of choice for patients with schistosomiasis with 
previous episode of varices is bleeding esophagogastric devascularization and splenectomy 
(EGDS) in association with postoperative endoscopic therapy. However, studies have shown 
varices recurrence especially after long-term follow-up. Aim: To assess the impact on 
behavior of esophageal varices and bleeding recurrence after post-operative endoscopic 
treatment of patients submitted to EGDS. Methods: Thirty-six patients submitted to EGDS 

portal pressure drop, more or less than 30%, and compared with the behavior of esophageal 
varices and the rate of bleeding recurrence. Results
late post-operative varices caliber when compared the pre-operative data was observed 
despite an increase in diameter during follow-up that was controlled by endoscopic therapy. 
Conclusion
variceal calibers when comparing pre-operative and early or late post-operative diameters. 
The comparison between the portal pressure drop and the rebleeding rates was also not 

HEADINGS: Schistosomiasis mansoni. Portal hypertension. Surgery. Portal pressure. 
Esophageal and gastric varices.

RESUMO - Racional: O tratamento de escolha para pacientes com hipertensão portal 
esquistossomótica com sangramento de varizes é a desconexão ázigo-portal mais 
esplenectomia (DAPE) associada à terapia endoscópica. Porém, estudos mostram aumento 
do calibre das varizes em alguns pacientes durante o seguimento em longo prazo. Objetivo: 
Avaliar o impacto da DAPE e tratamento endoscópico pós-operatório no comportamento 
das varizes esofágicas e recidiva hemorrágica, de pacientes esquistossomóticos. Métodos: 
Foram estudados 36 pacientes com seguimento superior a cinco anos, distribuídos em 
dois grupos: queda da pressão portal abaixo de 30% e acima de 30% comparados com o 
calibre das varizes esofágicas no pós-operatório precoce e tardio além do índice de recidiva 
hemorrágica. Resultados
esofágicas que, durante o seguimento aumentaram de calibre e foram controladas com 

o comportamento do calibre das varizes no pós-operatório precoce nem tardio nem os 
índices de recidiva hemorrágica. Conclusão

operatórios precoces ou tardios. A comparação entre a queda de pressão do portal e as 

DESCRITORES: Esquistossomose mansoni. Hipertensão portal. Cirurgia. Pressão na veia porta. Varizes esofágicas 
e gástricas.
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Perspectiva
Este estudo avaliou o impacto tardio no índice 
de ressangramento de pacientes submetidos ao 
tratamento cirúrgico e endoscópico. A queda na 

variação do calibre das varizes quando comparado 
o seu diâmetro no pré e pós-operatório precoce e 
tardio. A comparação entre a queda de pressão 
portal e as taxas de ressangramento, também 

evidenciar se apenas a terapia endoscópica, ou 
operações menos complexas poderão controlar o 
sangramento das varizes.

Evolução do calibre das varizes no período pré e pós-
operatório precoce  e tardio

Mensagem central
A desconexão ázigo-portal e esplenectomia 
apresenta importante impacto na diminuição 
precoce do calibre das varizes esofágicas na 
esquistossomose; entretanto, parece que a 
associação com a terapia endoscópica é a maior 
responsável pelo controle da recidiva hemorrágica.

instagram.com/revistaabcd/ twitter.com/revista_abcd facebook.com/Revista-ABCD-109005301640367 linkedin.com/company/revista-abcd
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Perspectives
Polymorphic homozygote genotype 
MTHFR677TT was associated with higher risk of 
death after surgical treatment for esophageal 
cancer.

Central Message
The enzyme methylenetetrahydrofolate 
reductase (MTHFR) plays an important role 
in folate metabolism. The substrate for the 
MTHFR, i.e., 5,10-methylenetetrahydrofolate 
enzyme (THF), is the methyl group donor for 
the conversion of deoxyuridylate (dUMP) to 
deoxythymidylate (dTMP) required for DNA 
synthesis. Folate deficiency and the change in 
MTHFR activity have been described as risk factors 
for esophageal cancer through the following two 
mechanisms: one is the erroneous incorporation 
of uracil in DNA, which leads to disruption of its 
integrity and repair, increasing the susceptibility 
to mutations and DNA damage and the other is 
aberrant DNA methylation, which occurs almost 
exclusively at CpG dinucleotide (CpG islands) 
at the 5ʹ position of the cytosine ring to form 
5-methylcytosine generally protected from 
methylation in normal tissues.

Figure 1 - Overall survival of patients with 
esophageal cancer according to the genotypes 
– case group (n=109) (p=0.320).
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The purpose of this study was to investigate the 
association between MTHFR 677C>T and MTHFR 1298A>C 
and the susceptibility to esophageal cancer, by assessing 
the distribution of genotypes and haplotypes between cases 
and controls, as well as to investigate the association of such 
polymorphisms with clinical and epidemiological characteristics 
and survival outcomes.

METHODS
We conducted a unicenter case-control study of esophageal 

cancer in the Brazilian population. A total of 109 patients with 
a histologically confirmed diagnosis of esophageal cancer who 
underwent potentially curative esophagectomy at the University 
Hospital, from June 2001 to January 2008, were enrolled. 
Exclusion criterion for patients with cancer was neoadjuvant 
therapy or previous esophageal surgical intervention.

The control group consisted of 102 patients who were 
operated on for benign disease at the University Hospital. 
Inclusion criteria for the control group were as follows: no 
personal or familial cancer history, no diseases associated with 
known risk factors for developing esophageal cancer, or diseases 
associated with tobacco and alcohol, Barrett’s esophagus, chronic 
reflux esophagitis, and esophageal achalasia. The case and 
control groups were matched for gender, age, and ethnicity.

The clinicopathological data (e.g., age, gender, ethnicity, 
smoking, alcohol intake, histological type, and tumor stage) 
were collected through questionnaires given to research 
participants and revised according to the information from the 
medical hospital records. Due to the small number of Asiatics, 
Indians, Mulattos, and African Americans, the patients were 
grouped into white and non-white. The stage of the disease 
was classified according to the American Joint Committee on 
Cancer and the International Union Against Cancer (AJCC/
UICC) guidelines1.

The genomic DNA was isolated from peripheral blood 
buffy coat using the extraction and purification kit PureLinkT 
Genomic DNA Mini Kit (Invitrogen-Life Technologies, Carlsbad, 
CA, USA) according to manufacturer’s instructions. The basis 
of the identification technique utilized probes labeled with 
fluorophores TaqMan® SNP Genotyping Assays (Applied 
Biosystems, Foster City, CA, USA), amplification by polymerase 
chain reaction (PCR), and real-time analysis.

This study was approved by the Ethics Committee for 
Research Project Analysis (CAPPesq), University Hospital of 
Faculty of Medicine of Universidade de São Paulo, under 
9504 online registration, and in conformance with applicable 
regulatory requirement and Good Clinical Practice (GCP) 
(number: 05176812.2.0000.0068).

Statistical analysis
The associations between polymorphisms in both groups 

were analyzed using Fisher’s exact test. Logistic regression was 
used to quantify these associations in terms of odds ratios with 
their respective 95% confidence intervals (CI). Frequencies and 
percentages were calculated for variables, and Student’s t-test 
and Pearson’s chi-square test were used to analyze continuous 
and categorical data. Survival curves were built using Kaplan-
Meier method, and the differences between the curves were 
examined by the log-rank test. The follow-up time was considered 
from the date of surgery to the date of death or last medical 
appointment. Simple Cox regression was applied to calculate 
the risk of death according to the genotypes. The analyses 
were carried out through the R program, version 3.1.1 (R Core 
Team, 2014). The frequency of haplotypes was calculated from 
the EM algorithm (Expecting-Maximization) and compared by 

INTRODUCTION

Esophageal cancer corresponds to the eighth leading 
cause of cancer worldwide and affects more than 
450,000 people yearly. The 5-year survival rate is 

low, generally around 10%, while the mortality rate is similar 
to the incidence, due to its high lethality (0.88)11,24. Lymph node 
metastasis, followed by its rapid progression, explains the poor 
prognosis of this disease1,21 25.

Besides hereditary mechanisms, life habits and the 
environment can induce or perhaps prevent carcinogenesis of 
the esophagus. Interactive effects on gene and environmental 
factors may also vary among different regions of the world5,21,26. 
Diet low in folate, food intake at high temperatures, chronic 
mucosal irritation, and especially the consumption of 
alcohol and tobacco have been described as risk factors for 
esophageal cancer11,13,15. Consumption of alcohol and tobacco 
is responsible for 45% new cases of esophageal cancer 
in men and 11% in women, with a synergistic effect10,19,22.
The transformation of the malignant phenotype by sequential 
order of mutations has multiple causes; however, it is poorly 
defined. Gene expression varies in different stages from 
normal mucosa to metastatic tumors6,26. Furthermore, DNA 
methylation has important effects on cell development and 
function. This epigenetic modification, including the genomic 
hypomethylation and regional hypermethylation, changes the 
genomic stability and gene expression of tumor suppressors 
and proto-oncogenes, common event in carcinogenesis7,8,18,20,27. 
The enzyme methylenetetrahydrofolate reductase (MTHFR) plays 
an important role in folate metabolism. The substrate for the 
MTHFR, i.e., 5,10-methylenetetrahydrofolate enzyme (THF), is 
the methyl group donor for the conversion of deoxyuridylate 
(dUMP) to deoxythymidylate (dTMP) required for DNA 
synthesis7,9,17,27. Folate deficiency and the change in MTHFR 
activity have been described as risk factors for esophageal 
cancer through the following two mechanisms: one is the 
erroneous incorporation of uracil in DNA, which leads to 
disruption of its integrity and repair, increasing the susceptibility 
to mutations and DNA damage12,18,23,27. The other mechanism 
is aberrant DNA methylation, which occurs almost exclusively 
at CpG dinucleotide (CpG islands) at the 5ʹ position of the 
cytosine ring to form 5-methylcytosine generally protected 
from methylation in normal tissues6,8.

The MTHFR gene contains a coding region with 11 exons 
and is located on chromosome 1p36.3. Approximately 60 
polymorphisms have been described in this gene. The C677T 
and A1298C polymorphism genotypes variants of MTHFR gene 
have been associated with significant reductions in enzymatic 
activity and consequently interruption of folate metabolism20.

The C677T variant (rs1801133) is a C to T transition at 
nucleotide 677 in exon 4, resulting in the conversion of alanine 
to valine at position 222 of the amino acid sequence7,13,27. 
This polymorphism is associated with reduced enzyme activity, 
limiting the conversion of 5,10-methylenetetrahydrofolate 
to 5-MTHFR9.

Compared to homozygous wild subtype (CC), the polymorphic 
heterozygous (CT) expresses the enzyme with 65% of activity 
since the polymorphic homozygote (TT) expresses the enzyme 
with 30% of activity. Both are associated with lower serum 
folate levels and higher levels of plasma homocysteine, with 
consequent hypomethylation of DNA, which is a relevant factor 
of carcinogenesis9,13,27.

Another polymorphism that alters the activity of MTHFR 
is the substitution of A for C at nucleotide 1298 (rs1801131). 
This results in a change of the amino acid alanine for glutamate 
at exon 7, which reduces enzyme activity. This variant is less 
severe than 6777. Subjects with CC genotype at residue 1298 have 
60% of the enzymatic capacity compared to the AA genotype4,7.

ORIGINAL ARTICLE

2/6 ABCD Arq Bras Cir Dig 2022;35:e1684



chi-square test, as well as the evaluation of the unbalance of 
Hardy-Weinberg equilibrium2. A p-value <0.05 was considered 
statistically significant.

RESULTS
Table 1 shows the distribution of demographic and 

clinical data of 109 patients with esophageal cancer and 102 
controls. There were no differences between groups regarding 
age, gender, and ethnicity.

Ex-alcoholic group (48.0%) and alcohol consumers (34.3%) 
were more prevalent among patients with esophageal cancer 
(case group) (p=0.001). In addition, ex-smokers (40.5%) and 
active smokers (45.5%) were also more frequent among patients 
with esophageal cancer (p=0.001).

Among the 109 patients in control group, 43 (39.5%) were 
adenocarcinomas and 66 (60.5%) were histologically classified as 
squamous cells carcinoma. Regarding the pathological staging 
(pTNM), 10.6% of the patients were classified as stage I, 35.9% 
as stage II, 45.6% as stage III, and 7.7% as stage IV.

The distribution of genotypes in both groups, cases 
and controls, is described in Table 2 according to Hardy-
Weinberg principle.

There was no significant association for the MTHFR 677C>T 
and MTHFR 1298A>C polymorphisms and esophageal cancer 
susceptibility (Table 3).

To examine the association of the haplotypes and 
esophageal cancer, a comparison of the frequencies of 
haplotypic blocks formed by MTHFR polymorphisms between 
cases and controls was performed. There was no statistical 
difference in the evaluation of haplotype blocks AC (p=0.76), 
AT (p=0.81), and CC (p=0.96) formed by the MTHFR 677C>T 
and MTHFR 1298A>C polymorphism between the two groups 
and also no differences regarding histological type or other 
clinicopathological characteristics.

Overall survival analysis
The median overall survival of esophageal cancer patients 

was 23 months, and 62 (56.8%) patients died due to esophageal 
cancer. Regarding the pTNM staging (grouped into stages I/II 
and stages III/IV), there were statistically significant differences 
in survival; patients with more advanced disease had a worse 
overall survival (p=0.01).

Multiple Cox logistic regression, adjusted for age, 
histological type, gender, ethnicity, smoking, and alcohol 
consumption, showed a statistically significant difference for the 
MTHFR 677C>T polymorphism. For polymorphic homozygote 
TT genotype patients, the risk of death increased by 2.22 
times, greater than for the wild-type genotype MTHFR 677CC 
(reference) patients (p=0.045; RR=2.22, 95%CI 1.02–4.83) 
(Table 4).

The survival curve using the Kaplan-Meier method and log-
rank test, comparing of the three genotypes of the polymorphism 
MTHFR 677C>T, demonstrated no statistical difference in the 
overall survival for esophageal cancer patients between the 
groups (p=0.32) (Figure 1).

Table 1 - Distribution of demographic and clinical data of 
esophageal cancer patients (n=109) and control 
(n=102).

Variable Total Case Control p-valuen=211 (%) n=109 (%) n=102 (%)
Age       0.102

Mean (SD) 59.33±12.17 60.66±10.54 57.89±13.60  
Median 59 59 58  

Gender       0.473
Female 37 (17.5) 17 (15.6) 20 (19.6)  
Male 174 (82.4) 92 (84.4) 82 (80.3)  

Ethnicity       0.210
White 157 (74.4) 77 (70.6) 80 (78.4)  
Non-white 54 (25.5) 32 (29.3) 22 (21.5)  

Alcohol intake*       0.001 

Nondrinkers 84 (80.7) 18 (17.6) 66 (65.7)  
Ex-drinkers 63 (60.5) 49 (48.0) 14 (13.7)  
Drinkers 57 (54.8) 35 (34.3) 22 (21.5)  

Smoking*       0.001 

Nonsmokers 59 (56.7) 14 (13.8) 45 (44.1)  
Ex-smokers 77 (74.0) 41 (40.5) 36 (35.2)  
Smokers 67 (64.4) 46 (45.5) 21 (20.5)  

SD: standard deviation. *Missing data variables: alcohol intake seven cases; Smoking: 
eight cases. Bold denotes statistically significant p-values.

Table 2 - Distribution of genotypes of esophageal cancer patients 
and control according to Hardy-Weinberg principle.

Polymorphism Case Hardy-Weinberg (p-value) TotalControl
MTHFR 677C>T 0.679 1,000 0.666

(rs1801133)      
MTHFR 1298A>C 0.016 0.806 0.183

(rs1801131)      
Bold denotes statistically significant p-values.

Table 3 - Distribution of genotypes frequencies and odds ratio for esophageal cancer patients and control.

Genotype (wild) Polymorfisms Total Case Control p-value OR 95%CI 95%CI p-valuen=211 (%) n=109 (%) n=102 (%)
MTHFR 677C>T CC 87 (41.23) 46 (42.2) 41 (40.2) 0.963 Reference      

(rs1801133) CT 95 (45.02) 48 (44.0) 47 (46.1)   0.95 0.46–1.96 0.46–1.96 0.885
  TT 29 (13.74) 15 (13.7) 14 (13.7)   1.12 0.4–3.15 0.4–3.15 0.837
MTHFR 1298A>C AA 115 (54.5) 63 (57.8) 52 (50.9) 0.140 Reference      

(rs1801131) AC 76 (36.0) 33 (30.3) 43 (42.1)   0.63 0.3–1.32 0.3–1.32 0.216
  CC 20 (9.5) 13 (11.9) 7 (6.8)   2.59 0.7–9.61 0.7–9.61 0.156
    Total Case Control          
Genotype (wild and 
polymorphic)   n=211 (%) n=109 (%) n=102 (%) p-value OR 95%CI 95%CI p-value

MTHFR 677C>T CC 87 (41.23) 46 (42.2) 41 (40.2) 0.780 Reference      
(rs1801133) CT+TT 124 (58.76) 63 (57.8) 61 (59.8)   0.99 0.5–1.97 0.5–1.97 0.971

MTHFR 1298A>C         0.330        
(rs1801131) AA 115 (54.5) 63 (57.8) 52 (50.9)   Reference 0.42–1.64    

  AC+CC 46 46 (42.2) 50 (49.02)   0.83 0.42–1.64 0.42–1.64 0.592
OR: odds ratio; CI: confidence interval; CC: homozygous wild subtype; CT: polymorphic heterozygous; TT: polymorphic homozygote; A, C, T: polymorfisms.

THYLENETETRAHYDROFOLATE REDUCTASE GENE POLYMORPHISMS AND SUSCEPTIBILITY TO ESOPHAGEAL CANCER: A CASE-CONTROL STUDY
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DISCUSSION
In this study, MTHFR 677C>T and MTHFR 1298A>C 

polymorphisms, which are variants of MTHFR gene, were not 
associated with high susceptibility risk for esophageal cancer. 
Nonetheless, homozygous MTHFR 677 TT was related to a 
more aggressive disease.

Folate deficiency and changing the MTHFR enzyme activity 
have been associated with the increased risk of esophageal 
cancer by the increased susceptibility to mutations, and damage 
and aberrant DNA methylation12,18,23,27. Polymorphic genes 
may be involved in the metabolism of certain foods or toxins, 
inflammatory responses, and drug interaction, among others3.

The selected polymorphisms for analysis in this study, 
i.e. MTHFR 677C>T and MTHFR 1298A>C, are located in the 
coding region of the gene and are associated with significant 
reduction in enzyme activity20.

The frequency of the MTHFR 677C>T polymorphism 
genotypes in esophageal cancer patients in this study was CC 
42.2%, CT 44.0%, and TT 13.7%. According to previous reports, 
the frequency of C677T alleles has shown a variation between 
different ethnic groups. In China, the frequency between 
subjects with esophageal cancer is CC 18.3%, CT 42.9%, and 
TT 38.8%23. In Japan, genotype frequency distribution has been 
similar to this study, with CC 38.2%, CT 49.7%, and TT 12.1%27. 
In contrast, among North Americans with esophageal cancer, 
the TT genotype frequency has been as high as 65%14.

Regarding the polymorphism of MTHFR 1298A>C, the 
genotype distribution frequencies in this study was AA 57.8%, AC 

Table 4 - Relative risk of death related to genotypes. Multiple Cox regression analysis adjusted by age, histological type, gender, 
ethnicity, alcohol intake, and smoking variables.

Genotypes Polymorfisms RR 95%CI p-value Genotypes RR 95%CI p-value
MTHFR 677C>T                

(rs1801133) CC Reference     CC Reference    
  CT 1.15 0.64–2.06 0.643 CT+TT 1.35 0.79–2.31 0.272
  TT 2.22 1.02–4.83 0.045        
MTHFR 1298A>C                

(rs1801131) AA Reference     AA Reference    
  AC 1 0.52–1.95 0.992 AC+CC 0.79 0.43–1.45 0.451
  CC 0.5 0.2–1.27 0.145        

RR: relative risk; CI: confidence interval; CC: homozygous wild subtype; CT: polymorphic heterozygous; TT: polymorphic homozygote; A, C, T: polymorfisms.

Figure 1 - Overall survival of patients with esophageal cancer 
according to the genotypes – case group (n=109) 
(p=0.32).

30.2%, and CC 11.93%, findings quite different when compared 
to Japanese subjects with esophageal cancer, with AA 74.3%, AC 
24.2%, and CC 1.4%23. Among North Americans, the genotype 
frequency for CC was 12.9%, similar to this study14.

In this research, no significant difference was observed 
in the genotype frequency distribution, alleles, or haplotypes 
between cases and controls for the MTHFR 677C>T and 
MTHFR 1298A>C polymorphisms18. No relationship has also 
been observed between MTHFR 677C>T polymorphism and 
esophageal cancer in Chinese population; however, in some 
studies, there was a significant association between MTHFR 
677TT genotype and esophageal cancer, suggesting that the 
effect of this polymorphism may vary according to ethnicity14,20,23. 
No relationship between MTHFR 1298A>C polymorphism 
and esophageal cancer susceptibility has been described, as 
demonstrated in this study14,18,20,23.

Discrepancies found between the results in several 
studies suggested that the presence of other factors could 
modulate the polymorphism behavior, including exposure to 
alcohol, tobacco, anti-inflammatory drugs, and vast genetic 
variation between different ethnic groups5,16. The frequency 
distribution of polymorphisms was also found to be related 
to clinical, epidemiological, and pathological data of patients 
with esophageal cancer.

Regarding smoking, no association has been found between 
MTHFR 677C>T polymorphisms. Concerning MTHFR 1298A>C 
polymorphism, this study has shown that subjects with wild-
type AA genotype were more frequent among patients with 
esophageal cancer, either in patients who has never smoked 
or in active smokers, demonstrating no association between 
this polymorphism and the smoking habit. Limited data from 
few studies with small number of patients have shown no 
relationship between MTHFR A1298C polymorphism, smoking, 
and esophageal cancer, which impairs further discussion23.

Some studies suggested that the relationship between 
MTHFR C677T polymorphism and esophageal cancer could be 
modified by the amount of alcohol and tobacco consumption14. 
This relationship might be due to the fact that alcohol inhibits 
the methionine synthesis mediated by folate, which can interrupt 
methylation processes, inducing DNA hypomethylation in the 
esophageal mucosa27. Moreover, the alcohol has folate antagonistic 
effect, by reducing its absorption14. Conversely, a survey with 
165 Japanese participants has shown no association between 
genotype MTHFRTT and excessive alcohol consumption27.

Tobacco consumption has also been shown to be responsible 
for the processing of vitamin B12 and folate coenzymes in a 
biologically inactive product14.

An association with MTHFR 677TT polymorphisms 
among drinkers and smokers and esophageal cancer has 
been described in previous studies13,23. The presence of the 
C allele in alcoholics and smokers was related to high risk of 
developing esophageal cancer13,14,23,27.

The conflicting results between this study and the data 
from the literature on the correlation of MTHFR polymorphism, 
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alcohol and tobacco consumption, and esophageal cancer might 
be due to dose and frequency of exposure to these substances13.

Dietary factors and their effects must be considered. 
The low dietary folate associated with MTHFR polymorphism 
increases the risk of esophageal cancer. In contrast, subjects who 
have shown adequate serum folate levels acquired insensitivity 
to the effects caused by genotype MTHFR 677TT13. 

A multiple logistic regression analysis adjusted by age, 
histological type, gender, ethnicity, smoking, and drinking showed 
that subjects with homozygous polymorphic MTHFR 677TT 
genotype have higher risk of death from esophageal cancer6,12,18. 
The higher risk is probably due to the following two mechanisms: 
changes in the normal process of methylation and unbalance levels 
of DNA precursors, which lead to aberrant synthesis and DNA 
instability12. Data have shown that genomic DNA methylation is 
lower in MTHFR 677TT genotype subjects, compared to MTHFR 
677CC genotype subjects, and this difference also has had a 
relationship between folate levels in the bloodstream18,14. Higher 
concentrations of 5,10-methylenetetrahydrofolate resulting 
from MTHFR 677TT genotype may have an effect on survival 
of patients with esophageal cancer, because of the response of 
tumor cells in patients who received neoadjuvant treatment with 
5-fluorouracil (5-FU)12. In this study, the patients who underwent 
neoadjuvant treatment have been excluded, so this relationship 
could not be evaluated. Systemic local and DNA hypomethylation 
has been identified in several cancer types, which induce the 
activation of proto-oncogenes and chromosome instability. 
On the other hand, hypermethylation is associated with tumor 
silencing suppressor gene expression. Consequently, as a key 
enzyme in the folate metabolism process, MTHFR may play a 
role in the prognosis of esophageal cancer6,12. This study has 
some limitations. This is a case-control study in which data 
have been retrospectively collected from medical records and 
questionnaires. Some variables have been reported by patients, 
such as ethnicity, smoking, and alcoholism. Another point to be 
considered is the miscegenation of the Brazilian population and 
the self-reported ethnicity. In this research, we did not conduct 
an investigation of genetic ancestry markers. In addition, this 
study has not evaluated the adequate intake of folate and 
systemic and local methylation of DNA, factors that could 
influence the results presented herein.

CONCLUSION
There was no relationship between MTHFR 677C>T and 

MTHFR 1298A>C polymorphisms and esophageal cancer 
susceptibility risk. Polymorphic homozygous MTHFR677TT 
genotype of esophageal cancer subjects had higher risk of 
death from the disease after surgical treatment.

REFERENCES
1.	 Amin MB, Edge S, Greene F, Byrd DR, Brookland RK, Washington 

MK, et al. AJCC Cancer Staging Manual. 8th ed. New York: Springer 
International Publishing, American Joint Commission on Cancer; 2017.

2.	 Barrett JC, Fry B, Maller J, Daly MJ. Haploview: analysis and visualization 
of LD and haplotype maps. Bioinformatics. 2005;21(2):263-5. 
https://doi.org/10.1093/bioinformatics/bth457 

3.	 Brookes AJ. The essence of SNPs. Gene. 1999;234(2):177-86. 
https://doi.org/10.1016/s0378-1119(99)00219-x 

4.	 Butler LM, Sinha R, Millikan RC, Martin CF, Newman B, Gammon 
MD, et al. Heterocyclic amines, meat intake, and association with 
colon cancer in a population-based study. Am J Epidemiol. 2003 
Mar 1;157(5):434-45. https://doi.org/10.1093/aje/kwf221 

5.	 Canova C, Hashibe M, Simonato L, Nelis M, Metspalu A, Lagiou 
P, et al. Genetic associations of 115 polymorphisms with cancers 
of the upper aerodigestive tract across 10 European countries: 
the ARCAGE project. Cancer Res. 2009;69(7):2956-65. https://doi.
org/10.1158/0008-5472.CAN-08-2604 

6.	 Cheng CP, Kuo IY, Alakus H, Frazer KA, Harismendy O, Wang YC, 
et al. Network-based analysis identifies epigenetic biomarkers of 
esophageal squamous cell carcinoma progression. Bioinformatics. 
2014;30(21):3054-61. https://doi.org/10.1093/bioinformatics/
btu433

7.	 Druesne-Pecollo N, Tehard B, Mallet Y, Gerber M, Norat T, Hercberg 
S, et al. Alcohol and genetic polymorphisms: effect on risk of 
alcohol-related cancer. Lancet Oncol. 2009;10(2):173-80. https://
doi.org/10.1016/S1470-2045(09)70019-1 

8.	 Eads CA, Nickel AE, Laird PW. Complete genetic suppression of 
polyp formation and reduction of CpG-island hypermethylation 
in Apc(Min/+) Dnmt1-hypomorphic Mice. Cancer research. 
2002;62(5):1296-9. PMID: 11888894. 

9.	 Galbiatti ALS, Ruiz MT, Maniglia JV, Raposo LS, Pavarino-Bertelli EC, 
Goloni-Bertollo EM. Head and neck cancer: genetic polymorphisms 
and folate metabolism. Braz J Otorhinolaryngol. 2012;78(1):132-9. 
https://doi.org/10.1590/s1808-86942012000100021 

10.	 Hvid-Jensen F, Pedersen L, Drewes AM, Sørensen HT, Funch-Jensen 
P. Incidence of adenocarcinoma among patients with Barrett’s 
esophagus. N Engl J Med. 2011;365(15):1375-83. https://doi.
org/10.1056/NEJMoa1103042 

11.	 Instituto Nacional de Câncer José Alencar Gomes da Silva. Estimativa 
2020: incidência de câncer no Brasil. Rio de Janeiro; 2019.

12.	 Jing C, Huang Z, Duan Y, Xiao X, Zhang R, Jiang J. Folate intake, 
methylenetetrahydrofolate reductase polymorphisms in association 
with the prognosis of esophageal squamous cell carcinoma. Asian 
Pac J Cancer Prev. 2012;13(2):647-51. https://doi.org/10.7314/
apjcp.2012.13.2.647

13.	 Langevin SM, Lin D, Matsuo K, Gao CM, Takezaki T, Stolzenberg-
Solomon RZ, et al. Review and pooled analysis of studies on 
MTHFR C677T polymorphism and esophageal cancer. Toxicol Lett. 
2009;184(2):73-80. https://doi.org/10.1016/j.toxlet.2008.09.003

14.	 Larsson SC, Giovannucci E, Wolk A. Folate intake, MTHFR polymorphisms, 
and risk of esophageal, gastric, and pancreatic cancer: a meta-
analysis. Gastroenterology. 2006 Oct;131(4):1271-83. https://doi.
org/10.1053/j.gastro.2006.08.010

15.	 Lewis SJ, Smith GD. Alcohol, ALDH2, and esophageal cancer: a 
meta-analysis which illustrates the potentials and limitations of a 
Mendelian randomization approach. Cancer Epidemiol Biomarkers 
Prev. 2005 Aug;14(8):1967-71. https://doi.org/10.1158/1055-9965.
EPI-05-0196 

16.	 Liang Y, Liu JL, Wu Y, Zhang ZY, Wu R. Cyclooxygenase-2 polymorphisms 
and susceptibility to esophageal cancer: a meta-analysis. Tohoku 
J Exp Med. 2011 Feb;223(2):137-44. https://doi.org/10.1620/
tjem.223.137 

17.	 Liu YX, Wang B, Wan MH, Tang WF, Huang FK, Li C. Meta-analysis of 
the relationship between the Metholenetetrahydrofolate reductase 
C677T genetic polymorphism, folate intake and esophageal cancer. 
Asian Pac J Cancer Prev. 2011;12(1):247-52. PMID: 21517266.

18.	 Lu C, Xie H, Wang F, Shen H, Wang J. Diet folate, DNA methylation 
and genetic polymorphisms of MTHFR C677T in association with 
the prognosis of esophageal squamous cell carcinoma. BMC 
Cancer. 2011;11:91. https://doi.org/10.1186/1471-2407-11-91. 

19.	 Lubin JH, Cook MB, Pandeya N, Vaughan TL, Abnet CC, Giffen 
C, et al. The importance of exposure rate on odds ratios by 
cigarette smoking and alcohol consumption for esophageal 
adenocarcinoma and squamous cell carcinoma in the Barrett’s 
Esophagus and Esophageal Adenocarcinoma. Cancer Epidemiol. 
2012 Jun;36(3):306-16. https://doi.org/10.1016/j.canep.2012.03.001

20.	 Miao X, Xing D, Tan W, Qi J, Lu W, Lin D. Susceptibility to gastric cardia 
adenocarcinoma and genetic polymorphisms in methylenetetrahydrofolate 
reductase in an at-risk Chinese population. Cancer Epidemiol 
Biomarkers Prev. 2002 Nov;11(11):1454-8. PMID: 12433726.

THYLENETETRAHYDROFOLATE REDUCTASE GENE POLYMORPHISMS AND SUSCEPTIBILITY TO ESOPHAGEAL CANCER: A CASE-CONTROL STUDY

5/6ABCD Arq Bras Cir Dig 2022;35:e1684

https://doi.org/10.1093/bioinformatics/bth457
https://doi.org/10.1016/s0378-1119(99)00219-x
https://doi.org/10.1093/aje/kwf221
https://doi.org/10.1158/0008-5472.CAN-08-2604
https://doi.org/10.1158/0008-5472.CAN-08-2604
https://doi.org/10.1093/bioinformatics/btu433
https://doi.org/10.1093/bioinformatics/btu433
https://doi.org/10.1016/S1470-2045(09)70019-1
https://doi.org/10.1016/S1470-2045(09)70019-1
https://doi.org/10.1590/s1808-86942012000100021
https://doi.org/10.1056/NEJMoa1103042
https://doi.org/10.1056/NEJMoa1103042
https://doi.org/10.7314/apjcp.2012.13.2.647
https://doi.org/10.7314/apjcp.2012.13.2.647
https://doi.org/10.1016/j.toxlet.2008.09.003
https://doi.org/10.1053/j.gastro.2006.08.010
https://doi.org/10.1053/j.gastro.2006.08.010
https://doi.org/10.1158/1055-9965.EPI-05-0196
https://doi.org/10.1158/1055-9965.EPI-05-0196
https://doi.org/10.1620/tjem.223.137
https://doi.org/10.1620/tjem.223.137
https://doi.org/10.1186/1471-2407-11-91
https://doi.org/10.1016/j.canep.2012.03.001


21.	 Napier KJ, Scheerer M, Misra S. Esophageal cancer: a review of 
epidemiology, pathogenesis, staging workup and treatment 
modalities. World J Gastrointest Oncol. 2014;6(5):112-20. https://
doi.org/10.4251/wjgo.v6.i5.112 

22.	 Pallone J, Catharino R, Godoy H. Folatos em vegetais: importância, efeito 
do processamento e biodisponibilidade. Alim Nutr. 2003;14(1):123-9.

23.	 Stolzenberg-Solomon RZ, Qiao YL, Abnet CC, Ratnasinghe DL, 
Dawsey SM, Dong ZW, et al. Esophageal and gastric cardia cancer 
risk and folate- and vitamin B(12)-related polymorphisms in 
Linxian, China. Cancer Epidemiol Biomarkers Prev. 2003;12(11 Pt 
1):1222-6. PMID: 14652285.

24.	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal 
A, et al. Global Cancer Statistics 2020: GLOBOCAN Estimates of 
Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. 

CA Cancer J Clin. 2021;71(3):209-49. https://doi.org/10.3322/
caac.21660

25.	 Vieira FM, Chedid MF, Gurski RR, Schirmer CC, Cavazzola LT, 
Schramm RV, et al. Transhiatal esophagectomy in squamous cell 
carcinoma of the esophagus: what are the best indications? ABCD 
Arq Bras Cir Dig. 2021;33(4):e1567. https://doi.org/10.1590/0102-
672020200004e1567 

26.	 Willett WC. Diet and cancer: one view at the start of the millennium. 
Cancer Epidemiol Biomarkers Prev. 2001;10(1):3-8. PMID: 11205486.

27.	 Yang CX, Matsuo K, Ito H, Shinoda M, Hatooka S, Hirose K, et al. 
Gene-environment interactions between alcohol drinking and 
the MTHFR C677T polymorphism impact on esophageal cancer 
risk: results of a case-control study in Japan. Carcinogenesis. 
2005;26(7):1285-90. https://doi.org/10.1093/carcin/bgi076

ORIGINAL ARTICLE

6/6 ABCD Arq Bras Cir Dig 2022;35:e1684

https://doi.org/10.4251/wjgo.v6.i5.112
https://doi.org/10.4251/wjgo.v6.i5.112
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1590/0102-672020200004e1567
https://doi.org/10.1590/0102-672020200004e1567
https://doi.org/10.1093/carcin/bgi076

