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1. INTRODUCTION  

Lymphomas are neoplasms originating from lymphoid 

cells that are found in lymphoid tissues.
[1]

 It is divided 

into two main groups: Hodgkin's lymphoma (HL) and 

non-Hodgkin's lymphoma (NHL). Lymphomas is 

considered the third most common neoplasm that mainly 

affects the head and neck region.
[2]

  

 

It is known the onset of lymphoma involves changes in 

the adaptive and innate immune system, significantly 

reducing cytotoxic T lymphocytes. Thus, there is an 

imbalance of T-cell stimulating and inhibitory signals.
[3]

 

Furthermore, the exact etiology correlation is unknown, 

there are indications that environmental, hereditary, 

occupational factors, exposure to certain chemical agents 

and even infectious agents are related with the onset of 

lymphomas.
[4]

 

 

Faced with the challenge of the best therapeutic approach 

for lymphoma and understanding its pathophysiology, 

genetic studies on oxidative stress in the context of 

inflammation, DNA repair and induction of the NF-κB 

pathway are relevant.
[5]

 Therefore, several studies 

suggest a relationship between the loss of function of 

catechol-O-methyltransferase enzymes (COMT) and the 

occurrence and development of cancer.
[6]

 Because it is an 

enzyme that influences the metabolism of 

catecholamines and consequently the intensity of 

metabolic processes, an imbalance between the amount 

of pro-inflammatory cytokines and growth factors can 

cause the appearance of tumors.
[7]

 

 

The COMT, gene located on chromosome 22, band q11.2 

composed of six exons, is responsible for catalyzing the 

O-methylation of catechol substrates by transferring the 

methyl of S-adenosyl-I-methionine (SAM) to a hydroxyl 

group of catechol substrates via Mg². The alteration of 

the COMT gene was described by Lotta et al. who 

reported the occurrence of the polymorphism, resulting 

in the change of amino acids from valine (Val) to 

methionine (Met) at codon 158.
[8,9]
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ABSTRACT 

Introduction: Lymphoma is a neoplasm that affects the lymphoid tissue, classified into Hodgkin's lymphoma and 

non-Hodgkin's lymphoma. Its pathophysiology is still unclear, indicating the involvement of genetic mechanisms. 

Therefore, changes in the polymorphism of the COMT gene and the CYP2E1 enzyme may be related to the 

pathogenesis of lymphoma. Objectives: Investigate the allele and genotype frequency of the polymorphism rs4680 

of the COMT gene and rs2515641 and rs2070672 of the CYP2E1 gene in individuals with lymphomas and controls. 

Methodology: Peripheral blood samples from 165 volunteers were submitted to analysis of polymorphisms by 

PCR. Results: No association was observed between the presence of the A allele COMT gene and susceptibility to 

lymphomas, whereas the recessive genotype (OR= 2.91; 95%CI= 1.06-7.41; p=0.05) and the recessive genetic 

model (OR= 2.81; 95%CI= 1.09-7.10; p=0.04) were associated with a higher risk of developing lymphoma in this 

population. The CYP2E1 rs251561 polymorphism is not associated with the development of lymphomas. However, 

the presence of the allelic variant (OR= 0.38; CI95%= 0.20-0.69; p= 0.002) as well as the recessive genotypes 

(OR= 0.19; CI95%= 0.06-0, 63; p= 0.008) and dominant (OR= 0.38; 95%CI= 0.17-0.87; p= 0.03), recessive (OR= 

0.25; 95%CI= 0.08) genetic models -0.81; p= 0.02) and additive (OR= 0.32; 95%CI= 0.15-0.67; p= 0.004) of 

CYP2E1 variant rs2070672 were significantly related to protection against lymphoma. Conclusion: The COMT 

rs4680 genetic polymorphism appears to influence susceptibility to Hodgkin's and non-Hodgkin's disease. The 

CYP2E1 rs2070672 genotypes, on the other hand, demonstrate its function as a molecular marker for lymphomas. 
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The presence of the Val158Met polymorphism 

influences the enzymatic activity, in individuals 

homozygous for the amino acid Val (GG) the enzymatic 

activity is high. On the other hand, the presence of 

Met/Met (AA) the enzymatic activity is low and carriers 

of heterozygous genotypes Val/Met (GA) have 

intermediate enzymatic activity.
[10]

 

 

Allelic variations involving the COMT gene modify 

estrogen metabolism, which contributes to increased B 

cells and factors associated with the risk of NHL.
[4,11]

 

Other studies have also analyzed this mechanism with 

the development of pathologies such as gastric cancer, 

schizophrenia, pain, depression and chronic fatigue, due 

to the process of dysregulation of sympathetic function 

and DNA methylation.
[12-14]

 In addition, the presence of 

the polymorphism also had an impact on certain side 

effects during chemotherapy in patients with breast 

cancer and lymphoma, resulting in cognitive impairment 

and consequently damage to their life.
[15,16]

 

 

In this context, other polymorphic variants also seem to 

be related to the development of neoplasms, such as 

genes involved in carbon metabolism and oxidative 

stress. One of them would be the genetic variants of 

enzymes related to phase I metabolism of cytochrome 

P450, being prevalent in patients with lymphomas.
[4,17]

 

 

The cytochrome P450 (CYP450) enzymes carry out the 

oxidative metabolism of numerous exogenous and 

endogenous compounds and turn them into reactive 

metabolites. In particular, the CYP2E1 enzyme is 

responsible for activating low molecular weight 

compounds such as ethanol, benzene, vinyl chloride and 

N-nitrosamines. Compared to other enzymes, CYP2E1 

has a high redox potential and can induce lipid 

peroxidation, and consequently, increase the production 

of reactive oxygen species leading to increased 

susceptibility to carcinogenesis.
[18]

 

 

In view of this, there is strong experimental evidence that 

polymorphisms of the CYP2E1 gene, located on 

chromosome 10 in the 10q24.3 region, are related to the 

activation of carcinogenic compounds, with interactions 

of these polymorphisms being observed with lung 

cancers, head and neck squamous cell and colorectal 

cancer.
[18,19]

 

 

A relevant polymorphism described in this gene is the 

CYP2E1 RsaI, in which the replacement of a cytosine by 

thymine in the 5' regulatory region can give rise to 3 

distinct genotypic profiles: CC as wild-type genotype, 

heterozygous CT genotype and TT genotype, with the 

presence of homozygous mutation, in which it promotes 

lower basal activity of the CYP2E1 enzyme and, thus, 

has been identified by studies as a genotype with a lower 

risk for developing lung cancer.
[20]

 Furthermore, carriers 

of the rs2070672 polymorphism, which presents wild 

genotype GG, heterozygosity GA and mutated genotype 

AA, had a higher risk of developing nasopharyngeal 

carcinoma.
[21]

 

 

Therefore, there is evidence of the association of 

polymorphisms of the COMT gene and the CYP2E1 gene 

with greater susceptibility to cancerous diseases and 

influence on the prognosis of these patients using 

chemotherapy. Regarding these mechanisms, the present 

study aimed to elucidate the impact of the Val158Met 

polymorphism of the COMT gene, and the potential risk 

of the rs2515641 and rs2070672 variants of the CYP2E1 

gene on the susceptibility and progression of 

lymphomas. 

 

2. OBJECTIVE 
Analyze the allele and genotype frequency of the rs4680 

polymorphism of the COMT gene and rs2515641 and 

rs2070672 polymorphisms of the CYP2E1 gene in 

individuals with lymphoma and in control individuals. In 

addition, evaluate possible implications of polymorphic 

variants in the susceptibility and prognosis of these 

patients. 

 

3. METHOD 

The research is a retrospective case-control study, with a 

total sample number (n) of 165 subjects. Of these 

samples, 86 individuals were diagnosed with lymphoma 

(40 are HL and 46 are NHL); the other 79 subjects are 

controls, without neoplasia. The study participants were 

aged between 18 and 86 years, regardless of gender. 

 

The project was approved by the Research Ethics 

Committee Involving Human Beings of the Pontifical 

Catholic University of Paraná with protocol number 

3.372.788 and also by the Research Ethics Committee 

Involving Human Beings of the State University of 

Londrina with opinion 189/2013; both being in 

agreement with the resolution 466/12, of the Ministry of 

Health, in its ethical questions. Also has been carried out 

in accordance with The Code of Ethics of the World 

Medical Association (Declaration of Helsinki). 

 

The blood extraction was carried out at Hospital do 

Câncer de Londrina, Paraná, during the years 2014 to 

2019. Peripheral blood samples were collected in two 

EDTA tubes, DNA extraction from total leukocytes was 

performed, using the Salting Out technique, described by 

Miller et al. For the study of genetic variants, the 

reaction primers were designed according to the gene 

sequence deposited in GeneBank (NCBI). 

 

With the synthesized primers, dilution and concentration 

quantification were performed, followed by polymerase 

chain reaction (PCR), performed in an Applied 

Biosystems 2720 thermocycler (Thermo Scientific™, 

USA), using a negative and a positive control, in the 

sense of identify contaminants and the success of 

reactions, respectively. The amplified fragments were 

analyzed by electrophoresis in agarose gel (2%) for 90 

minutes at 100V and stained with Sybr Safe. 
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All statistical analyzes were performed using SPSS® 

Statistics 20 (IBM®, Armonk, New York, USA) and 

GraphPad Prism 6 (GraphPad Software, San Diego, CA, 

USA) softwares. All tests were two-tailed and the 

significance level adopted was 5%, they were also based 

on non-parametric variables, as the data did not show 

normal distribution through the Shapiro-Wilk test 

(p>0.05). Absolute and relative values were used to show 

the distribution of alleles and genotypes. 

 

Genotypes were tested for Hardy-Weinberg equilibrium 

using an electronic tool (Bińkowski and Miks, 2018). In 

cases where the observed number of individuals in one of 

the cells was less than 5, the chi-square test and the p-

value were analyzed with Yates' correction for 

continuity. 

 

To assess differences in genotype and allele distributions 

between groups, Chi-square (χ2) and Fisher's exact tests 

were applied, respectively. To test the additive genetic 

association model, the χ2 test for trend (Cochran-

Armitage test) was applied. 

 

Binary logistic regression models were tested to obtain 

odds ratios (ORs) and 95% confidence intervals (95% 

CI) in case-control analyses. The association models 

tested in these analyzes were: genotypic (heterozygotes 

or variant homozygotes vs wild-type homozygotes), 

dominant (heterozygotes and variant homozygotes as a 

single group vs wild-type homozygotes), recessive 

(variant homozygotes vs heterozygotes and wild-type 

homozygotes as a single group) and additive. (variant 

homozygotes multiplied by 2 and heterozygotes as a 

single group vs wild-type homozygotes). 

 

4. RESULTS 

4.1. ANALYSIS OF THE GENOTYPE FREQUENCY OF THE COMT GENE 

Table 1: Quantity and percentage of genotypic frequencies of the rs4680 polymorphism. 

 
 

To assess possible deviations from the Hardy-Weinberg 

equilibrium, the frequency observed for the COMT 

rs4680 polymorphism was consulted using the chi-square 

test. Note that the distribution of alleles and genotypes is 

consistent with equilibrium. 

 

4.2. ANALYSIS OF THE GENOTYPE FREQUENCY OF THE CYP2E1 GENE 

Table 2: Quantity and percentage of genotypic frequencies of the rs2515641 polymorphism. 

 
 

Table 3: Quantity and percentage of genotypic frequencies of the rs2070672 polymorphism. 

 
 

From the allelic and genotypic frequencies, it was 

observed that the data established in the chi-square test 

with Yates correction, the distributions are consistent 

with the Hardy Weinberg equilibrium at the 0.05 

significance level. 

 

4.3. COMT GENE ASSOCIATION STUDY 

ANALYSIS 

The analysis of the case-control association study 

showed the allele frequency of variant A was not 

associated with lymphoma (p= 0.12) (Table 4). Likewise, 

the heterozygous genotype and the dominant and 

additive genetic models were also not associated with 

susceptibility to lymphoma in this population (p>0.05). 

 

On the other hand, the AA variant homozygous genotype 

was associated with a higher risk for the development of 

lymphomas (p= 0.05), where patients with lymphomas 

had a 2.91 times greater chance of developing these 

neoplasms (95%CI= 1. 06-7.41). Also, the recessive 

genetic model was associated with increased risk for 

susceptibility to lymphomas (OR= 2.81; 95%CI= 1.09-

7.10; p=0.04). 
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Table 4: Association between COMT rs4680 polymorphism and susceptibility to develop lymphoma. 

 
*Fisher's Exact Test. OR= Odds ratio. CI= confidence interval. In bold, the statistically significant results are 

highlighted. 

 

4.4. CYP2E1 GENE ASSOCIATION STUDY 

ANALYSIS 

For the CYP2E1 rs2515641 polymorphism, the study 

revealed there was no association between the presence 

of the allele and the risk of developing lymphomas in the 

studied population. Beyond that, the genotypic analysis 

and the dominant, recessive and additive genetic models 

showed no association with the risk of lymphoma (Table 

5). 

On the other hand, the case-control association study for 

the CYP2E1 rs2070672 polymorphism revealed the 

presence of the G allele (variant) represents a protective 

factor for the development of lymphoma in this 

population (OR= 0.38, 95%CI= 0.20 – 0.69; p= 0.002). 

Likewise, the GG variant homozygous genotype and 

dominant, recessive, and additive genetic models were 

also associated with protection against lymphoma in this 

population (p<0.05; Table 6). 

 

Table 5: Association between CYP2E1 rs2515641 polymorphism and susceptibility to develop lymphoma. 

 
*Fisher's Exact Test. OR= Odds ratio. CI= confidence interval. 
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Table 6: Association between CYP2E1 rs2070672 polymorphism and susceptibility to develop lymphoma. 

 
*Fisher's Exact Test. OR= Odds ratio. CI= confidence interval. In bold, the statistically significant results are 

highlighted. 

 

5. DISCUSSION 

It is known lymphomas are in a heterogeneous group of 

cancers, which does not have a widely known etiology, 

but there is an association with genetic mutations and the 

involvement of risk factors, such as infections and 

immunodeficiency.
[22]

 Therefore, the study of genetic 

variants has been widely carried out in recent research, 

due to the possible interaction between inherited genetic 

components (polymorphisms) and environmental 

exposure factors.
[4,6,17]

 

 

In the case of lymphomas, low penetrance variants, such 

as COMT rs4680, may represent a possible molecular 

marker for evaluation in the disease.
[8,9]

 And among the 

metabolizing enzymes of the CYP450 family, CYP2E1 

has an important particularity because it is involved in 

the activation of more than 85 xenobiotics and 

carcinogenic substances.
[19]

 

 

In this study, the variant homozygous genotype and the 

recessive genetic model of the COMT gene were 

associated with greater susceptibility to the disease, with 

just over 2.8 times more chance of developing lymphoma 

in this group. This finding suggests a possible 

participation of this variant in the lymphomagenesis of 

Hodgkin's and non-Hodgkin's disease. 

 

In a case report of a patient with B-cell chronic 

lymphocytic leukemia, described by Sak K. et al (2017), 

it was demonstrated the presence of the Val158Met 

polymorphism has an implication in carcinogenesis. The 

results obtained associated the greater enzymatic activity 

with a protective factor mechanism against chronic 

lymphocytic leukemia.
[9] 

 

This result was different from that found in individuals 

with HL and NHL in the analysis of the genotypic 

frequency of the rs4680 polymorphism in this study. It 

was observed that the heterozygous genotype was not 

associated with susceptibility to lymphomas. However, 

the recessive genotype was associated with a higher risk 

for developing lymphomas compared to the homozygous 

wild-type genotype. 

 

In addition, evidence suggests genetic susceptibility to 

the development of lymphomas is associated with the 

individual's response to exposure to exogenous 

compounds with consequent interaction with the 

pathogenesis of the studied disease, and these CYP2E1 

gene polymorphisms are associated with the diagnosis of 

patients with non-Hodgkin's lymphoma.
[23]

 

 

Furthermore, the geographical variation CYP2E1 

polymorphisms has being shown around the world is an 

important point for analysis, since there are numerous 

variants and one of its main functioning polymorphisms 

is the CYP2E1 RsaI (or rs2515641), which evince the G 

allele mutated which its frequency in Caucasians is 1% 

to 5%; and in Asians it is around 28%.
[24]

 

 

From this analysis, it is possible to observe that the 

catalytic activity of the CYP2E1 enzyme presents 

individual changes which are related to exposure to 

environmental factors, genetic polymorphisms and other 

determinants, such as obesity, fasting and liver 

dysfunction. In addition to the expression of such 

enzyme being altered by other compounds, which 

promotes different risks in each individual for the 

appearance of tumors.
[19,25] 

 

The presence of the variant in rs2515641 modifies the 

peptide sequence of the CYP2E1 protein, as it represents 

a missense variant. Thus, it is expected there is an 

influence on the role of this enzyme in 

biotransformation, as it has less catalytic activity in the 

presence of the T variant allele.
[26]

 However, studies are 
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needed to evaluate the variation in protein expression in 

experimental models subjected to exposure to 

carcinogenic xenobiotics or even the antitumor 

chemotherapy itself, in order to demonstrate its role in 

protecting against lymphomas. 

 

Moreover, the CYP2E1 rs2515641 polymorphism is 

related to lower gene expression both at the level of 

messenger RNA and for the protein itself, meaning that 

the mutation affects transcription and translation of the 

gene. Due to this effect, it was associated with a greater 

risk for the development of breast and bladder cancer.
[26-

28]
 

 

Importantly, in this study, the variant allele for the 

rs2070672 polymorphism was associated with a lower 

risk for developing lymphomas. Although other variants 

have been related to altered CYP2E1 expression
[29]

, this 

polymorphism is located in the promoter region, 

upstream of the gene. The function of this variant has not 

yet been demonstrated in other studies. 

 

The rs2070672 variant is strongly associated with the 

incidence of nasopharyngeal carcinoma
[29]

, on the other 

hand, in this study the presence of the variant allele, as 

well as the homozygous genotype, and the dominant, 

recessive and additive genetic models showed a 

protective role for the allele and variant genotypes in 

lymphomagenesis. It can be suggested there are 

indications of the influence of this polymorphism on 

carcinogenesis and enzymatic dysregulation that need to 

be analyzed in models of expression or even function of 

this enzyme. 

 

Besides, in this study, evidence for a higher risk of 

developing lymphomas was associated with the presence 

of the AA variant homozygous genotype for the COMT 

rs4680 polymorphism. As this polymorphism is of the 

missense type, there is a substitution of a codon in the 

sequence of the transcribed RNA, which results in the 

exchange of a valine for a methionine at amino acid 

158.
[13,14]

 

 

This alteration modifies the site of interaction between 

COMT and its ligands and results in changes in the 

enzymatic activity profile in relation to the metabolism 

of endogenous and exogenous compounds. Notably, the 

rs4680 variant of COMT was associated with a lower 

need for opioid analgesics, such as morphine, in cancer 

patients
[30]

, although it was associated with a greater 

tendency to side effects in the central nervous system.
[31]

 

 

Possibly the influence of these genetic polymorphisms 

on susceptibility to Hodgkin's and non-Hodgkin's disease 

is partial, as well as other low penetrance variants, and 

depends on the modulation that occurs with COMT and 

CYP2E1. It is suggested that further studies be carried 

out with the possibility of covering a larger sample, in 

addition to searching for other variants of the same gene, 

so that it is possible to assess the impact of haplotypic 

structures of COMT and CYP2E1 on the pathogenesis of 

the disease. 

 

6. CONCLUSION 

Given the above, there are strong indications that the 

COMT rs4680 polymorphism and the CYP2E enzyme 

may influence the risk of developing lymphomas, 

especially in the Brazilian population. Furthermore, as it 

is a functional genetic polymorphism, it is expected that 

the altered activity of the COMT enzyme may influence 

the response to pharmacological therapy used in patients 

with lymphomas. 

 

Another consideration of this present study concerns the 

rs2070672 polymorphism, which showed a strong 

protective relationship against the studied neoplasm, both 

for Hodgkin lymphomas and for non-Hodgkin 

lymphomas. Finally, it is imperative to recruit a larger 

sample to expand the study of the impact of this gene on 

the development of malignant hematological neoplasms. 
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