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ABSTRACT

Multiple sclerosis (MS) is an inflammatory, demyelinating, autoimmune disease of the central nervous system.
It is known that the Major Histocompatibility Complex class II region produces the most potent effect on MS
genetic susceptibility. In addition, the genetic polymorphism within the TNF locus has been involved in the
pathogenesis of various autoimmune diseases. This study has the purpose of evaluating HLA-DRB1, HLA-
DQBI alleles and TNF promotor alpha gene polymorphism (SNP TNF- a -238 G/A; - 243G/A; -308 G/A; -
375 G/A, -856 C/T; -862 C/A) in a sample of Cuban MS patients. Disease-associated HLA susceptibility
alleles were genotyped by the SSP-PCR method. The TNF- a genotypes were identified by sequencing. The
association was found between HLA and MS, DRB1*15:01, DRB1*14:01, DQA*01:02 and DQB1*06:02
being susceptibility alleles. TNF-a-308 G (OR=1,6, P<0,01) and TNF- a -238 G (OR=2,0, P<0,01) alleles
had higher frequency among MS patients than control subjects. The odds ratio was increased among HLA-
DRB1*1501 positive individuals. Our results have shown that the combination of TNF-a-238 G, -308 G with
HLA-DRB1*15:01 and HLA-DQA1*01:02 increased susceptibility to MS (p<0.05 OR=4.2) in the Cuban

population.
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INTRODUCTION

Multiple sclerosis (MS) is a disease of the human central nervous system, characterized by inflammation and
accompanied by demyelination and axonal damage'. The overall prevalence of MS is about 70 per 100,000
individuals (range from 2 to 150) 2. The first case of MS in Cuba was published in 1965 3. The estimated
prevalence of clinically defined MS in Cuba is 4.42 cases per 100,000 inhabitants, using as a source the case
registries of all provinces and those from the Association of Multiple Sclerosis Patients in Cuba®.

Genetic and studies epidemiological studies have suggested that MS is a complex genetic disease where the
interaction between genetic characteristics of individuals and environmental factors play essential roles in the
risk of developing MS °. Several different genes contribute to disease susceptibility; among these, genes of
the central histocompatibility complex region show the strongest association. The human leukocyte antigen
(HLA) genes have been defined as the strongest in association with MS risk, with the most evidence coming
from the HLA-DRBI gene in the MHC Class II region as the central susceptibility locus for MS °.
Genome-wide association studies have also provided information that over 200 alleles have also been
associated with MS comprising immunoglobulin heavy chain (IgH), T-cell receptor (TCR), tumor necrosis
factor (TNF) and myelin essential protein (MBP), among others %78, Increased levels of proinflammatory
cytokines, such as tumor necrosis factor-alpha (TNF-a), have been found in the peripheral blood and brain
lesions of patients with MS *!%!!, Numerous reports document the association between these cytokines and
disease activity, thus implicating them as mediators of the immunopathogenesis of MS 121314,

Tumor necrosis factor a (TNF-a) is a proinflammatory cytokine with a wide range of biological activities,
including cellular immune response. The TNF-a gene is located on chromosome six. Some single nucleotide
polymorphisms (SNP) at positions -243, -308, -375, -856, and -862 in the TNF-a gene promoter have been
identified, and a large number of genetic studies have been conducted to investigate the association between
those polymorphisms and MS. However, the results of these studies are inconclusive . TNF-a's roles seem
related to the genetic polymorphisms in genes regulating its production and effect .

Our study aimed to investigate the influence of TNF-o promoter polymorphisms and its interaction with HLA-

DRBI1 and DQ alleles on the susceptibility to MS in the Cuban population.

MATERIAL AND METHODS

Patients and controls. Samples from 100 MS patients with Relapsing-Remitting (MS-RR) MS were
diagnosed according to criteria defined by McDonald in 2001 and were analyzed in the present study !”.
Unrelated healthy controls (n=200), matched in age, sex and self-identified ethnicity with the group of patients
were enrolled in the study. Written informed consent was obtained from each participant prior to sample

collection. The Ethical Research Board from the International Center of Neurological Restoration (Havana,
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Cuba), according to the guidelines of the national legislation and the Code of Ethical Principles, approved the

study protocol for Medical Research Involving Human Subjects of the World Medical Association '°.

DNA isolation and genotyping

According to the manufacturer's instructions, DNA was isolated from whole blood using a QlAamp DNA

Mini Kit (QIAGEN, Hilden, Germany).

HLA Typing. Selected HLA-DRBI, -DQAI and -DQOB]I alleles were genotyped by a PCR-SSP method as
described previously '7-!3. The selection of these particular alleles was based on previous studies in which they
have been reported to be implicated as part of haplotypes conferring the highest risk or protection scores *°.
All primers were obtained from the Department of Oligonucleotide Synth at the Center for Genetic
Engineering and Biotechnology (Havana, Cuba). The PCR mixture underwent 35 cycles (at 95, 65 and 72°C,
for 30 s each) on a Mastercycler Personal (Eppendorf, Germany). Amplified products were separated by
electrophoresis in 2% agarose gels containing ethidium bromide after adding a loading buffer and visualized

using UV illumination.

Human TNF-alpha Promoter region polymorphisms (TNF- o SNP). The TNF-a -238 G/A, -243 G/A -308
G/A, -375 G/A, -857 C/T and -862 C/A polymorphisms were analyzed using DNA Sanger sequencing assay.
The six polymorphisms were amplified with the following primers: 5-
AGTGAGAACTTCCCAGTCTATCTAAG-3 and 5-CCGTGGGTCAGTATGTGAGA-3 at 0.25 uM. The
PCR mix underwent 35 cycles (at 95°C, 25°C, and 72°C, for 30 seconds each) on a Personal Mastercycler
(Eppendorf, Germany). The amplified products were purified and sequenced with a BigDye Terminator Cycle
Sequencing Kit and run on an ABI PRISM 3730XL DNA sequencing device. The data were analyzed with
the STADEN package 2% and the sequences were aligned with the consensus sequence of the human TNF-
alpha promoter to identify SNPs in patients and controls.

Statistical analysis. The Chi-square test tested the fit of the genotype frequencies to the Hardy-Weinberg
proportions. HLA alleles and pTNF-a SNP frequencies were estimated employing an expectation
maximization algorithm 2% All these analyses were carried out using Pypop software 2°. The frequencies of
HLA class Il alleles, TNF alpha promoter alleles and haplotypes were compared between patients and controls
using the chi-square test or the two-tailed Fisher's exact probability test. Odds Ratio (OR) (95 % CI) was also
estimated (SPSS 16.0 software). The level of significance was taken as p-value < 0.05. For allele comparisons,
Bonferroni's method was used to correct multiple comparisons, multiplying the value of p obtained in the

statistical test by the total number of alleles tested 8.
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RESULTS

Characteristics of the population

Most MS patients were mainly women (71,04%). The self-identified ethnicity corresponds to those of Spanish
descent, 76%, of African descent, 16,9%, and of mixed descent, 13,3%. The mean age of MS patients was
40,01+/-13,09 years, and all were diagnosed with relapsing-remitting. Participants' characteristics are shown

in Table 1.

Characteristic Cases Controls
No. of subjects (n) 100 200
Sex (female %) 71.04 79,12
Age (mean + SD) 40,01+ 13,09 38,6 + 12,0
*Self-identified ethnicity
White descent 76,1 (%) 72,5 (%)
Black descent 10,6 (%) 12,5 (%)
Mulattos 13,3 (%) 15,0 (%)

Table 1. Demographic characteristics of study subjects

HLA DRB/DQ typing

In the Cuban sample, we assessed the association of selected HLA-DRB1/DQ alleles with MS. The association
of selected HLA DR/DQ alleles with MS in the Cuban sample has shown a piece of evidence for susceptibility
to MS for the presence of HLA-DRB1*15:01, DRB1*14:01, DQA1*01:02 and DQB1*06:02 alleles, with
odds ratio (OR) more significant than 2,5. A modest protective effect of HLA-DRB1*07:01 and HLA-
DRB1*11:01 alleles was found (OR 0.21 and 0.19, respectively). (Table 2).

HLA Alleles p-value OR 95% CI1
DRB1* 03:01 ns 0,86 (0,8-1,5)
15:01 <0,01 3,40 (1,8-6,1)
01:01 ns 0,35 (0,16-0,92)
01.02 ns 0,24 (0,06-0,8)
07:01 <0,01 0,21 (0,1-0,5)
10:01 ns 0,47 (0,25-0,91)
11:01 <0,01 0,19 (0,084-0,441)
14:01 <0,01 4,96 (2,29-10,7)
14:03 ns 0,86 (0,25-2,92)
DQA1* 03:01 ns 1.25 (0.71-2.20)
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01:02 0.01 2.53 (1.48-4.32)
DQBI* 06:02 <0.01 2.77 (1.57-4.86)

OR, odds ratio; CI, confidence interval; p value < 0,05 corrected for Bonferroni was considered significant; ns= not significant
Table 2. HLA Allelic association of MS patients vs controls

Human TNF alpha Promoter polymorphisms (pTNF- o SNPs)

The allele frequencies of Human TNF alpha promoter polymorphisms (TNF- a SNPs) for patients and controls
are shown in Table 3. There was no deviation from the HWE distribution for any TNF- oo SNPs evaluated (p>
0,05). The frequencies of TNF-a-238 G/A, -308 G/A, and -376 G/A alleles increased in patients with MS

compared with controls (p<0,05), showing a significant difference among the studied individuals.

TNF- a SNPs MS patients Controls p-value OR 95% CI
-238 G/A 0,20 0,03 <0,01 * 2,0 (1,3-4,3)
-243 G/A 0.08 0,04 ns 1,5 (0,8-2,7)
-308 G/A 0,18 0,05 <0,01 * 1,6 (1,1-3,3)
-375 G/A 0,15 0,03 <0,01 * 1,4 (1,0-2,9)
-857 C/T 0,10 0,10 ns 1,4 (0,5-3,1)
-862 C/A 0,17 0,13 ns 1,8 (0,9-4,2)

TNF-a SNPs: Human TNF alpha Promoter polymorphisms, OR, odds ratio; CI, confidence interval; p-value < 0,05 corrected for
Bonferroni was considered significant; ns= not significant
Table 3. Frequencies of Human TNF alpha Promoter polymorphisms for MS compared with the control group

Furthermore, the haplotype association of the HLA alleles and TNF-a SNPs for MS patients is compared to
the control group (table 4). The highest association to MS was described to interactions between HLA-

DRB1*15:01, HLA-DQA1*01:02 TNF-a -238 G/A and TNF-a -308 G/A ( p <0,0037, OR 4,22).

Haplotypes HLA Alleles / pTNF-a SNP p-value OR 95% CI
DRB1*/ TNF- a SNP 1501/-238 0,003 2,2 1.1-3.2
1501/-308 G/A 0,006 2,3 1.3-3.4

1501/-238 G/A /-308 G/A 0,0063 2,8 1.5-4.2

DQAI1*/TNF- a SNP 0102/-308 G/A 0,01 2,1 1.01-3.0
0102/-238 G/A 0,001 2,9 1.6-4.3

DRBI1*/DQA1*/TNF-a SNP 1501/0102/-238 G/A /-308 G/A 0,0037 4,22 1.9-6.3

TNF- oo SNP Human TNF alpha Promoter polymorphisms, OR odds ratio,
p-value Statistical significance (P < 0.05).
Table 4. Haplotypes association analysis of HLA alleles / Human TNF alpha Promoter polymorphisms with MS
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DISCUSSION

The human leukocyte antigen (HLA) is the exclusive consistent genetic association identified with MS 24,
Other immune-mediated genes such as immunoglobulin heavy chain (IgH), T-cell receptor (TCR), tumor
necrosis factor (TNF) and myelin essential protein (MBP) also have been described in association with MS ¢
7. Classic linkage and affected sib-pair linkage studies have examined these genes as potential risk factors, but
the results have conflicted 232°.

This study examined the association of six SNPs in the TNF alpha promoter, HLA-DRBI1 and HLA DQ
alleles in Cuban patients with MS. In addition, we investigate interactions between TNF-alpha promoter
polymorphism and HLA with MS. Our results have indicated the evidence for susceptibility to MS with the
presence of HLA-DRB1*15:01, DRB1*14:01, DQA1*01:01 and DQB1*06:02 alleles with higher odds ratio
(OR 3,4; 4,96; 2,53; 2,77 respectively) compared to healthy controls. Numerous genetic studies identify HLA-
DRB1*1501 as the highest susceptibility allele in MS. However, the close genetic proximity with HLADQ
and strong linkage disequilibrium between them make it almost impossible to distinguish the contribution of
these genes except through functional studies ?’. Up today, the HLA class Il DRB1*1501/DQA1*0102/-
DQBI1*0602 (DR2) haplotype is the only region repeatedly confirmed as being associated with MS in most
European populations 232

The current experiment enhances evidence for the association of TNF-a promoter gene polymorphism and
MS in Cuban individuals. The frequencies association have resulted from the evaluation of seven SNP
polymorphisms located in the TNF alpha promoter (pTNF- a) and have shown a possible role against MS for
pTNF-a SNP -238 (G/A), -308 (G/A), -376 (G/A) polymorphisms (p<0.01). Goertsches et al. developed a
similar research on the Spanish population *°. They have referred to their results as corresponding with the
Genetic Analysis of MS in Europeans (GAMES) project reports in which these three alleles have been
described as the ones for the genetic MS risk factor 3% 31,

Among them, The —308 G/A TNF-alpha promotor polymorphism has been described as having a condition
highly associated with the development of MS 323334 However, some discrepant results have been recorded
without any MS significant association 3> 36,

The results of meta-analysis have shown that the bearing of the A allele of TNF-a -308 is associated with a
reduced risk of MS, probably because a high level of TNF alpha and increasing activity of the TNF-a pathway
interfere with the onset of CNS inflammation, and then reduce the risk of MS. This group has suggested that
larger-scale case-control studies stratified by ethnicity are required to confirm their results 7.

Rahmanian and Kargar have described the association of TNF-a gene polymorphism and MS in south Iranian
native people with included 81 patients with MS according to the problem criteria and 82 healthy controls

(HC) with the same age, sex, social, ethnical and geographical features. They detected some noteworthy alleles
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of TNF-a microsatellite significantly more than usual in MS groups, as compared with the HC groups, and
then they concluded a possible genetic predisposition to MS in Iranian patients 3%,

While Elahi et al. have alleged that it is difficult to make general announcements about the associations of
TNF polymorphisms and TNFa production or pathology. They have emphasized that the TNF polymorphisms
are found in a region of significant polymorphic variation and are in linkage disequilibria with the HLA genes
and each other. Because of differences in the distribution of HLA alleles, one might expect variations in
associations between TNF polymorphisms and conditions in different geographical areas. Indeed, there is a
geographical variation in the frequency of the —308 A allele. It is present in approximately 5% of the population
of South Africa compared with 30% in white Caucasians in the United Kingdom™.

The TNF-alpha promoter -308 (G/A) is correlated with transcriptional activation and the amount of protein
production *°. Moreover, some studies have found the high expression levels of TNF-alpha linked to the rare
allele (A) and the extended haplotype TNF-a-308(AA) -HLA-A1-B8-DR3-DQ2 to be associated with
autoimmunity and high TNF-alpha production 4!,

A study in men of Russian and Tatar ethnic origin found that susceptibility to MS was influenced by the HLA
DRBI1*1501 SNP rs909253 and TNF o SNP rs1800629 #2. Another case-control study conducted with an
Iranian population reported an interaction between HLA-DRB1*1501 and TNF o SNP rs1800629, with a 7-
fold increased odds of MS among individuals with at least one copy of the risk allele 3.

Our results have shown the haplotype HLA DRB1*1501, HLA DQAT1* 0102, TNF- a -238 G/A, -308 G/A,
which have exhibited the heightened association (p<<0.05. OR= 4.1) with MS in our sample.

Farorova et al. have developed a study of Russian descent and have identified a combination of more than two
alleles that confers a genetic predisposition to MS as a complex polygenic disease **. They have described two
new allelic variant's patterns as "trios" of allelic variants: the first one corresponding to the SNP -509 of the
TGFB1*C gene, DRB1*18 %4, and the G allele of cytotoxic T lymphocyte antigen 4 (CTLA4) gene (trio 1)
and the second one grouping the alleles -238 TNF*B1, -308TNF*A2 and CTLA4*G (trio 2) (p<0.01, OR 18
triol, 17.4 tri 2) *4. Besides, the authors have emphasized the contribution of several others influencing alleles

involved in the autoimmune inflammatory response as well 43.

The impact of the HLA-DRB1*1501 allele and TNF-alpha —308 G/A single nucleotide polymorphism and
their interaction in the susceptibility to MS in the Iranian population was evaluated by Shahbazia et al. from
366 MS Patients and 414 control subjects 4. Their results have shown that the HLA-DRB1*1501 allele and
TNF-a —308 G/A polymorphism are associated with the risk of multiple sclerosis in those populations. They
observed an interaction between these two loci that supports the role of HLA alleles and cytokine genes and

gene-gene interaction in the development and pathogenesis of MS 3.

DNA sequence variations in the regulatory region might interfere with TNF gene transcription, influencing

TNF's circulating level and susceptibility to autoimmune and other neurodegenerative diseases 46, In addition,
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clinical observations have implicated dysregulation of the TNF-o pathway in susceptibility to MS. In a clinical
trial, patients who received lenercept, a p55 tumor necrosis factor receptor fusion protein, had increased
relapse activity compared to patients who received a placebo #’. A clinical trial of an anti-TNF antibody was
associated with increased disease activity, and demyelinating disease has emerged in persons treated with
monoclonal antibodies to TNF-a for indications such as inflammatory bowel disease and rheumatoid arthritis
41,48

It is unclear whether the interaction between HLA and TNF a is biological or simply that the weaker effect of
TNF a is more easily detected when the HLA risk allele is absent. However, HLA haplotypes are known to
affect the synthesis of TNF-a, with some haplotypes increasing TNF a synthesis and others decreasing TNF
a synthesis 4% 3%

MS is a multifactorial disease; thus, determining the genetic polymorphisms of genes might be an essential
strategy as a marker of genetic predisposition to MS. Then, our results suggest that the evaluation of those
genetic polymorphisms could be considered a prognostic mechanism to identify individuals at higher risk of
developing MS. However, future structural and functional genetic studies on larger populations can help to
understand the importance of polymorphisms at the TNF alpha promoter gene in the onset of the disease.

Additionally, evaluating the potential effects of an interaction between TNF- a and HLA may offer insights

into disease mechanisms.

CONCLUSIONS

In conclusion, our study provides substantial evidence for the association of HLA alleles and TNF-a promoter
polymorphisms with MS susceptibility in the Cuban population. Specifically, the HLA-DRB115:01,
DRB114:01, DQA101:02, and DQB106:02 alleles were identified as susceptibility alleles, while the TNF-a -
238 G and -308 G alleles were found to be more frequent in MS patients compared to controls. These findings
align with previous studies highlighting the crucial role of HLA genes in MS susceptibility and reinforce the
complex interplay between genetic and environmental factors in disease development.

Furthermore, our study underscores the importance of examining gene-gene interactions in understanding MS
susceptibility. The combined effect of the HLA-DRB11501, HLA-DQA101:02, TNF-a -238 G/A, and TNF-
a -308 G/A haplotype was found to significantly increase the risk of MS, suggesting that the interaction
between HLA alleles and TNF-a polymorphisms may play a crucial role in disease pathogenesis. This finding
adds a new dimension to our understanding of the genetic basis of MS. It emphasizes the need for further
research to unravel the complex mechanisms underlying gene-gene interactions in MS.

Our study contributes to the growing evidence implicating both HLA alleles and TNF-a promoter

polymorphisms in MS susceptibility. These findings have important implications for developing novel
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diagnostic and therapeutic strategies for MS, as they highlight potential targets for intervention. However,
further research is needed to validate our findings in more extensive and diverse populations and to elucidate
the precise mechanisms by which these genetic factors contribute to MS pathogenesis.

Author Contributions:

All authors contributed equally to the research, both in the laboratory analysis and in the construction of this
article.

Funding: This research received no external funding

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethical Research Board from the International Center of
Restoration Neurological

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Acknowledgments: The authors thank the patients and the healthy controls who participated in this study

Conflicts of Interest: The authors declare no conflict of interest.

REFERENCES

1- Reich DS, Lucchinetti CF, Calabresi PA. Multiple Sclerosis. N Engl J Med. 2018; Jan 11;378(2):169-
180.

2- Rosati G. The prevalence of multiple sclerosis in the world: An update. Neurol Sci 22. 2001; 117-139
3- Martinez-Sobrepera HJ, Cabrera-Gomez JA, Tuero-Iglesias A. Factores exdgenos en la etiologia de la
esclerosis multiple en Cuba. Estudio de casos y controles. Rev Neurol. 2001; 33:931:936

4- Cabrera-Gomez JA. Esclerosis multiple en Cuba: Epidemiologia, genetica y aspectos clinicos. In:
Arriagada C and Nogales-Gaete J (Eds) Esclerosis Multiple: una mirada Ibero-Panamericana. 2ND ed.
Santiago de Chile. Demos Medical Publishing. 2008;169—182.

5- Didonna A., Oksenberg JR. Genetic determinants of risk and progression in multiple sclerosis. Clin
Chim Acta. 2015; 449:16-22.

6- Dyment DA, Ebers GC, Sadovnick AD. Genetics of multiple sclerosis. Lancet Neurol. 2004; 3:104—
110

7- Walter MA, Gibson WT, Ebers GC, Cox DW. Susceptibility to multiple sclerosis is associated with
the proximal immunoglobulin heavy chain variable region. J Clin Invest. 1991; 87(4):1266—1273

8- Baranzini SE, Oksenberg JR. The genetics of multiple sclerosis: from 0 to 200 in 50 years. Trends
Genet. 2017 ;33: 960-970

3 clinicalBiotec



https://clinicalbiotec.com/

https://bionaturajournal.com/

Bionatura Journal 2024, 10.21931/BJ/2024.01.02.14

9- Sharief MK, Hentges R. Association between tumor necrosis factor-alpha and disease progression in

patients with multiple sclerosis. N Engl J Med. 1991; 325:467-72.

10- Hartung HP, Archelos JJ, Zielasek J, Gold R, Koltzenburg M, Reiners KH, Toyka KV. Circulating

adhesion molecules and inflammatory mediators in demyelination: A review. Neurology. 1995; 45:S22—-S32

11- Hauser SL, Doolittle TH, Lincoln R, Brown RH, Dinarello CA. Cytokine accumulations in CSF of

multiple sclerosis patients: Frequent detection of interleukin-1 and tumor necrosis factor but not interleukin-

6. Neurology. 1990;40:1735-1739

12-  Trotter JL, Collins KG, van der Veen RC. Serum cytokine levels in chronic progressive multiple

sclerosis: Interleukin-2 levels parallel tumor necrosis factor-alpha levels. J Neuroimmunol 1991;33:29-36

13- Rudick and Ransohoff, 1992 Cytokine secretion by multiple sclerosis monocytes: Relationship to

disease activity. Arch Neurol. 1992;49:265-270

14- Hofman FM, Hinton DR, Johnson K, Merrill JE. Tumor necrosis factor identified in multiple sclerosis
brain. J Exp Med. 1989; 170:607-612.

15-  El-Tahan, R.R., Ghoneim, A.M. & El-Mashad, N. TNF-a gene polymorphisms and expression.

SpringerPlus 5. 2016, 1508.

16-  McDonald WI, Compston A, Edan G, Goodkin D, Hartung HP, Lublin FD, McFarland HF, Paty DW,

Polman CH, Reingold SC, Sandberg-Wollheim M, Sibley W, Thompson A, van den Noort S, Weinshenker

BY, Wolinsky JS. Recommended diagnostic criteria for multiple sclerosis: guidelines from the International

Panel on the diagnosis of multiple sclerosis. Ann Neurol. 2001; Jul;50(1):121-7.

17-  Olerup O, Zetterquist H. HLA-DR typing by PCR amplification with sequence-specific primers (PCR-

SSP) in 2 hours: An alternative to serological DR typing in clinical practice including donor-recipient

matching in cadaveric transplantation. Tissue Antigens. 1992; 39 225-235

18- Olerup O, Alder A, Fogdell A. HLA-DQB1 and DQA1 typing by PCR amplification with sequence-

specific primers (PCR-SSP) in two hours. Tissue Antigens. 1993; 41:119

19- Chao MJ, Ramagopalan SV, Herrera BM, Orton SM, Handunnetthi L, Lincoln MR, Dyment DA,

Sadovnick AD, Ebers GC. MHC transmission: insights into gender bias in MS susceptibility. Neurology.

2011; Jan 18;76(3):242-6

20- Bonfield JK, Whitwham A. Gap5 - editing the billion-fragment sequence assembly. Bioinformatics. 2010;
26: 1699-1703.

21- Adzhubei AA, Laerdahl JK, Vlasova AV. preAssemble: A tool for automatic sequencer trace data
processing. BMC Bioinformatics. 2006; 7: 22.

22- Excoffier L, Slatkin M. Maximum-likelihood estimation of molecular haplotype frequencies in a diploid

population. Mol Biol Evol. 1995; 5:921-927.

3 clinicalBiotec



https://clinicalbiotec.com/
https://www.ncbi.nlm.nih.gov/pubmed/20513662
https://www.ncbi.nlm.nih.gov/pubmed/20513662
https://www.ncbi.nlm.nih.gov/pubmed/16417643
https://www.ncbi.nlm.nih.gov/pubmed/16417643

https://bionaturajournal.com/

Bionatura Journal 2024, 10.21931/BJ/2024.01.02.14

23-  Lancaster A, Nelson MP, Single RM, Meyer D, Thomson G. PyPop: A software framework for

population genomics: Analyzing large-scale multi-locus genotype data. In: Altman R, editor. Pacific

Symposium on Biocomputing 8. Singapore: World Scientific. 2003. p 514-525.

24-  Arnason, BGW. Autoimmune diseases of the central and peripheral nervous systems. In: Rose, NR.;

MacKay, IR., editors. The Autoimmune Diseases. San Diego, CA: Academic Press. 1998; p. 572-578

25-  Sadovnick AD, Dyment D, Ebers GC. Genetic epidemiology of multiple sclerosis. Epidemiol Rev.

1997; 19:99-105

26-  Hawkes CH, Macgregor AJ. Twin studies and the heritability of MS: a conclusion. Mult Scler.2009;

15:661-667.

27-Kaushansky, N., Altmann, D.M., David, C.S. et al. DQB1*0602 rather than DRB1*1501 confers
susceptibility to multiple sclerosis-like disease induced by proteolipid protein (PLP). J Neuroinflammation
.2012.9, 29.

28-  Kenealy SJ, Pericak-Vance MA, Haines JL. The genetic epidemiology of multiple sclerosis. J

Neouroimmunol. 2003; 143 (1-2)

29-  The International Multiple Sclerosis Genetics Consortium & The Wellcome Trust Case Control

Consortium 2. Genetic risk and a primary role for cell-mediated immune mechanisms in multiple sclerosis.

Nature. 2011; 476, 214-219.

30-  Goertsches R, Villoslada P, Comabella M, Montalban X, Navarro A, de la Concha EG, Arroyo R,

Lopez de Munain A, Otaegui D, Palacios R, Perez-Tur J, Jonasdottir A, Benediktsson K, Fossdal R, Sawcer

S, Setakis E, Compston A; Spanish MS Genetics Group. A genomic screen of Spanish multiple sclerosis

patients reveals multiple loci associated with the disease. ] Neuroimmunol. 2003; 143(1-2):124-8.

31- Games Collaborative Group; Ban M, Booth D, Heard R, Stewart G, Goris A, Vandenbroeck K, Dubois

B, Laaksonen M, Ilonen J, Alizadeh M, Edan G, Babron MC, Brassat D, Clanet M, Cournu-Rebeix I, Fontaine

B, Semana G, Goedde R, Epplen J, Weber A, Infante-Duarte C, Zipp F, Rajda C, Bencsik K, Vécsei L,

Heggarty S, Graham C, Hawkins S, Liguori M, Momigliano-Richiardi P, Caputo D, Grimaldi LM, Leone M,

Massacesi L, Milanese C, Salvetti M, Savettieri G, Trojano M, Bielecki B, Mycko MP, Selmaj K, Santos M,

Maciel P, Pereira C, Silva A, Silva BM, Coraddu F, Marrosu MG, Akesson E, Hillert J, Datta P, Oturai A,

Harbo HF, Spurkland A, Goertsches R, Villoslada P, Eraksoy M, Hensiek A, Compston A, Setakis E, Gray J,

Yeo TW, Sawcer S. Linkage disequilibrium screening for multiple sclerosis implicates JAG1 and POU2AF1

as susceptibility genes in Europeans. J Neuroimmunol. 2006; 179(1-2):108-16.

32-  El-Thahan R.R.; Ghoneim A.M.; El-Mashad N. TNF-a gene polymorphisms and expression.

SpringerPlus. 2016; 5:1508.

33-  Shahbazi M, Roshandel D, Omidnyia E, Rshaidbaghan A. Interaction of HLA-DRB1*1501 allele and

TNF-alpha -308 G/A single nucleotide polymorphism in the susceptibility to multiple sclerosis. Clinical

Immunology. 2011; 139:277-281

3 clinicalBiotec


https://clinicalbiotec.com/

https://bionaturajournal.com/

Bionatura Journal 2024, 10.21931/BJ/2024.01.02.14

34- Sarial S, Shokrgozar MA, Amirzargar A, Shokri F, Radfar J, Zohrevand P, Arjang Z, Sahraian MA,
Lotfi J. IL-1, IL-1R and TNFalpha gene polymorphisms in Iranian patients with multiple sclerosis. Iran J
Allergy Asthma Immunol. 2008; 7(1):37-40.

35- Bathgate A.J., Pravica V., Perrey C., Therapondos G., Plevris J.N., Hayes P.C., Hutchinson I.V. The
effect of polymorphisms in tumor necrosis factor-alpha, interleukin-10, and transforming growth factor-betal
genes in acute hepatic allograft rejection, Transplantation. 2000; 69, 1514—-1517

36- Bernal W., Moloney M., Underhill J., Donaldson P.T. Association of tumor necrosis factor
polymorphism with primary sclerosing cholangitis, J. Hepatol. 1999; 30, 237-241

37-  Yang Y, Sun R, Yang H, Zheng F, Gong F. -308 G > A of TNF-a gene promoter decreases the risk of
multiple sclerosis: a meta-analysis. Mult Scler. 2011; 17(6):658—665.

38-  Rahmanian M.; Karga M. Tumor Necrosis Factor-Alpha Polymorphism and Susceptibility to Multiple
Sclerosis in the Iranian Population Iran Red Crescent Med J. 2005;17(1):e18247.

39-  Elahi M. M., Asotra K., Matata B. M., Mastana S. S. Tumor necrosis factor alpha —308 gene locus
promoter polymorphism: An analysis of association with health and disease Biochimica et Biophysica Acta.
2009; 1792 :163-172

40-  Uglialoro A.M., Turbay D.,. Pesavento P.A, Delgado J.C., McKenzie F.E., Gribben J.G., Hartl D.,
Yunis E.J., Goldfeld A.E. Identification of three new single nucleotide polymorphisms in the human tumor
necrosis factor-alpha gene promoter, Tissue Antigens. 1998; 52 359-367

41- Hare NC, Hunt DP, Venugopal K, Ho GT, Beez T, Lees CW, Gibson R, Weller B, Satsangi J. Multiple
sclerosis in the context of TNF blockade and inflammatory bowel disease. QIM. 2014; 107(1):51-5.

42- Husainova AN, Nasibullin TR, Tuktarova IA, et al. Role of allelic variants of cytokine genes in the
formation of hereditary predisposition to multiple sclerosis. New Tr Cyt. 2011;10:74-79

43- Farorova O.0., Favorov A.V., Boiki A.N., Andreewski tV., Sudomoina M.A., Alekseenkov A.D.,
Kulakova O.G., Gusev E.IP., armigiani G. and Ochs M.F. Three allele combinations associated with Multiple
Sclerosis. BMC Med. Gent. 2006; 7:63.

44-  Threadgill DW, Hunter KW, Williams RW. Genetic dissection of complex and quantitative traits: from
fantasy to reality via a community effort. Mamm Genome. 2002; 13(4):175-178.

45- Shahbazi M, Roshandel D, Omidnyia E, Rshaidbaghan A. Interaction of HLA-DRB1*1501 allele and
TNF-alpha -308 G/A single nucleotide polymorphism in the susceptibility to multiple sclerosis. Clin Immunol.
2011; 139(3):277-81.

46-  Qidwai T, Khan F. Tumor necrosis factor gene polymorphisms and disease prevalence. Scand J
Immunol. 2011; 74:522-547

47-  TNF neutralization in MS. Results of a randomized, placebo-controlled multicenter study. The
Lenercept Multiple Sclerosis Study Group and The University of British Columbia MS/MRI Analysis Group.
Neurology. 1999; 53(3)457.

3 clinicalBiotec


https://clinicalbiotec.com/

https://bionaturajournal.com/

Bionatura Journal 2024, 10.21931/BJ/2024.01.02.14

48-  Day R. Adverse reactions to TNF-alpha inhibitors in rheumatoid arthritis. Lancet. 2002; 359:540-541
49- Jacob CO, Fronek Z, Lewis GD, Koo M, Hansen JA, McDevitt HO. Heritable major histocompatibility
complex class Il-associated differences in production of tumor necrosis factor alpha: relevance to genetic
predisposition to systemic lupus erythematosus. Proc Natl Acad Sci. 1990; 87(3):1233-1237

50-  Pociot F, Briant L, Jongeneel CV, Mélvig J, Worsaae H, Abbal M, Thomsen M, Nerup J, Cambon-
Thomsen A. Association of tumor necrosis factor (TNF) and class II major histocompatibility complex alleles
with the secretion of TNF-alpha and TNF-beta by human mononuclear cells: a possible link to insulin-

dependent diabetes mellitus. Eur J Immunol. 1993 Jan;23(1):224-31.

Received: December 14, 2023/ Accepted: February 25, 2024 / Published: June 15, 2024

Citation: Cintado A, Fernandez-de-Cossio ME, Nazabal M, Diaz T, Ale M, Grass D, Cervantes-Llanos M,
Pavon-Fuentes N, Cabrera-Gomez JA, Diaz de la Fe A, Penton-Rol G. Association of HLA-DRBI1, HLA-
DQBI Alleles and TNF-a Promoter Polymorphisms with Multiple Sclerosis in the Cuban Population.
Bionatura journal 2024; 1 (2) 14. http://dx.doi.org/10.21931/BJ/2024.01.02.14

Additional information Correspondence should be addressed toalberto.cintado@cigb.edu.cu

Peer review information. Bionatura thanks anonymous reviewer(s) for their contribution to the peer review
of this work using https://reviewerlocator.webofscience.com/

All articles published by Bionatura Journal are made freely and permanently accessible online immediately
upon publication, without subscription charges or registration barriers.

Publisher's Note: Bionatura Journal stays neutral concerning jurisdictional claims in published maps and
institutional affiliations.

Copyright: © 2024 by the authors. They were submitted for possible open-access publication under the terms
and conditions of the Creative Commons Attribution (CC BY) license
(https://creativecommons.org/licenses/by/4.0/).

3 clinicalBiotec



https://clinicalbiotec.com/
Nelson Santiago Vispo
email


	Association of HLA-DRB1, HLA-DQB1 Alleles, and TNF-α Promoter Polymorphisms with Multiple Sclerosis in the Cuban Population
	Cintado A  1*, Fernández-de-Cossío ME  2*, Nazabal M 1, Díaz T  1, Ale M  1, Grass D 3, Cervantes-Llanos M  1, Pavon-Fuentes N  3, Cabrera-Gomez JA  3, Diaz de la Fe A 3, Pentón-Rol G 1.
	1Center for Genetic Engineering and Biotechnology
	2Neurological Surgery Department, University of Miami
	3 International Center of Restoration Neurological
	*Alberto Cintado-Benitez and Maria Elena Fernández-de-Cossio contributed equally to this work.
	*Corresponding Author:Alberto.cintado@cigb.edu.cu
	Mxf1508@med.miami.edu
	Available from.  http://dx.doi.org/10.21931/BJ/2024.02.01.14
	Multiple sclerosis (MS) is an inflammatory, demyelinating, autoimmune disease of the central nervous system. It is known that the  Major Histocompatibility Complex class II region produces the most potent effect on MS genetic susceptibility. In additi...
	Keywords: HLA, TNF-Alpha, polymorphism, SNP, Multiple Sclerosis, Cuban population
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