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ABSTRACT

Background and aims: Multiple sclerosis (MS) is a chronic inflammatory disease of the central
nervous system (CNS) of unknown cause. Alterations in one-carbon metabolism have impact in
the pathophysiology by genetic susceptibility to MS and increased the risk of MS. The aim of
this study was to investigate the contribution of the gene polymorphism on
Methylenetetrahydrofolate Reductase (MTHFR), Methionine Synthase Reductase (MTRR),
Methionine Synthase (MTR) enzymes and of the essential factors (homocysteine, Hcy; cysteine,
Cys; and vitamin B12, VitB12) in folate metabolism.

Methods: Eligible MS patients (n=147) and health controls (n =127) were participated. The
gene polymorphisms were analyzed by Polymerase Chain Reaction-Restriction Fragment
Length Polymorphism (PCR-RFLP) and the levels of plasma Hcy, Cys and VitB12 were measured
by Enzyme Linked Immunuabsorbent Assay (ELISA).

Results and conclusion: Our results showed that the levels of Hcy and VitB12 were lower and
the levels of Cys were higher in MS compared to controls. The observation of high Cys values in
all 3 gene polymorphisms suggests that the transsulfiration pathway of Hcy is directed towards
Cys formation since the methionine synthesis pathway does not work. We could not find any
association with all gene polymorphisms with the risk of MS. The T allele of MTHFR C677T and
G allele of MTR A2756G are risk factors for serum Cys level on MS. As for MTR A2756G, serum
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vitB12 was observed in MS patients with G allele.

Introduction

Multiple sclerosis (MS) is a progressive and disabling
neurologic disease and is an autoimmune disease trig-
gered by environmental factors. The prevalence of MS
differs by genetic and geographic features and Turkey
is categorized in the 20-60/100,000 group on the
world MS atlas [1,2]. It is still not known what causes
MS. In about 2/3 of patients, the first symptoms
appear between the ages of 20-40, but there are also
patients with onset as early as 10 years and cases with
onset after 40 years of age. In terms of man/woman
distribution, it is 2/3 times more common in women
[3]. Researchers believe that a combination of factors
(such as genetics, environmental, and immunological)
triggers the disease. MS is one of the priority areas of
research. Genetic polymorphisms can change the sus-
ceptibility for MS due to the impairment in the enzy-
matic action or structural enzymatic alterations. These
mechanisms can lead to the accumulation of Hcy,
generating hyperhomocysteinemia (HHcy). This neu-
rotoxic condition can lead to damage to motor neu-
rons and lead to the increase of the risk of MS. Over
the years, many hypotheses have been proposed to
explain the pathogenesis of MS, ranging from viral
infection, cytokine-induced apoptosis, and oxidative
stress [4,5]. The one-carbon metabolic pathway plays

an important role in many biological processes and
clinical symptoms. The enzymes involved in folate
metabolism, MTHFR, MTRR, and MTR are poly-
morphic and these enzymes and others are involved
in the synthesis and conversion of Hcy, Cys, and
VitB12 which function as a cofactor (Figure 1).
Severe deficiency of VitB12 adversely affects the risk
of MS, and alterations in Hcy metabolism are also
implicated in MS risk [6]. To the best of our knowl-
edge, it has been the first study to investigate whether
the MTHFR C677T, MTR A2756G, and MTRR A66G
gene polymorphisms interactive effects on Hcy, Cys
and VitB12 on the risk of MS in Turkish population.
Hcy, Cys and VitB12 levels were measured by Enzyme
Linked IminoSorbeny Assay (ELISA) and MTHTR
C677T, MTR A2756G and MTRR A66G gene poly-
morphisms were analyzed by Polymerase Chain
Reaction -  Restriction  Fragment Length
Polymorphism (PCR-RFLP) to investigate the effect
of individual susceptibility on differences in Hcy, Cys,
and VitB12 and thus MS risk.

The inclusion and exclusion criteria

Volunteers without the disease, whose age, gender, and
body-mass index (BMI) were similar to MS patients,
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Figure 1. Overview of the folate metabolic pathway [7].

were included in the study as the control group, and
patients diagnosed with MS according to the
McDonald’s criteria were included in the study.

Having another neurological disease and another
chronic disease requiring medication are exclusion
criteria from the study.

Materials and methods

Peripheral blood samples were collected to sterile tubes
containing EDTA. Serum samples from half of the blood
samples were separated to perform both PCR-RFLP and
ELISA assays. Ethics committee approval was received for
this study from the Ethics Committee of Gazi University
(Approval date:13 June 2016 and permission of ethics
document’s number: 345). In total, 147 unrelated MS
patients and 127 age-gender matched controls were parti-
cipated in this study. All patients were diagnosed accord-
ing to the criteria as revised by McDonald et al. [8].
Disability of patients was graded as mild (EDSS;
Expanded Disability Status Scale 0-4). A health question-
naire was completed by each subject to provide details of
smoking status, the number of relapses and medical his-
tory. None of the participants had a family history of
autoimmune diseases or inflammatory disorders.

Serum hcy, Cys, and VitB12

The serum Hcy, Cys, and VitB12 levels were measured
by Enzyme Linked Immunosorbent Assay (ELISA).

DNA isolation

We isolated DNA from peripheral blood of each sub-
ject by extraction with sodium perchlorate/chloro-
form [9].

Genotyping analysis

Genotyping of all three gene polymorphism was per-
formed by PCR-RFLP. 1.5 mM MgCl, (25 mM), 0.2
mM of dNTPs, 0.3 uM of each primer, and 0.03 U/uL
Taq polymerase are used to perform PCR. Thermal
cycling conditions are 94°C for 5 min, followed by 35
cycles of amplification (denaturation at 94°C for 30
s and extension at 70°C for 30 s) and a final elongation
at 72°C for 7 min. The digested fragments were sepa-
rated by 5% agarose and the length of the resulting
genotype fragments was 288 (CC), 288 bp, 242bp,
47bp (CT) and 241 bp and 47bp for MTHFR; 498bp
(AA), 498, 345 bp, 153 bp (AG) and 345bp, 153bp
(GG) for MTR; 340bp 40bp (AA), 380bp, 340bp,
40bp (AG), 380bp (GG) for MTRR gene (Table 1) [10].

Statistical analysis

Statistical analysis was performed using by SPSS soft-
ware version 25. Results were given as mean + stan-
dard deviation or median 25% -75%. We assessed
normal distribution by probability plots and
Kolmogorov-Smirnov and analyzed frequencies of
the genotypes and alleles by the x* test and Mann
Whitney U-test. Correlation coefficients and their sig-
nificance were calculated using the spearman test. The
ORs and 95% CI were examined by risk analysis and
logistic regression analysis. p value of <0.05 was con-
sidered significant.

Results

The allele and genotype frequencies of MTHFR
C677TC, MTR A2756G, and MTRR A66G in Turkish
population were within the range described for
Caucasians. Clinical characteristics of MS subjects
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Table 1. Primer sequence, PCR product size, annealing temperature and restriction enzymes.

Gene Primer sequence (5'-3') PCR product size Annealing (°C) Restr. enzyme*
MTHFR C677T-F TTTGAGGCTGACCTGAAGCAC 498 bp 60 °C Hin F |

R GACCTGAGAGGAGATCTGG

MTR A2756G-F TGTTATCAGCATTGACCATTACTACAC 288 bp 65 °C Haelll

R CCCTTTGTCCACGACTTTGTCA

MTRR A66G —F GCAAAGGCCATCGCAGAAGACAT 381 bp 60 °C Ndel

R 5CCCACCGACACTCTTGTTCAC

*Incubation duration and temperature were same all three gene polymorphism. 16 hours and 37°C.

(MS subgroups, EDSS scores, number of annual
attacks and disease duration) were not evaluated
according to these groups since the number of subjects
in these subgroups was very low (Table 2).

Gene polymorphisms and the risk of MS

Three gene polymorphisms (MTHFR C677T, MTR
A2756G, and MTRR A66G) showed no deviation in
genotype distribution from the expected Hardy-
Weinberg equilibrium.

For MTHFR C677T, either CT (R=1.137; 95% CI:
0.673-1.921 and p=0.632) or TT (OR=0.582; 95%
CI: 0.254-1.335 and p =0.201) genotype had no sta-
tistically significant effect on MS risk compared to
those with CC genotype. Similarly, in terms of the
MTHFR C677T, CT+ TT genotype did not show
a statistically significant effect on the risk of MS com-
pared to CC genotype (OR=0.973; 95% CI:
0.601-1.574 and p = 0.910) (Table 3).

For MTRR A66G, there was no statistically sig-
nificant effect of having either AG (OR=0.
839; 95% CI: 0.476 to 1.478 and p=0.543) or GG
genotype (OR=1.211; 95% CI: 0.357 to 4.103 and
p=0.759) on the risk of MS compared to those
with AA genotype. Similarly, GA +AA genotype

against GG genotype had no statistically significant
effect on MS risk (OR =0.858; 95% CI: 0.489-1.505
and p=0.594) (Table 3).

Our data indicated that there were no associations
among the genotype (Table 3) and allele (not shown as
a table) frequencies of all three gene polymorphisms
and the risk of MS.

For the MTR A2756G gene polymorphism, both AG
(OR=0.720; 95% CI: 0.418-1.243 and p =0.239) and
GG (OR=0.978; 95% CIL 0.369-2.593 and
p=0.964) genotypes had no statistically significant
effect on the risk of MS compared to those with AA
genotype. Similarly, having AG+GG genotype com-
pared to AA genotype in terms of MTR A2756G had
no statistically significant effect on MS risk (OR = 0.765;
95% CI: 0.462-1.269 and p = 0.299) (Table 3).

When adjusted for age, gender, BMI, and cigarette
pack-years, no statistically significant effect on MS risk
was observed when analyzed according to all gene
polymorphisms (not shown as a table).

Biochemical parameter analysis

Hcy and VitB12 levels were statistically significantly
lower in the MS patients compared to the control
group (p <0.001 and p = 0.018, respectively, Table 4).

Table 2. General and clinical characteristics of the multiple sclerosis (MS) patients and

controls.

Control (N=127) MS (N=147) p-value
Age (years) * 32,6+£10,1 36,9+8,9 <0,001t
Gender <0,001%
Male 67%52,8) 43%29,3)
Female 60%47,2) 104%70,7)
Body weight (kg) * 71,3+15,5 68,5+15,8 0,142t
Height (m) * 1,70+0,100 1,65+0,090 <0,001t
BMI(kg/m2) * 24,4444 25,2+5,2 0,219t
Smoking (piece/day) ** 0,50 (0,0-19,25) 2,0 (0,0-10,0) 0,5679
Smoking (year) ** 0,25 (0,0-12,75) 2,0 (0,0-15,0) 0,4759
Smoking package-year ** 0,025 (0,0-4,00) 0,30 (0,0-7,5) 0,8499
Clinical types
RRMS 114%77,6)
RPMS 6%4,1)
PPMS 3%2,0)
SPMS 8%5,4)
Undefined 16%10,9)
EDSS 0,5 (0,0-1,0)
The number of relapses 3,0 (2,0-6,0)
Duration of disease(year) 6,0 (3,0-9,7)

Missing information, * mean * standard deviation, ** median (25% —75%), Tt Student’s t test, ¥
Pearson’s )(2 test, 1 Mann Whitney U test. RRMS; Relapsing-remittingMS, SPMS; Secondary
Progressive MS, PPMS; Primary Progressive MS, RPMS; Relapsing Progressive, EDSS; Expanded

Disability Status Scale. BMI: Body Mass Index
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Table 3. Association of the genotype frequencies of all three gene polymorphisms and the risk

of MS.
Controls MS Patients p-value 1 OR (%95 Cl)

MTHFR (6777
cc 72%57,1) 85%57,8) 1 1,000
cT 38%30,2) 51%34,7) 0,632 1,137 (0,673-1,921)
T 16%12,7) 11%7,5) 0,201 0,582 (0,254-1,335)
CT+TT 54%42,9) 62%42,2) 0,910 0,973 (0,601-1,574)
MTRR A66G
AA 28%22,4) 37%25,2) 1 1,000
AG 92%73,6) 102%69,4) 0,543 0,839 (0,476-1,478)
GG 5%4,0) 8%>5,4) 0,759 1,211 (0,357-4,103)
AG+GG 97%77,6) 110 (74,8) 0,594 0,858 (0,489-1,505)
MTR A27566G
AA 79%63,2) 101%69,2) 1 1,000
AG 38%30,4) 35%24,0) 0,239 0,720 (0,418-1,243)
GG 8%6,4) 10%6,8) 0,964 0,978 (0,369-2,593)
AG+GG 46%36,8) 45%30,8) 0,299 0,765 (0,462-1,269)

tUnivariate logistic regression analysis, OR: Odds Ratio, CI: Confidence interval.

The Cys levels of the MS patients were statistically
significantly higher compared to the control group
(p <0.001, Table 4).

+ Mann Whitney U-test.

When adjusted for age, gender, BMI, and cigarette
pack-years, Hcy levels did not show a statistically sig-
nificant increase in control and MS patients. The most
significant factors in differentiating the control group
from the MS patients were advanced age and gender
(female) (p <0.001). As for Cys, after adjustment for
age, gender, BMI, and cigarette pack-years, increased
Cys levels were related to the risk of MS (OR =1.139;
95% CI =1.069-1.214, p < 0.001). For VitB12, the risk
of MS increased statistically significant with decrease
of VitB-12 levels (OR =0.998; 95% CI =0.997-0.999
and p =0.005, adjusted with age, gender, BMI, and
cigarette pack-years) (not shown as a table).

The effect of gene polymorphisms and biochemical
parameters (Cys, Hcy, and VitB12 levels) on the risk of
MS was analyzed by comparisons according to CT+TT
or AG+GG combined genotypes and according to CC

Table 4. Cys, Hcy, and VitB12 levels in control and MS patients.

Control group MS patients p-value

(n=127) (n=147) T
Hcy (nmol/ml) 13,1 (10,0-23,8) 10,3 (7,1-14,7)  <0,001
Cys (ng/ml) 59 (4,6-11,5) 11,7 (9,9-14,3)  <0,001

VitB12 (pmol/L) 279,1 (218,6-505,1) 247,4 (209,8- 0,018

314,2)

or AA genotype (multivariate logistic regression ana-
lysis). As the Cys levels increased (OR = 1.618; 95% CI
=1.415-1.851 and p <0.001), Hcy (OR=0.795; 95%
CI=0.701-0.901 and p<0.001) and VitBI2 level
decreased (OR=0.992; 95% CI=0.986-0.998 and p
=0.014), the risk of MS increased statistically signifi-
cant (Table 5).

The association with gene polymorphisms and bio-
chemical parameters

Hcy analysis

In MTHFRC 677T polymorphism, the Hcy levels of
the MS patients were statistically significantly lower in
those with the CC genotype compared to the control
group (p =0.004). The Hcy levels of the MS patients
were statistically significantly lower in CT+TT
patients when compared to the control group
(p=0.013). In MTRR A66G polymorphism, Hcy levels
of the MS patients were statistically significantly lower
in those with the AA genotype compared to the con-
trol group (p <0.001). Hcy levels of the MS patients
were statistically significantly lower in AG + GG geno-
types compared to the control group (p <0.001). In
MTRA 2756 G polymorphism, Hcy levels of the MS
patients were statistically significantly lower in those
with the AA genotype compared to the control group
(p=0.024). In the control group, the Hcy levels of
those with AG+GG were higher in the MTRR A66G
gene polymorphism compared to the AA genotype

Table 5. When adjusted for age, gender, BMI, and cigarette pack-years by
multivariate logistic regression analysis, Cys, Hcy and VitB12 levels in control

and MS patients.

OR (%95 Cl)

Age

Female (Gender)

BMI

Cigarette Pack-Years
MTHFRC 677T, CT+TT
MTRR A66G, AG+GG

MTRA 2756G, AG+GG
Hey

Cys

VitB12

1,049 (0,986-1,116)
2,040 (0,767-5,426)
0,949 (0,847-1,062)
0,953 (0,908-1,000)
1,333 (0,529-3,359)
0,772 (0,255-2,342)
1,061 (0,385-2,920)
0,795 (0,701-0,901)
1,618 (1,415-1,851)
0,992 (0,986-0,9989

Wald p-degeri
2,269 0,132
2,039 0,153
0,831 0,362
3,817 0,051
0,373 0,542
0,209 0,648
0,013 0,909
12,817 <0,001
49,382 <0,001
6,047 0,014




(p=0.021). In the control group, the Hcy levels of
those with AG+GG were higher in the MTR A2756G
gene polymorphism compared to the AA genotype
(p=0.005) (Table 6).

Cys analysis

In MTHFRC 677T polymorphism, the Cys levels of the
MS patients were statistically significantly higher in
CT+TT compared to the control group (p <0.001). In
MTRRAG66G polymorphism, the Cys levels of the MS
patients were statistically significantly higher in those
with the AA genotype in the MTRR A66G gene poly-
morphism compared to the control group
(p <0.001). In terms of MTRR A66G gene polymorph-
ism, the Cys levels of the MS patients were statistically
significantly higher in AG + GG compared to the con-
trol group (p <0.001). In the control group, the Cys
levels of those who had the AG + GG genotype in the
MTRR A66G gene polymorphism compared to the AA
genotype were statistically significantly higher
(p=0.010). In MTRA 2756 G polymorphism, the Cys
levels of the MS patients were statistically significantly
higher in AG + GG compared to the control group (p
=0.005). In the control group, cysteine levels were
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to AA genotype in terms of MTR A2756G gene poly-
morphism (p =0.011) (Table 6).

VitB12 analysis

In MTHFRC 677T polymorphism for the CC geno-
type and CT+TT genotype, the VitB12 levels of the MS
patients were statistically significantly lower compared
to the control group (p=0.010 and p <0.001). In
terms of MTRR A66G gene polymorphism, the
VitB12 levels of the MS patients were statistically sig-
nificantly lower in those with AA genotype and AG
+GG genotype compared to the control group (p <
0.001 and p =0.007). For MTR A2756G gene poly-
morphism, the VitB12 levels of the MS patients were
statistically significantly lower in those with the AG
+GG genotype compared to the control group
(p =0.004). In the control group, the VitBI12 levels of
those with AG+GG were higher in the MTRR A66G
gene polymorphism compared to the AA genotype
(p=0.029). In the control group, the VitBI2 levels of
those with AG+GG were higher in the MTR A2756G
gene polymorphism compared to the AA genotype
(p =0.009) (Table 6).

Discussion

Some common polymorphisms (MTHFR C677T,

statistically significantly higher in AG+GG compared  rs1801133; MTHFR A1298C, rs1801131; MTR
Table 6. Association of gene polymorphisms and biochemical parameters on the risk of MS.
Control group MS patients p-value 19

Homocystein MTHFR C677T
cc 13,75 (9,98-24,45) 10,27 (7,52-14,84) 0,004
CT+1T 12,89 (10,02-22,27) 10,29 (6,12-14,31) 0,013
p-value #9 0,653 0,413
MTRR A66G
AA 11,04 (9,39-13,09) 9,75 (7,24-15,56) <0,001
AG + GG 14,04 (10,84-27,29) 10,58 (6,96-14,71) <0,001
p-degeri $1 0,021 0,938
MTR A27566G
AA 12,75 (9,54-15,82) 10,16 (7,01-14,71) 0,024
AG + GG 22,17 (12,81-28,00) 11,09 (7,52-14,56) 0,407
p-value #9 0,005 0,689

Cystein MTHFRC 677T
cc 6,12 (4,38-13,93) 11,65 (9,66-15,16) 0,453
CT+TT 5,50 (4,76-8,71) 11,66 (9,89-14,31) <0,001
p-value #9 0,223 0,945
MTRR A66G
AA 4,76 (4,08-6,19) 11,97 (9,49-16,98) <0,001
AG+GG 6,39 (4,82-13,40) 11,59 (9,98-14,11) <0,001
p-value #9 0,010 0,470
MTR A27566G
AA 5,37 (4,27-9,64) 11,31 (9,47-14,12) 0,718
AG+GG 10,24 (5,21-15,01) 12,26 (10,36-16,14) 0,005
p-value #9 0,011 0,146

Vitamin B12 MTHFR C677T
cc 300,90 (220,65-601,65) 256,38 (210,75-314,62) 0,010
CT+TT 264,78 (194,03-464,65) 241,40 (202,94-306,38) <0,001
p-value 0,560 0,692
MTRR A66G
AA 256,90 (193,90-309,15) 237,94 (202,94-440,44) <0,001
AG+GG 305,78 (224,03-649,28) 248,40 (211,69-302,53) 0,007
p-value 0,029 0,520
MTR A27566G
AA 258,53 (212,28-381,34) 241,11 (202,94-308,66) 0,205
AG+GG 487,65 (271,90-771,40) 253,54 (224,78-320,28) 0,004
p-value #9 0,009 0,343

Median (25% —75%),T Control - MS comparison, * comparison between genotypes, 1 Mann Whitney U-test
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A2756G, rs1805087; and MTRR A66G, rs1801394)
may influence the serum folate levels [11-14].
Numerous studies have shown that the MTHFR
C677T mutation significantly lowers the serum folate
and VitBI12 level [15,16], whereas no such correlation
was observed in our study. We also could not find any
associations of MTRR A66G and MTR A2767 G gene
polymorphisms with MS.

There are several studies in the literature investigat-
ing the relationship of MTHFR C677T, MTRR A66G,
and MTR A2756G gene polymorphisms with MS dis-
ease. However, conflicting results are reported in these
studies. Cevik et al. reported the T allele as a risk factor
for MS in a study with 130 patients and 150 control
individuals (MTHFR CC genotype OR = 2.35; 95% CI
=1.45-3.82; p=0.0005) [17]. Naghibalhossaini et al.
conducted a study with 180 patients and 231 control
individuals and reported that the T allele is a risk
factor for MS (MTHFR CT genotype OR =2.9; 95%
Cl=1.88-4.49; MTHFR TT genotype OR = 6.23; 95%
Cl=3.08-12.59) [18]. A meta-analysis was designed to
assess the association between the MTHFR 677 C/T
and 1298 A/C polymorphisms and the susceptibility to
autoimmune diseases, the MTHFR 677 C/T poly-
morphism was associated with an increased risk of
Behcet’s disease (OR =1:97, 95% CI, 1.31-2.97), mul-
tiple sclerosis (OR =1:57, 95% CI, 1.03-2.38), and
ankylosing spondylitis (OR=2:90, 95% CI, 1.92-
4.38) [19]. However, no relationship was found in
the studies of Mrissa et al. with 80 patients and 200
controls [20]; Lotti et al. with 101 patients and 101
control groups [21]; Klotz et al. with 138 patients and
138 controls [22]. A meta-analysis study which was
conducted with 2486 and 2861 control also found no
association between MS and MTHFR C677T poly-
morphism [23]. In Cakina et al., a study was con-
ducted with 80 patients and 80 healthy controls and
it was reported that MTHFR C677T gene polymorph-
ism was associated with MS (TT genotype OR
=3.16; %95Cl=1.23-8.17; p=0.04) but MTR
A2756G and MTRR A66G polymorphisms were not
[24]. In the same way, William reached the conclusion
that all three gene polymorphisms are not related to
MS in his thesis study with 114 patients and 195
control groups [25]. We also could not find any asso-
ciations of MTHFR C677T polymorphism with MS.
There was also no statistically significant effect when
age, gender, BMI, and cigarette package were adjusted
according to the year. This result is consistent with
previous studies [20-23,25]

For the MTR A2756G polymorphism, both the AG
and GG genotypes had no statistically significant
determinants on the risk of MS according to the AA
genotype. Similarly, the AG +GG genotype compared
to the MTR A2756G AA genotype also did not have
a statistically significant effect on the risk of MS. This

result is consistent with the studies of Cakina et al. and
Williams [24,25].

Szvetko et al. did not find any relationship between
the disease and MTRR A66G gene polymorphism in
their study with 140 MS patients [26]. In our study,
there was also no statistically significant effect of both
AG and GG genotypes on the risk of MS. This result is
consistent with the studies of Szvetko et al., Cakina
et al., and Williams [24-26].

As summary, our study concluded that all three
gene polymorphisms do not have a role in the devel-
opment of MS.

Studies investigating the relationship between
serum Hcy levels and MS have generally reported
HHcy in MS. Yazic1 reported that Hcy level was
found to be statistically significantly higher in MS
patients than the control group, but there was no
statistical difference for VitB12 and folic acid levels
[27]. In a study investigating the relationship
between Hhcy and MS, Hey was found to be signifi-
cantly higher in the patient group, and it was con-
cluded that Hcy is a risk factor for MS and also
associated with cognitive impairment [28]. In the
study of Kararizou et al. plasma Hcy level was
found to be higher in men than in women, although
there was no statistically significant difference
between MS patients and the control group [29]. In
a meta-analysis study conducted by Zhu et al. with
639 MS patients, they observed an increase in serum
Hcy levels and a decrease in VitB12 levels, and con-
cluded that this may play a role in the pathogenesis
of the disease [30]. Besler and Comoglu reached the
same conclusion in their study with MS patients
[31]. There was no statistically significant, serum
Hcy levels were found to be high in the MS patient
group [32]. In the study of Ramsaransing et al,
although plasma Hcy was found to be high in the
MS patients, no significant difference was found in
the subgroups of the disease (benign MS, PPMS, and
SPMS) [33]. In the study of Teunissen et al., serum
Hcy levels were found to be similar in the patient
and control groups [34]. In another meta-analysis
study, comparing 1738 patients with MS and
a control group consisting of 1424 people, Hcy was
found to be significantly higher in the patient group.
Subgroup analysis demonstrated that there was sta-
tistically significant difference for Hcy between
relapsing-remitting MS (RRMS) patients and con-
trols. However, no significant difference of Hcy
serum levels between secondary progressive MS
patients or primary progressive MS patients and
controls was noted in this study [35]. In our study
in contrast to other studies, the Hcy levels of the MS
group were found to be statistically significantly
lower than the control group (p <0.001). We suggest
that the transsulfiration pathway of Hcy is directed



towards Cys formation since the methionine synth-
esis pathway does not work.

Cys is the main precursor amino acid of the endo-
genous antioxidant glutathione. Therefore, the increase
in plasma level has a positive effect on the scavenging of
radicals in MS and other diseases. In addition, Hcy is
converted to Cys by transsulfuration. In the literature
review, there is only a study investigating the relation-
ship between MS disease and Cys plasma levels.
Methionine, Hcy, Cys, and glutathione levels were
checked in MS patients, and plasma Cys levels were
unchanged compared to controls, and methionine and
glutathione were found to be lower [36]. In our study,
the Cys levels of the MS group were found to be statis-
tically significantly higher than the control group (p <
0.001). When the Cys levels increased, when adjusted
for age, gender, BMI, and cigarette pack-year, the prob-
ability of MS increased statistically significant (OR =
1,139; 95% CI: 1.069-1.214 and p < 0.001).

VitB12 deficiency has been associated with neu-
rological diseases, such as MS, Alzheimer’s,
Parkinson’s, depression, cognitive impairment, etc.
In studies with its relationship with MS, it has been
stated that a decrease in VitB12 levels may increase
MS susceptibility and change the activity of the dis-
ease [37]. Tokgoz found low serum VitBI2 levels in
130 (43.3%) of 300 patients with MS [38]. In the
study of Rensburg et al., significant improvement
was observed in MS patients who took multivitamin
supplements containing VitBI12 [39]. In the study of
Nijst et al,, VitBI2 was found to be lower in the
cerebrospinal fluid in the MS patients compared to
the control group [40]. Kira et al. reported that
chronic progressive MS patients who are given 60
mg of VitB12 daily for 6 months heal with the
immunosuppressant effect [41]. In a study con-
ducted with a small number of MS patients, no
relationship was found between MS and VitBI2
[42]. In a meta-analysis study conducted with
RRMS and SPMS patients, no relationship was
found between the disease and VitB12 [43]. In
another meta-analysis study, comparing 1738
patients with MS and a control group consisting of
1424 people, no significant differences for Vitamin
B12 between MS and controls [35]. In our study, the
VitB12 levels of the MS group were found to be
statistically significantly lower than the control
group (p=0.018). When the adjustment for age,
gender, BMI, and cigarette pack-years was adjusted,
the probability of MS increased statistically as the
VitB-12 levels decreased. Our results are consistent
with the results of Tokgoz [38], Rensburg [39], Nijst
[40] and Kira et al. [41].

It was observed that the risk of MS increased statisti-
cally as the levels of Cys increased and the levels of VitB12
and Hcy decreased. The fact that the Hcy and VitB12
values were lower and the Cys levels were higher in the
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patients compared to the control group suggests that Hcy
to Cys formation by transsulfuration, since the methio-
nine synthesis pathway does not work adequately.

In this study, the effect of gene polymorphisms on
biochemical parameters was examined. William D. in
his thesis study conducted with MS patients could not
find a relationship between plasma Hcy values in all
three gene polymorphisms [25]. In our study, the Hcy
level of the MS patients was statistically significantly
lower in CC and CT + TT genotypes (for MTHFR
C677T polymorphism), AA and AG + GG genotypes
(in patients with MTRR A66G polymorphism) and AA
genotype (for MTR A2756G polymorphism), patients
compared to the control group. In the literature,
there is no study found any association between all
three polymorphisms and plasma Cys and VitBI2
values. For this reason, our research has the feature
of being the first. The Cys levels of MS group in CT +
TT genotypes (for MTHFR C677T polymorphism),
AA and AG + GG genotypes (for MTRR A66G poly-
morphism) AG+GG genotype (for MTR A2756G poly-
morphism) was statistically significantly higher than
the control. In our study, the VitBI12 levels of the MS
group statistically significantly lower in patients with
CC and CT + TT genotypes (for MTHFR C677T poly-
morphism), AA and AG + GG genotypes (for MTRR
A66G polymorphism) AG+GG genotype (for MTR
A2756G polymorphism), compared to the control

group.

Conclusions

Results showed that the levels of Hcy and VitB12 were
lower and the levels of Cys were higher in MS compared
to controls. The observation of high Cys values in all
three gene polymorphisms suggests that the transsulfira-
tion pathway of Hcy is directed towards Cys formation
since the methionine synthesis pathway does not work.
We could not find any association with all gene poly-
morphisms with the risk of MS. The T allele in MTHFR
C677T polymorphism and G allele in MTR A2756G
polimorphism increases serum Cys level MS. In MTR
A2756G polymorphism, G allele idecreases serum VitB12
levels on MS. Female gender is also a risk factor for the
risk of MS. Gene polymorphisms contribute to MS risk
by causing changes in Cys and Hcy levels. It is thought
that folate or supportive therapies that will ensure the
balance of these parameters will be helpful.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

The author(s) reported there is no funding associated with
the work featured in this article.



8 A. E. ASCI ET AL.

References

[1]

(4]

(5]

(10]

(11]

(12]

(13]

Browne P, Chandraratna D, Angood C, et al. Atlas of
multiple sclerosis 2013: a growing global problem
with widespread inequity. Neurology. 2014;83
(11):1022-1024. [View] [PubMed]. doi: 10.1212/
WNL.0000000000000768

Bélitk C, Bérii UT, Tagdemir M, et al. Epidemiology
of multiple sclerosis in Turkey; a Ten-year trend in
rural cities. Turk J Neurol. 2021;27(1):41-45. [View]
[Google Scholar]. doi: 10.4274/tnd.2020.36418.
Mirza M. The etiology and the epidemiology of multi-
ple sclerosis. Erciyes Medical J. 2002;24(1): 40-47.
[View] [Google Scholar].

Orhan G, Eruyar E, SO M, et al. The association of
IL-18 gene promoter polymorphisms and the levels of
serum IL-18 on the risk of multiple sclerosis. Clin
Neurol Neurosur. 2016;146:96-101. [View]
[PubMed] [Web of Science] [Google Scholar]. doi:
10.1016/j.clineuro.2016.04.027

Karahalil B, Orhan G, Ak F. The impact of detoxify-
ing and repair gene polymorphisms and the levels of
serum ROS in the susceptibility to multiple sclerosis.
Clin Neurol Neurosur. 2015;139:288-294. [View]
[PubMed] [Web of Science] [Google Scholar]. doi:
10.1016/j.clineuro.2015.10.028

Levin M, Douglas J, Meyers L, et al
Neurodegeneration in multiple sclerosis involves
multiple pathogenic mechanisms. Degener Neurol
Neuromuscul Dis. 2014;4:49-63. [View] [PubMed]
[Web of Science] [Google Scholar]. doi: 10.2147/
DNND.S54391

Coppedeé F, Grossi E, Buscema M, et al. Application of
artificial neural networks to investigate one-carbon
metabolism in Alzheimer’s disease and healthy
matched individuals. Artificial Neural Networks.
2013;8(8):1-11. [View] [PubMed] [Web of Science]
[Google Scholar]. doi: 10.1371/journal.pone.0074012
McDonald WI, Compston A, Edan G, et al
Recommended diagnostic criteria for multiple sclero-
sis: guidelines from the international panel on the
diagnosis of multiple sclerosis. Ann Neurol. 2001;50
(1):121-127. [View] [Google Scholar]. doi: 10.1002/
ana.1032

Karahalil B, Kocabas NA, Ozgelik T. DNA repair gene
polymorphisms and bladder cancer susceptibility in
a Turkish population. Anticancer Res. 2006;26(6C):
4955-4958. [View] [PubMed] [Web of Science]
[Google Scholar].

Sazci A, Ergul E, Kaya G, et al. Genotype and allele
frequencies of the polymorphic methylenetetrahydro-
folate reductase gene in Turkey. Cell Biochem Funct.
2005;23(1):51-54. [View] [PubMed] [Web of Science]
[Google Scholar]. doi: 10.1002/cbf.1132

[zmirli M, Tufan T, Alptekin D. DNA methylation.
Archives Medical Review J. 2012;21(4): 274-282.
[View] [Google Scholar].

Lawson BR, Eleftheriadis T, Tardif V, et al
Theofilopoulos an transmethylation in immunity
and autoimmunity. Clin Immunol. 2012;143:8-21.
[View] [PubMed] [Web of Science] [Google
Scholar]. doi: 10.1016/j.clim.2011.10.007

Finkelstein JD. The metabolism of homocysteine:
pathways and regulation. European ] Pediatry.
1998;157(2):40-44. [View] [PubMed] [Web of
Science] [Google Scholar]. doi: 10.1007/pl00014300

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

Kicikaslan AS, Altintag R, Cetintas VB, et al. Effect
of methionine synthase A2756G and methionine
synthase reductase A66G gene polymorphisms in
male infertility. Turk J Urol. 2011;37(1):38-42.
[View] [Google Scholar] [Web of Science]. doi: 10.
5152/tud.2011.008

Barbosa PR, Stabler SP, Machado AL, et al
Association between decreased vitamin levels and
MTHFR, MTR and MTRR gene polymorphisms as
determinants for elevated total homocysteine concen-
trations in pregnant women. Eur J Clin Nutr. 2008;62
(8):1010-1021. [View] [PubMed] [Web of Science]
[Google Scholar]. doi: 10.1038/sj.ejcn.1602810

Li WX, Dai SX, Zheng J], et al. Homocysteine meta-
bolism gene polymorphisms (MTHFR C677T,
MTHFR A1298C, MTR A2756G and MTRR A66G)
jointly elevate the risk of folate deficiency. Nutrients.
2015;7(8):6670-6687. doi:  10.3390/nu7085303.
[View] [PubMed] [Web of Science] [Google Scholar].
Cevik B, Serbiilent Y, Karakug N, et al. Association of
methylenetetra hydrofolate reductase gene C677T
polymorphism with multiple sclerosis in Turkish
patients. J Invest Med. 2014;62(8):980-984. doi: 10.
1097/JIM.0000000000000107  [View] [PubMed]
[Google Scholar].

Naghibalhossain F, Ehyakonandeh H, Nikseresht A,
et al. Association between mthfr genetic variants and
multiple sclerosis in a southern Iranian population.
Int ] Mol Cell Med. 2015;4(2): 87-93. [View]
[PubMed] [Web of Science] [Google Scholar].

Lu M, Peng K, Song L, et al. Association between
genetic polymorphisms in methylenetetrahydrofolate
reductase and risk of autoimmune diseases:
a systematic review and meta-analysis. Meta- Analysis
Dis Markers. 2022: 1-24.[View] [PubMed] [Web of
Science] [Google Scholar].10.1155/2022/4568145
Mrissa NF, Mrad M, Klai S, et al. Association of
methylenetetra hydrofolate reductase A1298C poly-
morphism but not of C677T with multiple sclerosis in
Tunisian patients. Clin Neurol Neurosurg. 2013;115
(9):1657-1660. doi: 10.1016/j.clineuro.2013.02.025
[View] [PubMed] [Google Scholar].

Lotti T, Martin V, Gasparini C, et al. Genetic investi-
gation of methylenetetrahydrofolate reductase
(MTHFR) and catechol-O-methyl transferase
(COMT) in multiple sclerosis. Brain Res Bull
20063;69(3):327-331. doi: 10.1016/j.brainresbull.2006.
01.005 [View] [PubMed] [Web of Science] [Google
Scholar].

Klotz L, Farkas M, Bain N, et al. The variant methy-
lenetetrahydrofolate reductase ¢.1298A > C (p.
E429A) is associated with multiple sclerosis in
a German case-control study. Neurosci lett.
2010;468:183-185. doi: 10.1016/j.neulet.2009.10.057.
[View] [PubMed] [Web of Science] [Google Scholar].
Lee YH, Seo YH, Kim JH, et al. Meta-analysis of asso-
ciations between MTHFR and GST polymorphisms
and susceptibility to multiple sclerosis. Neurol Sci.
2015;36(11):2089-2096. View] [PubMed] [Web of
Science] [Google Scholar. doi: 10.1007/s10072-015-
2318-7

Cakina S, Ocak O, Ozkan A, et al. Relationship
between genetic polymorphisms MTHFR (C677T,
A1298C), MTR (A2756G) and MTRR (A66G) genes
and multiple sclerosis: a case-control study. Folia


https://doi.org/10.1212/WNL.0000000000000768
https://doi.org/10.1212/WNL.0000000000000768
https://doi.org/10.4274/tnd.2020.36418
https://doi.org/10.1016/j.clineuro.2016.04.027
https://doi.org/10.1016/j.clineuro.2016.04.027
https://doi.org/10.1016/j.clineuro.2015.10.028
https://doi.org/10.1016/j.clineuro.2015.10.028
https://doi.org/10.2147/DNND.S54391
https://doi.org/10.2147/DNND.S54391
https://doi.org/10.1371/journal.pone.0074012
https://doi.org/10.1002/ana.1032
https://doi.org/10.1002/ana.1032
https://doi.org/10.1002/cbf.1132
https://doi.org/10.1016/j.clim.2011.10.007
https://doi.org/10.1007/pl00014300
https://doi.org/10.5152/tud.2011.008
https://doi.org/10.5152/tud.2011.008
https://doi.org/10.1038/sj.ejcn.1602810
https://doi.org/10.3390/nu7085303
https://doi.org/10.1097/JIM.0000000000000107
https://doi.org/10.1097/JIM.0000000000000107
https://doi.org/10.1155/2022/4568145
https://doi.org/10.1016/j.clineuro.2013.02.025
https://doi.org/10.1016/j.brainresbull.2006.01.005
https://doi.org/10.1016/j.brainresbull.2006.01.005
https://doi.org/10.1016/j.neulet.2009.10.057
https://doi.org/10.1007/s10072-015-2318-7
https://doi.org/10.1007/s10072-015-2318-7

[25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

Neuropathol. 2019;57(1):36-40. doi: 10.5114/fn.2019.
83829 [View] [PubMed] [Google Scholar].

William HD Development of a high-throughput gen-
otyping assay for detection of functional polymorph-
isms involved in homocysteine metabolism and the
methylation process implicated in multiple sclerosis.
[Thesis of Master of Medical Science]. Stellenbosch
South Africa: Stellenbosch University; 2013 [View]
[Google Scholar]

Szvetko AL, Fowdar J, Nelson J, et al. No association
between MTHFR A1298C and MTRR A66G poly-
morphisms, and MS in an Australian cohort.
J Neurolog Sci. 2007;252(1):49-52. [View] [PubMed]
[Web of Science] [Google Scholar]. doi: 10.1016/j.jns.
2006.10.006

Yazic1 T Association of blood homocysteine levels with
cognitive impairment in patients with multiple sclero-
sis. [Thesis of Master of Medical Science]. Samsun
Turkey: Ondokuz May1s University; 2013 [View]
Russo C, Morabito F, Luise F, et al
Hyperhomocysteinemia is associated with cognitive
impairment in multiple sclerosis. ] Neurol. 2008;255
(1):64-69. doi: 10.1007/s00415-007-0668-7 [View]
[PubMed] [Web of Science] [Google Scholar].
Kararizou E, Paraskevas G, Triantafyllou N, et al.
Plasma homocysteine levels in patients with multiple
sclerosis in the Greek population. ] Chin Med Assoc.
2013;76(11):611-614. [View] [PubMed] [Web of
Science] [Google Scholar]. doi: 10.1016/j.jcma.2013.
07.002

Zhu'Y, He YZ, Liu HN. Meta-analysis of the relation-
ship between homocysteine, vitamin B12, folate, and
multiple sc lerosis. ] Clin Neurosci. 2011;18
(7):933-938. doi: 10.1016/j.jocn.2010.12.022 [View]
[PubMed] [Web of Science] [Google Scholar].

Besler HT, Lipoprotein Oxidation CS. Plasma total
antioxidant capacity and homocysteine level in
patients with multiple sclerosis. [View] [PubMed]
[Web of Science] [Google Scholar]. Nutr Neurosci.

2003;6(3):189-196. doi: 10.1080/
1028415031000115945
Akpmar Z, Kurban S. Serum nitric oxide,

Homocysteine, asymmetric dimethylarginine levels
in patients with multiple sclerosis. Selcuk Medical J.
2013;29(4): 168-17. [View] [Google Scholar].
Ramsaransing GSM, Fokkema MR, Teelken A, et al.
Plasma homocysteine levels in multiple sclerosis.
Neurol Neurosurg Psychiatry. 2006;77(2):189-192.
doi: 10.1136/jnnp.2005.072199 [View] [PubMed]
[Web of Science] [Google Scholar].

Teunissen CE, Killestein ], Kragt JJ, et al. Serum
homocysteine levels in relation to clinical progression
in multiple sclerosis. ] Neurol Neurosurg Psychiatry.

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

NEUROLOGICAL RESEARCH e 9

2008;79(12):1349-1353. doi: 10.1136/jnnp.2008.
151555 [View] [PubMed] [Web of Science] [Google
Scholar].

Li X, Yuan J, Han J, et al. Serum levels of homocys-
teine, vitamin B12 and folate in patients with multiple
sclerosis: an updated meta-analysis. Int ] Med Sci.
2020;17(6):751-761. [View] [PubMed] [Web of
Science] [Google Scholar]. doi: 10.7150/ijms.42058
Bystricka Z, Laubertova L, Durfinova M, et al.
Methionine metabolism and multiple sclerosis.
Biomarkers. 2017;22:747-754. doi:  10.1080/
1354750X.2017.1334153. [View] [PubMed] [Web of
Science] [Google Scholar].

Ariel MT, Maya K, Ronit A.Yanina G.Vitamin B12,
demyelination, remyelination and repair in multiple
sclerosis. ] Neurolog Sci. 2005;233(1-2):93-97. doi:
10.1016/j.jns.2005.03.009 [View] [PubMed] [Google
Scholar].

Tokgoz E Investigation of the effects of the vitamin
B12 levels on clinical and laboratory in multiple
sclerosis. [Thesis of Master of Medical Science].
Ankara Turkey: Giilhane Military Medical
Academia; 2012 [View]

Rensburg SJ, Kotze MJ, Hon D, et al. Iron and the
folate-vitamin B12- methylation pathway in multiple
sclerosis. Metab Brain Dis. 2006;21(2-3):121-137.
doi: 10.1007/s11011-006-9019-0 [View] [PubMed]
[Web of Science] [Google Scholar].

Nijst TQ, Wevers RA, Schoonderwaldt HC, et al.
Vitamin B12 and folate concentrations in serum and
cerebrospinal fluid of neurological patients with spe-
cial reference to multiple sclerosis and dementia.
J Neurology, Neurosurgery, And Psychiatr. 1990;53
(11):951-954. doi: 10.1136/jnnp.53.11.951 [View]
[PubMed] [Web of Science] [Google Scholar].

Kira JI, Tobimatsu S, Goto I. Vitamin B12 metabo-
lism and Massive-Dose Methyl vitamin B12 therapy
in Japanese patients with multiple sclerosis.Int Med.
1994;33(2):82-86. [View] [PubMed] [Web of Science]
[Google Scholar]. doi: 10.2169/internalmedicine.33.
82

Najafi MR, Shaygannajad V, Mirpourian M, et al.
Vitamin B12 deficiency and multiple Sclerosis; is
there any association? Int J Prev Med. 2012;3(4):
286-289. [View]| [PubMed] [Web of Science]
[Google Scholar].

Dardiotis E, Arseniou S, Sokratous M, et al. Vitamin
B12, folate, and homocysteine levels and multiple
sclerosis: a meta-analysis. Multi Sclerosis Relat
Disord. 2017;17:190-197. [View] [PubMed] [Web of
Science] [Google Scholar]. doi: 10.1016/j.msard.2017.
08.004.


https://doi.org/10.5114/fn.2019.83829
https://doi.org/10.5114/fn.2019.83829
https://doi.org/10.1016/j.jns.2006.10.006
https://doi.org/10.1016/j.jns.2006.10.006
https://doi.org/10.1007/s00415-007-0668-7
https://doi.org/10.1016/j.jcma.2013.07.002
https://doi.org/10.1016/j.jcma.2013.07.002
https://doi.org/10.1016/j.jocn.2010.12.022
https://doi.org/10.1080/1028415031000115945
https://doi.org/10.1080/1028415031000115945
https://doi.org/10.1136/jnnp.2005.072199
https://doi.org/10.1136/jnnp.2008.151555
https://doi.org/10.1136/jnnp.2008.151555
https://doi.org/10.7150/ijms.42058
https://doi.org/10.1080/1354750X.2017.1334153
https://doi.org/10.1080/1354750X.2017.1334153
https://doi.org/10.1016/j.jns.2005.03.009
https://doi.org/10.1016/j.jns.2005.03.009
https://doi.org/10.1007/s11011-006-9019-0
https://doi.org/10.1136/jnnp.53.11.951
https://doi.org/10.2169/internalmedicine.33.82
https://doi.org/10.2169/internalmedicine.33.82
https://doi.org/10.1016/j.msard.2017.08.004
https://doi.org/10.1016/j.msard.2017.08.004

	Abstract
	Introduction
	The inclusion and exclusion criteria
	Materials and methods
	<italic>Serum</italic> hcy, Cys, <italic>and</italic> VitB12

	DNA isolation
	Genotyping analysis
	Statistical analysis
	Results
	Gene polymorphisms and the risk of MS
	Biochemical parameter analysis
	Cys analysis

	Discussion
	Conclusions
	Disclosure statement
	Funding
	References

