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Abstract OBJECTIVE: Among susceptibility genes for Sporadic Parkinson´s Disease (SPD), 
the MTHFR gene has been suggested as candidate. The A allele of the functional 
variant rs13306560 in its promoter region has been liked to decreased transacti-
vation capacity. Therefore, we sought to determine a possible association of the 
rs13306560 and SPD. 
METHODS: In total, 237 individuals were genotyped, 113 patients with SPD 
diagnosed according to the Queen Square Brain Bank criteria and 124 neurologi-
cally healthy controls. Genotyping was performed using TaqMan probes for the 
rs13306560 and real-time PCR. 
RESULTS: The A allelle was associated to protection in SPD, under the dominant 
model, (OR=0.22, C.I.=[0.048–1.080], p=0.04), nevertheless, after logistic regres-
sion analysis with adjustment for gender, resulted only in a trend (Exp (β)=0.211, 
[I.C. 95.0%, 0.042–1.057], p=0.058). 
CONCLUSION: Although further studies are needed, our data suggest an impor-
tant role of the MTHFR gene variants in the fine-tuning regulation of one-carbon 
metabolism in the brain. 

Abbreviations:
Hcy - Homocysteine
HWE - Hardy-Weinberg Equilibrium
MTHFR - Methylenetetrahydrofolate reductase
Met - Methionine

PCR - Polymerase Chain Reaction 
SPD - Sporadic Parkinson´s Disease
SNCA - Alpha synuclein 
SAM - S-adenosylmethionine 
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INTRODUCTION
Among neurodegenerative disorders Parkinson´s dis-
ease (PD) is the second most prevalent cause of physi-
cal disability and affects life quality of about 1–2% of 
people older than 65 years (Wickremaratchi et al. 2009). 
Sporadic cases of PD (SPD) with late-onset presenta-
tion are more frequent than familial ones, or than those 
with early-onset beginning of the disease. Therefore in 
order to gain insights in to the genetic predisposition 
factors involved in SPD; delineation of such phenotypes 
is of utmost importance. Some variants in the PARKIN 
(PARK2)(Garcia et al. 2014) and SNCA (PARK1) 
genes have been linked to early-onset and familial 
PD respectively(Wang et al. 2013). Nevertheless, vari-
ants in other genes that are not exclusively related to 
PD may also be part of the genetic susceptibility of this 
complex neurodegenerative disease; as is the case of 
MTHFR gene that was recently proposed as candidate 
gene for PD susceptibility by two independent meta-
analyses (Wu et al. 2013; Zhu et al. 2013). The methy-
lenetetrahydrofolate reductase enzyme (MTHFR) (EC 
1.5.1.20) transforms 5, 10-methylenetetrahydrofolate to 
5-methyltetrahydrofolate, a co-substrate for homocys-
teine re-methylation to methionine (Met); an essential 
amino acid obtained from diet.

The most widely studied genetic factor affecting 
MTHFR and one carbon metabolism is the TT geno-
type of the functional rs1801133 variant in this gene, 
which shows reduced activity (30%), and therefore 
elevated plasma homocysteine (Hcy) levels, which may 
in turn be toxic (Frosst et al. 1995). Nevertheless, opti-
mal folate and vitamin B12 intake can counteract the 
effected the genotype (Gueant et al. 2007).

Recently, Yuan and colleagues found association of 
the TT genotype of rs1801133 as protective factor for 
PD (OR=0.78, 95% C.I.=0.65–0.93 p<0.01)(Yuan et al. 
2016). Interestingly, our group found that TT geno-
type is more prevalent in control individuals than PD 
patients (Garcia et al. 2015), which is concordant with 
the findings of Yuan and colleagues; in addition another 
study found this same genotype (CC of rs1801133) 
related to earlier age at onset of PD (Vallelunga et al. 
2014). Conversely, these findings suggest that genotype 
TT with reduced activity of MTHFR may be protective 
for PD. Thus we aimed to search for association of the 
rs13306560 variant of MTHFR and PD; this variant is 
located in the promoter region of the gene; the A allele 
is related to reduced activation of the promoter than the 
G allele (Perez-Razo et al. 2015), therefore decreased 
expression of MTHFR is expected with having the 
homozygous AA genotype.

MATERIALS AND METHODS
Patients and controls
We performed a case-control study that included 237 
individuals, 113 SPD patients and 124 neurologically 

healthy controls. Institutional Committees approved 
the study and informed written consent was obtained 
from participants. Patients were recruited from Febru-
ary 2009-June 2010, from four different tertiary-care 
level hospitals in Mexico (Neurology Departments from 
Centro Médico Nacional “20 de Noviembre”-ISSSTE, 
Centro Médico Nacional Siglo XXI-IMSS, Instituto de 
Ciencias Médicas y de la Nutrición “Salvador Zubirán”, 
Mexico City; and División de Genética, Centro de 
Investigación Biomédica de Occidente-IMSS, Jalisco, 
Mexico). Diagnosis was performed according to Queen 
Square Brain Bank criteria(Hughes et al. 2002). Cogni-
tive impairment was assessed using the Folstein Mini 
Mental State Examination Test. Controls were healthy 
donors or patient´s spouses that agreed to participate in 
an additional neurological evaluation. All participants 
were Mexican-mestizos (Most present-day Mexicans) 
(Rubi-Castellanos et al. 2009) in order to have groups 
ethnically matched and without family history of neu-
rodegenerative disorders to assure recruitment of spo-
radic cases.

DNA isolation and Genotyping
Isolation of DNA was carried out from peripheral blood 
samples by the DTAB/CTAB method (Gustincich et al. 
1991). Genotyping was performed by real time PCR 
using TaqMan probes (Hydrolysis probes) using the 
C__30914969_10 (Applied Biosystems, Foster City, CA, 
USA) NM_001256959.1. Real-time PCR was performed 
on a LightCycler 480 II (Roche Diagnostics GmbH, 
Switzerland); PCR reactions were done according to 
manufacturer´s instructions. The samples were previ-
ously screened for common variants in six PARK genes, 
among we can mention A30P of SNCA and G2019S and 
G2385R of LRRK2; the prevalence of DNA changes was 
low(Garcia et al. 2014).

Statistical Analysis
Statistical analysis was performed using SPSS software v. 
18.0 (SPSS Inc., Chicago, IL, USA) for χ2 test and logis-
tic regression. Hardy-Weinberg equilibrium (HWE) 
was estimated in both groups using χ2 test available in 
the following link (https://ihg.gsf.de/cgi-bin/hw/hwa1.
pl [03/06/2016]).

RESULTS
In total 237 individuals were genotyped, 113 patients 
with SPD and 124 healthy individuals that constituted 
the control group; the healthy individuals were selected 
to be older than patients. Hardy-Weinberg equilibrium 
test showed that alleles were distributed according to 
expected frequencies in both groups. Distribution 
of genotypes between groups and association test are 
shown in Table 1. The median values of age were 66 in 
the control group and 62 in the PD group (p<0.001). 
After logistic regression adjusted by gender the A allele 
under the dominant model showed Exp (B)=0.211, 
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[I.C. 95.0%, 0.042–1.057], p=0.058, whereas differences 
in gender remained significant Exp (B)=5.9 [I.C. 95.0%, 
Exp (B)=3.24–11.024], p<0.001.

DISCUSSION
Several studies have searched for association of the TT 
genotype of rs1801133 in the MTHFR gene (formerly 
C677T polymorphism) and susceptibility to PD, based 
on the finding that this genotype has a reduced enzy-
matic activity (30%) and therefore elevated levels of 
Hcy (Zhu et al. 2013) that may hasten dopaminergic 
cell death through oxidative stress and excitotoxicity 
(Duan et al. 2002; Miller 2002). In addition, variants 
in the MTHFR gene may also influence response to 
treatment, since impaired of transmethylation potential 
has been detected in hyperhomocysteinemic L-Dopa-
treated PD patients (De Bonis et al. 2010). Neverthe-
less, some of the caveats of such studies are: 1) Under 
optimal folate and B12 vitamin consumption, the effect 
of that genotype in homocysteine elevation is null 
(Gueant-Rodriguez et al. 2006), 2) Most studies do not 
measure plasma Hcy or MTHFR enzymatic activity 
to confirm the effect of genotypes. 3) The one-carbon 
metabolism in the brain seems to have a fine-tuning 
regulation for folate absorption, DNA Methylation and 
antioxidant production (Kronenberg et al. 2009). Thus, 
it could be inferred that high levels of homocysteine 
in the brain should not be assumed from only geno-
type data because other mechanisms different from 
Hcy toxicity as cause of neurodegeneration ought to be 
explored (Garcia et al. 2015). Such mechanisms may 
include altered DNA methylation and impaired antiox-
idant production and abnormal metabolite production 
(Perez-Razo et al. 2015).

Interestingly, implications of high levels of MTHFR 
are largely unknown. In an original work from Celtikci 
and colleagues a transgenic mouse model overexpressing 
MTHFR was produced (Celtikci et al. 2008). The trans-
genic mice (Tg-MTHFR mouse) did not show changes 
in folate distribution in plasma, where most of the folate 
is in the form of 5-methylTHF, the MTHFR product. 
On the other hand, it had an increase of methionine in 
brain, an increase of glutathione in liver, and a decrease 
of cysteine in duodenum (Celtikci et al. 2008), showing 
that high levels of MTHFR cause altered distributions 
of folate and thiols in a tissue-specific manner. Among 
those alterations, high methionine levels in the brain 
are of particular interest; these may be generated by 
the enhanced homocysteine re-methylation due to the 
increased MTHFR. Two primary pathways participate 
in the methionine metabolism: transmethylation and 
transsulfuration, the first generates S-adenosylmethio-
nine (SAM), an important methyl donor for the meth-
ylation of lipids, proteins, and nucleotides, whereas the 
transsulfuration pathway implies the synthesis of gluta-
thione from methionine, SAM activates cystathionine-
β-synthase the first enzyme in the transsulfuration 

pathway. It has been questioned the existence of a com-
plete transsulfuration pathway in the brain (Celtikci 
et al. 2008; Vitvitsky et al. 2006), because methionine 
accumulates in the Tg-MTHFR mouse which is concor-
dant with the low baseline levels of cysteine found in its 
brain (Celtikci et al. 2008). Nevertheless, it was dem-
onstrated that a functional transsulfuration pathway 
exists in human neurons, astrocytes and mouse brain 
organotypic preparations by incubating the cells with 
[35S] methionine and measuring radiolabeled glutathi-
one. Interestingly 40% of glutathione was depleted due 
to cystathionine-γ-lyase (CγL) inhibition and this cor-
related with reduced cell viability under oxidative stress 
(Vitvitsky et al. 2006).

Herein we found a trend of the A allele of the 
rs13306560 variant of the MTHFR to be protective 
against MTHFR, A allele is thought to generate less 
MTHFR RNA due to reduced transactivation potential 
compared to its counterpart the G allele(Perez-Razo et 
al. 2015). Although more evidence is needed to confirm 
our findings, it is possible to hypothesize that reduced 
activity (TT genotype of rs1801133) or concentration 
of MTHFR enzyme (AA genotype of rs13306560) may 
be protective in the brain when methionine levels are 
high, transsulfuration pathway is impaired and glu-
tathione generation is compromised. This particular 
scenario may imply the inhibition of cystathionine-γ-
lyase which is expressed in low levels in the brain and is 
sensitive to oxidative stress (Diwakar & Ravindranath 
2007). Together our data suggest that in order to avoid 
neurodegeneration, a fine-tuning homeostasis of the 
one-carbon metabolism should prevail within the brain.

LIMITATIONS OF THE STUDY
A considerable proportion of patients were treated with 
L-dopa among other anti-parkinsonic drugs, therefore 
plasma homocysteine levels would reflect effects of 

Tab. 1. Association test of the rs13306560 variant of MTHFR gene 
and PD.

Category Patients Controls p-value

Gender 19 females, 
94 males

68 females, 
56 males

<0.001

Age * 62 (29-94) 66 (40-88) <0.001

Smoking 65 (no), 48 (yes) 66 (no), 56 (yes) >0.05

Genotypes AA = 0
AG = 2
GG = 111

AA = 1
AG = 9
GG = 114

patients, p>0.05
HWE
controls, p>0.05

X2 Association +
OR=0.22, 
C.I.=[0.048-
1.080], p=0.04

*(median, minimum-maximum) C.I. = Confidence Interval 95%, 
Odds ratio = OR, + dominant model
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treatment instead of genotype-phenotype correlation; 
therefore, these parameters could not be explored. Since 
the novel rs13306560 variant is scarce in our popula-
tion a larger group of study is required to confirm our 
findings. Serum samples were unavailable therefore 
MTHFR concentrations were not measured for geno-
type-phenotype correlations.
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