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Article history: Background: Differences in the distribution of the MTRR rs326119 polymorphism (c.56 + 781 A>C) between pa-
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ation is thought to be due to deregulation of homocysteine-cobalamin pathways. This has not been replicated in
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other populations. The primary objective of this study was to assess the influence of the MTRR rs326119 polymor-
phism on biochemical parameters of vitamin B12 metabolism, coronary lesions, and congenital heart disease in

Keywords: . .
MIRR sene Brazilian subjects.
rs3261g19 Methods: We selected 722 patients with CHD, 1432 patients who underwent coronary angiography, and 156

blood donors. Genotyping for the MTRR polymorphism was evaluated by high-resolution melting analysis, and

biochemical tests of vitamin B12 metabolism were measured.

Results: Subjects carrying the AC or CC genotypes had higher homocysteine concentrations (9.7 4= 0.4 pmol/L and

10.1 £ 0.6 umol/L) and lower cobalamin concentrations (260.5 + 13.3 pmol/L and 275.6 4 19.9 pmol/L) com-

pared with the subjects carrying the AA genotype (8.7 4+ 0.5 umol/L and 304.8 4+ 14.7 pmol/L), respectively. A

multiple linear regression model also identified a significant association between the number of C variant alleles

with the concentrations of homocysteine and cobalamin. Nonetheless, the allelic and genotypic distributions for

MTRR 15326119 were not associated with CHD or coronary atherosclerosis in the studied samples.

Conclusion: Our findings indicate that the MTRR rs326119 variant might be a genetic marker associated with ho-

mocysteine and cobalamin concentrations, but not a strong risk factor for CHD or coronary atherosclerosis in the

Brazilian population.

© 2016 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Homocysteine is a molecule of the blood produced when methionine
is broken down in an organism. This metabolism is dependent on vita-
mins B6 and B12 and folate. The main form of folate in plasma, 5-
methylenetetrahydrofolate (5-MTHF), participates in the re-methylation
pathway and is formed from the reduction of 5,10-methylenetetrahydro-
folate by the enzyme methylenetetrahydrofolate reductase (MTHFR). In
this process, homocysteine receives a methyl group by the activity of
the enzyme methionine-synthase (MTR). Methionine synthase reductase
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(MTRR) is involved in reducing cob(Il)alamin (B12r) to methylcobalamin
(MeChl), the cofactor form used in methionine synthase (MTR) [1-6].

Both MTHFR and MTRR are essential enzymes responsible for,
among many other functions, keeping homocysteine at adequate levels.
In fact, genetic variations in the genes that codify these enzymes have
been shown to modulate homocysteine levels [7-9]. Furthermore,
some studies have shown associations of hyperhomocysteinemia with
the development of cardiovascular disease, and increased risks of
atherosclerosis and thrombosis [9-11]. However, the relationship be-
tween genetic polymorphisms, homocysteine level, and cardiovascular
phenotypes is still controversial and has been the focus of many studies
[12-14].

A study, performed in a Chinese Han population, investigated poly-
morphisms in the MTRR gene. The study identified a significant differ-
ence in the distribution of the MTRR rs326119 polymorphism
(c.56+781 A>C) between subjects with congenital heart disease
(CHD) and controls. An association of the same polymorphism with
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homocysteine levels was also observed [15]. Authors then hypothesized
that homocysteine metabolism could be the cause of an increased risk of
developmental problems in individuals with the risk allele. This, howev-
er, has not been replicated in other populations. The main aim of this
study was to assess the influence of the MTRR 1s326119 polymorphism
on biochemical parameters of B12 vitamin metabolism, and in cardio-
vascular phenotypes, namely, coronary atherosclerosis and CHD in
Brazilian patients.

2. Subjects and methods

In this study, patients who underwent coronary angiography (n =
1432) plus blood donors (n = 156) were used as both a control group
for CHD (n = 722), and as samples for testing the association between
MTRR polymorphism and coronary atherosclerosis and homocysteine
levels, respectively. The University of Sdo Paulo ethics committee ap-
proved the protocol, and all participants signed an informed consent
document.

2.1. Patients who underwent coronary angiography

For this study, 1432 consecutive patients who underwent diagnostic
coronary angiography for coronary artery disease were selected at the
Laboratory of Hemodynamics, Heart Institute (Incor), Sao Paulo, Brazil.
All patients had a clinical diagnosis of angina pectoris and stable angina.
No patient enrolled in this study was currently experiencing an acute
coronary syndrome. Patients with previous acute ischemic events,
heart failure classes IlI-IV, hepatic dysfunction, familiar hypercholester-
olemia, previous heart or kidney transplantation, and in antiviral treat-
ment were excluded [16].

2.2. Blood donors

Also included in the study were 156 subjects from the Blood Dona-
tion Center/University of Sdo Paulo Medical School [17]. Inclusion and
exclusion criteria for enrollment were the same as for those who donat-
ed blood.

2.3. Patients with CHD

Prospectively recruited to the study were 722 patients with CHD
from the Pediatric Cardiology Outpatient Clinic - Heart Institute
(Incor), Sdo Paulo, Brazil. Patients were evaluated by history, review of
the medical records, and physical examination and were classified ac-
cording to their anatomical defect as previously described [18]. No pa-
tient enrolled in this study had clinical features of syndromic disease.
An informed consent was obtained from progenitors or participants in
accordance with protocols approved by the local IRB.

2.4. Demographic data and laboratory tests

A trained interviewer collected demographic and clinical informa-
tion from all participants. Twelve-hour fasting blood samples were
used for biochemical testing conducted according to standard tech-
niques. Serum folate, serum cobalamin, and total homocysteine were
determined by the ion capture method, enzyme immunoassay, and
fluorescence polarization immunoassay, respectively.

2.5. Coronary artery disease scores

From the individuals who underwent coronary angiography, 20 coro-
nary segments were scored: each vessel was divided into 3 segments
(proximal, medial, and distal), except for the secondary branches of the
right coronary artery (posterior ventricular and posterior descending),
which were divided into proximal and distal segments. Stenosis greater
than 50% in any coronary segment was granted 1 point, and the sum of

points for all 20 segments constituted what is here referred to as an Ex-
tension Score. Lesion severity was calculated as follows: none and irregu-
larities, O points; <50%, 0.3 points; 50-70%, 0.6 points; >70-90%, 0.8
points; and >90-100%, 0.95 points. The Severity Score was calculated
through the sum of points for all 20 coronary segments [19].

2.6. Genotyping

Genomic DNA was extracted from peripheral blood following a stan-
dard salting-out procedure. MTHFR polymorphisms (c.677C>T,
¢.1317T>C, and c.1298A>C) were detected by polymerase chain reaction
(PCR) followed by digestion by restriction enzyme. Genotyping for
the MTRR 15326119 was detected by PCR followed by high-resolution
melting (HRM) analysis with the Rotor Gene 6000 instrument (Qiagen,
Courtaboeuf, France). The QIAgility (Qiagen, Courtaboeuf, France), an au-
tomated instrument, was used according to manufacturer's instructions
to optimize the sample preparation step [20]. Amplification of the frag-
ment for the MTRR rs326119 (c.56 + 781 A>C, intron 1) polymorphism
was performed using the primer sense 5'-CGGTTCATTCACCGAAAGC-3’
and antisense 5'-AATTGGTGGGCTGTCAATTT-3’ (79 pairs base). A 40-
cycle PCR was carried out with the following conditions: denaturation
of the template DNA for first cycle at 94 °C for 120 s, denaturation at
94 °C for 20 s, annealing at 50.5 °C for 20 s, and extension at 72 °C for
22 s. PCR was performed with the addition of fluorescent DNA-
intercalating SYTO9 (1.5 puM; Invitrogen, Carlsbad, USA). In the HRM
phase, the Rotor Gene 6000 was used to measure the fluorescence in
each 0.1 °C temperature increase in the range of 70-85 °C. Melting curves
were generated by the decrease in fluorescence with the increase in the
temperature; and for genotype calling, nucleotide changes resulted in dif-
ferent curve patterns. Samples of the observed curves were analyzed
using bidirectional sequencing as a validation procedure (ABI Terminator
Sequencing Kit and ABI 3500XL Sequencer - Applied Biosystems, Foster
City, CA, USA) [21-23].

2.7. Statistical analysis

Categorical variables are presented as percentages, while continuous
variables are presented as mean 4 standard deviation. The chi-square
test was performed for comparative analysis of general characteristics,
frequencies of the MTRR genotype or variant allele, and for Hardy-
Weinberg equilibrium. ANOVA test was performed for comparing the
biochemical parameters of B12 vitamin metabolism, and angiographic
data means according to MTRR polymorphism. When p value was signif-
icant in the ANOVA test, Tukey's post hoc test was performed to identify
the different group. Biochemical data and angiographic data were ad-
justed for age, sex, and race. Biochemical parameters of the B12 vitamin
metabolism were also adjusted for MTHFR polymorphisms (c.677C>T,
¢.1317T>C, and c.1298A>C). The following variables were included, as
independent variables, in the multiple linear regressions for the bio-
chemical parameters of the B12 vitamin metabolism: number of variant
alleles for the MTRR 1s326119 (0, 1 or 2 for AA, AC, or CC, respectively),
age, sex, race, and MTHFR polymorphisms (c.677C>T, ¢.1317T>C, and
¢.1298A>C). Multivariate logistic regression analysis was performed
to evaluate the odds ratio (OR) for coronary lesions. In this model, cor-
onary lesion frequency was compared between normal coronary arter-
ies versus 1-vessel, 2-vessel, and 3-vessel disease. Statistical analyses
were carried out using SPSS software (version 16.0, IBM, New York,
NY), with the level of significance set at p < 0.05.

3. Results
3.1. Allele and genotype distribution of the MTRR rs326119 polymorphism
For the CHD sample (n = 722), the frequency of the rs326119 C var-

iant allele was 46.5% and the distribution of the genotypes was 19.3% for
variant homozygous, 54.4% for heterozygous, and 26.3% for wild-type.
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For the blood donors (n = 156), the frequency of the rs326119 C variant
allele was 41.0%, and the distribution of the genotypes was 17.9% for
variant homozygous, 46.2% for heterozygous, and 35.9% for wild-type.
For the patients who underwent coronary angiography (n = 1432),
the frequency of the rs326119 C variant allele was 45.9%, and the distri-
bution of the genotypes was 19.6% for variant homozygous, 52.7% for
heterozygous, and 27.7% for wild-type. The genotypic distribution for
the MTRR rs326119 polymorphism was in accordance with the
Hardy-Weinberg equilibrium (HWE) for all sample groups (HWE
p>0.01) (X>*=6.38,p = 0.01; X2 =0.33,p = 0.56; X> = 5.43,p =
0.02, respectively).

3.2. Biochemical parameters of vitamin B12 metabolism according to MTRR
1rs326119 polymorphism

Table 1 shows significant differences in the biochemical parameters
of vitamin B12 metabolism among MTRR rs326119 genotypes. Subjects
carrying AC or CC genotypes had higher homocysteine concentrations
and lower cobalamin concentrations compared to individuals carrying
the AA genotype, adjusted for age, sex, race, and MTHFR polymorphisms.
We did not observe any difference in the folate concentration among
studied genotypes (Table 1).

Table 2 shows a multiple linear regression model. We identified a
significant association between the number of C variant alleles and the
concentrations of homocysteine and cobalamin. Also, with the presence
of 3 MTHFR polymorphisms, the MTHFR c.677C>T polymorphism was
associated with concentrations of homocysteine, cobalamin, and folate
(Table 2).

3.3. Angiographic data according to MTRR rs326119 polymorphism in pa-
tients who underwent coronary angiography

Table 3 shows no significant association between coronary athero-
sclerosis extension and MTRR genotypes (AA versus AC or CC) in a mul-
tivariate model (OR = 1.08, 95%CI = 0.85-1.37, p = 0.50). Also, no
significant association was observed for 1 variant allele (OR = 1.01,
95%Cl = 0.69-1.47, p = 0.96) or for 2 variant alleles (OR = 1.18,
95%Cl = 0.84-1.66, p = 0.33). Regarding the derived scores of coronary
atherosclerosis burden, no significant difference was found among
MTRR genotypes AA, AC, and CC (Extension Score: 2.2 + 1.7,2.2 4+ 1.6,
and 2.3 £ 1.7; Severity Score: 1.6 4+ 1.3, 1.6 &+ 1.2, and 1.7 £+ 1.3)
(p = 0.58 and p = 0.45, respectively).

3.4. Comparison of frequencies of the MTRR genotypes or C variant allele
among CHD patients and controls

Table 4 shows the distribution of the MTRR genotypes among sample
groups. We did not observe an association between the MTRR polymor-
phism and CHD or ventricular septal defects (VSD), as previously re-
ported in a Chinese population, in our samples. Genotypic and allelic
frequencies for the MTRR polymorphism in patients with CHD and
those with CHD and VSD were compared with frequencies of blood do-
nors and of patients who underwent coronary angiography (we consid-
ered these 2 last sample groups as controls).

Table 1
Concentrations of homocysteine, cobalamin, and folate, according to MTRR rs326119
genotypes.

Biochemical parameter MTRR rs326119 c.56 4781 A>C p value
AA(n=56) AC(n=72) CC(n=28)
Homocysteine, umol/L 8.7 4 0.5° 9.7 + 04° 10.1 + 0.6° 0.04

304.8 &+ 14.7° 2605 + 13.3° 2756 & 19.9° 0.03
119 + 06 123 £ 05 123 £ 08 0.92

Cobalamin, pmol/L
Folate, nmol/L

Biochemical data were adjusted for age, sex, race, and MTHFR polymorphisms.
Values with different superscript letters are significantly different (Tukey's post hoc test).

Table 2
Variables of a multiple linear regression model for concentrations of homocysteine, cobal-
amin, and folate.

Variable 3 coefficient p value
(standard error)
Homocysteine, pmol/L
Number of variant alleles for the MTRR rs326119 1.1 (0.6) 0.02
Age —0.01 (0.03) 0.98
Sex (male) 2.1 (0.6) <0.001
Race (non-White) —0.1(0.4) 0.85
MTHFR ¢.677C>T 2.4 (0.5) 0.001
MTHFR ¢.1317T>C 0.5 (0.7) 0.40
MTHFR ¢.1298A>C —0.4(0.5) 0.42
Cobalamin, pmol/L
Number of variant alleles for the MTRR rs326119 —33.0(19.5) 0.03
Age —0.4(0.9) 0.69
Sex (male) 0.7 (18.8) 0.97
Race (non-White) 11.0 (144) 0.45
MTHFR ¢.677C>T —36.8 (15.4) 0.02
MTHEFR ¢.1317T>C 0.7 (22.1) 0.98
MTHFR ¢.1298A>C —3.4(16.8) 0.84
Folate, nmol/L
Number of variant alleles for the MTRR rs326119 0.4 (0.7) 0.60
Age 0.04 (0.03) 0.30
Sex (male) —1.8(0.7) 0.02
Race (non-White) —0.4(0.6) 0.49
MTHFR ¢.677C>T —1.6 (0.6) 0.01
MTHFR ¢.1317T>C 0.7 (0.9) 043
MTHFR ¢.1298A>C —0.4(0.7) 0.51

Number of variant alleles for MTRR rs326119: 0, 1 or 2 for AA, AC, or CC, respectively.

4. Discussion

Elevated levels of homocysteine have been associated with many
diseases, such as neurodegenerative disorders, recurrent pregnancy
loss, neural tube defects, ischemic heart disease and stroke, atheroscle-
rosis, and congenital defects [24-34]. Our study shows that the MTRR
1s326119 polymorphism is associated with levels of plasma homocyste-
ine. This finding was the first replication of Zhao et al.'s and Cheng et al.'s
studies, in a non-Chinese population [15,34]. However, our study did
not identify an association of the MTRR polymorphism with CHD or cor-
onary artery disease.

Subjects carrying AC or CC genotypes of MTRR rs326119 polymor-
phism had higher homocysteine and lower cobalamin concentrations,
compared with subjects carrying the AA genotype. Our finding suggests
that the MTRR rs326119 polymorphism might be a genetic marker for
homocysteine and cobalamin concentrations. Some studies showed a
negative correlation between homocysteine and B12 vitamin levels
[15,35]. Regarding vitamin B12 metabolism, increased levels of
homocysteine may reflect folate and B12 vitamin deficiency. These

Table 3
Logistic regression multivariate analysis of the coronary lesion odds ratio in the patients
who underwent coronary angiography.

Variables OR 95% 1C p value
Genotypes for the MTRR rs326119 1.08 0.85-1.37 0.50
Sex (male) 3.73 2.64-5.27 <0.001
Age 1.03 1.02-1.05 <0.001
Self-declared race

White (reference) 1.00

Intermediate 1.35 0.57-3.44 0.52

Black 0.90 0.35-2.66 0.57
Body mass index 0.95 0.92-0.98 0.003
Statin use 1.74 1.11-2.73 0.02
Smoking 1.22 0.85-1.76 0.27
Total cholesterol 1.02 1.01-1.03 0.001

Genotypes for the MTRR rs326119 were AA genotype versus AC or CC genotypes.
Coronary lesion frequency was compared between normal coronary arteries versus 1-vessel,
2-vessel, and 3-vessel disease.
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Table 4
Frequencies of the MTRR genotypes or C variant allele, according to studied subjects.

Patients Patients Blood Patients who underwent
with CHD  withVSD  donors coronary angiography
(n=1722) (n=213) (n=156) (n = 1432)

Genotype comparison

AA, n 190 52 56 397

AC, n 393 116 72 755

CCn 139 45 28 280

p value? - 0.77 0.07 0.73

p value® 0.77 - 0.08 0.62

Variant allele comparison

Cvariant allele  46.5% 48.3% 41.0% 45.9%

p value® - 0.53 0.09 0.75

p value® 0.53 - 0.06 0.37

@ Comparison of frequencies of the MTRR genotypes or C variant allele of the congenital
heart disease (CHD) group with other groups.

" Comparison of frequencies of the MTRR genotypes or C variant allele of the CHD pa-
tients with ventricular septal defects (VSD) with other groups.

associations may also be due to the effects of changed vitamin B12 me-
tabolism on homocysteine remethylation and synthesis of DNA methyl-
ation, resulting in elevated plasma concentrations of homocysteine [34,
36,37]. The functional variant of MTRR rs326119 is likely to stimulate hy-
perhomocysteinemia and can further induce DNA hypomethylation.
This variant can also result in low levels of methionine and hyperhomo-
cysteinemia by dysfunction of MTR-catalyzed homocysteine recycling
to methionine [34].

Zhao et al.'s interesting study found a genetic association by using bio-
chemical data, but they also describe an association with CHD in patient
samples from a Han Chinese population [15]. Zhao et al. demonstrated
the decay of MTRR transcription activity using a functional assay. They ex-
amined 28 in vivo cardiovascular tissue samples and observed decreased
MTRR RNAm levels. In vitro luciferase assays confirmed the influence of
the functional c.56 4+ 781 A>C variant [15]. Concerning cardiovascular
diseases, a possible pathway is that increased levels of homocysteine in-
hibit a nitric oxide (NO)-dependent mechanism regulating cardiac O,
consumption and NO-dependent vasodilatation [38].

Our main hypothesis for the lack of a genetic association with CHD is
that the different ethnicity of our patient samples might be involved.
This could lead to different associations by linkage disequilibrium with
other functional variants. It can also lead to a completely different
gene x environment scenario and justify a different threshold for asso-
ciation in these populations. Further genetic association studies are war-
ranted to check the association of this MTRR polymorphism with the
complex phenotype of CHD among different ethnic groups. In the
same way, there is an MTRR polymorphism located in a coding region
(c.66A>G) that was associated with vitamin B12 biochemical parame-
ters, heart disease, and higher risk for coronary artery disease in some
populations [6,15,39-41]. However, many other studies were not able
to find the same genetic association [42-45].

Our study has some limitations. First, we only evaluated 1 MTRR
polymorphism. Second, CHD and coronary atherosclerosis are complex
phenotypes that depend on multiple other genetic and environmental
factors. Third, our sample size of individuals with biochemical tests
available is relatively small. Despite these facts, we were able to identify
significant differences among genotypes replicating data found by Zhao
et al. and Cheng et al. [15,34].

In conclusion, our findings indicate that the MTRR rs326119 variant
might be a genetic marker associated with concentrations of homocys-
teine and cobalamin, but not with CHD and coronary atherosclerosis in
the Brazilian population.

Competing interests

The authors declare that they have no competing interests.

Acknowledgments

PCJL Santos is the recipient of a fellowship from FAPESP, Proc. 2013-
09295-3, and Proc. 2013-20614-3, Brazil. We also thank the subjects
who participated in the study. The technical assistance of the Laboratory
of Genetics and Molecular Cardiology group is gratefully acknowledged.

References

[1] J. Selhub, Homocysteine metabolism, Annu. Rev. Nutr. 19 (1999) 217-246.

[2] F.Rassoul, V. Richter, C. Janke, et al., Plasma homocysteine and lipoprotein profile in

patients with peripheral arterial occlusive disease, Angiology 51 (2000) 189-196.

H. Olteanu, R. Banerjee, Human methionine synthase reductase, a soluble P-450

reductase-like dual flavoprotein, is sufficient for NADPH-dependent methionine

synthase activation, J. Biol. Chem. 276 (2001) 35558-35563.

M.L. Silaste, M. Rantala, M. Sdmpi, et al., Polymorphisms of key enzymes in homo-

cysteine metabolism affect diet responsiveness of plasma homocysteine in healthy

women, J. Nutr. 131 (2001) 2643-2647.

H. Gellekink, M. den Heijer, S.G. Heil, H.]. Blom, Genetic determinants of plasma total

homocysteine, Semin. Vasc. Med. 5 (2005) 98-109.

W. Zeng, L. Liy, Y. Tong, et al., A66G and C524T polymorphisms of the methionine

synthase reductase gene are associated with congenital heart defects in the Chinese

Han population, Genet. Mol. Res. 10 (2011) 2597-2605.

B. Zappacosta, M. Graziano, S. Persichilli, et al., 5,10-Methylenetetrahydrofolate re-

ductase (MTHFR) C677T and A1298C polymorphisms: genotype frequency and as-

sociation with homocysteine and folate levels in middle-southern Italian adults,

Cell Biochem. Funct. 32 (2014) 1-4.

DJ. Gaughan, LA. Kluijtmans, S. Barbaux, et al., The methionine synthase reductase

(MTRR) A66G polymorphism is a novel genetic determinant of plasma homocyste-

ine concentrations, Atherosclerosis 157 (2001) 451-456.

H.E. Zidan, N.A. Rezk, D. Mohammed, MTHFR C677T and A1298C gene polymor-

phisms and their relation to homocysteine level in Egyptian children with congen-

ital heart diseases, Gene 529 (2013) 119-124.

[10] N. Khandanpour, G. Willis, F.J. Meyer, et al., Peripheral arterial disease and methy-
lenetetrahydrofolate reductase (MTHFR) C677T mutations: a case-control study
and meta-analysis, J. Vasc. Surg. 49 (2009) 711-718.

[11] J.Kadziela, J. Janas, Z. Dzielifiska, et al., The C677T mutation in methylenetetrahydro-
folate reductase gene, plasma homocysteine concentration and the risk of coronary
artery disease, Kardiol. Pol. 59 (2003) 17-26 (discussion 26).

[12] N.Fekih-Mrissa, M. Mrad, S. Klai, et al., Methylenetetrahydrofolate reductase (C677T
and A1298C) polymorphisms, hyperhomocysteinemia, and ischemic stroke in
Tunisian patients, J. Stroke Cerebrovasc. Dis. 22 (2013) 465-469.

[13] K. Nakai, C. Itoh, W. Habano, D. Gurwitz, Correlation between C677T MTHFR gene
polymorphism, plasma homocysteine levels and the incidence of CAD, Am. J.
Cardiovasc. Drugs 1 (2001) 353-361.

[14] P. Bosco, R.M. Guéant-Rodriguez, G. Anello, et al., Association of homocysteine (but
not of MTHFR 677 C>T, MTR 2756 A>G, MTRR 66 A>G and TCN2 776 C>G) with
ischaemic cerebrovascular disease in Sicily, Thromb. Haemost. 96 (2006) 154-159.

[15] J.Y.Zhao, X.Y. Yang, X.H. Gong, et al,, Functional variant in methionine synthase re-
ductase intron-1 significantly increases the risk of congenital heart disease in the
Han Chinese population, Circulation 125 (2012) 482-490.

[16] JR.Lanz, A.C. Pereira, E. Martinez, J.E. Krieger, Metabolic syndrome and coronary ar-
tery disease: is there a gender specific effect? Int. J. Cardiol. 107 (2006) 317-321.

[17] ALC.Pereira, LT. Schettert, A.A. Morandini Filho, et al., Methylenetetrahydrofolate re-
ductase (MTHFR) c677t gene variant modulates the homocysteine folate correlation
in a mild folate-deficient population, Clin. Chim. Acta 340 (2004) 99-105.

[18] L. Gioli-Pereira, A.C. Pereira, S.M. Mesquita, et al., NKX2.5 mutations in patients with
non-syndromic congenital heart disease, Int. J. Cardiol. 138 (2010) 261-265.

[19] P.C. Santos, T.G. Oliveira, P.A. Lemos, et al., MYLIP p.N342S polymorphism is not as-
sociated with lipid profile in the Brazilian population, Lipids Health Dis. 11 (2012)
83.

[20] P.C. Santos, R.A. Soares, R.M. Nascimento, et al., SLCO1B1 rs4149056 polymorphism
associated with statin-induced myopathy is differently distributed according to eth-
nicity in the Brazilian general population: Amerindians as a high risk ethnic group,
BMC Med. Genet. 12 (2011) 136.

[21] P.C.Santos, R.A. Soares, D.B. Santos, et al., CYP2C19 and ABCB1 gene polymorphisms
are differently distributed according to ethnicity in the Brazilian general population,
BMC Med. Genet. 12 (2011) 13.

[22] RJ. Pruim, R.P. Welch, S. Sanna, et al.,, LocusZoom: regional visualization of genome-
wide association scan results, Bioinformatics 26 (2010) 2336-2337.

[23] ].C. Barrett, B. Fry, . Maller, M.J. Daly, Haploview: analysis and visualization of LD
and haplotype maps, Bioinformatics 21 (2005) 263-265.

[24] 0.0. Isiklar, B. Barutcuoglu, C. Kabaroglu, et al., Do cardiac risk factors affect the ho-
mocysteine and asymmetric dimethylarginine relationship in patients with coro-
nary artery diseases? Clin. Biochem. 45 (2012) 1325-1330.

[25] K. Nilsson, L. Gustafson, B. Hultberg, Plasma homocysteine—a marker of vascular
disease in elderly patients with mental illness, Clin. Biochem. 43 (2010) 1056-1059.

[26] M.M. Chaava, T.S. Bukiia, T.S. Shaburishvili, Homocysteine as risk marker of cardio-
vascular disease, Georgian Med. News (2005) 65-70.

[27] E. Kitzlerova, Z. Fisar, R. Jirdk, et al., Plasma homocysteine in Alzheimer's disease
with or without co-morbid depressive symptoms, Neuro Endocrinol. Lett. 35
(2014) 42-49.

[28] M. Petras, Z. Tatarkova, M. Kovalska, et al., Hyperhomocysteinemia as a risk factor
for the neuronal system disorders, J. Physiol. Pharmacol. 65 (2014) 15-23.

[3

[4

5

6

[7

[8

[9


http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0005
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0010
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0010
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0015
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0015
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0015
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0020
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0020
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0020
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0025
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0025
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0030
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0030
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0030
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0035
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0035
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0035
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0035
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0040
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0040
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0040
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0045
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0045
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0045
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0050
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0050
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0050
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0055
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0055
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0055
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0060
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0060
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0060
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0065
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0065
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0065
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0070
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0070
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0070
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0070
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0070
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0070
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0070
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0070
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0070
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0070
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0070
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0070
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0070
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0070
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0070
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0075
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0075
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0075
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0080
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0080
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0085
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0085
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0085
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0090
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0090
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0095
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0095
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0095
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0100
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0100
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0100
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0100
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0105
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0105
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0105
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0110
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0110
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0115
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0115
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0120
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0120
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0120
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0125
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0125
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0130
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0130
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0135
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0135
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0135
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0140
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0140

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

M. Horita et al. / IJC Heart & Vasculature 14 (2017) 1-5 5

B. Hooshmand, T. Polvikoski, M. Kivipelto, et al., Plasma homocysteine, Alzheimer
and cerebrovascular pathology: a population-based autopsy study, Brain 136
(2013) 2707-2716.

M. Puri, L. Kaur, G.K. Walia, et al., MTHFR C677T polymorphism, folate, vitamin B12
and homocysteine in recurrent pregnancy losses: a case control study among North
Indian women, J. Perinat. Med. 41 (2013) 549-554.

H. Cardona, W. Cardona-Maya, J.G. Gémez, et al,, Relationship between methylenetetra-
hydrofolate reductase polymorphism and homocysteine levels in women with recur-
rent pregnancy loss: a nutrigenetic perspective, Nutr. Hosp. 23 (2008) 277-282.

W. Zammiti, N. Mtiraoui, T. Mahjoub, Lack of consistent association between endothe-
lial nitric oxide synthase gene polymorphisms, homocysteine levels and recurrent preg-
nancy loss in Tunisian women, Am. . Reprod. Immunol. 59 (2008) 139-145.

K. Szadejko, K. Szabat, A. Ludwichowska, ]. Stawek, Homocysteine and its role in
pathogenesis of Parkinson's disease and other neurodegenerative disorders, Przegl.
Lek. 70 (2013) 443-447.

H. Cheng, H. Li, Z. Bu, et al., Functional variant in methionine synthase reductase
intron-1 is associated with pleiotropic congenital malformations, Mol. Cell.
Biochem. 407 (2015) 51-56.

D.S. Wald, M. Law, ].K. Morris, Homocysteine and cardiovascular disease: evidence
on causality from a meta-analysis, BMJ 325 (2002) 1202.

CJ. Boushey, S.A. Beresford, G.S. Omenn, A.G. Motulsky, A quantitative assessment of
plasma homocysteine as a risk factor for vascular disease. Probable benefits of in-
creasing folic acid intakes, JAMA 274 (1995) 1049-1057.

M. Lucock, Is folic acid the ultimate functional food component for disease preven-
tion? BMJ 328 (2004) 211-214.

[38] J.S. Becker, A. Adler, A. Schneeberger, et al., Hyperhomocysteinemia, a cardiac met-

[39]

[40]

[41]
[42]

[43]

[44

[45]

abolic disease: role of nitric oxide and the p22phox subunit of NADPH oxidase, Cir-
culation 111 (2005) 2112-2118.

N. Kumudini, A. Uma, S.M. Naushad, et al., Association of seven functional polymor-
phisms of one-carbon metabolic pathway with total plasma homocysteine levels
and susceptibility to Parkinson's disease among South Indians, Neurosci. Lett. 568
(2014) 1-5.

C.A. Brown, K.Q. McKinney, ].S. Kaufman, et al., A common polymorphism in methi-
onine synthase reductase increases risk of premature coronary artery disease, J.
Cardiovasc. Risk 7 (2000) 197-200.

KCE. Christensen, Y.F. Zada, C.V. Rohlicek, et al., Risk of congenital heart defects is in-
fluenced by genetic variation in folate metabolism, Cardiol. Young 23 (2013) 89-98.
L.D. Botto, A. Correa, J.D. Erickson, Racial and temporal variations in the prevalence
of heart defects, Pediatrics 107 (2001), E32.

A.C. Verkleij-Hagoort, L.M. van Driel, ]. Lindemans, et al., Genetic and lifestyle factors
related to the periconception vitamin B12 status and congenital heart defects: a
Dutch case-control study, Mol. Genet. Metab. 94 (2008) 112-119.

.M. van Beynum, M. Kouwenberg, L. Kapusta, et al., MTRR 66A>G polymorphism in
relation to congenital heart defects, Clin. Chem. Lab. Med. 44 (2006) 1317-1323.
E.S. Brilakis, P.B. Berger, K.V. Ballman, R. Rozen, Methylenetetrahydrofolate reduc-
tase (MTHFR) 677C>T and methionine synthase reductase (MTRR) 66A>G poly-
morphisms: association with serum homocysteine and angiographic coronary
artery disease in the era of flour products fortified with folic acid, Atherosclerosis
168 (2003) 315-322.


http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0145
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0145
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0145
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0150
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0150
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0150
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0155
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0155
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0155
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0160
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0160
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0160
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0165
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0165
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0165
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0170
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0170
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0170
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0175
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0175
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0180
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0180
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0180
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0185
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0185
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0190
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0190
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0190
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0195
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0195
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0195
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0195
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0200
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0200
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0200
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0205
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0205
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0210
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0210
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0215
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0215
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0215
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0220
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0220
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0220
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0220
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0220
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0225
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0225
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0225
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0225
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0225
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0225
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0225
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0225
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0225
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0225
http://refhub.elsevier.com/S2352-9067(16)30088-4/rf0225

	MTRR rs326119 polymorphism is associated with plasma concentrations of homocysteine and cobalamin, but not with congenital ...
	1. Introduction
	2. Subjects and methods
	2.1. Patients who underwent coronary angiography
	2.2. Blood donors
	2.3. Patients with CHD
	2.4. Demographic data and laboratory tests
	2.5. Coronary artery disease scores
	2.6. Genotyping
	2.7. Statistical analysis

	3. Results
	3.1. Allele and genotype distribution of the MTRR rs326119 polymorphism
	3.2. Biochemical parameters of vitamin B12 metabolism according to MTRR rs326119 polymorphism
	3.3. Angiographic data according to MTRR rs326119 polymorphism in patients who underwent coronary angiography
	3.4. Comparison of frequencies of the MTRR genotypes or C variant allele among CHD patients and controls

	4. Discussion
	Competing interests
	Acknowledgments
	References


