
RESEARCH ARTICLE

Study on Environmental Causes and SNPs of
MTHFR, MS and CBS Genes Related to
Congenital Heart Disease
Hui Shi1☯, Shiwei Yang2☯, Yan Liu1, Peng Huang3, Ning Lin1, Xiaoru Sun1*, Rongbin Yu3,
Yuanyuan Zhang3, Yuming Qin2, LijuanWang1

1 Jiangsu Institute of Planned Parenthood Research, Nanjing, Jiangsu, 210036, China, 2 Department of
Cardiology, Nanjing Children's Hospital, Nanjing Medical University, Nanjing, 210008, China, 3 Nanjing
Medical University, Nanjing, Jiangsu, 210029, China

☯ These authors contributed equally to this work.
* sunxr@nju.edu.cn

Abstract

Purpose

Congenital heart diseases (CHD) are among the most common birth defects in China. Envi-

ronmental causes and folate metabolism changes may alter susceptibility to CHD. The aim

of this study is to evaluate the relevant risk-factors of children with CHD and their mothers.

Methods

138 children with CHD and 207 normal children for controls were recruited. Their mothers

were also enlisted in this study and interviewed following a questionnaire about their preg-

nant history and early pregnancy situation. Five single nucleotide polymorphisms (SNPs) in

methylenetetrahydrofolate reductase (MTHFR), methionine synthase (MS) and cystathio-

nine β-synthase (CBS) of mothers and children were genotyped.

Results

There were significant differences in the gender of children, occupation of mothers, family

history with CHD, history of abortion, history of adverse pregnancy, early pregnancy health,

fetus during pregnancy, pesticide exposure and drug exposure in CHD group and control

group ( P < 0.05). Logistic regression analyses showed that after adjustment for above fac-

tors,MTHFR rs1801131 were significantly associated with their offspring CHD risk in moth-

ers. Compared with the mothers whose MTHFR were rs1801131 AA and AC genotypes,

the mothers who got a mutation of MTHFR rs1801131 CC genotypes had a 267% increase

in risk of given birth of a CHD children (OR=3.67,95%CI=1.12-12.05). Meanwhile,MTHFR
rs1801131 were significantly associated with CHD susceptibility in children (OR = 1.42,

95% CI = 1.00-2.44 in additive model).
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Conclusions

Besides mothers’ social and fertility characteristics, our results suggested that the genetic

variants in folate metabolism pathway might be one of the most related risk-factors of CHD.

MTHFR rs1801131 were identified as loci in Chinese population that were involved in CHD.

Introduction
Congenital heart diseases (CHDs) have been the highest incidence of birth defects and in-
creased yearly in China since 2005. It affected 43.22 per 10 thousand live births in 2013 [1].
The CHDs are multifactorial disease and their etiology is not fully understood. The majority
types of CHDs are proved to be affected by both genetic and environmental factors [2]. Some
reports showed the association between the use of multivitamin and CHDs risk which could be
reduced 40%-60% by pre-conceptional multivitamin use [3,4].

There is evidence suggesting that polymorphisms in folate metabolism could alter suscepti-
bility to CHDs. Thus, there are plenty studies on SNPs of the genes involved in the folate
metabolism pathway, especially the 3 major enzymes including methylenetetrahydrofolate re-
ductase (MTHFR), methionine synthase (MS) and cystathionine β-synthase (CBS). However,
these studies brought about controversial results [5–8]. The objective of the present study was
to evaluate the prevalence estimates of environment causes and the investigation of the associa-
tion between the genotype and the disease. The polymorphisms rs1801131 and rs1801133
inMTHFR gene, rs1805087 inMS gene and rs2124459, rs2850144 in CBS gene were detected
in children with CHD and their mothers and compared with which of the control group in
Jiangsu Province, China.

Materials and Methods

Ethics Statement
The study had been approved by the Ethics Review Committee of the Jiangsu Institute of
Planned Parenthood Research, Nanjing, China. Prior written informed consent was obtained
from all the adult participants and the guardians on behalf of the children enrolled in the
study.

Participants
FromMay, 2012 to December, 2013, all consenting children participants in the study were re-
cruited from the Nanjing Children’s Hospital, Jiangsu Province, China. Their mothers were in-
terviewed face-to-face to collect demographic data and exposure information, such as child-
bearing age, history of abortion, history of adverse pregnancy, cigarette smoking, and alcohol
drinking etc. Each participant donated 3 mL venous blood for serological tests and host DNA
genotyping. If the frequency of variant genotypes is 30%, odds ratio is 2.0, α is 0.05 and β is 0.2,
the desired sample size is 147.

DNA collection and genotyping. Genomic DNA was extracted from a leukocyte pellet by
traditional proteinase K digestion and followed by phenol-chloroform extraction and ethanol
precipitation. All SNPs (MTHFR rs1801131 and rs1801133,MS rs1805087, CBS rs2124459 and
rs2850144) were genotyped by the Taq-Man allelic discrimination assay on an ABI 7900 sys-
tem (Applied Biosystems, La Jolla CA). The information on primers and probes are shown in
S1 Table. All the genotyping assays was performed without knowing the subjects’ case and
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control status; two blank (i.e., water) controls in each 384-well format were used for quality
control, and more than 10% of samples were randomly selected to repeat, yielding a 99% con-
cordant. The success rates of genotyping for these polymorphisms were all above 98%.

Statistical analysis. Differences in the general demographic characteristics were calculated
by the Student t test or One-Way ANOVA and the chi-square (χ2) test. Odds ratios (ORs) and
their 95% confidential intervals (CIs) were calculated as a measure of difference in the response
rate using logistic regression analysis. The adjustment factors included gender of children,
occupation of the mothers, family history with CHD, history of abortion, history of adverse
pregnancy, early pregnancy health, and fetus during pregnancy, pesticide exposure and drug
exposure. The haplotype frequencies based on the observed genotypes were estimated by
PHASE software (v2.1). The statistical analyses were performed using Statistical Analysis Sys-
tem software (version 9.1.3, SAS Institute, Cary, NC). All P< 0.05 in a two-sided test was con-
sidered statistically significant.

Results
In this study, a total of 345 children and 369 mothers with available blood sample were includ-
ed. The CHD group recruited 137 mothers and their children. Another 16 mothers and 1 child
were included without matching. The control group contained 207 mothers and their children
and another 9 mothers without matching children. The selected characteristics of the mothers
in CHD group and the controls in the study were shown in Table 1. There were significant dif-
ferences in the gender of children, occupation of the mothers, family history with CHD, history
of abortion, history of adverse pregnancy, early pregnancy health, fetus during pregnancy, pes-
ticide exposure and drug exposure in two groups (P< 0.05 for both comparisons).

The genotype percentage values for five SNPs (MTHFR rs1801131 and rs1801133,MS
rs1805087, CBS rs2124459 and rs2850144) have been given in Table 2 for the mothers. All the
distributions were found to be in agreement with Hardy-Weinberg equilibrium. Logistic re-
gression analyses showed thatMTHFR rs1801131, CBS rs2124459 and rs2850144 were signifi-
cantly associated with CHD susceptibility in mothers. However, after adjustment for gender of
children, occupation of mothers, family history with CHD, history of abortion, history of ad-
verse pregnancy, early pregnancy health, fetus during pregnancy, pesticide exposure and drug
exposure, only rs1801131 (A vs. C) variant genotypes significantly increased their offspring
CHD risk, when compared with control group of mothers (OR = 3.67, 95% CI = 1.12–12.05 in
Recessive model) (Table 2).

We then used hereditary analysis for theMTHFR,MS and CBS polymorphism to test the re-
lationship between those five SNPs in 344 matching pair mother and their children (Table 3).
It was observed that the five SNPs in mothers were significantly associated with the SNPs in
their offspring (P< 0.001).

Table 4 showed the genotype percentage values for those five SNPs for the children. Logistic
regression analyses showed thatMTHFR rs1801131 and rs1801133 were significantly associat-
ed with CHD susceptibility. However, after adjustment for gender of children, occupation of
mother, family history with CHD, history of abortion, history of adverse pregnancy, early preg-
nancy health, fetus during pregnancy, pesticide exposure and drug exposure, only rs1801131
(A vs. C) variant genotypes significantly increased host CHD risk, when compared with chil-
dren without CHD (OR = 1.42, 95% CI = 1.00–2.44 in additive model) (Table 4).

Haplotype analyses forMTHFR gene were performed to define informative haplotypes asso-
ciated with CHD risk. The results indicated that when compared with CA haplotype, the CC
and TC haplotype suggested a risk effect in the mothers. However, compared to CA in the
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children, all other haplotypes containing variant alleles of the 2 SNPs were significantly associ-
ated with the risk of CHD (Table 5).

Discussion
CHDs are proved to be affected by both genetic and environmental factors which from biology,
chemistry, physics, social psychology and others. Our previous meta analysis of risk factors of

Table 1. Demographic and selected variables in mothers of CHD children and controls.

Variables Control N(%) Case N(%) P

Gender of children

Male 124(57.41) 61(38.85) 0.001

Female 92(42.59) 96(61.15)

Child-bearing age

Age, year (mean ± SD) 25.39±3.28 26.16±4.69 0.083

<25 77(44.51) 75(48.70) 0.505

�25 96(55.49) 79(51.30)

Education

Middle school and lower 122(70.11) 95(60.51) 0.082

High school and above 52(29.89) 62(39.49)

Occupation <0.001

Farmer 92(51.99) 34(21.66)

Worker 27(15.25) 36(22.93)

Server 4(2.26) 17(10.83)

Businessman 14(7.91) 12(7.64)

Government worker 3(1.69) 3(1.91)

Others 37(20.90) 55(35.03)

Family history with CHD

No 174(100) 149(94.90) <0.001

Yes 0 8(5.10)

History of abortion <0.001

No 152(87.36 92(54.62)

Yes 22(12.64) 65(45.38)

history of adverse pregnancy <0.001

No 160(91.95) 96(61.15)

Yes 14(8.05) 61(38.85)

Early pregnancy health <0.001

Healthy 158(90.80) 78(49.68)

Illness 16(9.20) 79(50.32)

Fetus during pregnancy 0.028

Normal 172(98.85) 147(94.23)

Abnormal 2(1.15) 9(5.77)

Pesticide exposure 0.008

No 173(99.42) 148(94.27)

Yes 1(0.58) 9(5.73)

Drug exposure <0.001

No 168(96.55) 116(73.89)

Yes 6(3.45) 41(26.11)

Abbreviation: SD, standard deviation.

doi:10.1371/journal.pone.0128646.t001
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CHD of Chinese perinatal children revealed that spontaneous abortion, fetal abnormality,
medicine use in early pregnancy, adverse mental stimulus, father’s drinking, history of consan-
guineous marriage and had a cold during early pregnancy were the main risk factors of CHD
in China [9]. In this study we found that mothers’ occupation, family history with CHD, histo-
ry of abortion, history of adverse pregnancy, poor early pregnancy health, fetus during preg-
nancy, pesticide exposure and drug exposure, and gender of children were significantly

Table 2. Association of selected SNPs with in CHD in mothers.

Genotype Control N(%) Case N(%) OR (95% CI) P value AOR (95% CI) P value

rs1801133

CC 70(32.41) 55(35.95) 1 1

CT 101(46.76) 68(44.44) 0.86(0.54–1.37) 0.518 0.68(0.36–1.31) 0.253

TT 45(20.83) 30(19.61) 0.85(0.47–1.52) 0.580 0.79(0.35–1.76) 0.561

Dominant* 0.84(0.54–1.30) 0.429 0.70(0.38–1.28) 0.245

Recessive* 0.92(0.55–1.54) 0.750 0.96(0.47–1.97) 0.912

Additive* 0.91(0.69–1.22) 0.533 0.86(0.56–1.28) 0.451

rs1801131

AA 157(72.68) 95(62.09) 1 1

AC 53(24.54) 39(25.49) 1.22(0.75–1.97) 0.210 0.71(0.34–1.47) 0.357

CC 6(2.78) 19(12.42) 5.23(2.02–13.57) 0.001 3.46(1.02–11.35) 0.046

Dominant 1.61(1.03–2.50) 0.035 1.03(0.54–1.95) 0.934

Recessive 4.93(1.92–12.65) 0.001 3.67(1.12–12.05) 0.032

Additive 1.72(1.22–2.42) 0.002 1.28(0.80–2.06) 0.304

rs2124459

CC 124(57.41) 103(67.32) 1 1

CT 69(31.94) 40(26.14) 0.70(0.44–1.12) 0.133 0.90(0.29–1.32) 0.757

TT 23(10.65) 10(6.54) 0.52(0.24–1.15) 0.107 0.36(0.10–1.28) 0.114

Dominant 0.65(0.42–0.99) 0.049 0.74(0.40–1.37) 0.336

Recessive 0.58(0.27–1.26) 0.171 0.37(0.10–1.29) 0.118

Additive 0.71(0.51–0.99) 0.044 0.55(0.45–1.15) 0.172

rs1805087

AA 176(81.48) 122(79.74) 1 1

AG 37(17.13) 30(19.61) 1.17(0.69–1.99) 0.565 1.05(0.48–2.30) 0.894

GG 3(1.39) 1(0.65) 0.48(0.05–4.68) 0.528 0.79(0.04–14.10) 0.871

Dominant 1.11(0.66–1.87) 0.698 1.03(0.48–2.20) 0.942

Recessive 0.46(0.06–4.57) 0.508 0.77(0.05–13.92) 0.857

Additive 1.06(0.65–1.71) 0.824 1.01(0.51–2.03) 0.968

rs2850144

CC 145(67.13) 86(56.21) 1 1

CG 55(25.46) 50(32.68) 1.54(0.96–2.44) 0.073 1.65(0.84–3.22) 0.178

GG 16(7.41) 17(11.11) 1.79(0.86–3.72) 0.119 1.90(0.98–7.81) 0.095

Dominant 1.57(1.03–2.41) 0.038 1.88(0.95–3.57) 0.071

Recessive 1.55(0.76–3.18) 0.230 2.45(0.77–5.81) 0.148

Additive 1.40(1.02–1.93) 0.035 1.69(0.98–2.55) 0.067

Logistic regression analyses adjusted for gender of children, occupation of mothers, family history with CHD, history of abortion, history of adverse

pregnancy, early pregnancy health, fetus during pregnancy, pesticide exposure and drug exposure.

*Dominant means wild vs. heterozygous+ homozygous, recessive means wild+ heterozygous vs. homozygous, additive means wild vs. heterozygous

vs. homozygous.

doi:10.1371/journal.pone.0128646.t002
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associated with the risk of CHD susceptibility. In our study, we had 8 patients with family his-
tory of CHD which included mother’s brother (1 patient), cousin (2 patients), grandfather (1
patient), mother (3 patients) or father (1patient). Among of 111 mothers in case group recalled,
only 21 mothers had used of folate supplements or multiple vitamin in preconceptional period
and sustained about 1month or so. Additionally, 27 mothers had used the supplements after
awareness of pregnancy and sustained till the end of the first trimester of pregnancy. Unfortu-
nately none of the mothers with a mutation of MTHFR rs1801131 CC genotypes took folate
supplement or multiple vitamins during the preconceptional period. As our investigation was
taken during the children with CHD were hospitalized for cure of the diseases, the mothers
were confused in memory for the drug exposure because of the drugs taken happened long
time ago. Moreover most of the mothers couldn’t know what medicines were used because of
their education limitation. Meanwhile some mothers could only tell they were received a Chi-
nese herbal medicine therapy which might be very complicated itself. Most of the drugs were
used for fever, influenza, cough, prevent miscarriage and promote pregnancy. Similarly hap-
pened in parameters of harmful environment, the mothers recalled roughly they might be
harmed by house decoration (2 cases), megatemperature (3 cases), radiation expose (2 cases),
electromagnetic radiation (2 cases) and hair dye (1 case) during the early pregnancy. But they
cannot describe exactly what those were and how long they were exposed in the harmful envi-
ronments. Meanwhile none of the mothers in control group had such bad memories. The find-
ings suggested that mothers’ social and fertility characteristics might affect children’s CHD
incidence in some extent.

After adjustment for the above variables, we analyzed five SNPs (MTHFR rs1801131 and
rs1801133,MS rs1805087, CBS rs2124459 and rs2850144) in enzymes involved in folate me-
tabolism in 318 children and 340 mothers and studied their influence on the risk of CHD
in this population. The results indicated thatMTHFR rs1801131 was related with CHD
susceptibility.

MTHFR, the major enzymes in the folate metabolism pathway, catalyzes the conversion of
5, 10 methylenetetrahydrofolate into 5-methyltetrahydrofolate. The rs1801133 polymorphism
in MTHFR has been studied extensively in relation to the risk of CHD, however the results

Table 3. Hereditary analysis for the MTHFR, MS and CBS polymorphism.

Mother Offspring P

rs1801133 CC CT /TT <0.001

CC 67(57.26) 50(42.74)

CT /TT 50(22.03) 177(77.97)

rs1801131 AA AC/CC <0.001

AA 188(78.66) 48(21.34)

AC /CC 51(45.71) 57(54.29)

rs1805087 AA AG/GG <0.001

AA 242(86.43) 34(53.13)

AG /GG 38(13.57) 30(46.88)

rs2124459 CC CT/TT <0.001

CC 142(74.74) 69(44.81)

CT /TT 48(25.26) 85(55.19)

rs2850144 CC CG/GG <0.001

CC 174(77.33) 49(41.18)

CG/GG 51(22.67) 70(58.82)

doi:10.1371/journal.pone.0128646.t003
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were controversial. For example, Wei Wang analyzed 29 case-control and TDT studies with
MTHFR rs1801133 polymorphism and risk of CHDs and concluded that both infant and ma-
ternal MTHFR rs1801133 polymorphisms may contribute to the risk of CHDs [6]. Van Bey-
num IM performed a meta-analysis to find no substantial evidence of increased CHD risk
in individuals withMTHFR rs1801133 CT and TT genotypes [5]. This probably because
rs1801133 polymorphism causes the gene product to be thermolabile which causes increased

Table 4. Association of selected SNPs with in CHD in children.

Genotype Control N(%) Case N(%) OR (95% CI) P value AOR (95% CI) P value

rs1801133 CC

80(38.65) 37(26.81) 1 1

CT 85(40.06) 71(51.45) 1.81(1.09–2.98) 0.021 1.08(0.53–2.22) 0.826

TT 42(20.29) 30(21.74) 1.54(0.84–2.84) 0.162 1.60(0.69–3.70) 0.271

Dominant* 1.34(0.87–2.05) 0.186 0.96(0.53–1.74) 0.905

Recessive* 1.00(0.59–1.69) 0.993 1.29(0.63–2.66) 0.481

Additive* 1.28(0.95–1.73) 0.098 1.25(0.82–1.89) 0.299

rs1801131

AA 163(80.20) 74 (53.63) 1 1

AC 36(15.94) 57(41.30) 3.87(2.34–6.44) <0.001 2.04(1.02–4.08) 0.046

CC 8(3.86) 7(5.07) 1.96(0.69–5.61) 0.208 1.50(0.44–5.19) 0.519

Dominant 3.04(1.90–4.48) <0.001 1.89(1.01–2.95) 0.047

Recessive 1.24(0.44–3.49) 0.686 1.27(0.38–4.23) 0.697

Additive 2.44(1.63–3.65) <0.001 1.42(1.00–2.44) 0.049

rs2124459

CC 113(54.59) 78(56.53) 1 1

CT 77(37.20) 46(33.33) 0.87(0.54–1.38) 0.543 1.49(0.75–2.94) 0.251

TT 17(8.21) 14(10.14) 1.19(0.56–2.56) 0.651 1.37(0.49–3.81) 0.549

Dominant 0.79(0.60–1.29) 0.371 1.53(0.79–2.97) 0.207

Recessive 1.17(0.56–2.45) 0.676 1.07(0.41–2.79) 0.898

Additive 0.99(0.72–1.39) 0.998 1.26(0.80–1.98) 0.316

rs1805087

AA 174(84.06) 107(77.54) 1 1

AG 33(15.94) 31(22.46) 1.53(0.88–2.64) 0.128 1.46(0.65–3.24) 0.358

GG 0 0 — —

Dominant 1.40(0.81–2.40) 0.225 1.25(0.58–2.72) 0.567

Recessive — —

Additive 1.53(0.88–2.64) 0.128 1.46(0.65–3.24) 0.358

rs2850144

CC 136(65.70) 90(65.23) 1 1

CG 55(26.57) 34(24.63) 0.93(0.56–1.55) 0.791 1.44(0.72–2.89) 0.307

GG 16(7.73) 14(10.14) 1.32(0.62–2.84) 0.474 1.29(0.41–4.09) 0.667

Dominant 1.40(0.81–2.40) 0.225 1.25(0.58–2.72) 0.567

Recessive 1.25(0.59–2.64) 0.559 1.09(0.36–3.27) 0.877

Additive 1.07(0.71–1.49) 0.684 1.24(0.77–2.01) 0.378

Logistic regression analyses adjusted for gender of children, occupation of mothers, family history with CHD, history of abortion, history of adverse

pregnancy, early pregnancy health, fetus during pregnancy, pesticide exposure and drug exposure.

*Dominant means wild vs. heterozygous+ homozygous, recessive means wild+ heterozygous vs. homozygous, additive means wild vs. heterozygous

vs. homozygous.

doi:10.1371/journal.pone.0128646.t004
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plasma homocysteine concentrations but they have been shown to be prevented by periconcep-
tional folic acid supplementation [10,11]. The prevalence of homozygosity for this polymor-
phism is reported to be 5% to 16% in different population. In this study we report a prevalence
of about 20% in both the control and the case group in children and the mothers but no differ-
ence between them.

Van der Put and colleagues reported another common polymorphism in theMTHFR
rs1801131 [12]. It was suggested that a combined heterozygosity for the twoMTHFR common
polymorphisms accounts for a proportion of folate-related neural tube defects. Hobbs et al ex-
amined the relation between CHD and maternalMTHFR polymorphisms and reported the
rs1801131 allele to be transmitted less often than expected suggesting an apparent protective
effect against CHD [13]. Chao et al. carried out a retrospective case-controlled study with iso-
lated patent ductus arteriosus (PDA) patients and a control non-PDA group without CHD and
reported that theMTHFR rs1801131 polymorphism was associated with isolated PDA in Tai-
wan [14]. But a meta-analysis based on 23 case-control studies by Chen et al. suggested that
MTHFR rs1801131 is not associated with risk of CHD for Europeans [15]. In this study, after
adjustment for mothers’ social and fertility characteristics,MTHFR rs1801131 was found relat-
ed with CHD susceptibility. Zidan HE and his Colleagues also demonstrated an association of
MTHFR rs1801131 with CHD in Egyptian children and their mothers [16]. We found that the
rs1801131 (A vs. C) variant genotypes significantly increased their offspring CHD risk in
mothers and host CHD risk in children. Hereditary analysis for the MTHFR, MS and CBS
polymorphism proved that the five SNPs in mothers were significantly associated with the
SNPs in their offspring. Our results suggest that the probability of occurrence of CHD in chil-
dren increases when their mothers are carrying theMTHFR rs1801131 variant genotype.

MS catalyzes the demethylation of 5-methyl-THF to THF and the remethylation of homo-
cysteine to methionine. A common polymorphism in theMS rs1805087 also seems to influence
plasma homocysteine [17]. This polymorphism has been found to be associated with low levels
of plasma homocysteine in a population in the Midwestern region of the USA [18]. CBS cata-
lyzes the first irreversible step from homocysteine to cystathionine in the transsulfuration
pathway. A lack of cystathionine synthase (CBS) leads to elevated plasma concentrations of ho-
mocysteine, an inherited autosomal recessive metabolic disease named homocystinuria [19]. It
was reported that expressin of CBS was at an especially high level in the neural and cardiac sys-
tems indicating the effect of the gene to the cardiac development [20,21]. The association was

Table 5. Results of haplotype association analysis of CHD forMTHFR.

Haplotype Controls Cases OR (95%CI) P

Mothers

CA 177 (41.0) 114 (37.3) 1.00 -

TA 190 (44.0) 115 (37.6) 0.94 (0.68–1.31) 0.712

CC 64 (14.8) 64 (20.9) 1.55 (1.02–2.36) 0.040

TC 1 (0.2) 13 (4.2) 20.18 (2.60–156.40) 0.004

Children

CA 199 (48.1) 84 (30.5) 1.00 —

TA 166 (40.1) 121 (43.8) 1.73 (1.22–2.44) 0.002

CC 46 (11.1) 61 (22.1) 3.14 (1.98–4.98) < 0.001

TC 3 (0.7) 10 (3.6) 7.89 (2.12–29.42) 0.002

Logistic regression analyses adjusted for gender of children, occupation of mothers, family history with CHD, history of abortion, history of adverse

pregnancy, early pregnancy health, fetus during pregnancy, pesticide exposure and drug exposure.

doi:10.1371/journal.pone.0128646.t005
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not found between the CBS coding variants and the risk of CHD [22,23]. Zhao et al. investigat-
ed the non-coding variants in the CBS gene in three independent case control studies and
identified a CBS promoter variant, rs2850144, which increases CBS gene expression and was
significantly associated with reduced CHD risk in all three case-control pairs and in the com-
bined dataset [24]. However, in this study, we did not find that the three SNPs (rs1805087,
rs2850144, rs2124459) were related with the risk of CHD.

In conclusion, the polymorphism rs1801131ofMTHFR was found related with CHD sus-
ceptibility. The higher prevalence of the rs1801131CC genotype in mothers of the affected chil-
dren supports a higher risk of having a child with CHD. This implicates the genetic variants in
theMTHFR loci may be marker SNPs for risk of susceptibility to CHD in Chinese.

Supporting Information
S1 Table. Information for Primers and Probes by TaqMan Allelic Discrimination.
(PDF)

Author Contributions
Conceived and designed the experiments: XS. Performed the experiments: HS PH YZ. Ana-
lyzed the data: PH HS XS RY. Contributed reagents/materials/analysis tools: SY YL NL YQ
LW. Wrote the paper: HS PH XS RY.

References
1. MCHSCN Annual Report of the National Maternal and Child Health Care Surveillance and Communica-

tions. 2014. Available: http://www.mchscn.org/Article_Show.asp?ArticleID=569

2. ZhuWL, Li Y, Yan L, Dao J, Li S. Maternal and offspring MTHFR gene C677T polymorphism as predic-
tors of congenital atrial septal defect and patent ductus arteriosus. Mol Hum Reprod. 2006; 12: 51–54.
PMID: 16373366

3. Botto LD, Mulinare J, Erickson JD. Occurrence of congenital heart defects in relation to maternal muliti-
vitamin use. Am J Epidemiol. 2000; 151:878–884. PMID: 10791560

4. Botto LD, Mulinare J, Erickson JD. Do multivitamin or folic acid supplements reduce the risk for congen-
ital heart defects? Evidence and gaps. Am J Med Genet PART A. 2003; 121A:95–101. PMID:
12910485

5. van Beynum IM, den Heijer M, Blom HJ, Kapusta L. The MTHFR 677C->T polymorphism and the risk
of congenital heart defects: a literature review and meta-analysis. QJM. 2007; 100:743–753. PMID:
17965089

6. WangW,Wang Y, Gong F, ZhuW, Fu S. MTHFR C677T Polymorphism and Risk of Congenital Heart
Defects: Evidence from 29 Case-Control and TDT Studies. PLoS One. 2013; 8(3):e58041. doi: 10.
1371/journal.pone.0058041 PMID: 23536781

7. Lee CN, Su YN, ChengWF, Lin MT, Wang JK, Wu MH, et al. Association of the C677T methylenetetra-
hydrofolate reductase mutation with congenital heart diseases. Acta Obstet. Gynecol Scand. 2005;
84:1134–1140. PMID: 16305696

8. Storti S, Vittorini S, Lascone MR, Sacchelli M, Collavoli A, Ripoli A, et al. Association between 5,10-
Methylenetetrahydrofolate reductase C677T and A1298C polymorphisms and conotruncal heart de-
fects. Clin Chem Lab Med. 2003; 41(3):276–80. PMID: 12705333

9. Ma DH, Xu HM, Lin N, Yu RB, Sun XR, Ding KQ, et al. Meta analysis of risk factors of congenital heart
disease of Chinese Perinatal children. Acta Universitatis Medicinalis Nanjing, 2014; 34:1273–1278.

10. Pereira AC, Xavier-Neto J, Mesquita SM, Mota GF, Lopes AA, Krieqer JE. Lack of evidence of associa-
tion between MTHFR C677T polymorphism and congenital heart disease in a TDT study design. Int J
Cardiol. 2005; 105: 15–18. PMID: 16207540

11. Botto LD, Yang Q. 5,10-Methylenetetrahydrofolate reductase gene variants and congenital anomalies:
a HuGE review. Am J Epidemiol. 2000; 151(9):862–77. PMID: 10791559

12. van der Put NM, Gabreëls F, Stevens EM, Smeitink JA, Trijbels FJ, Eskes TK, et al. A second common
mutation in the methylenetetrahydrofolate reductase gene: an additional risk factor for neural-tube de-
fects? Am J HumGenet. 1998; 62(5):1044–51. PMID: 9545395

SNPs and CHD

PLOSONE | DOI:10.1371/journal.pone.0128646 June 2, 2015 9 / 10

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0128646.s001
http://www.mchscn.org/Article_Show.asp?ArticleID=569
http://www.ncbi.nlm.nih.gov/pubmed/16373366
http://www.ncbi.nlm.nih.gov/pubmed/10791560
http://www.ncbi.nlm.nih.gov/pubmed/12910485
http://www.ncbi.nlm.nih.gov/pubmed/17965089
http://dx.doi.org/10.1371/journal.pone.0058041
http://dx.doi.org/10.1371/journal.pone.0058041
http://www.ncbi.nlm.nih.gov/pubmed/23536781
http://www.ncbi.nlm.nih.gov/pubmed/16305696
http://www.ncbi.nlm.nih.gov/pubmed/12705333
http://www.ncbi.nlm.nih.gov/pubmed/16207540
http://www.ncbi.nlm.nih.gov/pubmed/10791559
http://www.ncbi.nlm.nih.gov/pubmed/9545395


13. Hobbs CA, James SJ, Parsian A, Krakowiak PA, Jerniqan S, Greenhaw JJ, et al. Congenital heart
defects and genetic variants in the methylenetetrahydroflate reductase gene. J Med Genet. 2006;
43(2):162–6. PMID: 15951337

14. Chao CS, Wei J, Huang HW, Yang SC. Correlation between methyltetrahydrofolate reductase
(MTHFR) polymorphisms and isolated patent ductus arteriosus in Taiwan. Heart Lung Circ. 2014;
23(7):655–60. doi: 10.1016/j.hlc.2014.01.010 PMID: 24566197

15. Chen L, Liu L, Hong K, Hu J, Cheng X. Three genetic polymorphisms of homocysteine-metabolizing en-
zymes and risk of coronary heart disease: a meta-analysis based on 23 case-control studies. DNA Cell
Biol. 2012; 31(2):238–49. doi: 10.1089/dna.2011.1281 PMID: 21780915

16. Zidan HE, Rezk NA, Mohammed D. MTHFR C677T and A1298C gene polymorphisms and their
relation to homocysteine level in Egyptian children with congenital heart diseases. Gene. 2013;
529(1):119–24. doi: 10.1016/j.gene.2013.07.053 PMID: 23933414

17. Barbosa PR, Stabler SP, Machado AL, Braqa RC, Hirata RD, Hirata MH, et al. Association between de-
creased vitamin levels and MTHFR, MTR and MTRR gene polymorphisms as determinants for elevat-
ed total homocysteine concentrations in pregnant women. Eur J Clin Nutr. 2008; 62:1010–1021. PMID:
17522601

18. Tsai MY, Bignell M, Yang F, Welqe BG, Graham KJ, Hanson NQ. Polygenic influence on plasma homo-
cysteine: association of two prevalent mutations, the 844ins68 of cystathionine beta-synthase and A
(2756)G of methionine synthase, with lowered plasma homocysteine levels. Atherosclerosis. 2000;
149(1): 131–137. PMID: 10704624

19. Harvey MS, Levy HL, Kraus JP. Disorders of Transsulfuration. In: Scriver CR, Beaudet AL, Sly WS,
et al. The metabolic and molecular bases of the inherited disease. New York: McGraw-Hill 2001:
2007–2056.

20. Quere I, Paul V, Rouillac C, Janbon C, London J, Demaille J, et al. Spatial and temporal expression of
the cystathionine beta-synthase gene during early human development. Biochem Biophys Res Com-
mun. 1999; 254:127–137. PMID: 9920745

21. Robert K, Vialard F, Thiery E, Toyama K, Sinet PM, Janel N, et al. Expression of the cystathionine beta
synthase (CBS) gene during mouse development and immunolocalization in adult brain. J Histochem
Cytochem. 2003; 51:363–371. PMID: 12588964

22. Song XM, Zheng XY, ZhuWL, Huang L, Li Y. Relationship between polymorphism of cystathionine
beta synthase gene and congenital heart disease in Chinese nuclear families. Biomed Environ Sci.
2006; 19:452–456. PMID: 17319270

23. Locke AE, Dooley KJ, Tinker SW, Chong SY, Feinqold E, Allen EG, et al. Variation in folate pathway
genes contributes to risk of congenital heart defects among individuals with Down syndrome. Genet
Epidemiol. 2010; 34:613–623. doi: 10.1002/gepi.20518 PMID: 20718043

24. Zhao JY, Yang XY, Shi KH, Sun SN, Hou J, Ye ZZ, et al. A functional variant in the cystathionine β-
synthase gene promoter significantly reduces congenital heart disease susceptibility in a Han Chinese
population. Cell Res. 2012 Sep 18.

SNPs and CHD

PLOSONE | DOI:10.1371/journal.pone.0128646 June 2, 2015 10 / 10

http://www.ncbi.nlm.nih.gov/pubmed/15951337
http://dx.doi.org/10.1016/j.hlc.2014.01.010
http://www.ncbi.nlm.nih.gov/pubmed/24566197
http://dx.doi.org/10.1089/dna.2011.1281
http://www.ncbi.nlm.nih.gov/pubmed/21780915
http://dx.doi.org/10.1016/j.gene.2013.07.053
http://www.ncbi.nlm.nih.gov/pubmed/23933414
http://www.ncbi.nlm.nih.gov/pubmed/17522601
http://www.ncbi.nlm.nih.gov/pubmed/10704624
http://www.ncbi.nlm.nih.gov/pubmed/9920745
http://www.ncbi.nlm.nih.gov/pubmed/12588964
http://www.ncbi.nlm.nih.gov/pubmed/17319270
http://dx.doi.org/10.1002/gepi.20518
http://www.ncbi.nlm.nih.gov/pubmed/20718043

