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Abstract The aim of this study was to investigate the
association between polymorphisms in folic acid metabo-
lism-related genes and idiopathic recurrent early pregnancy
loss (REPL). A prospective case—control study was per-
formed on a cohort of 82 REPL patients and 166 healthy
controls. Genotyping of methylenetetrahydrofolate reduc-
tase (MTHFR) C677T and A1298C was assessed by
applying polymerase chain reaction for amplification fol-
lowed by DNA sequencing, for methionine synthase
reductase A66G, solute carrier family 19, member 1
(SLC19A1) G80A and C696T, and genotyping was done
by utilizing the Sequenom MassARRAY system. The
results revealed a significant association between MTHFR
A1298C polymorphism and idiopathic REPL. Haplotype
analysis indicated that the MTHFR 677C-MTHFR 1298C
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allele combination was associated with REPL (P < 0.001).
The MTHFR 677C-MTHFR 1298A and SLC19A1 80G-
SLC19A1 696C allele combinations had lower frequencies
in patients with REPL, but with P > 0.05 (P = 0.093 and
P = 0.084, respectively).
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Polymorphism - Homocysteine - Folic acid

Introduction

Recurrent early pregnancy loss (REPL) is usually defined
as three or more consecutive spontaneous miscarriages
before 20 gestational weeks; however, it has been redefined
as two or more consecutive spontaneous miscarriages by
the American Society for Reproductive Medicine (ASRM)
(Coulam et al. 1997, 2013). It is a complex disease; both
genetic and environmental factors contribute to its devel-
opment. Approximately 2—4 % reproductive-aged women
are suffering from this problem worldwide; the known
etiologies of REPL include parental chromosome abnor-
malities, uterine anomalies, endocrinology disorders,
immune disorders, thrombophilia, maternal infections and
nutritional infections (Younis et al. 1997; Li et al. 2002;
2013). However, 40-55 % of REPL with undetermined
causes could not be detected by any available clinical and
laboratory examinations. REPL as a multifactorial disorder
is a relentless problem which may devastate the happiness
of a family, and even lead to the breakdown of a family
life. Meanwhile, this problem is challenging for the
obstetricians.

Hyperhomocysteinemia (HHcy) has been reported to
be an independent risk factor for many pregnancy-related
disorders such as neural tube defects, placental abruption
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or infarction, preeclampsia and unexplained recurrent
miscarriage (Wouters et al. 1993; Goddijn-Wessel et al.
1996; Ray and Laskin 1999; Wenstrom et al. 2000).
Genetic and environmental factors including metabolism
can result in homocysteine (Hcy) accumulation in
plasma, subsequently, lead to the occurrence of HHcy.
Genetic factor is mainly the reduction or deletion of Hcy
metabolism-related enzyme activity such as methylene-
tetrahydrofolate reductase (MTHFR) and methionine
synthase (MTR). MTHFR C667T and A1298C poly-
morphisms have been shown to affect the enzyme
activity (Frosst et al. 1995; Weisberg et al. 1998), which
may have an effect on the Hcy levels. Environmental
factor (nutrient cofactors) includes Hcy metabolism
cofactor, such as folate, vitamin B, and Bg. Folate and
Hcy, the key molecules of one-carbon metabolism, are
important for the maintenance of pregnancy (Yajnik and
Deshmukh 2012). Folate is necessary for DNA synthesis,
cell growth and division, and thus, it is essential for the
rapidly growing fetal tissue and placenta during preg-
nancy (Taparia et al. 2007). Moreover, folate acts as a
substrate or cofactor for many biologic reactions,
including metabolism of several amino acids, trans-
methylation and transsulfuration (Hernandez-Diaz et al.
2000; Dasarathy et al. 2010). Hcy in the body has two
metabolism pathways: one is converting into cysteine
under the catalysis of cystathionine shrink synthase and
cystathionine enzyme with cofactor vitamin Bg through
the transsulfuration pathway, and the other is synthesiz-
ing methionine by transmethylation pathway with
cofactor vitamin B, and folate. Folate deficiencies lead
to increased Hcy level, and the supplementation with
folic acid and vitamin B;, reduces the concentration of
Hcy in the bloodstream (Miller et al. 1994; van Guldener
and Stehouwer 2001). Hence, the balance between Hcy
and folate is vital for normal pregnancy.

Many earlier studies described the relationship between
MTHEFR gene polymorphisms and RPL, but with conflict
results (Cao et al. 2013; Nair et al. 2013). Recently, liter-
atures firstly reported the association between other one-
carbon metabolism genes methionine synthase reductase
(MTRR) and solute carrier family 19, member 1
(SLC19A1) polymorphisms and RPL in other populations
(Rah et al. 2012; Kim et al. 2013). Hence, we performed
the study firstly in a Chinese population to examine the
association between MTHFR C677T (rs1801133) and
A1298C (rs1801131), MTRR A66G (rs1801394) and
SLC19A1 G80A (rs1051266) and C696T (rs12659) poly-
morphisms and idiopathic REPL in order to seek genetic
risk factors of REPL which maybe helpful to prevent or
cure the problem.
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Materials and methods
Subjects

The study consisted of 82 REPL women (mean + SD age,
28.43 £ 3.89 years; body mass index (BMI),
21.03 + 2.30 kg/m?) with at least two consecutive preg-
nancy losses before 12-week gestational age as case and
166 pregnant women (mean £+ SD age,
28.10 £ 3.59 years; BMI, 20.04 + 2.27 kg/m?) with no
history of miscarriage was recruited as control subjects. Of
82 cases, 54 REPL women had supplemented folic acid
(3 months before pregnancy and 3 months of pregnancy,
0.8 mg each day.). The patients were enrolled from the
Maternal and Child Health Center in Kunshan City, the
First People’s Hospital and the Second People’s Hospital
affiliated with Soochow University. Patients were identi-
fied and recruited when they visited the above-mentioned
hospitals for repeated (two or more), consecutive unex-
plained terminations of pregnancy before 12 weeks of
gestation or expulsions of a fetus weighing <500 g. Other
inclusion criteria included an age between 20 and 40 years.
Subjects with the following characteristics were excluded:
anatomical disorders, endocrine disorders, autoimmune
disorders or deficiencies in blood coagulation factors. One
hundred and sixty-six pregnant women aged 20-39 years
with no history of miscarriage were recruited as control
subjects (2 for each case patient) with the following
matching criteria: age (&£2 years), gestational age
(&1 week) and residence (the same district). None of the
controls had a history of pregnancy complications, mis-
carriage, still birth or preeclampsia, and none had given
birth to a child who was small for gestational age. Written
informed consent was obtained from all the participants
before their enrollment in the study. The study was
approved by the Ethics Committee of Soochow University.

Recurrent early pregnancy loss patients and controls
were asked to provide information on demographic char-
acteristics, lifestyle, obstetric history and other REPL risk
factors using a structured questionnaire. In the following
2 weeks after the day of recruitment, anticoagulated
peripheral blood samples were collected from 82 REPL
cases and 166 health controls by vein puncture. All the
blood samples were stored at —80 °C until genomic DNA
isolation was undertaken.

Genotyping
Genomic DNA was extracted from peripheral blood with

anticoagulant with the QIA-amp DNA blood kit (QIAGEN,
Hilden, Germany) following the manufactures’ instructions.
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The MTHFR C677T and A1298C polymorphisms were
detected by polymerase chain reaction (PCR) for amplifi-
cation followed by DNA sequencing. Firstly, thirty cycles
of amplification were performed on a Gene Amp PCR
system 9700 (Applied Biosystems, Foster City, CA) in a
15ul reaction volume containing 10 ng of DNA, 2.5 mM
MgCl,, 0.2 mM dNTP, 10 pmol forward primer, 10 pmol
reverse primer and 0.25 U Taq DNA polymerase (Sigma,
St. Louis, MO, USA). Each cycle consisted of 30 s at
94 °C for denaturation, 30 s at 57 °C for MTHFR C677T
and 59 °C for MTHFR A1298C for annealing and 1 min at
72 °C for extension. The first cycle was preceded by an
initial denaturation step 3 min at 94 °C and a single step of
extension at 72 °C for 10 min followed by the last cycle.
The following primers were used to amplify the MTHFR
C677T region: forward 5-CAGCCTGTGCGAGGA
CGGT-3' and reverse 5-CAGCCACTCACTGTTTTA-3'.
The amplification of MTHFR A1298C was done using a
sense primer (5'-GCTCCCTCTAGCCAATCCCT-3’) and
an antisense primer (5-GACCAAAGAGTTACATCTACC
G-3'). Secondly, the preparation of DNA for sequencing
included incubating PCR products with 0.1 U shrimp
alkaline phosphatase (Roche, Basel, Switzerland) and
0.5 U exonuclease I (New England Biolabs Inc., Beverly,
MA) 45 min at 37 °C, and then heat inactivation 20 min at
85 °C. Thirdly, the PCR products were sequenced by using
an ABI Prism BigDye Terminator Cycle Sequencing Kit,
version 3.1 (Applied Biosystems, Foster city, CA). Finally,
the sequences were analyzed by an ABI PRISM model
3100 DNA Sequencer (PE Applied Biosystems, Perkin-
Elmer) to determine the genotypes of each sample. Both
forward and reverse primers were used for sequencing; the
concordance of the genotypes of each sample was 100 %.

The polymorphisms of MTRR A66G, SLC19A1 G80OA
and C696T were assayed by utilizing the Sequenom
MassARRAY iPLEX Platform. The assay consists of an
initial locus-specific PCR, followed by single-base exten-
sion using mass-modified dideoxynucleotide terminators of
an oligonucleotide primer which immediately anneals
upstream of the polymorphic site of interest. Using
MALDI-TOF mass spectrometry, the distinct mass of the
extended primer identifies the SNP allele (Gabriel et al.
2009).

Statistical analysis

Differences in the MTHFR, MTRR and SLC19A1 geno-
type or allele frequencies between case and control subjects
were compared using the chi-square test. Unconditional
logistic regression was used, when adjusted by BMI of
female participants. Odds ratio (OR), adjusted odds ratio
(AOR) and their 95 % confidence intervals (CI) were
estimated as a measure of the strength of the association

Table 1 Comparison of genotype and allele frequencies of MTHFR
C677T, MTHFR A1298C, SLC19A1 G80A, SLC19A1 C696T,
MTRR A66G polymorphisms between REPL patients and control
subjects

Genotype  Control Case AOR (95 % CI) P value
and allele (n=166) (n = 82)
MTHFR C677T
CC 53 (0.319) 29 (0.354) 1.0 (ref) -
CT 83 (0.500) 43 (0.524) 0.92 (0.51-1.68) 0.794
TT 30 (0.181) 10 (0.122) 0.56 (0.23-1.33)  0.185
CT+TT 0.82 (0.47-1.46)  0.507
C 189 (0.569) 101 (0.616) 1.0 (ref) -
T 143 (0.431) 63 (0.384) 0.79 (0.54-1.17) 0.246
MTHFR A1298C
AA 132 (0.795) 49 (0.598) 1.0 (ref) -
AC 31 (0.187) 31 (0.378) 2.58 (1.40-4.74)* 0.002
CC 3 (0.018) 2 (0.024) 2.00 0.459
(0.32-12.47)
AC+CC 2.53 (1.40-4.57)  0.002
A 295 (0.889) 129 (0.787) 1.0 (ref) -
C 37 (0.111) 35 (0.213) 2.13 (1.27-3.57)  0.004
SLC19A1 G80A
GG 45 (0.271) 22 (0.268) 1.0 (ref) -
GA 94 (0.566) 37 (0.451) 0.86 (0.45-1.64) 0.643
AA 27 (0.163) 23 (0.281) 1.84 (0.85-3.98) 0.122
GA+AA 1.08 (0.59-1.99)  0.807
G 184 (0.554) 81 (0.494) 1.0 (ref) -
A 148 (0.446) 83 (0.506) 1.31 (0.89-1.93) 0.165
SLC19A1 C696T
CC 45 (0.271) 23 (0.280) 1.0 (ref) -
CT 94 (0.566) 35 (0.427) 0.76 (0.40-1.46) 0411
TT 27 (0.163) 24 (0.293) 1.86 (0.87-3.99) 0.110
CT+TT 1.00 (0.55-1.84) 0.988
C 184 (0.554) 81 (0.494) 1.0 (ref) -
T 148 (0.446) 83 (0.506) 1.32 (0.90-1.93) 0.158
MTRR A66G
AA 98 (0.590) 43 (0.524) 1.0 (ref) -
AG 53 (0.319) 28 (0.341) 1.12 (0.62-2.04) 0.701
GG 15 (0.090) 11 (0.134) 1.69 (0.71-4.06)  0.239
AG+GG 1.25 (0.72-2.15)  0.429
A 249 (0.750) 114 (0.695) 1.0 (ref) -
G 83 (0.250) 50 (0.305) 1.29 (0.84-1.97) 0.241

Ref is the reference group (same as the follows)
AOR is adjusted odd ratio by body mass index of female participants
# Significance level o = 0.0167 by Bonferroni correction

between REPL and polymorphisms in folic acid metabo-
lism-related genes. Then studies were stratified according
to the folic acid supplementation status (yes or no). Hardy—
Weinberg equilibrium was tested by the use of the good-
ness-of-fit chi-square test. Statistics were observed with
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SPSS version 13.0 (SPSS Inc, Chicago, IL). The linkage
disequilibrium statistics were computed using D’ and 7 on
Haploview Ver. 3.32 (Barrett et al. 2005). Haplotype dis-
tribution was estimated using the program UNPHASE
(Dudbridge 2003). The comparisons of genotype and allele
frequencies were performed on the online software SHEsis
(http://202.120.7.14/analysis/myAnalysis.php) (Shi and He
2005). Genetic power was calculated using the Quanto
(http://hydra.usc.edu/gxe). On the basis of prevalence of
minor polymorphism in 20 % of Asians in the general
population and a ratio of two control subjects to 1 case, 82
REPL cases and 166 control subjects have 87 % power to
detect an OR of 2.0 (b = 87 %, a = 0.05). Significance
levels were adjusted by Bonferroni correction to account
for multiple testing. Linkage disequilibrium testing showed
that MTHFR C677T/A1298C and SLC19A1 G80A/C696T
SNPs each had a correlation of >80 % and could not be
considered as independent tests. Bonferroni correction was
therefore made for 3 SNPs where appropriate, and we
decreased the significance level to 0.017(0.05/3) according
to the Bonferroni correction (O’Callaghan et al. 2012).

Results

The genotype distributions of the five polymorphisms were
all in Hardy—Weinberg equilibrium (P > 0.05). The
genotypes and alleles frequencies were compared between
case and control subjects, and the data were shown in
Table 1. Significant differences in genotype distributions
and allele frequencies between case and control group were
observed in MTHFR A1298C polymorphism (AC/AA,
AOR = 2.58, 95 % CI 1.40-4.74, P = 0.002; AC4CC/
AA, AOR = 2.53, 95 % CI 1.40-4.57 P = 0.002; C/A,
OR = 2.13, 95 % CI 1.27-3.57, P = 0.004, respectively).
For the other polymorphisms, the allele frequencies of
MTHEFR C677T (T/C, P = 0.246), SLC19A1 G80A (A/G,
P = 0.165), SLC19A1 C696T (T/C, P = 0.158) and
MTRR A66G (G/A, P =0.241) in REPL cases were
similar to those in healthy controls. When the subjects were
stratified according to the folic acid supplementation status
(questionnaire: yes or no), the association between the
REPL cases and healthy controls both with folic acid
supplementation is consistent with the association between
REPL cases and healthy controls both with none in
MTHFR C677T and A1298C, MTRR A66G, SLCI9A1
G80A and C696T polymorphisms (Table 2).

D’ and r* were calculated to assess the extent of linkage
disequilibrium in combination of the SNPs. The pairwise
D’ values were 0.813 and 0.959 for MTHFR and
SLCI19A1, respectively. We performed haplotype analyses
of MTHFR C677T/A1298C and SLC19A1 A80G/C696T
polymorphisms to investigate the allele combinations that
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exert synergistic effects on the risk of REPL (Table 3).
Among the haplotypes of MTHFR C677T/MTHFR
A1298C, the MTHFR 677C-MTHFR 1298C haplotypes
were positively associated with REPL (P < 0.001). The
MTHFR 677C-MTHFR 1298A and SLCI9A1 80G-
SLCI9A1 696C haplotypes had lower frequencies in
patients with REPL, whereas P values were >0.05
(P = 0.093 and P = 0.084, respectively).

Discussion

In order to exclude the influence of confounding factors,
adjusted odd ratio (AOR) by BMI of female participants
was estimated as a measure of the strength of the associ-
ation between polymorphisms and REPL; however, the
women’s BMI in case and control groups was different
which may still have an effect of the results. Moreover, it is
difficult to accommodate environmental factors, such as
living habits and dietary habits in the study design. Hence,
as with another study, there were certain limits in our
study. Even so, the result demonstrated a strong association
of MTHFR A1298C polymorphism and REPL
(P = 0.002). Haplotype analysis revealed that the MTHFR
677C-MTHFR 1298C allele combination was positively
associated with REPL (P < 0.001).

A successful pregnancy is dependent on normal mater-
nal immunity, adequate placental circulation and fetal
vasculature and hemostatic balance. Elevated Hcy levels
had been shown to damage the vascular endothelium,
resulting in placental vasculopathy and increasing the risk
of hemostatic imbalance (Ray and Laskin 1999; Smits and
Thien 1991). The balance between Hcy and folate has been
linked to HHcy. HHcy is attributed to inadequate intake of
folic acid and vitamins or physiologic variations in the
efficiency of the enzymes participating in the one-carbon
folate-metabolism pathway (Scholl and Johnson 2000).
MTHFR enzyme is an important enzyme of the folate and
Hcy metabolic pathway, which is involved in a number of
physiologic processes such as affecting genome stability,
imprinting, expression and maintenance of appropriate Hcy
level in the blood (Stern et al. 2000; Reidy 1987). This
makes the polymorphisms in encoding MTHFR enzyme
gene an essential biomarker to evaluate the risk of REPL.
Our finding is consistent with the latest study by Nair et al.
(2012); they suggested a significant risk of pregnancy loss
associated with MTHFR A1298C polymorphism. Further-
more, another study indirectly supported our finding (Klai
et al. 2011). Klai et al. revealed that MTHFR A1298C
polymorphism, but not MTHFR C677T polymorphism, has
been associated with elevated Hcy levels and placental
vasculopathies. To the best of our knowledge, MTHFR
A1298C polymorphism in pregnancy loss patients has been
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Table 2 continued

1S

No

Yes

Folic acid supplementation

Genotype and allele

Springer

Case (n = 28) AOR (95 % CI) P value

Control (n = 92)

P value

Case (n = 54) AOR (95 % CI)

Control (n = 74)

0.746

1.16 (0.48-2.77)
1.00 (ref)

0.423

1.36 (0.64-2.87)
1.00 (ref)

AG+GG

42 (0.750)

144 (0.783)

72 (0.667)
36 (0.333)

105 (0.710)

0.724

14 (0.250) 1.14 (0.56-2.31)

0.248 40 (0.217)

1.40 (0.79-2.48)

43 (0.290)

$ mens it cannot be calculated duo to the O in the cells

*# Significance level o = 0.0167 by Bonferroni correction

Table 3 Haplotypes frequencies of MTHFR C677T and A1298C,
SLCI19A1 G80A and C696T polymorphisms in patients with REPL
and controls

Haplotypes  Control %  Case % OR (95 % CI) P value
(n=166) (n=82)

MTHFR C677T/A1298C

CA 0.474 0.402 0.72 (0.49-1.06) 0.093
ccC 0.095 0.213 2.54 (1.51-4.29) <0.001
TA 0.414 0.384 0.86 (0.58-1.26) 0.432
TC 0.017 0.000 - -
SLCI9A1 G80A/C696T

AC 0.003 0.025 - -

AT 0.443 0.481 1.167 (0.80-1.70)  0.420
GC 0.551 0.469 0.72 (0.49-1.05) 0.084
GT 0.003 0.025 - -

Frequency <0.03 in both control and case has been dropped

analyzed in white women, Tunisian, Turks and Indian
populations (Hohlagschwandtner et al. 2003; Mtiraoui
et al. 2006; Ozdemir et al. 2012; Nair et al. 2013). Pres-
ently, we analyzed this polymorphism in an ethnically
diverse Chinese population. The significantly increased
risk on REPL in the MTHFR A1298C mutation carriers
was observed invariably, except the Hohlagschwandtner
et al. study. All these indicated C allele and AC+CC
genotypes seem to be a risk factor of REPL. In our previous
meta-analysis (Cao et al. 2013), we found a significant
association of MTHFR C677T polymorphism with RPL,
which is supported by several studies (Nelen et al. 1997,
Unfried et al. 2002; Nair et al. 2012), In present study, we
observed that MTHFR A1298C substitution increases the
REPL risk. The inconsistent results between our previous
meta-analysis and our present study may be attributed to
the difference of gestational weeks used to define RPL in
each study. Studies included in our meta-analysis had a
large range of abortion gestational week; however, the
REPL cases included in the present study were all women
with at least two consecutive pregnancy losses before
12-week gestational age. As we all know that the cause of
RPL in different stages of pregnancy is different, the
inconsistent results can be explained. MTRR A66G and
SLC19A1 G80A and C696T polymorphisms in RPL
patients have been studied by Kim et al. and Rah et al. in
Korean population, respectively, and no association was
observed between MTRR A66G, SLCI19A1 G80A and
SLCI9A1 C696T polymorphism with RPL (Rah et al.
2012; Kim et al. 2013). MTRR A66G is involved in one-
carbon metabolism, but has not been studied extensively in
RPL etiology. Considering the SLC19A1 gene encodes the
RFC1 protein, it is plausible that polymorphism in
SLC19A1 gene may interfere with the folate transporting
by means of reduced SLC19A1 protein expression (De
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Marco et al. 2003; Relton et al. 2003). The effects of
SLCI19A1 G80A polymorphism on cellular folate intake
remain uncertain (Whetstine et al. 2001; Stanislawska-
Sachadyn et al. 2009); however, the G allele of G8OA has
been suggested as a risk factor for HHcy (Chango et al.
2000; Altmae et al. 2010), which is speculated to be
associated with defective chorionic villous visualization in
women with RPL (Nelen et al. 2000). In the study, our
findings were consistent with previous ones. Stratified
analysis showed no obvious difference in the distribution of
genotype and allele between the REPL cases and health
controls both in and no folic acid supplementation sub-
group. From the results of analysis, we can only just con-
clude that folic acid supplementation status is not related to
the distribution of polymorphisms in folic acid metabo-
lism-related genes between REPL case and healthy control,
but cannot conclude that folic acid supplementation status
or folic acid is not a protection factor in REPL. In this
study, we just analyzed according to the folic acid sup-
plementation status, but the precise folate level in partici-
pants was not known. Moreover, our daily diet also
contains certain folic acid; however, it is difficult for us to
take it into account, because everyone’s diet habits are
different. Therefore, the patients with folic acid supple-
mentation are not equal to normal or high folic acid levels;
on the contrary, the patients without folic acid supple-
mentation cannot reveal low folic acid levels in blood.
Hence, whether folic acid protects against REPL should be
studied in further studies by measuring the precise folate
concentrations in participants’ blood. So, further studies
are warranted to investigate the effects of folate status on
pregnancy loss in combination with folate-metabolism
gene polymorphisms.

In conclusion, our findings suggest that polymorphism in
MTHFR A1298C was obviously associated with idiopathic
REPL. The MTHFR 677C-MTHFR 1298C haplotype was
positively associated with REPL (P < 0.001). The MTHFR
677C-MTHFR 1298A and SLC19A1 80G-SLC19A1 696C
allele combinations had lower frequencies in patients with
REPL (P = 0.093 and P = 0.084), suggesting a protective
nature on idiopathic REPL, which can be developed as new
biomarkers to evaluate the risk of REPL. Additionally, folic
acid supplementation can be a protective factor on REPL.
However, the underlying mechanism of polymorphisms in
folic acid metabolism-related genes in the development of
REPL has not been demonstrated, so further studies are
warranted to investigate the effect of polymorphisms in
folate or Hey and the folate-metabolism pathways.
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