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Objective: To assess prevalent 5,10-methylenetetrahydrofolate reductase (MTHFR) polymorphisms in spontane-
ously aborted embryos.

Design: A retrospectively analyzed, prospectively obtained database.

Setting: Bundang CHA General Hospital and Kangnam CHA Hospital.

Patient(s): Ninety-four spontaneously aborted embryos at <20 weeks of gestational age.

Intervention(s): None.

Main Outcome Measure: Genotype frequency of MTHFR C677T and A1298C polymorphisms in spontaneously
aborted embryos.

Result(s): The aborted embryos exhibited both a significantly high frequency of the MTHFR 677CC genotype
and a low frequency of the MTHFR 677CT genotype, compared to both the child and the adult control groups,
respectively, whereas no significant change in the fetal MTHFR A1298C genotype frequency was observed. The
combinative genotype of MTHFR 677CC/1298 AC from the abortus had a high prevalence compared to the child
controls. Further, the chromosomal integrity of the abortus did not affect the frequency of the MTHFR 677CC
and 1298AC genotypes.

Conclusion: Spontaneously aborted embryos have a unique distribution of MTHFR C677T and A1289C
polymorphisms, regardless of their chromosomal integrity. (Fertil Steril® 2007;87:351-5. ©2007 by American
Society for Reproductive Medicine.)
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Approximately 20% of recognized pregnancies end in sponta-
neous abortions; the genetic etiologies of these are largely
unknown (1). The association of high blood homocysteine in
women with recurrent spontaneous abortions was previously
demonstrated (2, 3). The 5,10-methylenetetrahydrofolate reduc-
tase (MTHFR) converts 5,10-methylenetetrahydrofolate into
5-methyltetrahydrofolate, the prevalent form of circulating fo-
late that provides the methyl group to homocysteine for the
synthesis of methionine. The 5,10-methylenetetrahydrofolate
reductase C677T, in which valine is substituted for ala-
nine, and MTHFR A1298C, in which alanine is substi-
tuted for glutamate, showed a 20%—-30% reduction in their
enzyme activities (4). This reduction decreases the conver-
sion of homocysteine into methionine, resulting in homocys-
teine accumulation in the circulation.
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In addition, methionine is the precursor of S-adenosyl-
methionine (SAM), the methyl group donor for the meth-
ylation of DNA, protein, and lipid. Consequently, the
perturbation of methionine synthesis also affects subse-
quent methylation of other acceptors. It was reported that
the elevation of homocysteine in the blood increases the
risk of recurrent spontaneous abortions as well as of
neural tube defects and placental abruption (5-8). How-
ever, many others failed to find any significant associa-
tions between maternal MTHFR C677T polymorphism
and spontaneous abortions.

The 677C—T mutation is common in different popula-
tions, with reported homozygote frequencies of 5%—-28%
of worldwide populations (9, 10). The homozygous state
for the 1298A—C transition was observed in approxi-
mately 10% of Dutch and Canadian subjects (11, 12).
Recent studies reported higher incidences of MTHFR
mutations in aborted embryos or fetuses based on Western
populations (13, 14). Therefore, we analyzed MTHFR
polymorphisms from 94 spontaneously aborted embryos
to investigate the association between MTHFR mutations
and fetal viability.
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MATERIALS AND METHODS
Subjects

Ninety-four spontaneously aborted embryos at <20 weeks
of gestational age were obtained from the Infertility Medical
Center at Bundang CHA General Hospital, Seongnam, South
Korea, from June 1999 to February 2002. Controls were 100
(age range, 1-15 years) and 449 (age range, 21-86 years)
normal hospital-based children and adults, respectively, col-
lected from a sample of convenience. The institutional re-
view board of Bundang CHA General Hospital approved the
study in May 1999, and all subjects gave written informed
consent.

MTHFR Genotyping

DNA was extracted from an aliquot of fetal tissues, and
leukocytes were isolated from the blood of controls using a
DNA extraction kit (QIAmp blood kit, Qiagen, Valencia,
CA). The C677T mutation was analyzed by polymerase
chain reaction (PCR) of genomic DNA, with the use of the
following primer pairs: 5'-TGA AGG AGA AGG TGT CTG
CGG GA-3' (forward primer) and 5'-AGG ACG GTG CGG
TGA GAG TC-3' (reverse primer). These primers generate a
198-base pair (bp) fragment following PCR. A1298C muta-
tion was analyzed by PCR with the following primers:
5'-GGG AGG AGC TGA CCA GTG CAG-3' (forward
primer) and 5'-GGG GTC AGG CCA GGG GCA G-3'
(reverse primer). The PCR reaction produces a 141-bp frag-
ment. MTHFR C677T and A1298C genotypes were identi-
fied with restriction fragment length polymorphism (RFLP)
analysis, as described previously (10).

Cytogenetic Analysis

To determine any association of spontaneously aborted em-
bryos with their chromosomal abnormality, cells from the
aborted fetal tissues were cultured for testing chromosomal
abnormalities by the method of Evans et al. (15).

Statistical Analysis

Associations of MTHFR C677T, A1298C, or a combination
of both between abortus and a normal population were
analyzed by ANOVA with the use of SAS 8.2 for Windows
(SAS, Inc., Cary, NC).

RESULTS

The distribution of MTHFR C677T and A1289C polymor-
phisms of abortus and controls is presented in Table 1. The
frequencies of MTHFR C677T genotypes for normal ho-
mozygotes (677CC), heterozygotes (677CT), and variant
homozygotes (677TT) of abortus was 40.4%, 41.4%, and
18.1%, respectively, whereas the child and adult groups
showed 24.0%, 55.0%, and 21.0%, and 32.3%, 53.2%, and
14.5%, respectively. Spontaneously aborted embryos exhib-
ited both a significantly higher frequency for the MTHFR
677CC genotype (odds ratio [OR], 2.149; 95% confidence
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interval [CI], 1.164-3.982; P=.022) and a lower frequency
for the MTHFR 677CT genotype (P=.071) as compared to
the child control group. In comparison with the adult con-
trols, the MTHFR 677CT genotype was also significantly
lower in the abortus (OR, 0.612; 95% CI, 0.392-0.957;
P=.041). Additionally, the MTHFR 677TT genotype did not
show any significant frequency difference with either of the
control groups from the Korean population.

The fetal MTHFR A1298C genotype frequencies were
67.0%, 29.8%, and 3.2% for normal homozygotes (1298AA),
heterozygotes (1298AC), and variant homozygotes (1298CC),
respectively (Table 1). The distribution of the MTHFR
A1289C polymorphism for the child and adult control
groups were 77.0% and 69.5% for normal homozygotes,
21.0% and 28.7% for heterozygotes, and 2.0% and 1.8%
for variant homozygotes, respectively. Thus, the geno-
types of MTHFR A1298C exhibited no significant differ-
ences between the spontaneously aborted embryos and the
controls.

The frequency of the combined genotypes of MTHFR
C677T and A1298C in spontaneously aborted embryos and
controls is given in Table 1. We did not find any combined
genotype of MTHFR 677CT/1298CC, 677TT/1298AC, or
677TT/1298CC from either the aborted embryos or the con-
trols. The frequency of the combined 677CC/1298AC geno-
type in the aborted embryos, and the child and adult controls,
were 19.1%, 8.0%, and 11.6%, respectively, demonstrating a
significantly higher frequency of the combined genotype in
the aborted embryo group than in the child controls (OR,
2.724; 95% CI, 1.143-6.469; P=.039). In addition, the
aborted embryos also presented a higher prevalence of the
combined MTHFR 677CC/1298AC genotype in comparison
with the adult control group, although this did not reach
statistical significance (P=.068).

The spontaneously aborted embryo group consisted of
an equal number of males and females, and among them
57 (60.6%), 25 (26.6%), and 12 (12.8%) subjects had a
normal chromosomal structure or number, an abnormal
chromosomal structure or number, and unclassified chro-
mosomes, respectively (Table 2). The distribution of the
MTHFR 677CC and 1298AC genotypes between normal
and abnormal chromosome groups of the spontaneously
aborted embryos was not significantly different, as shown
in Table 2, and the combined MTHFR C677T and
A1298C genotypes did not significantly affect the preva-
lence of allele distribution (data not shown).

DISCUSSION

The present study demonstrates that spontaneously aborted
embryos exhibit both a significantly higher frequency of the
MTHFR 677CC genotype and a lower frequency of the
677CT genotype as compared to controls. These results are
of interest, because others found no significant change in
frequency of the fetal MTHFR 677CC and 677CT genotypes
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[ TABLE 1

Individual MTHFR genotype distributions for spontaneously aborted embryos and control groups.

Controls (n = 549)

_ Child control-based Adult control-based

Abortus Child Adult

(n=94) (n=100) (n = 449) Odds ratio Odds ratio
Genotype (%) (%) (%) (95% CI) P? (95% CI) P?
MTHFR C677T
CC 38(40.4) 24(24.00 145(32.3) 2.149 (1.164-3.967) 0.022 1.423(0.903-2.247) 0.163
CT 39(41.4) 55(55.00 239 (53.2) 0.570(0.324-1.003) 0.071 0.612(0.392-0.957) 0.041
TT 17 (18.1) 21 (21.0) 65(14.5) 0.831(0.411-1.680) 0.741 1.304(0.730-2.334) 0.465
C allele 0.612 0.515 0.590
T allele 0.388 0.485 0.410
MTHFR A1298C
AA 63 (67.0) 77 (r7.0) 312(69.5) 0.607 (0.320-1.139) 0.165 0.892 (0.557-1.430) 0.728
AC 28(29.8) 21(21.00 129(28.7) 1.596 (0.834-3.051) 0.214 1.052 (0.649-1.708) 0.936
CC 3(3.2) 2 (2.0) 8(1.8) 1.615(0.315-8.263) 0.944 2.329 (0.656-8.317) 0.409
A allele 0.819 0.875 0.840
C allele 0.181 0.125 0.160

MTHFR C677T/A1298C

CC/AA 17 (18.1) 14 (14.0) 85(18.9) 1.356(0.634-2.899) 0.562 0.945(0.535-1.673) 0.964
CC/AC 18 (19.1) 8 (8.0) 52 (11.6) 2.724(1.143-6.469) 0.039 1.808 (1.009-3.243) 0.068
CC/CC 3(3.2) 2 (2.0 8(1.8) 1.815(0.353-9.297) 0.843 1.817(0.514-6.456) 0.631
CT/AA 28(29.8) 42(42.00 162(36.1) 0.586 (0.324-1.058) 0.105 0.752(0.466-1.214) 0.296
CT/AC 11 (11.7) 13 (13.0) 77 (17.2) 0.887 (0.383-2.055) 0.955 0.640(0.330-1.245) 0.250
TT/AA 17 (18.1) 21 (21.0) 65 (14.5) 0.864 (0.427-1.751) 0.864 1.304 (0.730-2.334) 0.465

@ By Fisher’s exact test.

Bae. Prevalent MTHFR genotypes in abortus. Fertil Steril 2007.

compared with neonatal or unclassified controls (13, 14). In the 677TT and 1298AC genotypes compared to their control
addition, the MTHFR 677TT genotype frequency was sim- group. Furthermore, we did not observe the rare MTHFR ge-
ilar between the abortus and the controls, whereas Zetterberg notype combinations (677CT/1298CC and 677TT/1298CC) de-
et al. (14) detected a higher proportion of aborted embryos with tected by Isotalo et al. in aborted embryos (13).

[ TABLE 2

Comparison of MTHFR genotype distributions between normal and abnormal chromosome groups
from spontaneously aborted embryos.

Normal chromosome Abnormal chromosome Odds ratio
Genotype (n = 57) (%) (n = 25) (%) (95% CI) P?
C677T
CC 26 (45.6) 9 (36.0) 2.423 (0.977-5.985) 0.091
CT 19 (33.3) 13 (52.0) 0.462 (0.179-1.188) 0177
TT 12 (21.1) 3(12.0) 1.956 (0.530-7.076) 0.505
A1298C
AA 40 (70.2) 14 (56.0) 1.849 (0.710-4.830) 0.316
AC 15 (26.3) 10 (40.0) 0.536 (0.201-1.423) 0.328
CC 2 (3.5) 1(4.0) 0.873 (0.108-6.935) 1.000
2 By Fisher’s exact test.
Bae. Prevalent MTHFR genotypes in abortus. Fertil Steril 2007.
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Therefore, spontaneously aborted embryos in the Korean
study group exhibited a different prevalence of the MTHFR
genotype distribution than in other populations. This discrep-
ancy may be partly due to a different MTHFR genotype
distribution pattern between different races (10). It could
also be the result of a possible increase of DNA hypermeth-
ylation (16) in the abortus with the 677CC genotype, sug-
gesting that an elevated methionine level may have more of
an impact on embryo survival than hyperhomocysteinemia.
This notion may also be supported by the lack of increase in
the MTHFR 677CT and 677TT genotypes in the aborted
embryos in our study. However, we cannot exclude the
possibility that a certain portion of embryos retaining either
the 677CT or 677TT genotype may die at a very early stage
of conception. In addition, an involvement of the MTHFR
genotypes with other factors cannot be ruled out.

We employed two different (child and adult) control
groups for our analysis. Both control groups exhibited an
allele frequency similar to that in another Korean study (10),
and consisted of the highest prevalence for the heterozygote
(677CT) and a lower prevalence for the normal homozygote
(677CC), which is a distinct finding compared to other
populations. According to a study of the worldwide dis-
tribution of MTHFR mutations, most populations, includ-
ing Europe, Africa, the Middle East, Asia, America, and
Australia, exhibit the highest frequency of the normal ho-
mozygote (677CC), except for Mongolians and Brazilian
Amerindians, whose prevalent MTHFR genotype is the het-
erozygote (677CT) (9), as in the Korean population. The
distribution of the MTHFR A1298C polymorphism in our
subjects was also in agreement with the Korean population
described earlier (17). The slight difference in MTHFR
genotype distribution between the child and adult controls
may reflect the age-specific susceptibility of individuals con-
taining certain types of MTHFR alleles to diseases (18).
Furthermore, we demonstrated that at least 27% of the spon-
taneously aborted embryos had abnormal chromosome struc-
tures, but that the frequency of the MTHFR 677CC and
1298AC genotypes is not related to chromosomal integrity in
the abortus.

The genotype distribution of the MTHFR A1298C poly-
morphism alone exhibited no significant differences between
the spontaneously aborted embryos and controls, which is
consistent with a previous study by Isotalo et al. (13). An-
other study, however, found a significantly higher frequency
of 1298AC heterozygotes and a lower frequency of 1298AA
homozygotes from embryos (14). The inconsistency among
studies may result from different criteria for heterogeneous
samples, including types of abortion, race, and selection of a
control population (19).

The frequency of the combined MTHFR 677CC/
1298AC genotype was higher in the aborted embryo
group than the controls. Zetterberg et al. (14) also found
a significant association of the presence of the same
genotype combination from a spontaneous abortion group.

Bae et al. Prevalent MTHFR genotypes in ahortus

These observations suggest that there was a significantly
higher frequency of the MTHFR 677CC genotype and the
combined MTHFR 677 CC/1298 AC genotype in the spon-
taneously aborted embryos. However, we do not have a
clear explanation as to why the MTHFR 1298AC geno-
type, in particular, has an association with 677CC from
abortus at this point.

We and others have not found any combinative geno-
type of MTHFR 677CT/1298CC, 677TT/1298AC, or
677TT/1298CC from both the abortus and controls (14),
although 677CT/1298CC and 677TT/1298CC combina-
tions were detected in aborted embryos by Isotalo et al.
(13). Nonetheless, these combinations of genotypes have
not been reported in living humans to our knowledge.
Therefore, the MTHFR gene, especially with some com-
binations of the C677T and A1298C alleles, may have a
severe deteriorative effect on the fetus; thus the embryo is
unable to survive, which suggests the pivotal role of the
MTHFR gene in human development. However, a more
thorough analysis of the MTHFR polymorphism, based on
embryos at a very early stage, should be conducted before
a final conclusion is drawn.

In summary, our findings demonstrated a unique distribu-
tion for the MTHFR C677T and A1289C polymorphisms in
both spontaneously aborted embryos and control groups
from the Korean population. In particular, a high prevalence
of the MTHFR 677CC genotype in the aborted embryos was
striking. Further studies would valuable in elucidating the
causes of this phenomenon.
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