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Polymorphisms in MTHFR and MTRR genes
associated with blood plasma homocysteine
concentration and sperm counts
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Objective: To investigate the relationship betweenMTHFR andMTRR genetic variants with respect to both blood
plasma homocysteine concentration and sperm counts.
Design: Polymerase chain reaction followed by specific enzymatic digestion to determine the genotype of the
individuals and blood plasma homocysteine quantification by high-performance liquid chromatography.
Setting: Research laboratory.
Patient(s): Two hundred sixty-eight men seeking infertility counseling and 254 partners of infertile women.
Intervention(s): We studied threeMTHFR (c.1286A/C, c.665C/Tand c.203G/A) and twoMTRR (c.66A/G
and c.524C/T) single-nucleotide polymorphisms and characterized sperm parameters in both oligozoospermic
and normospermic men. A cohort of 522 men was examined for this study. A subgroup of 103 men was
constituted for quantification of Hcy levels.
Main Outcome Measure(s): Semen samples were collected for determinations of sperm concentration, motility,
and morphology according to World Health Organization guidelines as well as for DNA isolation. Blood samples
of the corresponding individuals were obtained to quantify plasma homocysteine levels.
Result(s): We did not observe a relationship between homocysteinemia and sperm counts. The MTHFR
c.665C/T variant is associated with mild hyperhomocysteinemia in blood plasma in the TT homozygous state.
Conclusion(s): No association was found betweenMTHFR/MTRR genetic variants and sperm counts. Although no
association was observed with reduced sperm counts, theMTHFR 665TT genotype is associated with a significant
increase in blood plasma homocysteine levels. (Fertil Steril� 2011;95:635–40. �2011 by American Society for
Reproductive Medicine.)
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Folates are members of the B-class of vitamins, which are required
for the synthesis of purines and pyrimidines. Folates in the form of
5,10-methylenetetrahydrofolate (5,10-CH2-THF) donate a methyl
group to uracil, thereby converting it to thymidine, which is used
for DNA synthesis and repair. The fidelity of DNA synthesis is de-
pendent on the correct balance and availability of deoxynucleotides.
The enzymes 5–10 methylenetetrahydrofolate reductase (MTHFR)
and methyltetrahydrofolate-homocysteine methyltransferase reduc-
tase (MTRR) are two key enzymes of the homocysteine (Hcy) and
folate metabolic pathway (1, 2). The MTHFR gene is located on
chromosome 1 (1p36.3) (3), and its protein product converts 5,10-
CH2-THF to 5-methyl-THF, which then donates a methyl group
to homocysteine to produce methionine. Therefore, MTHFR main-
tains normal folates and circulating methionine and Hcy levels. It
also plays a critical role in DNA synthesis and methylation reac-
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tions. Two polymorphisms in MTHFR have been shown to affect
the functional activity of the enzyme. The MTHFR (c.665C/T;
p.A222V) variant results in a thermolabile protein with enzymatic
activity decreased by 35% in the heterozygote state and by 70% in
the homozygote state (4, 5). This polymorphism has been reported
to result in mild hyperhomocysteinemia particularly in patients
with low folate intake (6). It has also been linked to an increased
risk for certain cancers, thrombotic disease, and neural tube defects.
However, individuals homozygous for the 665T polymorphism
seem to be less at risk of developing other diseases, such as leukemia
and colorectal cancer (7). The MTHFR (c.1286A/C; p.E429C)
polymorphism is associated with a 30% decreased enzymatic activ-
ity but not with thermolability (5, 8). Both polymorphisms are
thought to be associated with DNA hypomethylation (9). A further
MTHFR polymorphism (c.203G/A; p.R68Q) has also been
reported. The effect of this polymorphism on protein activity is
unknown (10). The protein MTRR activates methionine synthase
in a cobalamin-dependent manner. One polymorphism, MTRR
(c.66A/G; p.I22M), replaces an isoleucine by a methionine resi-
due and marginally reduces the protein’s biological activity. The
66GG genotype is associated with a decrease in plasma Hcy levels.
The association of this polymorphism with an increased risk of
developing hyperhomocysteinemia is still a matter of debate (11).
A second polymorphism in MTRR (c.524C/T; p.S175L) has
Fertility and Sterility� Vol. 95, No. 2, February 2011 635
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been reported, and to date no disease association has been identified
(10, 12).

Human spermatogenesis could be affected by changes in folate
status by influencing DNA methylation patterns and thereby modi-
fying gene expression or by inducing uracil misincorporation during
DNA synthesis leading to errors in DNA repair, strand breakage, and
possibly chromosomal anomalies (13). Although MTHFR, MTRR,
and Hcy have been shown to play a role in spermatogenesis (14,
15), the relationship between the variants in these genes and
spermatogenesis as well as with the plasma Hcy level remains
unclear (10, 14, 16). We investigated whether there was an
association between sperm parameters and the plasma Hcy level
as well as with the known variants of MTHFR and MTRR.

We studied three MTHFR (c.1286A>C, c.665C/T and
c.203G/A) and two MTRR (c.66A/G and c.524C/T) variants,
quantified Hcy levels, and characterized semen parameters in
a cohort of 522 men. A subgroup of 103 men was examined to
determinewhether therewas a correlation between serumHcy levels
and genetic polymorphisms and/or sperm counts.
MATERIALS AND METHODS
Patients
The cohort consisted of 522 men with variable sperm counts. Individuals

with known causes of infertility including genetic factors (chromosome

anomalies, AZF microdeletions) (17), lifestyle factors (e.g., smoking, alco-

holism, occupation), and clinical factors (varicoele, cryptorchidism) were ex-

cluded from the study. Written informed consent was obtained for genetic

molecular investigations, and ethical approval was given by the local ethics

committee. The mean age of the cohort was 37.4 (�6.7) years. Sperm counts

and motility, vitality, and morphology analysis were performed according to

the World Health Organization guidelines. The study population was divided

into three groups: severe oligozoospermic (<5 million spermatozoa/mL;

n ¼ 89), mild oligozoospermic (5–20 million spermatozoa/mL; n ¼ 179),

and normospermic (n ¼ 254) individuals. The cohort was constituted over

a 3-year period in a single referral center. The group is of mixed ethnic origin

as determined by self-assessment, and these origins reflect the ethnic diver-

sity of the Paris region and includes individuals of North African, West

African, Southeast Asian, and Caucasian descent.
TABLE 1
A summary of the polymorphisms included in this study, together

with differing sperm counts.

MTHFR A222V MTHFR E429A

Allele frequency Allele frequency

n C T n A C n

No. of severe

oligozoospermic

men screened

89 0.69 0.31 80 0.67 0.33 5

No. of mild

oligozoospermic

men screened

179 0.65 0.35 191 0.66 0.34 10

No. of normospermic
men screened

254 0.65 0.35 176 0.7 0.3 9

Total no. of men

screened for each

polymorphism

522 — — 447 — — 26

Note: No significant differences in allelic frequencies were observed between th
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Sperm DNA Isolation
Semen samples were collected by masturbation after 3–6 days of sexual

abstinence. After liquefaction at 37�C, spermatozoa were selected and sepa-

rated from somatic cells by centrifuging 1–2 mL of semen through a two-

layer (45% and 90%) gradient of Percoll at 400 g for 20 minutes. The fraction

in the 90% layer was washed in 2 mL of Tyrode (Eurobio, Courtaboeuf,

France), and the tube was centrifuged at 400 g for 10 minutes. The pellet

was collected with care to avoid any somatic cells contamination, and geno-

mic DNA was isolated. The pellet was washed twice in 1 � phosphate-

buffered saline (5,000 rpm for 5 minutes) and then resuspended in 20 mL

(10 mL proteinase K, 20mg/mL þ10 mL 1M DTT) for 1 hour at 56�C.
Then 400 mL of digestion buffer (TrisCl, pH ¼ 8, 10 mM; EDTA, 1 mM;

SDS, 0.1%; and lN-Laururyl Sarcosine, 0.5%) was added for overnight incu-

bation at 56�C. DNA samples were precipitated in 100% ethanol and washed

3 times in 70% ethanol at room temperature (8,000 rpm for 10 minutes). The

pellets were air-dried and resuspended in 50 mL Tris-EDTA (10:1) buffer.

 

 

MTHFR and MTRR Polymorphisms Analysis
ThreeMTHFR (c.1286A/C, c.665C/T, and c.203G/A) and twoMTRR

(c.66A/G and c.524C/T) polymorphisms were analyzed by polymerase

chain reaction (PCR) followed by specific enzymatic digestion. We used

the following PCR mix: 200 mM of each dNTP, 1� Taq polymerase buffer,

2 mM of each primer sets, 1.5 mM MgCl2, and 0.5 U of Biotaq DNA poly-

merase (Bioline, London, UK) in a 15-mL reaction volume. PCR and enzy-

matic digestion conditions were performed as described by Ravel et al. (10).
Plasma Hcy Level Quantification
Hcy concentrations were determined in blood plasma. Blood samples were col-

lected in EDTA-containing vacutainer tubes. They were centrifuged (3,400 rpm

for 15 minutes) to isolate the plasma, which was assayed by high-performance

liquid chromatography in an ARCHITECT i2000 Immunoassay Analyzer

(Abbott Laboratories, Wiesbaden, Germany). Normal homocysteinemia is be-

tween 4.44 and 13.5mmol/L, andmild hyperhomocysteinemia is over 10mmol/L.

The inter- and intra-assay variation for plasma Hcy quantification does not

exceed 4%.
Statistical Analysis
Sperm parameters were summarized and compared by means according to

Hcy levels and the genotype. Nonparametric tests (Mann-Whitney and
with their allelic frequencies in the three groups of individuals

MTHFR R68Q MTRR I22M MTRR S175L

Allele frequency Allele frequency Allele frequency

G A n A G n C T

6 1 0 13 0.43 0.57 74 0.55 0.45

6 1 0 40 0.28 0.72 147 0.64 0.36

9 1 0 77 0.36 0.64 168 0.59 0.41

1 — — 130 — — 389 — —

e different groups.
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FIGURE 1

Box plot showing sperm parameters according toMTHFR 665 genotype. Similar results were found for otherMTHFR andMTRR genotypes.
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Kruskall-Wallis) were used. Once the variables had been transformed and

normalized, linear regression was used to model the distribution of sperm pa-

rameters as a function of Hcy concentration. All the analyses were performed

using XLSTATstatistical software. P%.05 was considered statistically

significant.
DNA Fragmentation Analysis
The detection of DNA strand breaks (DNA fragmentation) was performed by

a flow-cytometry–based TUNEL labeling assay (Epics XL-MCL cytometer,

Beckman Coulter).
RESULTS
MTHFR/MTRR Polymorphisms and Sperm Parameters
We investigated the association between three MTHFR (c.665C>T,
c.1286A>C, c.203G>A), two MTRR (c.66A>G, c.524C>T) poly-
morphismsz and sperm parameters. Table 1 summarizes the sperm
counts and allelic frequencies. Men carrying theMTHFR 665CC ge-
notype show lower sperm counts than others (mean sperm counts:
CC ¼ 32.9 M/mL, CT ¼ 36.9 M/mL, and TT ¼ 45.194 M/mL),
but this difference is not statistically significant: P¼.959 (CT vs.
TT) and P¼.454 (CC vs. TT). Furthermore, we found no association
between other sperm parameters (motility, vitality, fragmentation,
and morphology) and genetic polymorphisms in MTHFR (Fig. 1)
or MTRR (data not shown).
Fertility and Sterility�
MTHFR/MTRR Polymorphisms, Hcy Levels, and Sperm
Counts
The plasma Hcy levels were quantified to determine possible asso-
ciations between variations in Hcy levels with either the MTHFR/
MTRR genotype and/or semen parameters. A group of 103 men
with a definedMTHFR/MTRR genotype and with blood serum avail-
able was studied. The clinicobiological parameters of these men are
described in Table 2. Although five polymorphisms were studied,
only theMTHFR 665TT genotype showed a correlation with serum
Hcy levels. This variant was associated with increased Hcy levels as
compared with the CC and CT genotypes (1.4-fold, P<.001, 665TT
vs. 665CC, P<.001, odds ratio [OR]¼ 4.5, 95% confidence interval
[CI], [1.53–13.27]; and 665TT vs. 665CT, OR ¼ 4.38, P<.02, 95%
CI, [1.32–14.52]; Fig. 2). However, the Hcy levels did not correlate
with the sperm count and were indistinguishable in all the cate-
gories: severe oligozoospermia versus mild oligozoospermia,
P¼.3; mild oligozoospermia versus normospermia, P¼.18; and se-
vere oligozoospermia versus normospermia, P¼.89. Although it is
not statistically significant, mild hyperhomocysteinemia is more fre-
quent in severe oligozoospermic men as compared with in normo-
spermic men (OR ¼ 2.55, c2 ¼ 1.72, P<.2) and generally in all
oligozoospermic men as compared with normospermic ones (OR ¼
1.78, c2 ¼ 1.54, P<.2). The correlation analysis indicated no
apparent relationship between sperm counts and blood plasma
Hcy levels in our cohort (R2 ¼ 0.00, P¼.829; Fig. 2).
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TABLE 2
Clinicobiological parameters of men whose plasma Hcy level has been quantified.

Severe
oligozoospermic

patients

Moderate
oligozoospermic

patients
Normospermic

Men

P value

Severe
oligo- vs.
moderate

oligospermic

Moderate
oligo- vs.

normospermic

Severe
oligo- vs.

normospermic

No. of men 16 34 53
Mean sperm count � SD 1.78 � 1.54 12.74 � 3.64 81.2 � 68.8 <2.2e-16 2.1e-9 2.9e-11
Mean Hcy level � SD 8.3 � 3.16 9.5 � 4.8 8.2 � 3.4 0.32 0.2 0.88

Mean motility level � SD 13% � 8.2% 26% � 13.6% 44% � 14.4% 1.33e-4 1.82e-7 5.4e-14
Mean vitality � SD 60% � 15.4% 61% � 19% 75% � 10.6% 0.86 1.45e-3 6.02e-3
Mean abnormal

morphology � SD

94% � 5.5% 90% � 6.6% 83% � 9.4% 0.04 0.27 7.5e-6

Mean DNA
fragmentation � SD

19% � 10.6% 25% � 13.7% 25% � 18.7% 0.5 0.9 0.4

Note: Sperm counts are expressed in million spermatozoa/mL and Hcy levels in mmol/L. Severe oligozoospermia is characterized by sperm counts under

5 million spermatozoa/mL; mild oligozoospermia, 5–20 million spermatozoa/mL; and normospermia, >20 million spermatozoa/mL. Bold text indicate

a statistically significant difference.
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DISCUSSION
The relationship between folate metabolism and infertility is contro-
versial. Mice that lack MTHFR exhibit hyperhomocysteinemia and
show global DNA hypomethylation. Although these mice also show
delayed maturation of the external genitalia, they do appear to be
fertile (18). However, extensive backcrossing of these mice to
a BALB/c background results in spermatogenic failure during early
postnatal development, leading to male factor infertility (19). Fertil-
ity could be restored in some of these animals by supplementing the
diet with betaine, which serves as an alternative methyl donor for the
remethylation of homocysteine. These data indicate that at least in
mice, folate metabolism plays a key role in the maintenance of
normal spermatogenesis.
FIGURE 2

Effect ofMTHFR 665 polymorphism on plasma Hcy level and impact of H

according to MTHFR 665 genotype. (B) Linear regression of sperm cou

sperm counts distribution and predictions. Hcy levels are expressed in
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In the human, the relationship between folate metabolism and fer-
tility is unclear. Several case-control studies suggest that MTHFR
variants are associated with sperm quantity: Bezold et al. (16) noted
that 20% of men with low sperm counts had a MTHFR 665TT
genotype that was twice the frequency observed in the normosper-
mic group. Other studies have found a similar correlation (20–23),
whereas some failed to find any association between MTHFR
variants and sperm numbers (10, 24). The distribution of the
MTHFR c.665C/T variant shows considerable ethnic and
geographic variation (25–27). Environment and nutrients are also
thought to influence the impact of MTHFR polymorphisms (28).
These factors and variation in the cohort size from one study to
another may explain the conflicting findings.
cy level variation on sperm counts. (A) Box plot showing Hcy levels

nts according to Hcy levels. Gray lines represent the 95% CIs of the

mmol/L.
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In this study we set out to establish whether the MTHFR/MTRR
variants were associated with serum Hcy levels and sperm counts
in a given individual. TheMTHFR variants 665CTand to a lesser ex-
tent 1298AC reduce the biological activity of the proteins by up to
80% for the MTHFR 665TT genotype and can lead to an increase
in plasma Hcy levels (6, 8). The MTRR 66AA genotype has also
been associated with increased homocysteinemia (11). Here we
found that only the MTHFR 665TT variant is associated with mild
hyperhomocysteinemia (10.742 mmol/L) compared with the
665CC and 665CT variants (665TT vs. 665CC, P<.001 OR ¼
4.5, 95% CI [1.53–13.27]; and 665TT vs. 665CT, OR ¼ 4.38,
P<.02, 95% CI [1.32–14.52]).

Hyperhomocysteinemia is associated with an increased risk of
cardiovascular disease (29) and neural-tube defects (30), but its rela-
tionship with spermatogenesis remains unclear. A study of 65 men
showed that administration of 15 mg of folate supplement per day
for 3 months resulted in an increase in mean sperm count from
15.02 to 22.58 million spermatozoa/mL as well as improved sperm
motility (17.7% to 27.8%) (15). A 74% increase in total sperm counts
after 26 weeks of folate treatment (5 mg per day) has also been re-
ported (31). These data suggest that folate/Hcy metabolism may
play an important role in the maintenance of human male factor fer-
tility. In our studywe did not detect an association between the serum
Hcy level and sperm concentration (R2¼ 0.00,P¼.829). This is sim-
Fertility and Sterility�
ilar to published data where no correlation was found between blood
plasma Hcy and sperm counts. However, a statistically significant
positive correlation (r ¼ 0.21, P%.01) has been observed between
seminal plasma Hcy level and sperm numbers (32, 33). Therefore,
further studies with larger cohorts are required to establish the
correlation between Hcy levels in seminal fluid and serum, the
MTHR/MTRR genotypes. The MTHFR/MTRR genotype may
indicate individuals who would benefit from folate supplement to
improve sperm quantity.

Recent studies have established a link between sperm DNA meth-
ylation defects andmale factor infertility, where hypospermatogenesis
is associated with aberrant methylation of imprinting genes (34, 35).
A relationship between MTRR and MTHFR polymorphisms, serum
Hcy levels, and DNA methylation status has also been suggested
(9, 36). Indeed, in one study, MTHFR genotypes were associated
with a DNA hypomethylation state either independently of folate
availability (MTHFR c.1286A/C) or with low levels of folate
dietary intake (9). Hyperhomocysteinemia could influence DNA
methylation profiles during spermatogenesis, and it would be of inter-
est to study DNAmethylation profile in the germ line of patients with
definedMTHFR/MTRR genotypes and homocysteine values.
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