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Association of methionine synthas@&2756G SNP,
methionine synthase reductas@&66G and male infertility
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Abstract

The folate metabolic pathway consists of an impdrthain of reactions which lead to nucleic acidpr
duction and methylation of various substrates. Withis pathway MS, and MTRR, the enzyme whicésisans-
ible for the regeneration of MS, catalyzes the ession of homocysteine to methionine. The MS A27&td
MTRR A66G variants are associated with reducedrapzctivity, increased homocysteine and reducedadora
ility of SAM. We analyzed the distribution of thesggle nucleotide polymorphisms in the two genes case
group of 65 infertile Romanian patients with iditipa azoospermia or severe oligozoospermia and rarob
group of 67 Romanian men, to explore the possibd@aation of the MS A2756G and MTRR A66G polymorph
isms and male infertility. Using the polymeraseich@action - restriction fragment length polymorgin tech-
nigue (PCR-RFLP), the allele and genotype distidiubf the two SNPs were investigated in both pidi@nd
controls. The frequencies of these polymorphisnisfartile patients were not significantly highdran those in
controls. Our findings suggest that there is nmn#igant association of SNP A2756G in the MS gen&NP
A66G in the MTRR gene with azoospermia or sevagozamospermia, indicating that these polymorphisms
would not be genetic risk factors for male infétiin our Romanian population group.

Key words: infertility, homocysteine, folate, azoospermiathykation

Rezumat

Calea metabolica a folatilor este compusa dintriamt important de reactii care contribuie la biotaa
acizilor nucleici si la metilarea diferitelor subaturi. In cadrul acestei cai MS, si MTRR, enziragponsabila pen-
tru regenerarea MS, catalizeaza conversia homanisitén metionina. Variantele polimorfice MS A2756GVMTRR
A66G sunt asociate cu activitate enzimatica rednsal crescut al homocisteinei si disponibilitagéelusa a SAM.
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Am analizat distributia acestor polimorfisme ine&@oua gene intr-un lot de 65 de pacienti romaifertili cu
azoospermie idiopatica sau oligozoospermie seview $ot control de 67 de barbati romani fertilieptru a ex-
plora posibila asociere a polimorfismelor MS A2756MTRR A66G cu infertilitatea masculina. Utilizhtehnica
polymerase chain reaction — restriction fragmemtglet polymorphism (PCR-RFLP), distributia alelidaasgeno-
tipurilor a celor doua polimorfisme a fost investig in ambele loturi. Frecventele acestor polimanfe in lotul de
pacienti infertili nu au fost semnificativ mai maiécat cele din lotul de control. Rezultatele n@astgereaza fap-
tul ca nu exista o asociere semnificativa a SNPS&G/in gena MS sau SNP A66G in gena MTRR cu azoaispe
idiopatica sau oligozoospermia severa, indicandedsta cele doua polimorfisme nu sunt factori d& menetici

pentru infertilitatea masculina in lotul de barbatimani studiat.

Cuvinte cheie: infertilitate, homocisteina, folat, azoospermiestitare

Introduction

The World Health Organization de-
clared couple infertility a global health problem
and acknowledged that approximately one
couple in seven is affected by fertility or subfer-
tility problems (1). Male infertility in humans

has been declared as the cause of couple’s inab-

ility to have children in 20-50% of total cases
(2) and a significant proportion of infertile men
are affected either by oligozoospermia (reduced
sperm count) or azoospermia (lack of any
sperm in the ejaculate).

There are several most common known
non-genetic causes of male infertility such as:
hypogonadism, testicular maldescence, structur-
al abnormalities of the male genital tract, genit-
al infections, previous scrotal or inguinal sur-
gery, varicoceles, chronic illness, medication
and exposure to chemicals. However in about
50% of cases infertility could not be attributed
to any known cause (3), hence the idea that a
high number of idiopathic male infertility cases
could be attributed to genetic factors. Genetic
abnormalities were identified in men with unex-
plained oligozoospermia and azoospemia, in-
cluding numerical and structural chromosomal
abnormalities (4, 5), deletions of the azoosper-
mia factor region (AZF) of the Y chromosome
or translocations between the Y chromosome
and other chromosomes (3, 6, 7), mutations in
the cystic fibrosis conductance regulator
(CFTR gene, commonly associated with con-
genital vas deferens abnormalities (8, 9) and

also other genetic factors (10). It was observed
that some abnormalities associated with infertil-
ity such as reciprocal and Robertsonian translo-
cations andCFTR mutations (11) are inherited,
while the majority of numerical chromosome
abnormalities and AZF deletions are de novo
events in the parental germ cells.

Folates are a group of inter-convertible
co-enzymes, differing by their oxidation state,
number of glutamic acid moieties and one car-
bon substitutions. They are involved in amino
acid metabolism, purine and pyrimidine syn-
thesis and methylation of a large number of
proteins, lipids, and nucleic acids as well. The
relation between folate metabolism and the me-
thionine/homocysteine pathway is particularly
important. Homocysteine, a sulfhydryl-contain-
ing amino acid that is not used in protein syn-
thesis, originates exclusively from the one-car-
bon metabolism of methionine and it is re-
methylated into methionine with folates acting
as methyl donors (12). In the last decade in-
creased plasmatic levels of homocysteine have
been found to be associated with an increased
risk for several diseases, such as atherosclerot-
ic, thromboembolic and neurodegenerative dis-
orders, and also with early pathological events
of life (13, 14). The latter category of disorders
includes the following: neural tube defects, late
pregnancy complications such as pre-eclampsia,
abruptio placentae, intrauterine growth retarda-
tion, preterm birth and intrauterine fetal death
(15-19). However, despite the recent progress
in understanding the physiopathology of hyper-
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homocysteinemia-induced health events, there
is little information on the role of folates/homo-
cysteine on male reproduction.

Within the folate metabolic pathway
methionine synthase (5-methyltetrahydrofolate-
homocysteine methyltransferase) catalyzes the
remethylation of homocysteine to methionine in
a reaction in which methylcobalamin serves as
an intermediate methyl carrier. This occurs by
transfer of the methyl group of 5-methyltetrahy-
drofolate to the enzyme-bound cob(l)alamin to
form methylcobalamin with the subsequent
transfer of the methyl group to homocysteine to
form methionine. Over time, cob(l)alamin may
become oxidized to cob(ll)alamin rendering the
enzyme inactive. Regeneration of the functional
enzyme requires a process of reductive methyl-
ation performed by MTRR (methionine syn-
thase reductase) in which S-adenosyl methion-
ine is used as a methyl donor. Wilson et al. (20)
identified the MTRR A66GSNP, a missense
mutation resulting in an amino-acid substitution
of an isoleucine to a methionine residue at
codone 22. Several studies identified this poly-
morphism as a risk factor for high plasma
homocysteine levels and the development of
vascular disease, spina bifida and Down syn-
drome (20-22), while theMTR A2756GSNP
was identified by Leclerc et al. (23) and con-
sists of an aspartic acid to glycine residue con-
version. This polymorphism was associated
with spina bifida (24), Down syndrome (22)
and orofacial clefts (25). Both mutations by af-
fecting the activity of the corresponding en-
zymes could lead to elevated levels of plasma
homocysteine.

Materials and methods

In order to determine if there is an asso-
ciation between th#1S A2756GSNP orMTRR
A66G SNP and male infertility we conducted a
case-control study comprising a total number of
132 men. The case group (group number 1)
consisted of 65 men suffering from idiopathic
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azoospermia (53 cases) or severe oligozoosper-
mia (12 cases), while the control group (group
number 2) consisted of 67 healthy men who had
at least one child. In order to exclude other con-
ditions that would bias our study, patients from
the first group with a history of congenital ab-
normalities, varicocele, undescended testes or
urogenital infections were excluded after in-
vestigations performed by a specialist. Also,
after performing chromosomal and molecular
analysis patients with chromosomal abnormalit-
ies and microdeletions in the AZF region of the
Y chromosome were excluded from the first
study group of cases.

The study was conducted in accordance
with The World Medical Association Declaration
of Helsinki statements and written informed con-
sent was obtained from each participant.

For genetic testing, 3ml of peripheral
blood was extracted on EDTA to prevent blood
clotting. Genomic DNA was extracted from
blood leucocytes contained in a volume of
300ul using a commercially available extraction
kit (Wizzard Genomic DNA Purification Kit,
Promega®). For genotyping we used the PCR-
RFLP (Polymerase Chain Reaction-Restriction
Fragment Length Polymorphism) technique as
previously by Leclerc et al. (23) for thdS
A2756G SNP and Wilson et al. (20) for the
MTRR A66GSNP, with both protocols being
performed with some modifications. For both
polymorphisms the PCR reaction was set-up in
a volume of 25ul reaction mix containing: 12.5
2XPCR Master Mix - Tag DNA-polymerase
0.05U/ul, MgClI2 4mM, dNTPmix 0.4mM each
(Fermentas MBI®, Vilnius, Lithuania); 10p-
moles of each forward and reverse primers
(Eurogentec®, Seraing , Belgium), approxim-
ately 50-100ng genomic DNA; and nuclease-
free water to complete the 25ul volume. For the
MS A2756GSNP the conditions for amplifica-
tion were: an initial denaturation at 95°C for 5
min, followed by 35 cycles consisting of: 50 s
denaturation at 94°C, 50 s annealing at 52°C
and 1 min elongation at 72°C, and a final elong-
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Table I. MS A2756G and MTRR A66G genotypes and alleles frequencies

Group 1 (cases) Group 2 (controls)

0,

Genotypes MS n (%) n (%) OR (95%CI) p value
Total no. of subjects 65 (100) 67 (100)
AA 40 (61.5) 42 (62,7)
AG 23 (35.4) 24 (35.8) 1.006 (0.491-2.062) 1
GG 2(3) 1(1.5) 2.1 (0.1831-24.089) 0.616
AG+GG 25 (38.4) 25 (37.3) 1.05 (0.5195-2.122) 1

Allele MS Allele frequencies
Total no. of alleles 130 134
A allele 0.39 0.41
G allele 0.102 0.098 1.089 (0.5961-1.989) 0.878
Group 1 (cases) Group 2 (controls) o

Genotypes MTRR n (%) n (%) OR (95%Cl) p value
Total no. of subjects 65 67
AA 13 (20) 18 (26.9)
AG 46 (70.8) 42 (62.7) 1.516 (0.6631-3.468) 0.4044
GG 6 (9.2) 7 (10.4) 1.187 (0.3224-4.369) 1
AG+GG 52 (80) 49 (73.1) 1.469 (0.6515-3.314) 0.4139

Allele MTRR Allele frequencies
Total no. of alleles 130 134
A allele 0.273 0.295
G allele 0.22 0.212

ation of 5 min at 72°C. The primers used for
amplification were: forward primer 5-CAT-
GCAAGAATATGAAGATATTAGAC-3' and
reverse primer 5-GAACTAGAAGACAGA-
AATTCTCTA-3. For the MTRR A66GSNP
the conditions for the amplification were: and
initial denaturation at 94°C for 5 min, followed
by 35 cycles consisting of: denaturation at 94°C
for 30s, annealing at 55°C for 30s, elongation at
72°C for 30s, and a final elongation at 72°C for
5 min. The primers used were: forward primer
5-GCAAAGGCCATCGCAGAAGACAT-3

and reverse primer 5-GTGAAGATCTGC-
AGAAAATCCATGTA-3'. The reaction was
set up on a MastercyclerGradient thermal cycler
(Eppendorf®, Hamburg, Germany). A 12.5ul
aliquot of the amplicon solution was con-
sequently digested overnight with Haelll re-
striction enzyme and Ndel restriction enzyme

(Fermentas MBI®, Vilnius, Lithuania) for the
MS A2756GSNP andMTRR A66GSNP, re-
spectively. The digested fragments were re-
solved in a 3% MetaPhor agarose gel (Lonza®,
Basel, Switzerland) stained with ethidium
bromide and then visualized on a UV transillu-
minator (VilberLourmat®, Marne-la-Vallée,
France). After enzyme digestion tiS A al-
lele presented a 189bp fragment, M8 G al-
lele resulted in two fragments of 150 and 39bp,
while the MTRR A allele resulted in a 66bp
fragment and the G allele in two fragments of
44 and 22bp.

The observed alleles and genotypes fre-
quencies were calculated for both groups and
the Chi-square test for deviation was performed
in order to establish if the genotypes distribu-
tion was in accordance with the Hardy-Wein-
berg equilibrium. A comparison of the results
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between the study group and control group was
made and the differences were tested for signi-
ficance through Fischer test using GraphPad In-
Stat version 3 statistical software (GraphPad In-
Stat 3, San Diego, California, USA).

Results

The genotype and allelic frequencies
obtained for are presented in table I. The ob-
served genotypes frequencies among the study
groups were in agreement with the Hardy-
Weinberg equilibrium for th&1S A2756GSNP
(x2=1.584, p=0.208), while for theMTRR
A66Gthe observed genotypes were not consistent
with Hardy-Weinberg equilibrium y£=16.974,
p<0.00004). Hardy-Weinberg could have been
violated in our study due to population stratific-
ation, although there are other possible factors
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Figure 1. Electrophoresis oM S A2756G SNP in
3% MetaPhor agarose

1 - GG homnozygous
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2,4,5, 6,7, 8-AA homozygous
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Figure 2. Electrophoresis oMTRR A66G SNP in
3% MetaPhor agarose

1, 2 - AA homozygous

5, 6, 7, 8 - heterozygous

3,4,9, 10 - GG homozygous

11 - Undigested

12 DNA ladder 50bp
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that could have led to this result. Hardy-Wein-
berg equilibrium may be violated because of
genotyping errors, chance, inbreeding, non-ran-
dom mating, differential survival of marker car-
riers, genetic drift, population stratification, or
combination of this reasons. Unfortunately,
most gene-disease association studies report
very limited information to provide any detailed
insight into these potential problems. Thus, also
at a meta-analysis level, typically there is no
way to decipher for which of the above reasons
the violation has occurred, except perhaps for
population stratification under special condi-
tions (26). Our results, after applying the statist
ical Fischer test, indicate that the two study
groups had a similar genotype and allelic distri-
bution for both polymorphisms; all the p-values
obtained were above 0.05, while the odds ratio
indicate that the two polymorphism are not risk
factors for the studied pathology.

We obtained for the G variant of the
methionine synthasgene a frequency of 20%,
while for the other studied polymorphism
MTRR A66Gthe G variant had a frequency of
43.2% in our Romanian population group.

Discussion

The metabolic pathway of folate which
may be impaired by an unbalanced diet or by
genetic risk factors is thought to influence DNA
stability in two different ways (27, 28). The
first is related to the role of folate in one carbo
unit transfer during de novo synthesis of nucle-
otides. Low levels of 5,10 methylenetetrahydro-
folate, the cofactor of thymidylate synthase, de-
press thymidylate synthesis, leading to an in-
creased dUMP/dTMP ratio and increased dUTP
misincorporation in DNA. The removal of
dUTP by DNA-glycosylase may lead to single
and double strand breaks; furthermore, the un-
balanced nucleotide pool resulting from ineffi-
cient thymidylate synthase activity can increase
DNA misrepair, contributing to the overall level
of DNA damage in the cell, an important etiolo-
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gic factor for the rapidly dividing spermatozoa.
The second way in which folate metabolism
may affect DNA maintenance involves the pro-
duction of S-adenosyl methionine, the methyl
donor of most methylation processes, including
CpG methylation, low levels of SAM could
eventually lead to DNA undermethylation, a
cause of abnormal gene expression (29) and
chromosome segregation (30JTR or MTRR
single nucleotide polymorphisms could determ-
ine, through the reduced activity of the corres-
ponding enzymes, an altered folate status, de-
termining epigenetic alterations in DNA by un-
dermethylation of the CpG rich regions, the
highly conserved sequences in promoter regions
of first exons of genes (31). The process of
DNA methylation is a fundamental as well as
potentially reversible mechanism for epigenetic
control of gene expression.

Until this date there are a few previous
published studies that have investigated the
possible association of seversITHFR gene
polymorphisms with idiopathic male infertility
in patients from Germany, The Netherlands,
Italy, India, South Korea and China (32-38).
Five of them (32, 35-38) reported an associ-
ation between thTHFR C677Tpolymorph-
ism in the MTHFR gene and male infertility.
The MTHFR A1298CSNP was also studied;
Varinderpal et al. (2) and Lee et al. (37) repor-
ted no association between thd298C SNP
and male infertility in an Indian study group, re-
spectively a Chinese study group. The same
Chinese study (37) showed that there is an asso-
ciation between th®ITRR A66Gand the unex-
plained cases of infertility; even MIS A2756G
wasn'’t associated with all the cases of infertil-
ity, this polymorphism was found to be a genet-
ic risk factor for the subgroup of patients with
severe oligozoospermia.

It was shown that folate deficiency is a
factor that determines a reduced proliferation of
various cell types (39) and also that folate intake
is very important for male fertility, hence future
studies will need to focus on the relation between
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idiopathic cases of infertility, genetic risk facto
and the nutritional status of subjects; dietary
habits which are particular in the country were the
study is conducted influence plasmatic levels of
homocysteine and folates. Taken together the im-
pact of nutrient factors such as vitamin B12 and
folates seem more important in determining the
overall effect of plasma homocysteine and folate
levels, however this is evident in the United State
where a fortification of enriched grain products
was implemented starting from the mid-1997, a
program which aimed at reducing the number of
children with neural tube birth defects. A similar
study must be undertaken on a Romanian popula-
tion group in order to investigate the effect af vi
amin B12 and folic acid supplementation and the
evolution of plasmatic levels of homocysteine and
folate in respect to genetic modifying factors,
markers of DNA damage and spermatozoa status.
It has already been shown that sperm concentra-
tion is increased by folic acid and zinc sulphate
treatment (33).

The authors of this study would also like
to emphasize that compared to other types of
pathologies  (vascular,  neurodegenerative),
wherein wide genome association studies are be-
ing used to determine possible risk factors, until
this date there is only one study of this type pub-
lished by Aston et al. (40) on male infertility,
which investigated 370.000 SNPs and found 20
SNPs significantly associated with idiopathic
forms of male infertility. However this pilot
study indicates the fact that without proper finan-
cial support genome wide association studies are
not feasible and that the candidate gene approach
is still required if we are to uncover the molecu-
lar mechanisms of male infertility.

Conclusion

In the present study we evaluated for
the first time the possibility of an association
between théVS A2756GSNP andMTRR A66G
SNP male infertility in a Romanian population
group. The genotype and allelic distribution of
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the MS A2756Gand MTRR A66Gpolymorph-
isms observed in our study were similar in the
two groups; hence these polymorphisms are not
genetic risk factors for male infertility in our
Romanian population group.

Although our study had some limita-
tions, like the impossibility to measure plasma
levels of homocysteine and folate and the small
number of subjects, as well as the potential bias
indicated by the Hardy-Weinberg equilibrium,
our work provides for the first time data in a
Romanian population group regarding risk
factors for male infertility possibly attributed to
abnormal folate and homocysteine status.

Future studies should be focused on
identifying new genes as well as studying other
polymorphisms in genes encoding crucial en-
zymes of the folate metabolic pathway in order
to obtain a better understanding of the complex
relation between the etiology of male infertility
and abnormal folate and homocysteine plasmat-
ic levels. New findings regarding gene-to-gene
and gene-nutrient interactions could eventually
lead to new and improved techniques of as-
sisted reproduction.
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