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Individuals with Down syndrome (DS) present decreased homocysteine (Hcy) concentration, reflecting a functional folate
deficiency secondary to overexpression of the cystathionine ß-synthase gene. Since plasma Hcy may be influenced by genetic
polymorphisms, we evaluated the influence of C677T and A1298C polymorphisms in the methylenetetrahydrofolate reductase
gene (MTHFR), of A2756G polymorphism in the methionine synthase gene (MTR), and of A80G polymorphism in the reduced
folate carrier 1 gene on Hcy concentrations in Brazilian DS patients. Fifty-six individuals with free trisomy 21 were included in
the study. Plasma Hcy concentrations were measured by liquid chromatography–tandem mass spectrometry with linear
regression coefficient r2 = 0.9996, average recovery between 92.3 to 108.3% and quantification limits of 1.0 µmol/L. Hcy
concentrations >15 µmol/L were considered to characterize hyperhomocystinemia. Genotyping for the polymorphisms was
carried out by polymerase chain reaction followed by enzyme digestion and allele-specific polymerase chain reaction. The mean
Hcy concentration was 5.2 ± 3.3 µmol/L. There was no correlation between Hcy concentrations and age, gender or MTHFR
C677T, A1298C and reduced folate carrier 1 A80G genotype. However, Hcy concentrations were significantly increased in the
MTR 2756AG heterozygous genotype compared to the MTR 2756AA wild-type genotype. The present results suggest that the
heterozygous genotype MTR 2756AG is associated with the increase in plasma Hcy concentrations in this group of Brazilian
patients with DS.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION
Down syndrome (DS), or trisomy 21, results from the

gene expression of an extra chromosome 21, which oc-
curs in most cases due to the failure of normal chromo-
somal segregation during maternal meiosis (1). Individu-
als with DS present decreased homocysteine (Hcy) con-
centrations (2). Hcy is an amino acid formed during folate

metabolism. It can be remethylated to methionine by the
enzyme methionine synthase (MTR), with transfer of the
methyl group of methyltetrahydrofolate, formed by the
action of the enzyme methylenetetrahydrofolate reduc-
tase (MTHFR), or can be converted to cysteine in the
transsulfuration pathway, which requires the enzyme cys-
tathionine ß-synthase (CßS) (3). The decreased Hcy con-
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centration observed in individuals with DS is consistent
with the location of the CßS gene on chromosome 21 and
its overexpression (2) (Figure 1) (4).

Plasma Hcy is influenced by modifiable and non-modi-
fiable factors, such as gender, vitamin status and genetic
factors (5,6). The C677T and A1298C polymorphisms of
the MTHFR gene are important genetic determinants of
Hcy concentrations. The polymorphic alleles result in an
enzyme with reduced specific activity (7,8), consequently
leading to increased Hcy concentrations (9,10).

Another polymorphism in the gene encoding protein
involved in homocysteine-folate metabolism is an adenine-
to-guanine substitution in nucleotide 2756 of the MTR
gene. Some studies (11,12) reported that this polymor-
phism had an effect in increasing Hcy concentration in the
presence of the wild-type allele (A), whereas others (13,14)
observed an association between elevated Hcy and this
polymorphism in the presence of the mutated allele (G).

However, other studies did not observe any association
between this polymorphism and alterations in Hcy concen-
trations (15,16).

The A80G variant of the reduced folate carrier 1 (RFC1)
gene may also contribute to alterations in products derived
from this metabolic pathway (11). The RFC1 protein is
located in the intestinal mucosa membrane and plays a
role in folic acid absorption, transporting 5-methyltetrahy-
drofolate into the cells (17).

The aim of the present study was to evaluate the
influence of the MTHFR C677T, MTHFR A1298C, MTR
A2756G, and RFC1 A80G polymorphisms on Hcy concen-
trations in Brazilian patients with DS.

SUBJECTS AND METHODSSUBJECTS AND METHODSSUBJECTS AND METHODSSUBJECTS AND METHODSSUBJECTS AND METHODS
Fifty-six DS individuals with full trisomy 21 were re-

cruited at the General Genetics Outpatient Service of
Hospital de Base, São José do Rio Preto, SP, Brazil, after

Figure 1.Figure 1.Figure 1.Figure 1.Figure 1. Folate metabolism in Down syndrome (DS) individuals. Arrows indicate direct and indirect alterations in metabolites induced
by cystathionine ß-synthase (CßS) overexpression in DS individuals (4). dTTP = thymine; dUTP = uracyl; DHF = dihydrofolate; THF
= tetrahydrofolate; 5,10-CH2-THF = 5,10-methylenetetrahydrofolate; 5-CH3-THF = 5-methyltetrahydrofolate; 10-CHO-THF = 10-
formyl tetrahydrofolate; MTHFR = methylenetetrahydrofolate reductase; MS = methionine synthase; SAM = S-adenosylmethionine;
SAH = S-adenosylhomocysteine.
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obtaining family informed consent.
After an overnight fast, blood samples from all 56

individuals were collected into EDTA-containing tubes,
and genomic DNA was extracted from blood leukocytes
(18). Polymorphisms were determined by the polymerase
chain reaction with upstream and downstream primers
flanking the target sequence. Mutation C677T in the MTHFR
gene was detected using primer sequences described by
Frosst et al. (8), followed by Hinf I digestion. The A1298C
polymorphism was determined by allele-specific polymer-
ase chain reaction using primers to separately amplify
wild-type and mutated alleles, as follows: forward: 5'- GGA
GCT GAC CAG TGA AGA -3', and reverse: 5'- TGT GAC
CAT TCC GGT TTG -3', to amplify a 77-base pair (bp)
fragment corresponding to allele A (wild type); forward: 5'-
CTT TGG GGA GCT GAA GGA -3', and reverse: 5'- AAG
ACT TCA AAG ACA CTT G -3', to amplify a 120-bp frag-
ment corresponding to allele C (mutated). A pair of primers
was used to amplify a 198-bp segment of the MTHFR gene
as positive control of gene amplification (8). Genotyping for
the MTR A2756G polymorphism was carried out using
specific primers (forward: 5'- CCA GGG TGC CAG GTA
TAC AG -3', and reverse: 5'- GCC TTT TAC ACT CCT CAA
AAC C -3') to amplify a 498-bp fragment spanning the
polymorphism, followed by digestion with enzyme HaeIII,
that digests the fragment in the presence of the mutated G
allele. The RFC1 A80G polymorphism was determined as
described by Födinger et al. (19). This method for RFC1
A80G genotyping does not distinguish individuals who
have one (AAG) or two (AGG) polymorphic alleles, since
DS individuals present three alleles for this gene, which is
located on chromosome 21.

Blood samples collected into EDTA-containing tubes
were centrifuged at 3000 rpm for 10 min, at 18°C. Plasma
was then stored at -80°C until assayed. Total plasma Hcy
concentration was measured by mass spectrometry using
the Q-TRAP, triple–quadrupole mass spectrometer (Ap-
plied Biosystems-Canada–Perkin-Elmer Sciex/QqQ-Trap,
Perkin-Elmer Sciex, Thornhill, ON, Canada) using positive
electrospray in multiple reaction monitoring mode with
internal standard, as previously reported (20-22). Linearity
of the method was r2 = 0.9996, average of recovery 101.5%
and quantification limits 1.0 µmol/L. Hcy concentrations
>15 µmol/L were considered to characterize hyperho-
mocystinemia (23).

Statistical analysisStatistical analysisStatistical analysisStatistical analysisStatistical analysis
Data are reported as means ± SD, number or fre-

quency. The distribution of Hcy values in relation to age
was analyzed using the Spearman correlation. The t-test
and ANOVA were employed for the comparisons of Hcy

concentrations between genders and between genotypes,
respectively, using the logarithmic scale of Hcy concentra-
tions. Hcy concentrations according to the combined
MTHFR genotypes (677 and 1298) were evaluated by
Mood’s median test. MTHFR haplotypes were inferred
using the Phase program (version 2.1), which creates
population frequency estimates of the haplotypes.

The computer-assisted statistical analyses were car-
ried out with the Minitab for Windows (Release 12.22)
program. Hardy-Weinberg equilibrium was determined by
the chi-square test using the BioEstat program, except for
RFC1 A80G, which presents three alleles in DS individu-
als. Values of P ≤ 0.05 were considered to be statistically
significant.

RESULTSRESULTSRESULTSRESULTSRESULTS
The study group consisted of 56 DS individuals (24

females and 32 males) ranging in age between 1 month
and 30 years (mean age: 4.8 ± 6.7 years).

The allele frequencies observed were 0.37 for MTHFR
677T, 0.21 for MTHFR 1298C, 0.18 for MTR 2756G, and
0.47 for RFC1 80G. The allele distribution of the polymor-
phisms was in Hardy-Weinberg equilibrium (χ2

 = 0.41; d.f.
= 1; P = 0.521 for MTHFR C677T; χ2

 = 3.71; d.f. = 1; P =
0.054 for MTHFR A1298C; χ2

 = 1.22; d.f. = 1; P = 0.269 for
MTR A2756G).

The MTHFR C677T and A1298C haplotype frequen-
cies inferred by the Phase program were 0.4116 for C-A,
0.2134 for C-C, 0.3742 for T-A, and 0.0008 for T-C. How-
ever, the T-C haplotype was not present in our sample of
DS patients. Thus, the T-C frequency in our population
was lower than the expected allele combination frequency
calculated by the Phase program, confirming negative
selection for this haplotype.

The mean Hcy concentration was 5.2 ± 3.3 µmol/L.
There was no correlation between Hcy concentrations and
age (Rs = 0.065; P = 0.633) and the Hcy concentrations did
not differ between genders (P = 0.627).

Mean Hcy concentrations according to genotype for
the polymorphisms studied are presented in Table 1. There
was no association between Hcy concentrations and geno-
types MTHFR C677T (P = 0.110), MTHFR A1298C (P =
0.727), RFC1 A80G (P = 0.769), or combined MTHFR 677/
1298 genotypes (P = 0.135). However, Hcy concentrations
were significantly increased in the MTR 2756AG heterozy-
gous genotype as compared to the MTR 2756AA wild-type
genotype (P = 0.025).

Statistical analysis was also performed excluding the
adults of the sample (5 individuals). The mean Hcy con-
centration was 5.0 ± 3.3 µmol/L. The analysis of the mean
Hcy concentrations according to genotype for the polymor-
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phisms studied showed the same results (increased Hcy
concentration in the MTR 2756AG genotype) compared
for the total group (P = 0.029).

Only one individual (a 9-month-old female) presented
hyperhomocystinemia (20.9 µmol/L); she was the carrier
of a heterozygous genotype for the MTR A2756G polymor-
phism (MTR 2756AG/MTHFR 677CC/MTHFR 1298AA/
RFC1 80AAA).

DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION
Previous studies have suggested that patients with DS

have disturbed folate metabolism (2,24). Pogribna et al. (2)
reported that the plasma profile of the metabolites involved
in the methionine/homocysteine pathway in DS children,
including decreased Hcy concentrations, reflect a func-
tional folate deficiency secondary to overexpression of the
CßS gene, present on chromosome 21. The increase in
the activity of the transsulfuration pathway of Hcy, which
results from the overexpression of CßS, may promote a
“folate trap” by decreasing the cellular concentration of
Hcy and its subsequent remethylation pathway.

Several studies failed to confirm reduced Hcy concen-
trations in DS patients (11,25,26). Furthermore, in a study
with elderly DS patients, Licastro et al. (27) observed that

their plasma Hcy was higher and their folate lower than in
controls; blood concentrations of vitamin B12 were also
lower in DS patients than in controls. The authors attrib-
uted most of the cases of mild hyperhomocystinemia in the
elderly DS patients to a nutritional folate and B12 defi-
ciency.

In the present study, the mean Hcy concentration of DS
patients (5.2 ± 3.3 µmol/L) was close to that observed by
Pogribna et al. (2) in DS children (5.1 ± 1.1 µmol/L), but
lower than the observed by Fillon-Emery et al. (11) (9.8 ±
0.7 µmol/L) and Licastro et al. (27) (12.51 ± 1.46 µmol/L) in
adult and elderly DS patients, respectively, and by Bosco
et al. (26) (8.5 µmol/L) in a group of DS patients of various
ages (median age: 13 years). This may be due to the fact
that in our study only 5 of the 56 DS individuals were adults.

MTHFR is one of the key enzymes in the folate-de-
pendent remethylation of Hcy to methionine. The C677T
polymorphism was associated with increased concentra-
tions of Hcy in several studies (5,9,10,27). In DS patients,
increased Hcy concentrations were observed in elderly DS
subjects with an MTHFR 677TT genotype (27). However,
Fillon-Emery et al. (11) found no difference in Hcy concen-
trations according to the MTHFR C677T genotype in adults
with trisomy 21, but observed an increase in Hcy concen-
trations in the presence of genotypes MTHFR 1298 AA
and AC as compared to the mutated homozygote (CC) in a
group of patients taking folic acid supplements. Studies on
other populations have not detected any significant differ-
ences in Hcy concentrations between A1298C genotypes
(28,29). However, elevated Hcy concentrations have been
reported for the double heterozygote 677CT/1298AC (30).
In our study on DS patients, the Hcy concentrations did not
differ among MTHFR genotypes, in agreement with the
results of a Brazilian study on healthy children (29). How-
ever, the data about the influence of genetic polymor-
phisms on Hcy concentrations provided by studies with
healthy and DS individuals cannot be compared since DS
individuals present three copies of the CßS gene, a fact
that increases the transsulfuration pathway of Hcy and
results in decreased Hcy concentration. Thus, the contri-
bution of genetic polymorphisms to the Hcy concentrations
of DS individuals may be underestimated.

The frequency of the MTHFR 677TT genotype ob-
served by us (16.07%) was elevated compared to other
studies on the Brazilian population (~10%) (29,31), but
close to those observed by Hobbs et al. (4) (15%) and
Fillon-Emery et al. (11) (12.8%) in American and French
DS patients, respectively. Regarding the MTHFR A1298C
polymorphism, the prevalence of homozygous 1298CC
individuals in the present study (8.93%) was higher than
that observed in a large group of healthy Brazilian children

Table 1.Table 1.Table 1.Table 1.Table 1. Plasma homocysteine concentrations according to
genotypes MTHFR C677T, MTHFR A1298C, MTR A2756G, and
RFC1 A80G in Down syndrome individuals.

Genotypes N (%) Homocysteine (µmol/L)

MTHFR C677T
CC 23 (41.07%) 5.83 ± 4.25
CT 24 (42.86%) 5.14 ± 2.17
TT 3 (16.07%) 3.59 ± 2.17

MTHFR A1298C
AA 37 (66.07%) 5.10 ± 3.39
AC 14 (25%) 5.49 ± 3.17
CC 5 (8.93%) 4.86 ± 3.46

MTR A2756G
AA 39 (69.64%) 4.71 ± 2.61
AG 14 (25%) 6.93 ± 4.51
GG 3 (5.36%) 3.05 ± 1.13

RFC1 A80G
AAA 10 (18.2%) 5.92 ± 5.96
AG* 38 (69.1%) 4.90 ± 2.74
GGG 7 (12.7%) 5.22 ± 2.21

Homocysteine data are reported as means ± SD. *The geno-
typing method used in this study does not distinguish AAG from
AGG individuals. MTHFR = methylenetetrahydrofolate reduc-
tase; MTR = methionine synthase; RFC1 = reduced folate
carrier 1.
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(5.5%) (31) but close to the one observed in French DS
patients (7.7%) (11).

Linkage disequilibrium between MTHFR 677T and
1298C alleles has been reported (32,33). However, this
linkage disequilibrium is not complete since there are
studies showing the presence of some individuals with the
rare T-C haplotype (34,35). In the present study, no indi-
vidual with a T-C haplotype was observed, confirming
negative selection of this haplotype.

The frequency of the MTR 2756GG genotype (5.36%)
in our DS patients was higher than that observed in French
DS patients (2.6%) (11). The contribution of the MTR
A2756G polymorphism to Hcy concentrations has not been
fully clarified. This polymorphism has been investigated as
a risk factor for some diseases, such as vascular disease,
neural tube defects, coronary artery disease and DS, and
the evaluation of its influence on Hcy concentrations be-
comes of great interest. However, most of the studies did
not find any relationship between this polymorphism and
alterations in Hcy concentrations (15,16), and the few
studies that observed this relationship are contradictory
with regard to the allele involved. Harmon et al. (12)
analyzed the relationship between MTR A2756G geno-
type and Hcy concentration in a cohort of 625 working men
aged 30-49 years and presented evidence that the MTR
2756AA genotype was associated with a modest increase
in plasma Hcy concentrations. Similar results were ob-
served in a prospective study of myocardial infarction (36).
In a group of DS patients taking folic acid supplements,
higher Hcy concentrations were also observed in individu-
als with the MTR 2756AA genotype compared to the MTR
2756AG genotype (11). On the other hand, Laraqui et al.
(13) recently observed a significant contribution of the
MTR 2756G allele to a moderate increase in Hcy concen-
trations in patients with coronary artery disease. In the
present study, Hcy concentrations were significantly in-
creased in the MTR 2756AG heterozygous genotype com-
pared to the MTR 2756AA wild-type genotype, in agree-
ment with the observations of Laraqui et al. (13).

Genotype RFC1 80AAA was associated with elevated
Hcy concentrations as compared to RFC1 80AG in a group
of DS patients using vitamin supplementation (11). The
influence of this polymorphism on Hcy concentrations was
also observed in healthy individuals, but only when com-
bined with the MTHFR C677T polymorphism (37).

Elevated Hcy concentrations may be harmful since
they have been associated with elevated risk of cardiovas-
cular disease, neurodegenerative disorders, psychiatric
disorders, and decline of cognitive performance (13,25,38).
Guéant et al. (25) observed that a lower intelligence quo-
tient was associated with higher Hcy concentrations in DS

patients, and this association was also observed in the
presence of the MTHFR 677T allele alone and in combina-
tion with the transcobalamin 776G polymorphic allele.
However, they did not observe a relationship between
intelligence quotient and MTHFR A1298C, MTR A2756G
and methionine synthase reductase A66G.

According to Hobbs et al. (4), the presence of genetic
variants involved in folate metabolism in DS individuals
may confer a survival advantage. These investigators
observed a preferential transmission of the MTHFR 677T
allele from heterozygous fathers to DS children, and sug-
gested that this may represent a metabolic advantage
since the overexpression of the CßS enzyme in these
individuals is associated with decreased Hcy, methionine
and S-adenosylmethionine concentrations. Hcy is essen-
tial for folate-dependent DNA synthesis and for cellular
methylation reactions, which are important for fetal devel-
opment. According to these investigators, a maternal-fetal
genotype interaction of the MTHFR C677T polymorphism
would also provide a favorable balance of folate distribu-
tion between both DNA synthesis and cellular methylation
in DS individuals. The preferential transmission of the
677T allele from fathers to DS children was also observed
by Rai et al. (39), confirming the hypothesis of Hobbs et al.
(4).

In conclusion, our results suggest that the heterozy-
gote genotype MTR 2756AG is associated with the in-
crease in plasma Hcy concentrations in this group of
Brazilian patients with DS. However, due to the contradic-
tory results found in different studies, this relationship
should be confirmed in a larger sample.
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