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Hyperhomocysteinemia and polymorphisms of the
methylenetetrahydrofolate gene in hemodialysis and
peritoneal dialysis patients
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Helio Vannucchi
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Hyperhomocysteinemia has been documented in chronic renal failure (CRF). Premature as well as
progressive occlusive vascular disease is common. Mutations or polymorphisms in the gene of the
enzyme methylenetetrahydrofolate reductase (MTHFR), as C677T, A1298C and G1793A, are associ-
ated with hyperhomocysteinemia and possibly with elevated risk for vascular diseases. This study
was conducted on 89 individuals with renal failure on dialysis to determine the allelic and genotypic
frequencies of the mutations in the MTHFR gene and hyperhomocysteinemia. Blood samples were
colleted for determination of homocysteine and DNA. The C677T, A1298C and G1793A mutations
were detected. This study confirmed the high prevalence of hyperhomocysteinemia in patients on
dialysis, which was diagnosed in 76 patients (85.39%) and high incidence of the C677T and A1298C
mutation, 42 (47.19%) and 29 (32.58%) patients, respectively. Five patients (5.62%) presented the
G1793A mutation and hyperhomocysteinemia. The authors concluded that there was no influence of
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the polymorphisms on homocysteine levels in these patients.
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1 Introduction

Homocysteine (Hcy) is a sulfur-containing amino acid gen-
erated as an intermediate product of methionine metabo-
lism. There are two remethylation pathways. The first is
linked to the folate cycle in which 5,10-methylenetetrahy-
drofolate reductase (MTHFR) forms 5-methyltetrahydrofo-
late, which serves as a methyl donor to remethylate Hcy via
methionine synthase, a vitamin B12-dependent enzyme.
The other remethylation pathway is catalyzed by betaine-
homocysteine methyltransferase. Hcy has atherogenic
properties on blood vessels and elevated total plasma Hcy is
an independent risk factor for cardiovascular disease [1, 2].
The common approach to search for genetic markers of
increased susceptibility is to study candidate genes for asso-
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ciation with the disease. Recently, hyperhomocysteinemia
has emerged as an independent cardiovascular risk factor in
subjects with chronic renal failure disease. Moderate hyper-
homocysteinemia is present from the early stages of renal
failure and increases in parallel to the deterioration of renal
function [3, 4].

Mutation in the MTHFR gene reduces its enzymatic
activity and causes hyperhomocysteinemia, as well as vas-
cular complications. The gene that codes for MTHFR has
been mapped to chromosome 1, region lp 36.3, and
presents 11 exons ranging in size from 102 to 432 bp [5, 6].

A common polymorphism in MTHFR gene, in which a
cytidine residue at nucleotide position 677 is replaced by
thymidine (C677T), has been described. This results in the
substitution of an alanine by valine, which causes the
enzyme to become thermolabile and less active [7, 8]. In
patients with renal disease this mutation is linked to ele-
vated total plasma Hcy levels in homozygotes compared
with heterozygotes or normal individuals [9—11].

The A1298C mutation in MTHFR gene, consisted by
transition from A to C in nucleotide 1298 and resulting in
alteration of a glutamate codon for alanine, was reported
later [12, 13]. Like C677T mutation, this mutation also
results in a reduction of enzymatic activity, which is more
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pronounced in mutant homozygous individuals than in het-
erozygotes, but has been less associated with the risk of vas-
cular diseases than C677T mutation [14].

A new mutation in exon 11 was recently identified. The
mutation occurs at position 1793 and a G substitution with
A is observed, resulting in alteration of the translation of an
arginine to a glutamine. The authors also reported the prev-
alence of this allele in different ethnic populations, reveal-
ing some variability in allele frequency according to the
group studied [15].

The aim of the present study was to determine the allele
and genotype frequencies of the C677T, A1298C and
G1793A polymorphisms in the MTHFR gene in renal
chronic failure patients with hyperhomocysteinemia.

2 Materials and methods

2.1 Patients

Initially the study was conducted with 89 CRF patients, 55
patients on hemodialysis (HD) and 34 patients on peritoneal
dialysis (PD). Thirty-six patients were women (40.45%)
with a mean age of 55 + 16.32 years, and 53 patients were
men (59.55%) with a mean age of 59.66 + 14.76 years.

The patients were on dialysis at Nephrology Service of
Ribeirdo Preto, Brazil. Before the experiment, the patients
were informed about the purpose of the study and the type
of sample to be collected and gave written consent to partic-
ipate in the study. The study was approved by the Ethics
Committee of the University Hospital, University of Medi-
cine of Ribeirdo Preto, University of Sdo Paulo. Patients
with infectious diseases, acute inflammatory conditions,
alcoholism, renal transplant, neoplasias were excluded
from the study. Patients were given supplementation with
1 mg of folic acid three times a week.

2.2 Experimental design

Patients were first submitted to clinical evaluation and
blood samples were obtained after a 12-h fast for the extrac-
tion of genomic DNA and for the determination of homo-
cysteine.

From 89 patients, 13 (14.61%) were excluded due to nor-
mal values of the homocysteine. The DNA of 76 patients
with hyperhomocysteinemia was extracted for verification
of polymorphisms C677T, A1298C and G1793A in the
gene of the enzyme methylenetetrahydrofolate reductase.

The control group consisted of 29 apparently healthy
individuals without indication of renal injury.

2.3 Laboratory analyses

Plasma samples were stored frozen at —70°C until analysis.
Plasma homocysteine levels were measured with IMMU-
LITE® 1000 in a DPC assay which is an immunoassay
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using reagents and an antibody. Homocysteine determina-
tion involved a preliminary manual sample pretreatment
step. Homocysteine in plasma sample was released from
its binding proteins and converted to S-adenosyl-homocys-
teine (SAH) by an off-line 30-min incubation at 37°C in
the presence of S-adenosyl-L-homocysteine hydrolase and
DTT. The treated sample and alkaline phosphatase-labeled
anti-SAH antibody were simultaneously introduced into a
test unit containing an SAH-coated polystyrene bead. Dur-
ing a 30-minute incubation, the converted SAH from the
patient sample competes with immobilized SAH for bind-
ing alkaline phosphatase-labeled anti-SAH antibody conju-
gate. Unbound enzyme conjugate was removed by a centri-
fugal wash. Substrate (dioxyethane) was added, and the
procedure continued as described for typical immunoas-
says in the Operator’s Manual. Values <12 mmol/L were
adopted as the normal range for plasma homocysteine
levels.

2.4 Extraction of genomic DNA from leukocytes

Approximately 10 mL of peripheral blood was collected
from each individual after a 12-h fast into tubes containing
EDTA as anticoagulant, and the genomic DNA of leuco-
cytes was extracted by the method of Miller et al. [16].
DNA was resuspended in 200 pL of milli-Q water and
stored under refrigeration (4°C) for subsequent identifica-
tion of genetic mutation.

2.5 Detection of C677T, A1298C and G1793A
mutation in the MTHFR gene

The presence of C677T, A1298C and G1793A mutation in
gene encoding the MTHFR enzyme was determined by
PCR-restriction fragment length polymorphism (RFLP).

Primers for the C677T mutation were 5TGAAGGA-
GAAGGTGTCTGCGGGA3' and 5’AGGACGGTGCGGT-
GAGAGTG3’ and the parameters used for the reaction have
been described by Arruda et al. [17]. The amplified 198-bp
fragment was digested with restriction enzyme Hinf [
(Promega®) for 3 h at 37°C and then submitted to 1.5%
agarose gel electrophoresis (Gibco-BRL®) and ethidium
bromide staining for visualization with a UV transillumina-
tor. Digestion of 198-bp fragment with the Hinf I enzyme
resulted in two bands of 175 and 23 bp for homozygote
677TT while for the normal 677CC no digestion occurred.
In the presence of the 677CT heterozygote three bands of
198, 175 and 23 bp were visualized.

Primers for the A1298C mutation were 5’CTTCTACCT-
GAAGAGCAAGTC3' and 5'CATGTCCACAGCATG-
GAG3' and the parameters used for the reaction have been
described by Hanson et al. [18]. The amplified 256-bp frag-
ment was digested with the restriction enzyme Mbo II (Bio
Labs®) for 3 h at 37°C and then submitted to 1.5% agarose
gel electrophoresis and ethidium bromide staining for visu-
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10 11 12 13 14 15

500 bp Figure 1. Agarose gel electro-
phoresis (1.5%) of the PCR
products C677T digested with

198 bp Hinf I. M represents the commer-

cial 100-pb marker; Lane 1 DNA
was not digested; Lanes 3, 8, 13
and 14, normal patients; Lane 7,
homozygous patient; Lanes 2, 4,
5, 6, 10, 11, 12, and 15 hetero-
zygous patients.

Table 1. Prevalence of hyperhomocysteinemia and normal plasma homocysteine levels in renal failure patients with and without

C677T, A1298C and G1793A mutation

Hyperhomocysteinemia®

Without hyperhomocysteinemia Statistical analysis (p <0.05)”

C677T mutation 429
Without C677T mutation 34
A1298C mutation 29
Without A1298C mutation 47
G1793A mutation 5
Without G1793A mutation 72

6

7

12

p=0.56

p=0.06

p=1.0

a) Hyperhomocysteinemia: >12 mmol/L.
b) The chi-square test was significant at p <0.05.
c) Absolute number of patients.

alization with a UV transilluminator. Digestion of the 256-
bp fragment with the Mboll enzyme resulted in four bands
of 176, 30, 28 and 22 pb for the normal 1298AA and in 204,
176, 30 and 22 bp in the 1298 AC heterozygote. In the pres-
ence of the mutant homozygous 1298CC genotype three
bands of 204, 30 and 22 bp were visualized.

Primers for the G1793A mutation were 5'CTCTGT-
GTGTGTGTGCATGTGTGCG3' and 5'GGGACAGGA-
GTGGCTCCAACGCAGG3' and the parameters used for
the reaction have been described by Rady et al. [15]. The
amplified 310-bp fragment was digested with the restriction
enzyme Bsrbl (BioLabs®) and then submitted to 1.5% agar-
ose gel electrophoresis and ethidium bromide staining for
visualization with a UV transilluminator. Digestion of the
310-bp fragment with the Bsrbl enzyme resulted in two
bands of 233 and 77 bp for the normal 1793GG genotype
and in three bands of 310, 233 and 77 bp for the G1793A
heterozygote. In the presence of the mutant 1793AA geno-
type, only the 310-bp band was visualized.
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2.6 Statistical analysis

Allelic frequencies were calculated by counting the alleles
for the C677T, A1298C and G1793A mutation. Matching
of genotypic frequencies with Hardy-Weinberg equilibrium
was determined using the chi-square test (p >0.05 = equili-
brium, and p <0.05 = disequilibrium). The GENEPOP Pro-
gram, version 3.2, was used for these analyses [19]. Chi-
square test was used to determine the association between
the presence or absence of hyperhomocysteinemia and
mutation in all renal failure patients. The level of signifi-
cance was set at p <0.05 for all tests. GraphPad Instat soft-
ware, version 3.0, was used for the analyses.

3 Results
From 89 patients, 13 (14.61%) showed normal plasma

homocysteine levels. The median plasma homocysteine
concentration of 76 patients that showed hyperhomocystei-
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nemia was 26.1 £ 14.2 umol/L. The control group showed
normal levels of the homocysteine (10.20 + 2.44 pmol/L).

After isolation of chromosomal DNA 198, 256 and 310-
pb fragments containing the C677T, A1298C and G1793A
polymorphisms of MTHFR, respectively, were amplified
by PCR from all samples. The results presented below refer
to patients with hyperhomocysteinemia.

Digestion with the Hinf' I enzyme revealed that 42
patients (55.3%) presented C677T mutation which of 30
patients presenting 677CT heterozygous genotype and 12
patients presenting the 677TT homozygous genotype
(Fig. 1). The control group showed 16 individuals (55.2%)
with C677T heterozygous genotype mutation and no homo-
Zygous.

A1298C polymorphism was detected in 29 patients
(38.2%). Twenty-one patients with A1298C presented the
1298AC heterozygous genotype and 8 patients presented
the 1298CC homozygous genotype (Fig. 2). The control
group showed 20 individuals (69%) with A1298C mutation
which 17 presented the 1298 AC heterozygous genotype
and 3 presented the 1298CC homozygous genotype.

Digestion with the BsrB I enzyme revealed that 5 patients
(6.6%) presented mutation and hyperhomocysteinemia and
had the heterozygous genotype (1793GA). No homozygous
individuals with mutant alleles were observed (Fig. 3). The
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11 12

204 pb . ,
176;;) Figure 2. Agarose gel electrophoresis

(1.5%) of the PCR product A1298C
digested with Mbo II. M represents the com-
mercial 100-pb marker; Lane 1 DNA was
not digested; Lanes 2, 6, 9, and 11, normal
patients; Lanes 3, 4, 5, 7, 8, and 10 hetero-
zygous patients; Lane 12, negative control.

310 bp
233 bp

Figure 3. Agarose gel electrophoresis
(1.5%) of the PCR product G1793A
digested with Bsrb I. M represents the com-
mercial 100-pb marker; Lane 1 DNA was
not digested; Lanes 2, 6, 9, 11 normal
patients; Lanes 3, 4, 5, 7, 8, and 10 hetero-
zygous patients; Lane 12, negative control.

control group did not show individuals with the G1793A
mutation.

The prevalence of the hyperhomocysteinemia and nor-
mal plasma homocysteine levels in the patients with at least
one mutant allele for polymorphisms C677T, A1298C and
G1793A and patients without mutation in the MTHF gene
is shown in Table 1. The chi-square test did not demonstrate
a significant association between variables.

The genotype distribution and allele frequencies of
C677T, A1298C and G1793 A polymorphisms are shown in
Table 2.

4 Discussion

Chronic renal failure (CRF) is frequently associated with
increased plasma levels of Hcy, an amino acid that can be
considered a new uremic toxin according to recent evidence
[20]. In the present study, we observed a high prevalence of
hyperhomocysteinemia (85.39%) in patients with renal fail-
ure on dialysis.

Van Guldener ef al. [21] studied the metabolic pathways
of Hey in patients with renal failure on HD using steady iso-
topes. Remethylation and transmethylation were decreased
in patients compared with normal controls but transsulfura-
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Table 2. Genotype distribution and allele frequencies of C677T, A1298C and G1793A polymorphisms in 76 patients with hyperho-

mocysteinemia

C677T (%)

A1298C" (%)

G1793A% (%)

(n=76) (n=76) (n=76)
Homozygotes 15.79 (n=12) 10.53 (n=8) 0.0(n=0)
Heterozygotes 39.47 (n=30) 27.63(n=21) 6.58 (n=5)
Normal 44.74 (n=34) 61.84 (n=47) 93.42 (n=71)

Allele frequency (%)
Allele frequency (%)

C = 64.47 (98/152)
T =35.53 (54/152)

A=75.66 (115/152)
C=24.34 (37/152)

G=96.71 (147/152)
A=3.29 (5/152)

a) Hardy-Weinberg equilibrium p = 0.2422.
b) Hardy-Weinberg equilibrium p = 0.2574.
c) Hardy-Weinberg equilibrium p=1.

tion appeared not to have been affected. The authors believe
that the apparent cause of hyperhomocysteinemia in HD
may be exactly the alteration of the remethylation pathway
due to some factors such as deficiency of folate and vitamin
B12, disorders of folate metabolism and decreased activity
of the enzymes involved in this pathway resulting from spe-
cific genetic mutations.

Metabolic alterations were also considered by Henning
et al. [22] who simultaneously determined Hcy concentra-
tions and remethylation and transmethylation of the metab-
olites in patients on dialysis or not. The results showed that
transsulfuration increased in parallel with hyperhomocys-
teinemia but did not reach normal values. On the other
hand, remethylation, although sensitive to folate in a certain
extent, seems not to be adequately stimulated in CRF, possi-
bly due to the presence of enzymatic inhibition by a still
unidentified uremic toxin, and this abnormality is not suffi-
ciently reversed by HD.

The causes of hyperhomocysteinemia in renal failure are
still not clear. However, the possibilities include defective
renal or extrarenal metabolism as a result of uremic toxicity.
Renal plasma flow is important in homocysteine renal
metabolism. Among the consequences of hyperhomocys-
teinemia in renal failure are impaired protein and DNA
methylation, with an alteration in the allelic expression of
genes regulated through methylation [23].

The importance of genetic mutations in the performance
of the metabolic pathways described above must also be
considered. Genetic defects of the enzymes involved in this
metabolism can be the cause of hyperhomocysteinemia in
patients under treatment.

Among the genetic causes of hyperhomocysteinemia in
humans are homozygous or heterozygous deficiencies of
enzymes such as cystathione beta synthase (CS), MTHFR
and methionine synthetase (MS) [24].

It has been reported that homozygosity C677T of
MTHER is a strong determinant of plasma Hcy levels in
HD patients [25] and that negative correlation between
serum Hcy and serum folate is more pronounced in the TT
genotype [26]. Therefore, patients with MTHFR mutation
may be more susceptible to intracellular deficiency of folate
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and consequent metabolic dysfunction than individuals
without MTHFR mutation.

In the present study the patients with hyperhomocystei-
nemia showed 55.3% C677T, 38.2% A1298C and 6.6%
G1793A polymorphisms. Control group showed normal
levels of Hey and high prevalence of the polymorphisms in
MTHFR gene with 55.2% C677T, 69% A1298C and no
G1793A mutation. Results of this study showed that
patients with renal failure had incidence of polymorphisms
C677T and A1298C in the gene MTHEFR as high as control
group.

In our patients, none effect (p >0.05, using chi-square
test) of homozygous or heterozygous C677T, A1298C and
G1793A MTHFR polymorphisms was observed on Hcy
levels. These patients showed high incidence of hyperho-
mocysteinemia (85.39%) independent of the presence or
not of the polymorphism. Although high prevalence of
polymorphisms healthy individuals showed normal levels
of'the Hcy.

This result may be explained by an increase in plasma
Hcy level could be caused by an increased production rate
(transmethylation), a decreased rate of removal by transsul-
furation or remethylation, or a decrease in excretion of Hcy.
Current evidence indicates that the major mechanism for
hyperhomocysteinemia in renal failure is a decrease in Hey
removal from the body. However, it is debated whether this
effect is result of a decrease in the renal metabolic clearance
or a result of extrarenal metabolic changes and the glomer-
ular filtration of Hey seems to be restricted because of pro-
tein binding.

Canepa et al. [27] studied C677T polymorphism in chil-
dren with renal failure and found that 40% had hyperhomo-
cysteinemia and 14% and 5% had folate and vitamin B12
deficiency, respectively. On univariate analysis, the serum
Hcy concentration was negatively correlated with the
plasma folate concentration (p <0.05) in controls and with
glomerular filtration rate (p <0.05) in patients. No effect of
MTHEFR polymorphism on Hcy levels was observed and the
authors explained these results, in addition to the limited
number of patients, might partially be explained by the low
prevalence of folate deficiency.
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Haviv et al. [28] studied 120 patients on HD to determine
the prevalence of MTHFR C677T and A1298C mutations
and their relative association with hyperhomocysteinemia
and cardiovascular disease (CVD). The authors found that
both the C677T and A1298C mutations were highly preva-
lent in HD patients, with allele frequencies of 0.41 and
0.27, respectively. The prevalence of CVD in HD patients
was 55% and its significant risk factors included, in
decreasing order of importance, hyperhomocysteinemia,
MTHFR C677T mutation, low serum folate levels, diabetes
mellitus, hypertension, and double heterozygote status for
both  MTHFR mutations (677CT/1298AC). MTHFR
A1298C mutation alone and gender were not associated
with either hyperhomocysteinemia or increased CVD risk,
but the HD patients with homozygous 1298CC and wild
alleles 677CC (677CC/1298CC) had a significant increase
of Hey (37.7 £ 12) and a high prevalence of CVD. These
results show that hyperhomocysteinemia, serum folate lev-
els and both C677T and A1298C MTHFR mutations are
associated with CVD in HD patients.

In the present study, the frequency of heterozygous
patients of G1793A polymorphism with hyperhomocystei-
nemia was 6.6%. This mutation has been detected recently
and requires clarification regarding its association with
hyperhomocysteinemia and with alterations of folic acid
metabolism. Rady et al. [15], in study on various ethnic
groups such as Hispanics, African-Americans, Ashkenazi
Jews and Caucasians, observed that 11.6, 6.2, 2.6 and
12.6% of them were heterozygotes, respectively. In the
present study, as shown in Table 2, the frequency of the A
allele detected among the renal failure patients studied was
only 3.29%, similar to that detected by Rady et al. [15] in
the African American population, which was 3.1%.

Similar results for G1793A polymorphism were also
obtained by Melo et al. [29] who studied 83 individuals
with type 2 diabetes. The authors found only a 3.01% fre-
quency of the A allele among the diabetic individuals and
observed that individuals with a heterozygous genotype for
the G1793 A mutation showed borderline or deficient folic
acid and vitamin B12 concentrations compared to individu-
als with a normal genotype.

The present study showed a high presence of the muta-
tion in MTHFR gene in the in both groups studied (renal
failure patients and healthy individuals) but only in the
renal failure patients it was observed the presence of the
hyperhomocysteinemia. These results of the high levels of
the Hey independent of the genetic factors in these patients
can be explained by the metabolic disorder showed in renal
failure patients in treatment.
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