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Abstract

Background/Aims: Periconceptional folate has a preventive
effect not only on neural tube defects, but possibly also on
other birth defects such as urinary tract anomalies (UTA),
orofacial clefts and conotruncal heart defects. Folate me-
tabolism gene variants are therefore being investigated as
potential susceptibility factors. Methods: We assessed the
methylenetetrahydrofolate reductase (MTHFR) gene C677T
and A1298C genotypes in 132 UTA patients and 290 controls,
also with respect to sex. Results: We found a significantly
higher incidence of the T allele/TT genotype of the C677T
polymorphism in UTA patients compared with controls (p =
0.019/p = 0.044). In the individual sexes, the T allele frequen-
cy in UTA girls versus control girls was 42.6 versus 21.7%, p <
0.0001 (OR = 2.68; 95% Cl: 1.63-4.40), and the frequency of
TT genotypes was 19.2 versus 5.6%, p = 0.02 (OR = 4.0; 95%
Cl: 1.26-12.69); no difference was observed between the
boys’ groups. Conclusion: The higherincidence of the C677T
MTHFR gene polymorphism in girls with UTA could point to
a developmental difference between the sexes that might
be related to sexual dimorphism in methylation due to the

lower activity of MTHFR in the system with the highest sex-
ual dimorphism: the urogenital system. Naturally, this as-
sumption should be further tested.

Copyright © 2011 S. Karger AG, Basel

Introduction

Folate supplementation during the periconceptional
period can prevent the occurrence or recurrence of not
only up to 40-80% of neural tube defects (NTD) cases [1,
2] but also certain other birth defects such as orofacial
clefts, conotruncal heart defects or urinary tract anoma-
lies (UTA)! [3-8]. Thus, genetic variants of folate metab-
olism could be possible candidates for genetic suscepti-
bility to these multifactorial anomalies. Folate metabo-
lism gene variants have already been investigated with
differing results in families with orofacial clefts [9-11]
and heart defects [12-14], with the methylenetetrahydro-
folate reductase (MTHFR) gene polymorphism C677T

! Givenits frequent use in the text, we opted for the shorter, more practi-

cal abbreviation ‘UTA’ for the group of all congenital urinary tract anom-
alies, though the meaning is equivalent to ‘CAKUT’ (congenital anoma-
lies of kidney and urinary tract), an acronym used in some of the related
literature.
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being among the most significant (but also the most in-
vestigated) according to reviews/meta-analyses [15, 16].
The C677T polymorphism (rs1801133, coding position
after a new renumbering c.665C>T, but the original po-
sition ¢.677C>T is still widely used) leads to a change
in one amino acid in protein p.A222V and results in
MTHER enzyme thermolability, a reduction of its activ-
ity by up to 35-50% and higher concentrations of ho-
mocysteine in homozygotes [17, 18]. Depending on the
C677T genotype, TT homozygotes require a higher in-
take of folate to reach the same homocysteinemia [19].
Similarly, the A1298C polymorphism (rs1801131, coding
position after a new renumbering c.1286A>C) leads to a
change in one amino acid in protein p.E429A and slight-
ly lowers MTHEFR activity in the mutant allele in homo-
zygotes by up to 60% [20]. The MTHFR A1298C poly-
morphism is not associated with hyperhomocysteinemia
in homozygotes, but it becomes important in combina-
tion with the C677T polymorphism; heterozygotes for
both polymorphisms have higher plasmatic concentra-
tions of homocysteine and lower MTHFR activity com-
pared with heterozygotes for only one polymorphism
[20, 21].

Despite definite evidence that folate has a preventive
effect regarding some birth defects, the exact mechanism
of this effect is still not fully clear. Recent findings em-
phasize the importance of methylation capability due to
DNA methylation and gene expression regulation [22-
24]. In this context, MTHFR activity is of significant im-
portance as it serves as a checkpoint between methylation
capabilities on the one hand and thymidine or purine
synthesis on the other. As it is known that gene methyla-
tion processes are considerably sex-specific — concerning
either physiologic dimorphism or complex diseases [25-
27] — we can assume that it would be of interest to follow
sex-related differences within various groups of nonsyn-
dromic birth defects. Our objectives were to determine
the C677T and A1298C MTHFR gene polymorphisms in
patients with UTA (also with respect to sex).

Subjects and Methods

Cases and Controls

UTA Group. This group included 132 patients: 85 boys (64.4%)
and 47 girls (35.6%; boys to girls: p = 0.009, OR = 1.76; the sex ra-
tio in our UTA group was consistent with generally reported data,
with a predominance of male gender). The patients were recruited
from 2006 to 2009 from the inpatient pediatric department and
the outpatient nephrological clinic of a University children’s hos-
pital, a tertiary center in Kosice, East Slovakia. The major anoma-
lies (52%) were obstructive anomalies (hydronephrosis, megaure-
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ter), while nonobstructive kidney anomalies (unilateral agenesis,
hypoplasia, non-PKD cysts) represented 25%. The remaining 23%
of cases were defects of the ureter-bladder connection, mostly ves-
icoureteral reflux or a double ureter. The average age of the pa-
tients was 6.2 years (range: 0-19). Children with multiple birth
defects or suspected monogenic disorders were not included.

Population Control Group. This group consisted of 290 un-
selected and unrelated newborns, consecutively born within 4
months at the Faculty Hospital Kosice, Slovakia: 147 boys (50.7%)
and 143 girls (49.3%). A capillary dry blood spot was taken to-
gether with newborn blood screening to minimize the trauma.
The parents of both patients and control newborns signed an in-
formed consent form, and the entire clinical study was approved
by the Ethics Committee of Safarik University School of Medi-
cine.

Genotyping and Statistics

Genomic DNA from patients was extracted from whole ve-
nous blood in EDTA using the Promega Wizard Genomic DNA
Purification Kit (Promega Corp., Madison, Wisc., USA). DNA
from control newborns was extracted from dry blood spots using
the method described previously [28]. All samples were geno-
typed by real-time PCR for both C677T and A1298C using a
LightCycler 1.5 Instrument Roche (F. Hoffmann-La Roche Ltd.,
Basel, Switzerland) and commercial kits from Roche and Tib
Molbiol (Berlin, Germany), following the manufacturers’ instruc-
tions.

Genotype frequencies in the patient and control groups were
compared using Pearson’s x? test or (if the number of samples did
not fulfill its criteria) Fisher’s exact test. The OR was rated using
Gart’s exact method. The statistical significance level for all tests
was determined (o = 0.05). We used Arcus QuickStat Biomedical
statistical software ver. 1.1 (Arcus Statistical Software, Research
Solutions, Addison Wesley Longman Ltd. USA) and Statistica Cz.
6.1 (Statsoft s.r.o., Prague, Czech Republic).

Results

Table 1a displays the C677T genotypes and allele fre-
quencies in the UTA patients and the control Slovak pop-
ulation newborns, including the frequencies in the fe-
males and males of each group. Table 1b displays the
same data for the A1298C polymorphism. There was no
deviation from Hardy-Weinberg equilibrium for either
the C677T or the A1298C polymorphism in the control
population. We did not observe any significant differ-
ences between the sexes in the control groups; however,
there was a nearly significant higher frequency of the C
allele and CC genotype of the C677T polymorphism in
girls when compared with boys (p = 0.056, OR = 1.45,
95% CI: 0.97-2.15; and p = 0.054, OR = 1.58, 95% CI:
0.965-2.596).

In the group of patients with UTA, we observed a sig-
nificantly higher incidence of the C677T polymorphism
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Table 1. Genotype and allele frequencies of the MTHEFR polymorphisms C677T and A1298C in the groups of UTA patients and the

control population of Slovak newborns

a C677T polymorphism

CC CT TT All T
UTA all n (%) 62 (46.97) 53 (40.15) 17 (12.88) 132 0.33
UTAF n (%) 16 (34.0) 22 (46.8) 9(19.2) 47 0.426
UTAM n (%) 46 (54.12) 31(36.47) 8(9.41) 85 0.276
Control all n (%) 164 (56.5) 106 (36.6) 20 (6.9) 290 0.252
Control F n (%) 89 (62.2) 46 (32.2) 8(9.8) 143 0.217
Control M n (%) 75 (51.0) 60 (40.8) 12 (8.2) 147 0.286
UTA all vs. p (OR) 0.07 (0.68) 0.48 (1.17) 0.044 (1.996) 0.06 (x2 = 5.57) 0.019 (1.46)
control all 95% CI 0.45-1.03 0.76-1.78 1.01-3.95 2d.f. 1.06-2.01
UTA F vs. p (OR) 0.0007 (0.31) 0.069 (1.86) 0.02 (4.0)+ 0.0007 (XZ =14.47) <0.0001 (2.68)
control F 95% CI 0.16-0.63 0.95-3.63 1.26-12.69 2d.f. 1.63-4.40
UTA M vs. p (OR) 0.65 (1.13) 0.51 (0.83) 0.74 (1.17) 0.796 (x* = 0.46) 0.83 (0.96)
control M 95% CI 0.66-1.93 0.48-1.44 0.46-2.98 2d.f. 0.63-1.46
UTA F vs. p (OR) 0.027 (0.44) 0.25 (1.53) 0.11 (2.28) 0.059 ()(2 =5.63) 0.01 (1.94)
UTAM 95% CI 0.21-0.92 0.74-3.16 0.82-6.38 2d.f. 1.14-3.29
Control F vs. p (OR) 0.054 (1.58) 0.13 (0.69) 0.39 (0.67) 0.15 (x% = 3.79) 0.06 (0.69)
control M 95% CI 0.99-2.53 0.43-1.11 0.26-1.68 2 d.f. 0.47-1.01
b A1298C polymorphism
AA AC CC All C
UTA all n (%) 67 (50.76) 50 (37.88) 15 (11.36) 132 0.303
UTAF n (%) 21 (44.68) 18 (38.30) 8 (17.02) 47 0.362
UTAM n (%) 46 (54.12) 32 (37.65) 7 (8.24) 85 0.271
Control all n (%) 129 (44.48) 121 (41.73) 40 (13.79) 290 0.347
Control F n (%) 70 (48.95) 56 (39.16) 17 (11.89) 143 0.315
Control M n (%) 59 (40.14) 65 (44.21) 23 (15.65) 147 0.378
UTA all vs. p (OR) 0.23 (1.29) 0.46 (0.85) 0.49 (0.80) 0.47 (x2 = 1.51) 0.21 (0.82)
control all 95% CI 0.85-1.94 0.56-1.30 0.43-1.51 2d.f. 0.60-1.12
UTA F vs. p (OR) 0.61 (0.84) 0.92 (0.96) 0.37 (1.52) 0.65 ()(2 =0.85) 0.4 (1.23)
control F 95% CI 0.43-1.63 0.49-1.90 0.61-3.79 2d.f. 0.76-2.01
UTA M vs. p(OR)  0.039 (1.76) 0.33 (0.76) 0.11 (0.48) 0.08 (x2=5.17) 0.019 (0.61)
control M 95% CI 1.03-3.02 0.44-1.32 0.20-1.18 2 d.f. 0.40-0.92
UTA Fvs. p (OR) 0.3 (0.68) 0.94 (1.03) 0.13(2.29) 0.27 ()(2 =2.59) 0.12 (1.53)
UTAM 95% CI 0.34-1.40 0.49-2.14 0.77-6.76 2d.f. 0.89-2.62
Control F vs. p (OR) 0.13(1.43) 0.38 (0.81) 0.35 (0.73) 0.29 (x? = 2.45) 0.11 (0.76)
control M 95% CI 0.89-2.28 0.51-1.29 0.37-1.43 2d.f. 0.53-1.07

+ = Fisher’s exact test; d.f. = degrees of freedom.

in comparison with the control population — for both the
T allele and the TT genotype. These contrasts were even
more significant when analyzing the sexes separately: the
T alleles in the group of UTA girls compared with those
of the control girls were 42.55 versus 21.68% (p < 0.0001,
OR = 2.68), and the TT genotypes were 19.20 versus
5.59% (p = 0.02, OR = 4.0). In contrast, the UTA boys did

MTHER and UTA

not show any significant difference in comparison with
the control boys (fig. 1). When we compared C677T be-
tween the sexes within the UTA group, we also found
significant differences: the T allele occurred more fre-
quently in the UTA girls in comparison with the UTA
boys (OR = 1.94), while the wild-type genotype CC was
less abundant in the UTA girls than in the UTA boys
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Fig. 1. C677T polymorphism genotypes (a, 0 0
b) and alleles (c, d) of UTA girls compared c C T d C T
to control girls (a, ¢), and UTA boys com-
pared to control boys (b, d).

(OR = 0.44). The other specific genotypes showed no sta-
tistically significant differences. When investigating the
A1298C MTHEFR gene polymorphism, we did not find
any association with UTA.

Discussion

This study has determined, for the first time to our
knowledge, the incidence of the MTHFR gene polymor-
phisms C677T and A1298C in a group of patients with
UTA and compares it with a control group, including
with regard to sex differences.

We decided to analyze patients with UTA for the
MTHFR gene polymorphisms C677T and A1298C as a
result of other works presenting UTA incidence reduc-
tion after folate supplementation. The first paper on this
topic was a double-blind Hungarian study [3] with peri-
conceptional administration of multivitamins contain-
ing 0.8 mg folate versus placebo in a group of more than
4,000 pregnant women. They found a significantly lower
incidence of total birth defects (excluding NTD and
known genetic syndromes) in the group of newborns
with folate administration compared to the placebo
group. The largest differences were found in the inci-
dence of limb anomalies, UTA (renal agenesis and ob-
structive uropathies), pylorostenosis and cardiovascular
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malformations, although the differences in the individu-
al groups were not statistically significant due to the low
number of patients.

Another study, a case-control from the USA, con-
firmed the significant reduction of UTA after pericon-
ceptional supplementation with multivitamins contain-
ing folate [29]. Further work, again a retrospective case-
control study, confirmed a significantly lower incidence
of UTA, isolated cleft palate and limb defects in the
offspring of mothers receiving periconceptional multi-
vitamins [30]. The authors, however, cannot exclude the
positive influence of other vitamins in multivitamin
mixtures in combination with folate. Despite these
data, MTHFR gene polymorphisms have not yet been
evaluated, to the best of our knowledge, in UTA pa-
tients.

The results of our analysis of UTA patients were sur-
prising, especially after we had not previously found any
association of MTHFR gene polymorphisms with NTD
when analyzing a group of 93 NTD patients with the
same control group [28]. In contrast, in the analyzed
group of 132 patients with UTA, the incidence of the TT
mutant C677T genotype was nearly twice as high as in
the 290 newborn controls. We found even more signifi-
cant differences when comparing the C677T genotypes
with respect to sex. There was a significantly higher fre-
quency of the C677T mutant allele and a significantly
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lower frequency of the wild-type CC genotype in the
group of UTA girls than in the UTA boys.

The data were even more prominent when we com-
pared the incidence of C677T in UTA patients of the
same sex and the control group. In females, the differ-
ences between the patients and the controls were highly
significant, while in boys, there were no differences at all.
However, we are aware of the fact that there is a large dif-
ference (although nonsignificant) in C677T frequency
between the boys and girls in the control group (in the
mean of lower occurrence of the T mutant allele in girls),
which could have led to some of the observed differences
between the cases and the controls. In addition, we did
not have the opportunity to re-evaluate the control group
later during childhood. Thus, although the results of
newborn UTA screening (renal ultrasound) did not re-
veal any obvious structural abnormalities in the control
group, a small proportion of UTA could have been missed
by the screening, mainly I-III grade vesicoureteral reflux.

The MTHEFR gene lies on an autosome, and to our
knowledge, no variances in this enzyme’s activity have
been described that would suggest sex differences, except
the gender-different influence of the MTHFR genotype
on thiopurine S-methyltransferase (TPMT) activity [31].
However, Rozen et al. [32] mention a substantial reduc-
tion in female infants with the homozygous mutant
MTHEFR 677C—>T genotype in two independent sets of
control newborns randomly selected as controls for a spi-
na bifida study and a cleft lip and palate study. Interest-
ingly, the percentage in the case of the females (either spi-
na bifida, or cleft lip and palate) did not vary by MTHFR
genotype. They considered the decreased viability in ute-
ro for 677C—>T homozygotes as one possible interpreta-
tion, especially in female fetuses. Also, our previous anal-
yses did not show any significant sex differences in the
distribution of MTHFR polymorphisms in NTD patients
[28]. The findings in UTA patients thus suggest the pos-
sibility of sex-differentiated interactions of the MTHFR
enzyme (resp. folate metabolism) in urinary tract (UT)
development. We could not compare these results with
any similar work, however, as we did not find any infor-
mation on the possible influence of MTHEFR activity or
folate metabolism-specific issues on UT development in
humans or in experiments. As a consequence, we can
only assume the possible involvement of reduced MTHFR
activity in the failure of sex-dimorphic processes during
UT development.

Our study does have some limitations. First of all, the
data were obtained in a cross-sectional manner, with a
relatively small sample size of the studied cohort (mainly

MTHER and UTA

UTA girls). This was influenced by the fact that patients
were recruited from only one center (albeit a tertiary pe-
diatric nephrologic-urologic center serving the whole of
East Slovakia), and the much lower incidence of UTA in
female gender. Furthermore, there was noncompliance of
ages and origins among the study participants (cases and
controls) — the controls came from a series of consecutive
births within 4 months at a neonatal department in the
same tertiary center. Nevertheless, even taking these lim-
itations into consideration, we can assume that there may
not be any significant differences in polymorphism fre-
quencies in a small region and a freely mixing population
such as East Slovakia (1.6 million people). It is also un-
likely that a significant genotype drift has emerged dur-
ing the last 15 years, which was the maximum age of the
majority of UTA patients. There has never been a folate
campaign or flour fortification with folate in Slovakia,
and we did not get any information about periconcep-
tional folate intake in the mothers of cases or controls.

A further limitation of the study is the combined
grouping of the various UTA phenotypes: the sample in-
cluded patients with obstructive UTA (52%) together
with nonobstructive kidney anomalies (25%) and nonob-
structive defects of the ureter-bladder connection (23%).
This representation of phenotypes could potentially have
an effect on the study results and generalizations drawn
from it since the individual types of UTA might differ in
the mechanisms of their formation. We did not assess the
polymorphisms in the three UTA subgroups separately
because of the substantially limited sample in the sub-
groups, especially after dividing them by sex. However,
a significantly higher incidence of the C677T MTHFR
gene polymorphism in UTA patients was found in the
whole cohort studied.

It should be noted that there are a number of genes in-
volved in urinary system development, and their complex
analysis is not a subject of this paper. However, we can
state that to our knowledge, no UT developmental factor
or UTA animal model related to folate metabolism has yet
been described [33-42]. Briefly, UT development in gen-
eral consists of two main processes. The first is meta-
nephros and ureteric bud (a part of Wolffian/nephric
duct) development from intermediate mesoderm cells
(survival factor Pax2, counteracting the apoptosis mole-
cule TGFDb2) [33, 34] and their mutual induction (‘bud-
ding’) - the formation of a definite kidney and ureter
with (1) the positive support of budding, assured mainly
by the GDNF (glial-derived neurotrophic factor)-Wnt11
pathway with receptor complex Ret-GFRal and other
positive regulators, e.g. gremlin 1 [34-37], and (2) the
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counteractors of ‘budding’ and GDNF activity with inhi-
bition of cell proliferation, the failure of which leads to
ectopic ureters, a double-collecting system, hydroureter
and hydronephrosis (mainly BMP4), and others [37-39].
The second major process is urogenital sinus (cloaca) de-
velopment from endodermal cells, forming a definite uri-
nary bladder, ureter-bladder connection and urethra
(gene regulation, e.g. by Aldhla2, PTPRF, PTPRS, NFIa,
L1-CAM and others) [40-42]. The UT is also develop-
mentally linked with the genitals, mostly through key
Miillerian and Wolffian duct regulators [35]. Interesting-
ly, according to one case-control study, folic acid use in
the first 3 months of pregnancy also significantly reduced
the risk of hypospadias (471 cases vs. 490 controls) [43].
From a biochemical point of view, MTHEFR is a key
checkpoint between two important cycles resulting sub-
sequently in either DNA methylation (through methio-
nine synthesis) or DNA synthesis (thymidylate nucleo-
tides and purine bases) [44]. Reduced MTHER activity
shifts the balance toward the side of thymidylate synthe-
sis, which could have unfavorable consequences on DNA
methylation. DNA methylation is one of the major epi-
genetic mechanisms influencing embryonic develop-
ment and sex-specific reprogramming [45-47]. The sex
specificity of methylation reactions definitely pertains
to the mechanisms underlying sexual dimorphism [27].
These principles could also influence sex differences in
the incidence of some birth defects and their severity and
trait-transmitting [48]. Based on this, we can presume
that the reduced methylation potential in girls with the
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C677T mutant variant might (together with other con-
current risk factors) possibly participate in the disruption
of UT development. Naturally, this ‘hypomethylation’
hypothesis needs to be supported by larger studies and
eventually in an experiment.

Summary
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might also emphasize the urgent need for adequate folate
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