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study question: Are DNMT3B promoter polymorphisms among maternal risk factors for the birth of a child with Down syndrome (DS)?

summary answer: Present results suggest that combinations of functional DNMT3B promoter polymorphisms might modulate ma-
ternal risk of birth of a child with DS.

what is known already: The DNMT3B gene codes for DNA methyltransferase 3b (DNMT3b), a protein required for genome-
wide de novo methylation, for the establishment of DNA methylation patterns during development and for regulating the histone code and
DNA methylation at centromeric regions. Two common functional DNMT3B promoter polymorphisms, namely –149 C . T (rs2424913)
and 2579 G . T (rs1569686), have been extensively investigated in cancer genetic association studies but less is known about their role in
non-cancer diseases. Early in 1999, it was supposed that impaired DNA methylation of pericentromeric regions might represent a maternal
risk factor for having a baby with DS.

study design, size and duration: We aimed to investigate DNMT3B –149 C . T and 2579 G . T polymorphisms as ma-
ternal risk factors for the birth of a child with DS. The study was performed on DNA samples from 172 mothers of DS individuals (135 aged
,35 years when they conceived) and 157 age-matched mothers of unaffected individuals.

participants/materials, setting and methods: Genotyping was performed by means of the PCR-RFLP technique.

main results and the role of chance: The DNMT3B 2579T allele [odds ratio (OR) ¼ 0.68; 95% confidence interval
(CI) ¼ 0.48–0.94, P ¼ 0.02], the DNMT3B 2579 GT genotype (OR ¼ 0.55; 95% CI ¼ 0.35–0.87 , P ¼ 0.01) and the combined
DNMT3B 2579 GT + TT genotype (OR ¼ 0.55; 95% CI ¼ 0.36–0.86 , P ¼ 0.008) were associated with reduced risk of birth of a child
with DS. A joint effect of the two polymorphisms was observed and the combined 2579 GT/–149 CC genotype resulted in decreased
DS risk (OR ¼ 0.22; 95% CI ¼ 0.08–0.64, P ¼ 0.003). The effect remained statistically significant after Bonferroni’s correction for multiple
comparisons. Similar results were obtained when the analysis was restricted to women who conceived a DS child before 35 years of age.

limitations and reasons for caution: To the best of our knowledge, this is the first genetic association study aimed at
evaluating DNMT3B polymorphisms as maternal risk factors for DS. Replication of the findings in other populations is required.

wider implications of the findings: If confirmed in subsequent studies, DNMT3B promoter polymorphisms might be add-
itional markers to be taken into account when evaluating the contribution of one-carbon (folate) metabolism to the maternal risk of birth of a
child with DS.
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ported by the Italian Ministry of Health and ‘5 per mille’ funding.
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Introduction
Down syndrome (DS) is a genetic disease resulting from the presence
of an extra copy of the genetic material of chromosome 21, either in
whole (trisomy 21) or part (such as caused by translocations). The
disease was named after John Langdon Down, the British physician
who first described it, and since 1959 the phenotype of DS has
been associated with trisomy for chromosome 21 (Lejeune et al.,
1959). In the majority of DS cases (92%), the extra chromosome
stems from the failure of a normal chromosome segregation during
meiosis (meiotic non-disjunction) producing a gamete containing two
copies of chromosome 21 that, when combined with a normal
gamete from the other parent, produces a zygote with three copies
of chromosome 21. The non-disjunction event is of maternal origin
in most of the cases, occurring primarily during meiosis I in the matur-
ing oocyte, and only ,10% of primary trisomy 21 is related to errors
occurring during paternal meiosis (Antonarakis, 1998).

Advancing maternal age at conception and the location of genetic
recombination represent the two most important risk factors for
chromosome 21 non-disjunction so far identified (Lamb et al., 1996;
Morris et al., 2002). However, the cellular and molecular mechanisms
that underlie meiotic non-disjunction in DS are still largely unknown.

In 1999, James et al. (1999) hypothesized that maternal polymorph-
isms in genes involved in folate metabolism, also known as one-carbon
metabolism, might act as maternal risk factors for the birth of a baby
with DS. Their assumption was that impairments in one-carbon me-
tabolism could result in altered DNA methylation, likely at pericentro-
meric and centromeric regions, thus favouring chromosome 21
non-disjunction and malsegregation, and the hypothesis was sup-
ported by the experimental evidence of increased homocysteine
levels and increased frequency of the methylenetetrahydrofolate
(MTHFR) 677T allele in mothers of DS children (MDS) compared
with control mothers (James et al., 1999). That paper stimulated con-
siderable research in the field and several investigators attempted to
further address the role of one-carbon metabolism in maternal DS
risk (reviewed in Coppedè, 2009). Although results are often conflict-
ing, increasing evidence suggests that the combined presence of
several polymorphisms of genes involved in this metabolic pathway,
in interaction with dietary availability of one-carbon nutrients, might
contribute to the risk of birth of a child with DS (Stuppia et al.,
2002; Bosco et al., 2003; Coppedè et al., 2006, 2010; Martı́nez-Frı́as
et al., 2006; Scala et al., 2006; Brandalize et al., 2010; Zampieri
et al., 2012). In addition, recent evidence suggests that maternal
folate availability and polymorphisms of one-carbon metabolism
genes are associated with congenital heart defects in the DS offspring
(Brandalize et al., 2009; Locke et al., 2010; Bean et al., 2011).

Taking into consideration the original hypothesis of James et al.
(1999), i.e. that impairments in one-carbon metabolism might result
in aberrant DNA methylation, thereby favouring chromosome
malsegregation, we decided to investigate the contribution of poly-
morphisms in the DNA-methyltransferase 3b (DNMT3B) promoter
to the maternal risk of birth of a child with DS. DNA-
methyltransferases (DNMTs) are a family of enzymes that transfer
the methyl group derived from folate intermediates to nucleic acids.
Among them DNMT3b primarily functions in de novo DNA methyla-
tion. The protein localizes primarily to the nucleus and its expression

is developmentally regulated. Mutations in DNMT3B cause the
immunodeficiency-centromeric instability-facial anomalies syndrome,
a rare autosomal recessive disease characterized by immunodefi-
ciency, and by characteristic rearrangements in the vicinity of the cen-
tromeres (the juxtacentromeric heterochromatin) of chromosomes 1
and 16 and sometimes 9. Moreover, Gopalakrishnan et al. (2009)
identified an interaction between DNMT3b and the constitutive
centromere protein CENP-C. Using knock downs of DNMT3b and
CENP-C, they showed that CENP-C recruited DNA methylation
and DNMT3b to the centromere and, to a lesser extent, the pericen-
tromeric region of human chromosomes. In addition, both proteins
play an important role in regulating the histone code and DNA methy-
lation at the centromere, with knock down of either one leading to
alterations in marks that typify this region and segregation defects
during mitosis (Gopalakrishnan et al., 2009).

Common polymorphisms are known in the promoter region of
DNMT3B, e.g. a –149 C . T substitution (rs2424913) and a 2579
G . T substitution (rs1569686). Although their role in promoter func-
tion and gene expression is still debated (Xiao et al., 2011), both poly-
morphisms have been extensively investigated in cancer genetic
association studies, and a recent meta-analysis of the literature sug-
gests a decreased cancer risk in carriers of the 2579 G allele (Zhu
et al., 2012).

To the best of our knowledge, no previous studies have investigated
the role of DNMT3B polymorphisms in the maternal risk of birth of a
child with DS. Therefore, we screened a large cohort of MDS and
mothers of unaffected children for the presence of both
polymorphisms.

Materials and Methods

Study population
Peripheral blood samples were collected from 172 women who had a DS
child with karyotipically confirmed trisomy 21 and 157 women, matched
with the case mothers for age at conception, who had at least one
healthy child and no experience of miscarriages, abnormal pregnancies
or children affected by genetic disorders in their life. The demographic
characteristics of the case–control group are shown in Table I. All the sub-
jects were white Caucasians of Italian origin and gave informed consent for
participation in the study. All mothers were recruited at three different
hospitals in Italy: Troina (Sicily), Pisa (Tuscany) and Chieti (Abruzzo-
Central Italy), as detailed in Table I. Blood samples were not collected
at the time of birth but often some years later when the mothers
brought their DS children to the University hospitals for medical checks.
Control mothers were recruited from among people working at the hos-
pitals, universities and among healthy volunteers. We paid extreme
caution to match case and control mothers for age at sampling and for
place of recruitment. A total of 135 MDS were aged ,35 years when
they conceived and they were matched to 126 control mothers. DNA
samples were extracted from peripheral blood cells of each subject and
sent to the Medical Genetics laboratory of the University of Pisa. All the
genotype analyses were performed simultaneously at the Medical Genetics
laboratory of the University of Pisa. The study was approved and funded
by the IRCCS, Oasi Maria SS Institute for Research on Mental Retardation
and Brain Aging of Troina. All the samples were processed blind, in ac-
cordance with the Declaration of Helsinki.
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Genotyping
Genomic DNA was extracted from peripheral blood lymphocytes by
means of the QIAampw Blood Mini Kit (Qiagen, Milan, Italy) according
to the manufacturer’s protocol. Genotyping was performed using
PCR-RFLP techniques as previously described by us (Coppedè et al.,
2012). Digestion products were visualized after electrophoresis on a 2%
agarose gel containing ethidium bromide. Internal quality control
samples with known genotypes were included in the PCR-RFLP reactions
to confirm the accuracy of the procedures.

Statistical analyses
To verify that allele frequencies were in Hardy–Weinberg equilibrium and
to assess differences in the genotype and allele distributions between
groups, we used the chi-square (x2) analysis. Odds ratios (ORs) were cal-
culated and given with 95% confidence intervals (CIs). All the individual
values were analysed with Statistical Package for the Social Sciences 11.0
for Windows. The statistical power of the study was evaluated by
means of the statistical package QUANTO 1.2.4.exe, and the study
had an a priori power of 80% of detecting ORs of 0.6 or lower. Linkage
disequilibrium was calculated with the CubeX program (Gaunt et al.,
2007). P , 0.05 was considered significant.

Results
Table II shows the distribution of DNMT3B 2579 G . T and 2149
C . T genotype and allele frequencies in MDS and control mothers.
The frequencies of the DNMT3B 2579T variant allele in MDS and
control mothers were 0.26 and 0.35, respectively (P ¼ 0.021).
Those of the DNMT3B 2149T variant allele were 0.285 in MDS
and 0.325 in control mothers (P ¼ 0.305). The DNMT3B 2579T
variant allele was significantly more frequent in control mothers
(OR ¼ 0.68; 95% CI ¼ 0.48–0.94). Concerning the DNMT3B 2149
C . T polymorphism, we were able to genotype only 123 out of
172 MDS. This was because MDS samples were obtained over
several years and largely processed in previous studies (Coppedè
et al., 2006, 2007, 2010). As a consequence, some of the DNA
samples were no longer available or had undergone excessive frag-
mentation, allowing us to genotype only 123 samples. Table II also
shows the genotype frequencies of both polymorphisms. Genotype
frequencies in controls conformed to Hardy–Weinberg expectations
and we observed a significant increase in the frequency of the 2579
GT genotype in control mothers compared with MDS, suggesting a
decreased risk of birth of a baby with DS for carriers of this genotype

.............................................................................................................................................................................................

Table II Distribution of DNMT3B 2579 G > T and 2149 C > T genotypes and allele frequencies in MDS and control
mothers.

Genotype MDS (%) Controls (%) OR (95% CI) P-value*

DNMT3B 2579 G . T (rs1569686) (Total ¼ 172) (Total ¼ 157)

GG 93 (54.1) 62 (39.5) 1.00a — —

GT 67 (38.9) 81 (51.6) 0.55 (0.35–0.87) 0.010

TT 12 (7.0) 14 (8.9) 0.57 (0.25–1.32) 0.186

GT + TT 79 (45.9) 95 (60.5) 0.55 (0.36–0.86) 0.008

Allele 2579G frequency 0.74 0.65 1.00a — —

Allele 2579T frequency 0.26 0.35 0.68 (0.48–0.94) 0.021

DNMT3B 2149 C . T (rs2424913) (Total ¼ 123) (Total ¼ 157)

CC 64 (52.0) 73 (46.5) 1.00a — —

CT 48 (39.0) 66 (42.0) 0.83 (0.50–1.37) 0.465

TT 11 (9.0) 18 (11.5) 0.70 (0.31–1.59) 0.388

CT + TT 59 (48.0) 84 (53.5) 0.80 (0.50–1.29) 0.358

Allele 2149C frequency 0.715 0.675 1.00a — —

Allele 2149T frequency 0.285 0.325 0.83 (0.57–1.19) 0.305

CI, confidence interval.
aReference value for OR.
*P-value obtained by means of x2 analysis.

.............................................................................................................................................................................................

Table I Demographic characteristics of the case–control population in Italy.

Study
group

Number Age (years)
(mean 1 SD)

Age at conception
(mean 1 SD)

No. of samples
from Troina

No. of samples
from Pisa

No. of samples
from Chieti

MDS 172 50.5+11.6 31.4+6.0 96 40 36

Control
mothers

157 51.9+11.5 30.9+7.2 76 50 31

MDS, mothers of DS children.
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(OR ¼ 0.55; 95% CI ¼ 0.35–0.87). Also the combined 2579 GT +
TT genotype was significantly more frequent in control mothers
(OR ¼ 0.55; 95% CI ¼ 0.36–0.86). Similar results were observed in
MDS aged ,35 years at conception (Supplementary data, Table SI).
Table III shows the results of combined DNMT3B 2579/2149 gen-
otypes for the 123 MDS and 157 control mothers for which data
on both polymorphisms were available. Interestingly, the combined
2579GT/2149 CC genotype was associated with decreased DS risk
(OR¼ 0.22; 95% CI ¼ 0.08–0.64) with respect to 2579 GG/2149
CC, and this association remained significant even after Bonferroni’s
correction for multiple comparisons. None of the other combined gen-
otypes was associated with risk of birth of a child with DS (Table III).
Similar results were observed in MDS aged ,35 years at conception
(Supplementary data, Table SII). Linkage disequilibrium was observed
between the two polymorphisms: D’ ¼ 0.811, r2 ¼ 0. 626.

Discussion
In the study in question, we evaluated the possible contribution of
DNMT3B 2579 G . T and 2149 C . T promoter polymorphisms
to the maternal risk of birth of a baby with DS, observing a decreased
DS risk for carriers of the DNMT3B 2579T allele and 2579 GT geno-
type (Table II). The joint effect of the two polymorphisms was evalu-
ated and the combined 2579 GT/2149 CC genotype was
associated with a higher decreased DS risk than the presence of the
2579GT genotype alone (Table III). Both polymorphisms are likely
to have a functional role on the DNMT3B gene expression or activity
thereby contributing to human malignancies, and there is in vitro evi-
dence that at least the DNMT3B 2149C . T polymorphism is asso-
ciated with increased promoter activity (Shen et al., 2002; Xiao et al.,
2011). A recent meta-analysis of cancer genetic association studies
revealed that the 2579G allele and the 2579 GT genotype were sig-
nificantly associated with decreased cancer risk, and after stratification
into cancer types, a significant decreased colorectal cancer risk was
observed for the 2579 GT genotype (Zhu et al., 2012), suggesting
a functional role for this polymorphism. On the other hand, no asso-
ciation between the DNMT3B 2149C . T polymorphism and cancer
risk resulted from the meta-analysis (Zhu et al., 2012). Only a few
genetic association studies of DNMT3B gene polymorphisms have

been conducted in diseases other than cancer. A single-nucleotide
polymorphism (SNP) (rs6119954) of DNMT3B was associated with
age of onset of schizophrenia (Zhang et al. 2010), and it was suggested
that a 2283 C . T promoter polymorphism of the DNMT3B gene
influences the progression of joint destruction in rheumatoid arthritis
(Nam et al., 2010). No association was found between DNMT3B pro-
moter polymorphisms and idiopathic thrombocytopenic purpura
(Chen et al., 2008; Zhao et al., 2009) or late-onset Alzheimer’s
disease (Coppedè et al., 2012). Others observed no association
between DNMT3B polymorphisms and human intelligence (Haggarty
et al., 2010).

Our analysis revealed that among DNMT3B 2579 GT carriers,
those bearing the 2149 CC genotype seem to be the subgroup
with the reduced risk of birth of a child with DS, suggesting the exist-
ence of functional interactions between the two polymorphisms. To
date, unfortunately, little is known from the literature concerning a
possible functional role of combinations of these two polymorphisms
on gene expression levels. The DNMT3B 2149T allele is associated
with increased promoter activity, and increased DNMT3b protein
levels have recently been observed in carriers of the heterozygous
DNMT3B 2149CT genotype (Fonseca-Silva et al., 2012). By contrast,
the functional role of the DNMT3B 2579 G . T polymorphism on
gene expression levels, albeit largely suggested by cancer genetic asso-
ciation studies, is however still controversial (Xiao et al., 2011), sug-
gesting that its single effect might be modulated by interactions with
other functional variants. Moreover, even if DNMT3B 2579 G . T
and 2149 C . T are the two most frequently studied ones, other
polymorphisms are known in the DNMT3B gene. Therefore, we
cannot exclude linkage of the two polymorphisms studied here with
other ones and the existence of some functional haplotypes. For
example, Lee et al. (2005) observed a strong linkage between the
DNMT3B 2579 G . T and the DNMT3B 2283 T . C polymorph-
isms in 864 individuals from Korea, with two common haplotypes
(2283T2579G and 2283C2579T) accounting for .99% of the
total. They also observed a reduced promoter activity in the presence
of the 2283T allele with respect to the 2283C one. Leng et al.
(2008) identified 48 SNPs dispersed over the entire gene and regula-
tory regions of DNMT3B, which generated six common haplotypes in
278 individuals from New Mexico, and showed association between

.............................................................................................................................................................................................

Table III Joint effect of DNMT3B 2579 G > T and 2149 C > T genotypes in MDS and control mothers.

Combined genotype MDS (%) Controls (%) OR (95% CI) P-value*

DNMT3B2579 G . T/2149 C . T (Total ¼ 123) (Total ¼ 157)

GG/CC 59 (48.0) 53 (33.8) 1.00a — —

GG/CT 5 (4.0) 9 (5.7) 0.50 (0.16–1.58) 0.267

GT/CC 5 (4.0) 20 (12.7) 0.22 (0.08–0.64) 0.003b

GT/CT 41 (33.4) 57 (36.3) 0.65 (0.37–1.12) 0.129

GT/TT 3 (2.5) 4 (2.5) 0.67 (0.13–3.15) 0.708

TT/CT 2 (1.6) 0 (0) — — —

TT/TTc 8 (6.5) 14 (9.0) 0.51 (0.20–1.32) 0.243

aReference value for OR.
bSignificant even after Bonferroni’s correction for multiple comparisons. Corrected a value ¼ 0.007.
cTT/CC and GG/TT-combined genotypes were not detected in our population.
*P-value obtained by means of Fisher’s exact test.
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some haplotypes and increased frequency of chromatid breaks
induced by benzo[a]pyrene diol epoxide. Gene–nutrient interactions
might also be of relevance in the evaluation of the contribution of
DNMT3B polymorphisms on gene expression, protein levels and activ-
ity. For example, Jung et al. (2008) observed an association between
the DNMT3B 2149TT genotype and adenoma risk among individuals
with low folate and methionine intake.

To the best of our knowledge, this is the first genetic association
study aimed at addressing the possible contribution of the DNMT3B
polymorphisms to the maternal risk of birth of a child with DS and sug-
gests that this gene might be another potential contributor to the
complex interplay among one-carbon metabolism, chromosome mal-
segregation and DS risk. DNMTs are required for DNA methylation
and homocysteine metabolism. During the reaction catalysed by
DNMTs, the methyl group of S-adenosylmethionine is donated to
the DNA thus forming 5-methylcytosine and S-adenosyl-L-homocyst-
eine (SAH), which is then converted into homocysteine by the
enzyme SAH hydrolase. The proper DNA methylation of centromeric
and pericentromeric regions is important for correct chromosome
segregation, and DNMT3B is required for regulating the histone
code and DNA methylation at the centromere (Gopalakrishnan
et al., 2009). Moreover, recent studies in Arabidopsis indicate that
histone hyperacetylation and deficiencies in DNA methylation affect
the chromosome recombination landscape and chromosome segrega-
tion during meiosis (Perrella et al., 2010; Mirouze et al., 2012;
Melamed-Bessudo and Levy, 2012). Therefore, it is plausible that
DNMT3B polymorphisms might affect chromosome segregation and
DS risk.

In summary, we evaluated the possible contribution of the two
most frequently studied DNMT3B promoter polymorphisms to the
maternal risk of birth of a child with DS and the results of our study
are indicative of a possible association, suggesting that this gene
might be another candidate to be taken into account when evaluating
the complex contribution of one-carbon metabolism to maternal DS
risk. The results should, however, be taken with caution, given the
relatively small sample size of the case–control group, and confirmed
in other populations. Additional studies are required to clarify the role
of interactions among different DNMT3B polymorphisms and haplo-
types in gene expression and function. The contribution of the circu-
lating levels of one-carbon nutrients on DNMT3b protein activity also
deserves further investigation, as we should not forget that the contri-
bution of one-carbon metabolism to maternal risk of birth of a baby
with DS, if existing, is likely the result of complex interactions
among nutrients, micronutrients and the expression and activity of
genes and proteins participating in their metabolism.

Supplementary data
Supplementary data are available at http://humrep.oxfordjournals.
org/.
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 by C
orrado R

om
ano on June 14, 2013

http://hum
rep.oxfordjournals.org/

D
ow

nloaded from
 

http://humrep.oxfordjournals.org/

