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Abstract
BACKGROUND: Both environmental and genetic factors are involved in the etiology of neural
tube defects (NTDs). Inadequate folate intake and obesity are important environmental risk
factors. Several folate-related genetic variants have been identified as risk factors; however, little
is known about how genetic variants relate to the increased risk seen in obese women. Uncoupling
Protein 2 (UCP2) is an attractive candidate to screen for NTD risk because of its possible role in
obesity as well as energy metabolism, type-2 diabetes, and the regulation of reactive oxygen
species. Interestingly, a previous study found that a common UCP2 compound homozygous
genotype was associated with a threefold increase in NTD risk.

METHODS: We evaluated three polymorphisms, −866G>A, A55V, and the 3′UTR 45bp
insertion/deletion, as risk factors for NTDs in Irish NTD cases (N=169), their mothers (N=163),
their fathers (N=167) and normal control subjects (N=332).

RESULTS: Allele and genotype frequencies were not significantly different when comparing
NTD mothers, NTD fathers, or affected children to controls. Additionally, the previously reported
risk genotype (combined homozygosity of 55VV and 3′UTR 45bp deletion/deletion) was not
present at a higher frequency in any NTD group when compared to controls.

CONCLUSIONS: In our Irish study population, UCP2 polymorphisms do not influence NTD
risk. Moreover, the prevalence of this allele in other populations was similar to the Irish
prevalence but far lower than reported in the previous NTD study, suggesting that this previous
finding of an association with NTDs might have been due to an unrepresentative study sample.
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INTRODUCTION
Uncoupling proteins are mitochondrial membrane transporters that disrupt the coupling
between the mitochondrial proton gradient and ATP synthesis. UCP1, found in the inner
mitochondrial membrane of brown adipose tissue, serves as a proton leak channel that
allows cells to release stored energy as heat. While the physiological role of UCP1 in
thermogenesis is relatively well understood, the function of its homologs, UCP2 and UCP3,
remains unclear. Suggested models hypothesize roles for these genes in thermogenesis and
body weight regulation, the attenuation of mitochondrial reactive oxygen species (ROS)
production, insulin regulation, and fatty acid export (Krauss et al., 2005). Such putative
functions have justified the evaluation of common variants in these genes for a role in a
variety of human diseases and phenotypes such as body composition and resting energy
expenditure (Yanovski et al., 2000), energy metabolism (Kovacs et al., 2005), obesity (Liu
et al., 2005; Ochoa et al., 2007), multiple sclerosis (Otaegui et al., 2007; Vogler et al., 2005),
diabetic neuropathy (Rudofsky et al., 2006; Yamasaki et al., 2006), coronary artery disease
(Humphries et al., 2007), and schizophrenia (Yasuno et al., 2007).

Case-control association studies have provided inconsistent and sometimes contradictory
results, but seem to implicate UCP2 polymorphisms in energy metabolism, obesity, and
type-2 diabetes. A 45 base pair insertion polymorphism in the 3′UTR of exon 8 has shown
association with energy expenditure (Kovacs et al., 2005) and obesity in some studies (Marti
et al., 2004; Yanovski et al., 2000), but not all (Dalgaard et al., 2003). The more common G
allele of the UCP2 −866G>A promoter polymorphism has been associated with a modest
increased risk for obesity in a Caucasian European population (Esterbauer et al., 2001;
Gable et al., 2007; Krempler et al., 2002), but was paradoxically associated with a decreased
risk for type-2 diabetes (Krempler et al., 2002) and lower fasting plasma levels of insulin
(Gable et al., 2007). The −866AA genotype was associated with an increased risk for type-2
diabetes in Italian women (D'Adamo et al., 2004), while another study identified the
−866GG genotype as a risk factor in a separate Italian cohort (Bulotta et al., 2005).

Functional studies have been variable. Reports that the −866A allele is associated with
enhanced in vivo adipose UCP2 mRNA expression (Esterbauer et al., 2001) and that UCP2
negatively regulates insulin secretion (Zhang et al., 2001) support the finding that
individuals with the −866AA genotype have reduced B-cell function and lower insulin
secretion in response to glucose stimulation (Sesti et al., 2003). However, Wang et al. (2004)
found that −866AA individuals had decreased adipose UCP2 mRNA levels. Cleary the role
for UCP2 polymorphisms in the etiology of obesity and type-2 diabetes is still uncertain;
nonetheless these studies suggest that common variants in this gene may influence disease
susceptibility and gene expression levels.

Numerous studies have found obese mothers have a two-fold or greater risk for having a
child with a neural tube defect (NTDs) (Scialli, 2006; Waller et al., 1994). It is well
documented that congenital malformations occur at a higher rate when the mother has
diabetes (Becerra et al., 1990; Janssen et al., 1996), and that diabetic and obese women have
numerous metabolic abnormalities, some of which, like hyperglycemia, are associated with
a high risk for birth defects (Shaw et al., 2003). Common variants in UCP2 are, therefore,
attractive candidates to screen as potential risk factors for NTDs since they may increase
susceptibility to obesity or diabetes.

Volcik et al. (2003) reported an association between a UCP2 dual genotype and spina bifida
in a case-control analysis. Infants homozygous for both the A55V (val/val) and the 3′UTR
45bp insertion/deletion polymorphism (del/del) in exon 8 had more than a three-fold higher
risk for spina bifida. Given these and other results that implicate UCP2 variants in obesity,
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type-2 diabetes and gene expression, we evaluated three polymorphisms, −866G>A, A55V,
and the 3′UTR 45bp insertion/deletion, as risk factors for NTDs using case-control and
family-based analyses in an Irish population.

MATERIALS AND METHODS
Study Population

Study subjects were recruited and samples were obtained as previously described (Kirke et
al., 1993). We elected to study roughly one-third of our cohort and replicate any positive
associations in the remainder of the cohort. The primary sample set consisted of 146 NTD
case families and 332 control individuals. Except for three NTD family pairs consisting of
parents only, NTD case and mother, and NTD case and father, the NTD families all had a
mother, father, and affected child triad. One family group had two NTD cases. An additional
unrelated 22 NTD cases, 19 NTD mothers and 22 NTD fathers were also included in the
analyses.

DNA Isolation
Genomic DNA was extracted from blood samples or buccal swabs using Qiagen Blood Mini
Kits (Qiagen, Valencia, CA) or purified using Purgene (Gentra Systems. Minneapolis, MN).

Genotyping
The insertion polymorphism was genotyped using PCR as previously described (Lentes et
al., 1999). The A55V (rs660339) and −866G>A (rs659366) variants were genotyped using
matrix assisted laser desorption/ionization-time-of-flight (MALDI-TOF) mass spectrometry
(Sequenom, San Diego, CA) of PCR products containing the polymorphism. Genotyping
success rates ranged from 95-99% and averaged 97.0% across all samples. To ensure
genotyping consistency 10% of samples were re-genotyped. Concordance rates were 100%,
94.6%, and 95.9% for the 3′UTR 45bp insertion/deletion polymorphism, −866G>A, and
A55V, respectively.

For comparisons of allele, genotype, and haplotype frequencies, we also genotyped panels of
Caucasian and African-American samples obtained from the Coriell Cell Repositories
(Camden, NJ) at each of the three markers. We observed a 96.5% genotyping call rate and
96.2% concordance rate after regenotyping >5% of samples. Data from additional
populations e.g., Yoruba from Ibadan, Nigeria, Japanese from Tokyo, Han Chinese from
Beijing, Northern and Western Europeans from Utah (CEPH) were downloaded from
HapMap (http://www.hapmap.org/).

Statistical Analysis
Samples with discordant genotypes or that displayed non-Mendelian inheritance were
excluded from statistical analysis for that marker, while samples discordant or non-
Mendelian for more than one marker were excluded from all analyses (<2.0% of genotypes
excluded overall). Odds ratios with a 95% confidence interval were used to test single
marker homozygous genotypes and the previously reported compound homozygous risk
genotype (V/V, del/del) for an association with NTDs by comparing individual NTD groups
with controls.

Additionally, a family-based test was performed for each marker. A log-linear model
allowing for direct maternal genetic effects along with case genetic effects was used to test
for association. For both cases and mothers, the model allows for a separate relative
multiplicative risk due to one or two copies of the index allele, compared to no copies of the
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index allele. The model was fit by maximizing the likelihood of observed triads given the
parental genes using SAS PROC GENMOD (Weinberg et al., 1998).

Three marker haplotypes (−866G>A, A55V, 3′UTR 45bp insertion/deletion) were estimated
for all groups and subjected to χ2 analysis with the aid of Haploview (Barrett et al., 2005).

RESULTS
Genotype distributions and allele frequencies are presented in Table 1. Hardy-Weinberg
equilibrium was observed for each variant across all groups except for the insertion
polymorphism among controls (p= 0.04). Case-control comparisons of genotype frequencies
between NTD cases or NTD mothers and controls did not reveal any association with NTDs
(Table 2). Family-based tests of each UCP2 variant were also negative as log-linear
modeling of case and maternal effects did not show significant association (data not shown).
Haplotype frequencies also did not significantly differ between NTD cases and controls or
between NTD mothers and controls (data not shown).

We also genotyped DNA samples from unaffected Caucasian and African Americans. UCP2
A55V allele frequencies in these groups were similar to those observed in the Irish
population and consistent with the allele frequencies reported in HapMap (Figure 1). Allele
frequencies were also similar for the other UCP2 markers; the −866G>A minor allele
frequency ranged from 0.35-0.44 and the 3′UTR 45bp insertion/deletion minor allele
frequency ranged from 0.18-0.27 in the Irish, Caucasian and African American populations.

DISCUSSION
Our evaluation of three UCP2 polymorphisms, −866G>A, A55V, and the 3′UTR 45bp
insertion/deletion in exon 8, suggests common variants in this gene do not influence NTD
risk in the Irish population. Allele and genotype frequencies were not statistically different
between NTD mothers, affected children, and controls. These data contrast with those of
Volcik et al. (2003), who detected an association between a compound homozygous UCP2
genotype and spina bifida among a population of 24 spina bifida case infants and 20 control
infants. They observed a more than threefold increase in spina bifida risk for subjects who
were homozygous for the 55VV and 3′UTR 45bp del/del genotypes (OR = 3.6, 95% CI =
1.0-13.1). We genotyped both of these variants in our cohort and we also genotyped a third
variant in the promoter region (−866G>A) that has been shown to influence expression
levels (Esterbauer et al., 2001; Krempler et al., 2002; Wang et al., 2004).

The frequency of the previously reported risk double homozygous genotype (55VV, 3/UTR
45bp del/del) was an order of magnitude smaller in our study compared to that reported by
Volcik et al., and displayed no association with NTDs. Discrepancies between frequencies
of this double homozygous genotype in the two studies might be attributed to ethnic
stratification; unfortunately the ethnic background of their sample population was not
specified. While this precludes comparing our results directly to that of Volcik et al. (2003),
our finding of similar allele and haplotype frequencies in European and African American
samples suggests this region exhibits little ethnic specific LD block structure stratification. It
is likely that the allele frequencies observed by Volcik et al. (2003) are an artifact of a small
sample size and not representative of any population.

As obesity is a major, and increasingly more important, risk factor for NTDs, UCP2 was a
logical candidate to study for NTD risk. In this report, by far the largest of its kind to date,
we found no relationship between NTDs and any of the variants examined in UCP2.
However, we cannot rule out the possibility that these variants do influence NTD risk in
other populations. It is also possible that one or more of these variants in conjunction with
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other variants increases risk for NTDs. As with most complex phenotypes, we expect that
individual genetic variants will not have a powerful influence on NTD risk. More studies are
needed to elucidate the function of UCP2 and the possible role variants in this gene may
play in obesity, type-2 diabetes, and NTDs.
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Figure 1. UCP2 A55V Allele Frequencies Among Multiple Ethnic Groups
T (Valine) allele distributions for UCP2 A55V (rs660339) observed in different populations.
The frequencies for Volcik cases and controls were previously reported (2003). Genotyping
data for this SNP in the HapMap populations is publicly available (ss69320500). The
remaining allele distributions were determined in the current study.
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