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Abstract

Aims/hypothesis. Uncoupling proteins are mitochon-
drial transmembrane carriers implicated in the regu-
lation of energy balance. Dysfunction of UCP3 (the
predominant uncoupling protein in skeletal muscle)
might therefore be expected to reduce thermogenic
capacity, alter energy homeostasis and influence pre-
disposition to obesity and Type II (non-insulin-de-
pendent) diabetes mellitus. A variant in the putative
promoter region of UCP3 (=55 c—t) has recently
been identified, and an association with obesity re-
ported in French subjects. Our aim was to study the
pathophysiological role of this variant in diabetes-re-
lated and obesity-related traits using two distinct eth-
nic populations.

Methods. The -55 c—t variant was genotyped in 85
South Indian and 150 European parent-offspring tri-
os ascertained through Type II diabetic probands
and in 455 South Indian subjects initially recruited to
an urban survey into the prevalence of diabetes.
Results. In South Indian and European parent-off-
spring trios there was no preferential transmission of

either allele at the —55 c—t polymorphism to diabetic
offspring (South Indians, p=0.60; Europeans,
p =0.15). When family members were analysed for
intermediate traits, the t-allele was associated with
increased waist-to-hip ratio but only in females
(South Indian mothers p=0.036, daughters
p =0.032: European mothers p =0.037, daughters
p = 0.14). These findings were replicated in South In-
dian females from the population-based survey
(p =0.039).

Conclusion/interpretation. The consistent association
between the t-allele at this locus and increased
waist-to-hip ratio in women from three separate data
sets indicates that variation at this polymorphism (or
another locus with which it is in linkage disequilibri-
um) influences fat distribution but that this effect is
restricted to females. [Diabetologia (2000) 43: 1558-
1564]
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The rising prevalence of Type II (non-insulin-depen-
dent) diabetes and obesity worldwide poses a serious
challenge to human health and incomplete under-
standing of the aetiological basis of these closely re-
lated metabolic conditions is a major impediment to
improved management. There is considerable evi-
dence to suggest that primary abnormalities in energy
balance contribute to the pathogenesis of diabetes
and obesity [1]. Reduced energy expenditure is corre-
lated with subsequent weight gain [2] and normogly-
caemic women at increased risk of future diabetes
have defective post-prandial thermogenesis [3, 4].
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Table 1. Demographic and anthropometric details in the main study groups
South Indian Type II diabetic South Indian urban cohort European Type 1I diabetic
parent-offspring trios parent-offspring trios
Male Female Men Women Male Female
probands probands probands probands
Number 54 31 235 220 92 58
Age at diagnosis (years) 34 (29-38) 32 (25-37) 47 (40-55)° 42 (34-53)° 41 (25-58) 39 (25-55)
Treatment:
Diet only n (%) 4(7%) 2(6%) - - 16 (18 %) 15 (26 %)
Oral agents n (%) 46 (85%) 22 (711%) - - 61 (66%) 35 (60%)
Insulin 7 (%) 4(7%) 7(23%) - - 15 (16 %) 8(14%)
BMI (kg/m?) 262 (22.4-30.7) 26.4(22.0-31.5) 21.8(18.4-25.8) 22.7(18.6-27.6) 30.5 (25.6-36.3) 32.9 (25.8-41.9)
Waist-to-hip ratio 0.94 (0.05) 0.86 (0.07) 0.91 (0.06) 0.85 (0.06) 0.97 (0.06) 0.90 (0.09)

Age at diagnosis is given as medians (range), BMI as geometric means (SD range), and WHR as means (SD). # in the urban survey,

this refers to the age at study

Recent identification of a family of uncoupling pro-
teins [5-8] provides an opportunity to test this hy-
pothesis directly, through detection of correlations
between variation in the genes encoding these pro-
teins and traits relevant to the development of diabe-
tes and obesity.

Uncoupling proteins facilitate the dissipation of
the electrochemical proton gradient established
across the mitochondrial membrane, thereby uncou-
pling oxidative phosphorylation from ATP genera-
tion and allowing stored chemical energy to be con-
verted to heat. In rodents, experimental modification
of the expression of the Ucpl gene, which is ex-
pressed exclusively in brown adipose tissue, influenc-
es susceptibility to obesity [9, 10]. Of the three pro-
teins with putative uncoupling function identified in
humans, uncoupling protein (UCP) 3 provides the
strongest candidate for a role in the regulation of
thermogenesis [6, 8]. Uncoupling protein 3 shows un-
coupling activity in certain expression systems
[11-13] and is expressed predominantly in human
skeletal muscle [6, 8], quantitatively the major site
for energy expenditure [1, 14]. Furthermore, UCP3
(with its close neighbour, UCP2) maps to a region
of chromosome 11q13 linked to resting metabolic
rate and fat mass in French Canadians [15] and to
post-glucose load insulin concentrations in Pima In-
dians [16]. The murine and rat homologues of these
genes lie within regions implicated in several models
of rodent obesity [17-21]. Finally, several groups
have found that UCP3 expression in skeletal muscle
correlates with energy expenditure [22] and is altered
in obesity or Type II diabetes [23, 24].

The search for genomic variants within the UCP3
gene has, thus far, identified multiple polymorphisms
including five intronic variants; seven silent coding
variants; one premature stop codon; one variant in a
splice donor site; four variants in 5 sequence; and
five variants, all uncommon, altering the amino-acid
sequence [25-31]. The strongest evidence for a phe-
notypic effect of any of these polymorphisms has

been obtained for the exon 6 splice donor variant, as-
sociated with reduced fat oxidation and obesity in an
African cohort [29]. Recently, we reported the identi-
fication, in a small number of South Indian and Brit-
ish Caucasoid subjects, of a c—t polymorphism at nu-
cleotide position —55 within the putative core pro-
moter [6, 7] of UCP3 [30] (equivalent to position
2933 of GenBank sequence AF032871). Subsequent
studies in French obese cohorts showed that homozy-
gosity for the t-allele at this site is associated with in-
creased BMI [31] and could explain the previous re-
port of a weak association between the exon 3 Tyr99-
Tyr variant and obesity [26]. Our aim in this study was
to examine the relation between variation at the —55
c—t polymorphism and susceptibility to diabetes,
obesity and related anthropometric traits in subjects
from well-characterised populations from Europe
and South Asia.

Subjects and methods

South Indian parent-offspring trios. South Indian parent-off-
spring trios (n = 85, all Dravidian) were ascertained in Chen-
nai, India through Type II (non-insulin-dependent) diabetic
offspring, as described previously [30, 32]. Clinical details of
probands are provided in Table 1. The mean (SD) age of fa-
thers was 64.6 (6.8) years, with BMI [geometric mean (SD
range)] of 24.0 (20.8-27.7) kg/m? and waist-to-hip ratio of 0.95
(0.05); corresponding figures in mothers were 57.7 (6.5) years,
25.4 (21.5-29.9) kg/m? and 0.88 (0.07). None of the probands
carried the mt3243 mutation [33].

South Indian urban survey cohort. DNA samples were avail-
able from 455 South Indian subjects initially recruited to a pop-
ulation-based survey of diabetes prevalence [34]. Of these, 333
(73.2%) had normal glucose tolerance, 44 (9.7 %) impaired
glucose tolerance and 78 (17.1 %) diabetes. Clinical character-
istics are given in Table 1.

British Diabetic Association Warren 2 Trios collection. Europe-
an parent-offspring trios (n = 150) were ascertained through
probands with a clinical diagnosis of Type II diabetes and two
living parents [35]. The principal ascertainment criteria were:
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(1) probands with a diagnosis of Type II diabetes after age 25;
(2) four grandparents of European origin; (3) exclusion of
Type I (insulin-dependent) diabetes, maturity-onset diabetes
of the young (MODY) and mitochondrial diabetes by personal
and family history, GAD-antibody measurements and genetic
screens for MODY and the mt3243 mutation [35]. Clinical de-
tails on probands are given in Table 1. Fathers’ mean (SD)
age at study was 73.7 (7.4) years, BMI 26.9 (23.3-31.1) kg/m?
and WHR 0.97 (0.07): corresponding figures in mothers were
722 (7.7) years, 27.5 (23.1-32.7) kg/m? and 0.87 (0.08). Al-
though ascertained solely for Type II diabetes, trios probands
were considerably obese, suggesting that the early age of diag-
nosis of diabetes in these families reflects loading for both dia-
betes and obesity genes.

Informed consent was obtained from all subjects for extrac-
tion of genomic DNA and subsequent genetic analyses.

Genotyping. The 55 c—t polymorphism was genotyped using
a restriction-generating restriction fragment length polymor-
phism (RFLP) assay. Standard PCR amplification used prim-
ers 5-GGATAAGGTTTCAGGTCAGGC-3’ and 5-AAGG-
GATGAGGGAGGAGAAA-3. Digestion of the 194bp
product with Haelll generated fragments of 110bp, 64bp and
20bp (c-allele) and/or 110bp and 84bp (t-allele) which were re-
solved on a 3% agarose gel stained with ethidium bromide.
The UCP2 exon 8 insertion-deletion polymorphism was typed
as reported previously [30].

Statistical methods. Evidence for association between variant
genotypes and diabetes was sought using the transmission dise-
quilibrium test (TDT) as implemented with the ETDT pro-
gram [36] in the trios, and standard contingency table analyses
in the urban cohort. The relations between genotypes and
quantitative traits (weight, BMI, waist circumference, WHR,
age at diagnosis of diabetes) in cross-sectional data sets were
examined by analysis of variance in SPSS for Windows, (ver-
sion 8). If not normally distributed (age at diagnosis of diabe-
tes, BMI, weight), data were transformed before analysis. Giv-
en the low proportion of tt homozygotes ( < 5% in all groups),
these analyses pooled ct and tt genotypes. Quantitative TDT
analyses were undertaken for BMI and WHR in the trios’ re-
sources using the QTDTS method of Allison [37] as imple-
mented in QTDT (www.well.ox.ac.uk/asthma/QTDT) [38]. In
addition, we used the “total association” option in QTDT to
implement a non-TDT association test which incorporates
multiple members of the same pedigree, whilst allowing for
shared polygenic and environmental variances.

In the European trios, linkage disequilibrium between
UCP3 and UCP2 polymorphisms was calculated using the
maximum likelihood haplotype frequency estimates generated
by TRANSMIT (www.hgmp.mrc.ac.uk) [39], in both the full
set of 600 founder chromosomes and the subset of 300 untrans-
mitted (‘control’) chromosomes. In the South Indian popula-
tion-based urban survey, linkage disequilibrium was calculated
with the EH program [40]. Statistical significance was defined
as p less than 0.05.

Results

Allele frequencies. The frequency of the t-allele was
18% in the South Indian urban survey, 21 % in the
South Indian trios and 24 % in the European trios
(parental chromosomes only). There was no depar-
ture from Hardy-Weinberg equilibrium in either
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South Indian group; in the European trios, there was
a modest deficiency of tt homozygotes compared
with that expected under Hardy-Weinberg equilibri-
um (p = 0.04).

Association with diabetes. Using family-based associ-
ation methods, there was no evidence of excess trans-
mission of either allele from heterozygous parents to
diabetic offspring in either trio collection. In 58 het-
erozygous South Indian parents, 31 transmitted the
t-allele and 27 the c-allele (p = 0.60). In 126 heterozy-
gous European parents, 55 transmitted the t-allele,
and 71 the c-allele (p = 0.15). In the South Indian ur-
ban cohort, there was no association between -55
c—t genotype and glucose tolerance status (p = 0.80
and 0.49 for genotypes and alleles, respectively).

Associations with quantitative traits. When family
members within the South Indian trios were analysed
for intermediate traits related to development of dia-
betes and obesity (BMI, WHR, waist circumference),
the -55 t-allele was noted to be associated with in-
creased WHR in female family members (Table 2).
There was no significant relation with BMI (Table 3)
or age of diagnosis (data not presented). The geno-
type-associated difference in WHR reached signifi-
cance in the mothers {WHR [mean (SD)]: cc 0.87
(0.07) compared with ct/tt 0.90 (0.08), p = 0.036} and
in female probands [cc 0.84 (0.07) vs ct/tt 0.89 (0.06),
p =0.032] but there were no such differences in fa-
thers or male probands. Applying the “total associa-
tion” method implemented by QTDT to all South In-
dian trios (irrespective of proband sex but including
sex as covariate), the association between —55 c—t
genotype and WHR was confirmed (p = 0.029). Us-
ing quantitative TDT (Allison’s QTDTS) to assess
transmission from heterozygous parents to all off-
spring, no statistically significant effects were seen
for WHR. Somewhat surprisingly, given the absence
of any genotype-related differences in means (Ta-
ble 3), evidence for skewed transmission of the —55
c—t variant was seen for BMI (p = 0.028 with sex as
covariate), higher BMI being associated with trans-
mission of the t-allele.

Given the multiple phenotypes and subject groups
assessed in this analysis, replication was sought in ad-
ditional data sets. In the South Indian urban cohort,
the t-allele was again associated with a modest in-
crease in WHR in the 220 female participants [Ta-
ble 2: cc 0.84 (0.06) vs ct/tt 0.86 (0.07), p = 0.039].
There was no association with WHR in males (Ta-
ble 2) and no association with BMI in either sex (Ta-
ble 3).

In European families, the pattern was similar to
that in South-Indian trios, with evidence for in-
creased WHR in female t-allele carriers (Table 2).
In mothers, this reached formal levels of significance
on non-parametric analysis [cc: 0.86 (0.07) vs ct/tt
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Table 2. Results of analyses at the UCP3 —-55 c—t polymorphism for waist-to-hip ratio in two South Indian and one European

study group

UCP3 -55 c—t genotype

p value for compari-
son of the two groups

n cc ct/tt
South Indian trios
Fathers 85 0.95 (0.05) 0.95 (0.06) 0.81
Mothers 85 0.87 (0.07) 0.90 (0.08) 0.036
Male probands 54 0.93 (0.04) 0.95 (0.05) 0.10
Female probands 31 0.84 (0.07) 0.89 (0.06) 0.032
South Indian urban survey
Males 235 0.91 (0.06) 0.91 (0.06) 0.63
Females 220 0.84 (0.06) 0.86 (0.07) 0.039
European trios
Fathers 150 0.97 (0.07) 0.97 (0.08) 0.69
Mothers 150 0.86 (0.07) 0.88 (0.08) 0.037
Male probands 92 0.97 (0.06) 0.96 (0.06) 0.43
Female probands 58 0.89 (0.07) 0.92 (0.10) 0.14

Data are given as means (SD). Statistical analyses were done by ANOVA.
2 p value presented is non-parametric calculated using Kruskal-Wallis; the parametric p value is 0.08

Table 3. Results of analyses at the UCP3 —55 c—t variant for body mass index in two South Indian and one European study group

UCP3 -55 c—t genotype

p value for compari-

son of the two groups

n cc ct/tt
South Indian trios
Fathers 85 23.9 (20.6-27.8) 242 (21.2-27.6) 0.74
Mothers 85 25.4 (21.5-30.0) 25.4 (21.6-29.9) 1.0
Male probands 54 25.7 (22.3-29.7) 27.0 (22.6-32.3) 0.28
Female probands 31 26.4 (22.6-30.9) 26.3 (21.2-32.5) 0.94
South Indian urban survey
Males 235 21.6 (18.0-25.9) 21.9 (18.6-25.7) 0.57
Females 220 22.5(18.4-27.4) 23.0(18.8-28.1) 0.40
European trios
Fathers 150 27.5(23.5-32.2) 26.4 (23.2-30.0) 0.08
Mothers 150 27.1 (22.6-32.6) 28.0 (23.9-32.8) 0.31
Male probands 92 31.2 (25.9-37.4) 29.2 (25.1-34.0) 0.11
Female probands 58 34.0 (25.9-44.6) 31.7 (25.7-39.1) 0.30

Data are given in kg/m? as geometric means (SD range). Statistical analyses were undertaken on logarithmically transformed data

using ANOVA

0.88 (0.08), p = 0.037] but not on parametric analysis
(p = 0.08). Female probands showed a similar trend
but this was not significant under either analysis. Us-
ing the total association method (as above), overall
association for all trios was borderline significant
for WHR (p = 0.06). On restricting the analysis to
the 58 trios with female probands, as expected, the
association with —-55 c—t genotype was stronger
(p =0.0025). Again, no relation with WHR was
seen in the male family members when analysed by
ANOVA (Table?2) and there was no association
with BMI (Table 3), age at diagnosis, weight or waist
circumference. Applying the total association analy-
sis in the 92 families selected for a male proband, an
association emerged, however, between the —55 c—t
polymorphism and BMI (p =0.02). On analysing
the European trios using QTDTS5 for BMI and
WHR, no departures from Mendelian expectation
were observed.

Linkage disequilibrium with UCP2 exon 8 site. In the
same South Indian cohorts, variation at an insertion-
deletion polymorphism within exon 8 of the neigh-
bouring UCP2 gene is associated with raised BMI
[30]. The haplotypic relation between these two vari-
ants was therefore explored. In South Indians, the t-
allele at UCP3 —55 was in significant positive disequi-
librium with the deletion allele in UCP2 [linkage dis-
equilibrium coefficient (D’) =0.70, p = 0.0001)]. Be-
cause it is the UCP2 insertion allele which is associat-
ed with increased BMI (but not WHR) in South Indi-
ans [30], this pattern of disequilibrium suggests inde-
pendent associations between UCP2 exon 8 and
BMI, and between UCP3 -55 and WHR.

In Europeans, a similar pattern of linkage disequi-
librium was observed (in all founder chromosomes,
D’ =043, p=4x107; in untransmitted chromo-
somes, D’ =0.37, p =0.005). In the European and
South Indian families, there was no significant rela-
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tion in mothers (or any other group) between UCP2
exon 8 insertion-deletion genotype and WHR (data
not shown). In the European mothers (but not in oth-
er European relative groups), the UCP2 exon 8 dele-
tion allele showed, however, a weak association with
increased BMI when deletion-homozygous subjects
were compared with all others [geometric mean (SD
range), 28.4 (23.9-33.8) kg/m?, vs 26.7 (22.5-31.7) kg/
m?2, p = 0.036]. This effect was entirely due to the low
BMI of heterozygotes because both homozygote
groups had similar BMIs [heterozygotes, 26.3
(22.2-31.3) kg/m% homozygous insertion, 28.4
(24.5-33.0) kg/m?].

Discussion

The main finding from this study is the association
between the t-allele at the —-55 c—t UCP3 polymor-
phism and increased waist-to-hip ratio in female sub-
jects from two South Indian and one European data
set. The —55 c—t variant represents the fifth UCP3
polymorphism for which associations with obesity or
related intermediate traits have been claimed [26,
29, 31]. Two of these (Val102lle) and the exon 6 splice
variant are almost entirely restricted to subjects of
African origin [29] whereas evidence for the silent
Tyr99Tyr polymorphism [26] is of borderline statisti-
cal significance after correcting for multiple testing
and, if true, presumably reflects linkage disequilibri-
um with a functional variant elsewhere within UCP3
or a neighbouring gene. Indeed in further analyses
of the same French cohorts, this Tyr99Tyr effect
seems to reflect an association between tt homozy-
gosity at the —55 c—t polymorphism and increased
BMI [31].

The striking feature of our data is not so much the
strength of the association but the consistent limita-
tion to female subjects in three independent data
sets and two distinct ethnic groups. Women carrying
the t-allele (as heterozygotes or homozygotes) show
increased WHR compared with cc homozygotes in
all five groups studied (European mothers and pro-
bands, South-Indian mothers, probands and urban
survey), although the European probands did not ap-
proach formal significance. We can only speculate on
the biological reasons underlying such sex-restricted
effects, but note that the obvious sexual dimorphism
in human fat distribution must, of necessity, indicate
that regulation of the content and distribution of fat
mass differs between men and women.

The physiological importance of UCP3 in human
energy balance is controversial [27]. Although sever-
al studies have shown that UCP3 has uncoupling ac-
tivity when expressed in yeast [12, 13] or mouse myo-
blasts [11], the fact that UCP3 expression consistently
increases during fasting (i.e. when thermogenesis is
decreasing) could indicate a primary physiological
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role as an effector in the metabolic adaptation to in-
creased fatty acid supply [41-43]. A role in fuel parti-
tioning is supported by the increased respiratory quo-
tient observed in subjects with the exon 6 splice vari-
ant [29]. Whether or not the main physiological role
of UCP3 lies in regulation of thermogenesis or fuel
partitioning, defective UCP3 function would still be
expected to lead to progressive weight gain in the ab-
sence of compensatory weight-maintaining mecha-
nisms.

Studies of UCP3 expression have also proved hard
to interpret, with recent publications variously re-
porting that UCP3 mRNA expression is increased
[23], decreased [22] or unchanged [41, 42, 44, 45] in
obese compared with control subjects. Thus, al-
though some have interpreted increased mRNA ex-
pression as indicative of compensatory UCP3 up-reg-
ulation in the face of obesity [23], others have sug-
gested that reduced UCP3 expression contributes to
the pathogenesis of obesity [22]. Given our findings,
one possible explanation for these discrepant results
might be differences in sex between the study cohorts
[22, 23].

Association studies, as used here, have two main
drawbacks. First, they might detect positive associa-
tions that reflect confounding effects of population
substructure. Although we cannot exclude this as an
explanation of our findings, the consistent relation
across two ethnically distinct cohorts (and three data
sets) argues against this. The failure to detect evi-
dence for association with WHR in the trios using
the Allison QTDT-based method (which circumvents
concerns about population stratification) is not espe-
cially indicative, given the modest number of female
probands (31 South Indian and 58 European).

Second, association studies do not, even if popula-
tion substructure is excluded, provide precise local-
isation of the aetiological variant. Thus, the associa-
tion detected at the —55 c—t polymorphism could re-
flect linkage disequilibrium with a functional variant
elsewhere in UCP3 (or a nearby gene such as
UCP2). In previous studies on the same South Indian
subjects, an insertion allele at a polymorphism in
exon 8 of UCP2 was associated with increased BMI
[30]. This raises the possibility that these analyses
are detecting the same genetic effect, albeit through
different phenotypes (BMI and WHR). Although
the orientation of UCP2 and UCP3 is such that they
are separated by the entire coding regions of both
genes (about 20 kb) [46], the two loci are in consider-
able linkage disequilibrium with the UCP3 -55 t-al-
lele positively associated with the UCP2 exon 8 dele-
tion allele in both ethnic groups. In South Indians,
the two susceptibility alleles are themselves in nega-
tive linkage disequilibrium and the most likely expla-
nation is that the UCP2 exon 8 insertion-deletion and
the UCP3 -55 c—t SNP have entirely separate associ-
ations, with BMI and WHR, respectively. The rela-
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tion between these variants is less easy to disentangle
in Europeans, given the weak evidence of an associa-
tion between the deletion allele and increased BMI.
Though it is tempting to dismiss the UCP2 exon 8 /
BMI relation in Europeans as a statistical artefact
(because heterozygotes have a lower BMI than either
homozygote group), it is worth noting that the same
‘V’-shape relation has been seen previously at this lo-
cus for leptin concentrations in obese European
women [30] and sleeping metabolic rate in Pima Indi-
ans [28]. Nevertheless, the parsimonious explanation,
given the clearer interpretation in the South Indians
and the findings that the UCP3 variant influences
WHR but not BMI, and the UCP2 polymorphism
the reverse, favours distinct effects at the two sites in
Europeans as well.

In French subjects, an association has recently
been reported between increased BMI and tt ho-
mozygosity at this site, evident within both obese
and control cohorts (but without any difference in al-
lele frequencies between the two groups) [31]. The
QTDT results obtained here offer some support for
these findings, although interpretation is complicated
when analysed by ANOVA, the South Indian and,
since, European groups showed no overall associa-
tion. If anything, the trend for BMI in Europeans is
in the opposite direction. In our cohorts, therefore,
any association with BMI lacks the consistency seen
for WHR. Unfortunately, no analyses of WHR were
reported in the French data [31]. Associations or link-
ages between the UCP3/UCP2 locus and various in-
termediate traits related to diabetes or obesity have
now been reported in South Asians, Pima Indians,
Africans and diverse European groups emphasising
the importance of this chromosomal region to weight
homeostasis [15, 16, 26, 28-31].

According to the original designation of transcrip-
tion initiation [6, 7], the —55 c—t polymorphism lies
in the proximal promoter, immediately adjacent to a
putative TATA box. Detailed analysis of the 5’ flank-
ing region of UCP3 has, however, recently suggested
that the first exon extends a further 581bp upstream
than previously thought [47]. This raises questions
about the mechanisms whereby the —55 c—t polymor-
phism might influence UCP3 function and regulation.
Pima Indian subjects homozygous for the c-allele at
this site have reduced skeletal muscle UCP3 mRNA
expression [48], although, of course, this does not lo-
calise the effect to this particular polymorphism. Ulti-
mately, direct comparison of the expression of wild-
type and variant UCP3 will be required to assess the
functional consequences of genomic variation at this
site but it could prove difficult to find a physiological-
ly relevant expression system.

Our studies of the UCP3 -55 c—t polymorphism in
South Indian and European subjects with diabetes
and obesity showed no association with diabetes or
obesity as such but a replicated association with al-
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tered fat distribution seen in women from both ethnic
groups. Further clinical studies and in vitro functional
analyses are required to define the precise contribu-
tion of this variant to human physiology and patholo-
gy, but the data provide additional support for the hy-
pothesis that defects in UCP3 function contribute to
the development of obesity and related conditions.
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