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Abstract

Background: UCP3 is a mitochondrial membrane trans-
porter that is postulated to uncouple oxidative phospho-
rylation from ATP synthesis producing heat instead of
ATP. Human UCP3 is mainly expressed in skeletal muscle,
which plays an important role in energy homeostasis and
substrate oxidation. Therefore, UCP3 is a good candidate
gene for obesity.

Materials and Methods: We analyzed, among 734 subjects
from the Québec Family Study, a new GA repeat microsatel-
lite located in intervening sequence (IVS) 6 (GAIVS6) in
UCP3 gene, and two already described restriction fragment
length polymorphisms (RFLP) Y210Y(C—T) and V102I
(G —A). Covariance analysis across genotypes for different
adiposity, resting energy expenditure, and glucose metab-
olism variables was undertaken with age and sex, plus
body fat and body mass for nonadiposity phenotypes, as
covariates.

Results: We found strong associations between GAIVS6
and body mass index (p = 0.0001), fat mass (p = 0.0005),
percentage body fat (p = 0.0004), the sum of six skinfold
thickness (p = 0.0001), and leptin level (p = 0.0001). Ho-
mozygote for the GAIVS6 240 bp alleles (15% frequency
in QFS) showed higher adiposity than subjects with the
GAIVS6 238 bp allele (70% in QFS). The exons, the 5" un-
translated region (UTR), and the exon—intron junctions of
UCP3 gene from subjects homozygote for either GAIVS6
238 bp or 240 bp alleles were sequenced in search for mu-
tations. Variants 5'UTR-55C—T and Y210Y(C—T) were
detected, whereas 1VS4-36C—T was uncovered, but no
new exonic or splice junction mutation was observed.
RFLP Y210Y(C—T) was not associated to adiposity in
QFS; V1021(G—A) showed no variation.

Conclusion: Our results suggest that some alleles of UCP3
are involved in the etiology of human obesity.

Introduction

The prevalence of obesity has increased consider-
ably over the past 20 years and represents a major
health burden in industrialized societies, particu-
larly from Europe and North America. Obesity is a
risk factor for cardiovascular diseases, diabetes, hy-
pertension, and also for some types of cancer (1,2).
Obesity is a multifactorial disease with genetic and
environmental origins (3), resulting from an imbal-
ance between energy intake and expenditure. Sev-
eral pathways are involved in the regulation of en-
ergy balance including those with ATPases and
uncoupling proteins (UCPs).

UCPs are a family of inner membrane proteins of
mitochondria that uncouple oxidative phosphoryla-
tion from the cellular respiratory chain and produce
heat instead of ATP (4). UCP1, located on chromo-
some 4q32, is expressed in human newborn brown
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adipose tissue only (4). UCP2 and UCP3 showed
55% (5) and 56% (6) amino acid identity with
UCP1, respectively. They were located on chromo-
some 11q13 with only 7 kilobases (kb) separating
the two genes (7). In contrast to UCP1, UCP2 is
widely expressed in the majority of human tissues
(5), whereas UCP3 is mainly expressed in skeletal
muscle (6). Studies using transfected yeast and cells
in culture support the hypothesis that UCP3 has an
uncoupling activity (for a review see (8)). Long
(UCP3;) and short (UCP3) isoforms of UCP3 have
been described that originate from alternative tran-
scripts of the gene (6,9).

Skeletal muscle plays an important role in en-
ergy homeostasis and substrate oxidation (8), and it
may contributes as much as 40% of whole-body,
adrenaline-induced thermogenesis (10). Mice over-
expressing human UCP3 in muscle were shown to
be hyperphagic but lean (11). On the other hand, no
phenotypic difference between UCP3 knock-out and
control mice was observed (12,13), but alternative
compensatory mechanisms cannot be excluded.

Samec et al. (14) suggested a functional role for
UCP2 and UCP3 in regulation of lipids as fuel
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substrate rather than as regulators of thermogenesis.
Supporting this hypothesis, it was reported recently
that fatty acids regulate UCP3 mRNA expression in
human skeletal muscle in vivo (15). Comuzzie et al.
(16) excluded, in Mexican Americans, the chromo-
somal region containing UCP2 and UCP3 as having
an effect on obesity-related phenotypes at effect size
of 10% or greater. Nevertheless, Schrauwen et al.
(17) observed a negative correlation in Pima Indians
between UCP3; and UCP3g and body mass index
(BMI), and a positive correlation between UCP3
and metabolic rate during sleep. A polymorphism in
the splice donor junction of exon 6 was reported in
African Americans (18,19). It resulted in a decrease
in UCP3,/UCP3g ratio in skeletal muscle (19). This
polymorphism was found to be either associated
with a decreased basal fat oxidation rate and an in-
creased respiratory quotient (18) or with no change
in body composition (19).

Urhammer et al. (20) detected in the UCP3 gene
of Caucasians, nucleotide substitutions in intron re-
gions, two silent amino acid variants (Y99Y and
Y200Y), and the replacement of a glycine with a ser-
ine in exon 3 (G84S). A V1021 mutation was also de-
scribed (18,19). None of these changes was associ-
ated with obesity phenotype. Walder et al. (21) also
reported that the UCP3 Y99Y variant was not associ-
ated with metabolic rate or obesity, but Otabe et al.
(22) reported a weak association between Y99Y
polymorphism and obesity, and between a Y210Y
polymorphism and diabetes. Eventually, a 5’UTR-55
variant was described that was found to be associ-
ated with a decreased effect of physical activity on
BMI (23).

Altogether, the results of UCP3 genetic studies
are rather controversial and only weak associations
have been until now described between some UCP3
variants and obesity traits. In the present study, we
analyzed, in relation to adiposity, energy expendi-
ture, and glucose homeostasis, the effects of different
UCP3 polymorphisms in the Québec Family Study
(QFS).

Materials and Methods
Subjects and Phenotypes

The QFS cohort has been previously described (24).
Caucasian nuclear families from the greater Québec
City area were tested for a battery of morphometric
and physiologic variables. Blood samples were ob-
tained for various biochemical assays and perma-
nent lymphoblastoid cell lines were established for
the extraction of DNA. Only subjects 18 years of age
and older were retained for the present study. A total
of 734 subjects (41 grandparents, 316 parents, and
376 adult offspring) from 171 families were avail-
able for the study. Dependent variables included the
BMI (weight [kg] divided by height [m?]), the per-
cent body fat (%FAT) estimated from body density
measurements obtained by underwater weighing

(25) and the equation of Siri (26), and the fat mass
(FM in kg) and fat-free mass (FFM in kg) calculated
from percent body fat and body weight. Subcuta-
neous fat (in mm) was estimated by the sum of six
skinfold thickness (SF6 = abdominal, subscapular,
suprailiac, medial calf, triceps, and biceps). Respira-
tory quotient (RQ) and resting metabolic rate
(RMR) were assessed in a fasted state by indirect
calorimetry over a 30-min period using an open-
circuit system with a ventilated hood, with data from
the last 10 min being used for the calculation (27).
Plasma levels of glucose, insulin, and leptin were
measured in the morning after a 12-hr overnight fast.
Radioimmunoassay was used to measure insulin
with a polyethylene glycol precipitation (28), and to
measure leptin (Linco, St-Charles, MO, USA) in
which the lowest quantity detectable was 0.5 ng/ml.
Glucose was measured enzymatically (29).

Identification of a GA Dinucleotide Repeat Microsatellite
Marker in Intervening Sequence 6 (GAIVS6) of UCP3

A genomic DNA sample from the Centre d’Etude du
Polymorphisme Humain (CEPH) families was used
for the polymerase chain reaction (PCR) amplifica-
tion of the UCP3 gene as previously described (30).
Sequencing of the amplified product revealed a po-
tentially polymorphic DNA sequence with a struc-
ture of (A),((GA); in the intron 6 of UCP3
(GAIVS6). To confirm the polymorphism, genotyp-
ing was performed in 19 CEPH families by PCR as
follows. The upstream and downstream primers
were 5-TAGAACTGTGAGAATTCGCTGC-3’ and 5’-
ACATCAGGTGGAGTGCTAGG-3, respectively, and
the latter was labeled with [y*?’P] ATP and T4
polynucleotide kinase. PCR was performed in a
15-ul reaction mixture containing 50 ng of human
genomic DNA in 20 mM of Tris-HCI (pH 8.4), 50 mM
of KCI, 1.5 mM of MgCl,, 0.1 uM of each primer,
100 uM of each dANTP, and 0.75 units of Tag DNA
polymerase, and with the following conditions:
3 min at 94°C, followed by 33 cycles for 45 sec at
94°C, 30 sec at 57°C, and 30 sec at 72°C, and one
cycle for 5 min at 72°C. PCR products were sepa-
rated by electrophoresis on a 6% denaturing urea/
polyacrylamide gel and detected by autoradiography
on Kodak X-OMAT film. Three different alleles with
size of 238, 240, and 242 bp were detected and se-
quenced. The 238-, 240-, and 242-bp alleles had
(A)10(GA)s, (A)10(GA)s, and (A),0(GA), structures,
respectively. Additionally, 280 bp of the 5’'UTR, 127 bp
upstream from exon 2, and all exons with their
exon—intron junctions of five subjects homozygote
for either GAIVS6 238 bp or 240 bp alleles were se-
quenced in search for mutations.

Genotyping of GAIVS6 Microsatellite in the Québec
Family Study

Genomic DNA was prepared from permanent lym-
phoblastoid cells by the proteinase K and phenol/
chloroform technique. DNA was dialyzed four times



against TE buffer (10 mM of Tris, 1 mM of EDTA, pH
8.0) for 6 hr each time at 4°C and ethanol precipi-
tated. PCR was performed in 10 ul of reaction mix-
ture containing 100 ng genomic DNA, 40 nM of un-
tagged primer, and 10 nM of infrared tagged primer
(Licor, Lincoln, Nebraska, USA), 125 uM of dNTPs,
and 0.3 U of Taq polymerase in PCR buffer (Roche
Diagnostics Canada Laval, Qe, Canada). Primers
used were the same as those previously described.
PCR conditions were: 1 cycle at 93°C for 5 min, 30
cycles at 94°C for 20 sec, and at 60°C for 1 min (Eri-
comp, San Diego, CA, USA). GAIVS6 microsatellite
dinucleotide repeat was analyzed using automatic
DNA sequencers and SAGA genotyping software
(Licor). Genotypes were imported electronically di-
rectly in a local database named GENEMARK where
a procedure to check for Mendelian inheritance in-
compatibilities within families has been developed.
Subjects showing incompatibilities were reanalyzed
completely (i.e., from PCR to genotyping).

Restriction Fragment Length Polymorphism

Two other polymorphisms were studied: a valine
to isoleucine substitution at amino acid 102
(V102I(G—A)) (18,19), and a C to T nucleotide tran-
sition in tyrosine 210 codon (Y210Y(C—T)) (22). For
both polymorphisms, primers were the same as
those previously described by Chung et al. (19). For
V102I(G—A) polymorphism, PCR conditions were
1 cycle at 94°C for 5 min; 40 cycles of 94°C for 30 sec,
52°C for 30 sec, and 72°C for 45 sec; and 1 cycle at 72°C
for 10 min. PCR product (100 bp) was digested with
5 U of Tth111 I for 5 hr at 65°C. Only the V102(G)
allele, giving DNA fragments of 80 and 20 bp, was
found in QFS subjects; the 1102(A) allele, giving a
fragment of 100 bp, was not observed. For the
Y210Y(C—T) variant, PCR conditions were 1 cycle
at 94°C for 5 min; 40 cycles of 94°C for 30 sec, 53°C
for 30 sec, and 72°C for 45 sec; and 1 cycle at 72°C for
10 min. The 130-bp PCR product was digested with
5 U of Rsa I at 37°C overnight. The Y210(C) allele
gave fragments of 110 and 20 bp, and the Y210(T)
allele of 130 bp. DNA fragments were resolved on
a 3% agarose gel and visualized with ethidium
bromide. All PCR reactions were performed in a
GeneAmp PCR system 9600 (Perkin Elmer, Foster
City, CA, USA) and Taq DNA polymerase was pur-
chased from QIAGEN (Santa Clara, CA, USA).

Sequencing of UCP3 Exons and 5'UTR

The seven exons and the intron-exon junctions of
UCP3 (GenBank accession number AF127916) were
amplified by PCR and sequenced using the ABI377
sequencer.

Statistical Analysis

Phenotypic differences across genotypes were tested
on all subjects using covariance analysis with age,
age?, age’, sex, plus BMI for RQ and RMR, and SF6
for log insulin. Fisher’s LSD test was used to identified
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the pairs that differed; LSD test was performed only
when the ANCOVA p-value was smaller than 0.05.
Because the frequencies of alleles 236, 244, and 256 bp
of GAIVS6 were less than 1%, they were grouped
with other genotypes for analysis. Heterozygotes for
these alleles were grouped with the homozygotes for
the other alleles, whereas no homozygote was ob-
served. The SAS package (version 6.12) for the PC was
used for the analysis.

The use of related subjects can be explained as
follows. It is commonly believed that the related-
ness of the subjects in family study cohorts may
cause problems in association analyses. However, a
recent simulation study (Province et al., unpub-
lished data) suggests this is not the case. The prob-
lem is that within person effects violate the basic
independent, identically distributed (i.i.d.) errors
assumption of classical statistical theory. Familial
clusters of residuals are statistically independent but
the model errors for individuals within the same
family are often dependent. In the Province et al.
simulation study, the data were analyzed by four
methods, and the least squares method used in the
present report was one of them; the other three
methods treated dependencies in different ways.
Two major findings are pertinent here: First, failure
to incorporate dependencies did not induce any
bias. Second, for moderate familial correlations as
seen in most family studies (including the current
one), ignoring the dependencies by using ANOVA
performed quite well. The only negative impact was
a small reduction in power. The standard errors are
slightly larger, but type I error was unaffected.
Given this, we do not believe that the dependencies
or relatedness of the subjects in families cause any
real problems in this type of analysis. We have al-
ready successfully used this statistical approach in
some recent papers (31,32).

Results

We uncovered a new polymorphism located in the
sixth intron of the UCP3 gene. We observed in QFS
six different alleles of 236 (0.3%), 238 (69.8%), 240
(15.2%), 242 (14.3%), 244 (0.2%), and 256 (0.3%) bp.
GAIVS6 was shown to follow the Hardy-Weinberg
law (chi-square of 5.58 and p-value 0.13 with
3 degrees of freedom). As shown in Table 1, the fre-
quency of allele 238 is higher in normal weight,
overweight, and obese subjects (BMI < 35 kg/m?)
then in very obese subjects (BMI > 35 kg/m?)
(70-73% versus 55%). Accordingly, the 238-238
genotype is the most common genotype in QFS
showing the lowest frequency in very obese subjects
(34% vs 52-54%). In contrast, the 240-bp allele
showed an increasing frequency from normal and
overweight (BMI < 30 kg/m?), to obese (30 < BMI <
35 kg/m?), and very obese subjects (13% versus 20%
versus 26%) with frequencies of the 240-240 geno-
type ranging from 2-3%, to 7% and 13 %, respectively.
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Table 1.

Percentage (N) of the different alleles and genotypes for the GAIVS6 microsatellite of UCP3 gene
in QFS by BMI status (kg/m?).

Allele BMI <25 BMI 25-29.9 BMI 30-34.9 BMI =35
236 <1% (1) <1% (1) <1% (1) <1% (1)
238 73% (523) 72% (278) 70% (116) 55% (107)
240 13% (90) 13% (49) 20% (33) 26% (51)
242 14% (102) 15% (59) 10% (16) 17% (33)
244 <1% (3) <1% (0) <1% (0) <1% (0)
256 <1% (1) <1% (1) <1% (0) 1% (2)

Genotype BMI <25 BMI 25-29.9 BMI 30-34.9 BMI =35
236-238 <1% (1) <1% (1) 1% (1) 1% (1)
238-238 53% (189) 54% (105) 52% (43) 34% (33)
238-240 18% (66) 16% (30) 22% (18) 19% (18)
238-242 21% (77) 17% (36) 13% (11) 22% (21)
238-244 <1% (1) <1% (1) 0% (0) 1% (1)
238-256 <1% (1) 0% (0) 0% (0) 0% (0)
240-240 2% (7) 3% (6) 7% (6) 13% (13)
240-242 2% (8) 4% (7) 4% (3) 6% (6)
240-244 <1% (1) 0% (0) 0% (0) 1% (1)
242-242 2% (8) 4% (8) 1% (1) 3% (3)
242-244 <1% (1) 0% (0) 0% (0) 0% (0)

For chi-square test among categories, genotypes with rare alleles (236, 244, and 256) were pooled (see text).
Chi-square for allele frequencies: y* = 33.8 and p = 0.001; for genotype frequencies: y> = 40.1 and p = 0.001.

When compared among the different BMI categories,
allele as genotype frequencies were found to be
highly statistically different (p = 0.001 for both) be-
tween BMIs.

Significant evidence of association (0.0001 =
p = 0.05) were observed between the GAIVS6 poly-
morphism and obesity-related phenotypes (Table 2).
Subjects carrying the 240-bp allele, but not the 238-bp
allele (240-240 and 240-242 genotypes), showed
higher values for BMI, SF6, FM, %FAT, and leptin,
and a lower RQ value, compared to the 238-bp carri-
ers (238-238, 238-240, 238-242 genotypes). Other
phenotypes studied (insulin, glucose, RMR, FEM)
did not show any significant association with
GAIVS6, or with the other UCP3 polymorphisms
studied (data not shown). When individual allele
effects were compared by grouping genotypes either
according to the 238-bp (Table 3) or 240-bp (Table 4)
alleles, stronger associations were observed. For in-
stance, carriers of the 238-bp allele showed lower
values than noncarrier (0.0001 = p = 0.0005) for BMI
(—12%), SF6 (—21%), EM (—23%), %FAT (—14%),
and leptin (—37%), whereas association with RQ dis-
appeared (Table 3). Inversely, homozygotes for the

240-bp allele showed higher values (0.0001 <p =
0.002) for BMI (+18%), SF6 (+39%), FM (+42%),
%FAT (+24%), and leptin (+57%), with a trend (p =
0.11) for a lower RQ (—2%) (Table 4). No significant
result was observed for the 242 bp allele (data not
shown). When corrected for SF6, results for leptin did
not remain significant (results not shown). These re-
sults suggest that the 240-bp allele, in the absence of
the 238-bp allele, favor fat accumulation.

We also analyzed two restriction fragment
length polymorphisms (RFLPs) in the coding region
of UCP3. None of the 734 subjects showed variation
for the exon 3 V102I(G—A) polymorphism lo-
cated in exon 3. On the other hand, for the exon
5 Y210Y(C—T) polymorphism located in exon 5, 31%
of the population were homozygous for the Y210(T)
allele, 47% were heterozygous Y210(C)/Y210(T),
and 22% were homozygous for the Y210(C) allele.
However, no association was found between Y210Y
(C—T) and any of the studied phenotypes. Haplo-
types derived from the GAIVS6 and Y210Y(C—T)
polymorphisms gave similar associations to those
obtained when considering GAIVS6 alone (data not
shown).
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Table 2. Covariance analysis of the mean value (*+ standard error) for the phenotypes among the six genotypes of the GAIVS6 microsatellite

of UCP3 gene in QFS.

Genotypes
Phenotypes 238-238 238-240 238-242 242-242 240-242 240-240 r
BMI 26.70 = 0.38 27.10 = 0.63 26.80 = 0.60 27.90 = 1.53 30.30 = 1.46 31.80 = 1.19 0.0006
(kg/m?) (347) (123) (135) (21) (23) (35)
C b,c b,c b,c ab a
SF6 118.20 = 3.30 120.10 = 5.53 114.50 = 5.32 118.70 = 13.46 151.60 = 12.80 165.00 = 10.80 0.0002
(mm) (332) (118) (128) (20) (22) (31)
[d b,c C b,c ab a
FM 21.20 = 0.73 21.30 = 1.23 20.10 = 1.18 25.00 = 3.28 25.70 = 3.06 30.30 £ 2.70 0.01
(kg) (300) (106) (115) (15) 17) (22)
b b b a,b ab a
%FAT 27.40 = 0.49 27.40 += 0.83 26.40 = 0.80 29.30 = 2.22 30.60 = 2.07 33.90 = 1.83 0.005
(300) (106) (115) (15) 17) (22)
b b b a,b ab a
Leptin 16.30 = 0.85 16.10 = 1.45 16.80 = 1.40 26.50 = 2.60 27.30 = 3.43 24.40 = 3.90 0.0001
(ng/ml) (313) (107) (114) (15) (19) (32)
b b b ab a b
RQ 0.797 = 0.003 0.788 = 0.005 0.805 = 0.004 0.804 = 0.012 0.786 = 0.011 0.779 = 0.010 0.05
(317) (110) (125) (18) (21) (23)

Significant results (p = 0.05) are in bold. Means with the same letter were not found to be significantly different by the Fisher’s LSD test; -: test not applicable. Number (N) of

subjects is indicated in parentheses.

In a search for mutations related to the associa-
tions with obesity that we observed for UCP3 in
QFS, the seven exons, the 5 UTR, and the intron-
exon junctions of UCP3 have been sequenced in five
subjects homozygote for the GAIVS6 238 bp allele and
five subjects homozygote for the 240-bp allele (Table
5). The C to T change at nucleotide (nt) —55 of exon 1
(5’UTR-55C—T) (32) was detected, and a C to T
change at nt =36 of intron 5 (IVS4-36T—C) was un-
covered. The 5’'UTR-55C—T polymorphism could be
partially linked with Y210Y(C—T), with CT heterozy-
gotes from 5'UTR--55C—T corresponding to CT het-

erozygotes of Y210Y(C—T), and CC homozygotes to
TT homozygotes, except for subjects 5 and 8 corre-
sponding to CC and CT, respectively (Table 5). The
5'UTR-55C—T polymorphism could also be partially
in linkage disequilibrium with GAIVS6 because all
240-240 homozygotes for GAIVS6 are CC at 5’UTR-
55C—T, and four of the five 238-238 homozygotes are
CT for 5’'UTR-55C—T, with subject 5 being CC (Table
5). On the other hand, only homozygotes for either of
the two 1VS4-36C—T alleles (five subjects IVS4-36C
and three others IVS4-36T) were observed among the
eight subjects sequenced for this particular polymor-

Table 3. Covariance analysis of the mean value (* standard error) for the phenotypes for the 238-bp allele of GAIVS6 microsatellite of UCP3

gene in QFS.
Genotypes 238-bp allele

Phenotype 238-238 238-other Other-other r Carrier Noncarrier pr
BMI 26.70 = 0.38 27.00 = 0.44 30.30 = 0.79 0.0001 26.80 = 0.28 30.30 = 0.79 0.0001
(kg/m?) (347) (258) (79) (605) (79)

a a b
SF6 118.20 = 3.31 117.10 = 3.85 148.30 = 7.07 0.0003 117.80 = 2.50 148.30 = 7.06 0.0001
(mm) (332) (246) (73) (578) (73)

a a b
FM 21.20 £ 0.73 20.70 = 0.85 27.40 = 1.72 0.002 21.00 = 0.55 27.40 = 1.72 0.0005
(kg) (300) (221) (54) (521) (54)

E a b
%FAT 27.40 = 0.49 26.90 = 0.58 31.60 £ 1.17 0.002 27.20 = 0.37 31.60 = 1.17 0.0004

(300) (221) (54) (521) (54)

a a b
Leptin 16.30 = 0.84 16.40 = 1.00 26.20 = 1.83 0.0001 16.40 = 0.64 26.20 = 1.83 0.0001
(ng/ml) (313) (221) (68) (534) (66)

a a b
RQ 0.797 £ 0.003 0.797 = 0.003 0.789 = 0.006 0.48 0.797 = 0.002 0.789 = 0.006 0.23

(317) (235) (62) (552) (62)

Significant results (p = 0.05) are in bold. Means with the same letter were not found to be significantly different by the Fisher’s LSD test; -:

subjects is indicated in parentheses.

test not applicable. Number (N) of




438

Molecular Medicine, Volume 7, Number 7, July 2001

Table 4. Covariance analysis of the mean value (* standard error) for the phenotypes for the 240-bp allele of
GAIVS6 microsatellite of UCP3 gene in QFS.

Genotype Genotype
Phenotype 240-240 240-other Other-other p 240-240 Other 4
BMI 31.80 £ 1.19 27.60 = 0.58 26.80 = 0.31 0.0002 31.80 = 1.19 27.00 = 0.28 0.0001
(kg/m?) (35) (146) (503) (35) (649)
a b b
SF6 165.00 = 10.82 125.10 = 5.09 117.20 = 2.75 0.0001 165.00 = 10.82 119.00 = 2.41 0.0001
(mm) (31) (140) (480) (31) (620)
a b b
FM 30.20 * 2.70 22.00 * 1.14 21.00 * 0.61 0.004 30.20 * 2.70 21.30 * 0.54 0.001
(kg) (22) (123) (430) (22) (553)
a b b
%FAT 33.90 + 1.83 27.90 * 0.77 27.20 * 0.41 0.002 33.90 + 1.83 27.40 * 036 0.0005
(22) (123) (430) (22) (553)
a b b
Leptin 26.50 = 2.66 17.80 = 1.35 16.70 = 0.72 0.002 26.50 = 2.66 16.90 = 0.63 0.0006
(ng/ml) (32) (126) (442) (32) (568)
a b b
RQ 0.779 £ 0.010 0.787 = 0.004 0.799 = 0.002 0.01 0.780 = 0.010 0.797 £ 0.002 0.11
(22) (127) (451) (22) (578)

Significant results (p = 0.05) are in bold. Means with the same letter were not found to be significantly different by the Fisher’s LSD test; -: test not applicable. Number (N) of

subjects is indicated in parentheses.

phism. In this case, GAIVS6 238-bp and 240-bp ho-
mozygotes corresponded, respectively, to IVS4-
36C—T CC and TT homozygotes, except for subject 6
(Table 5). RFLP study showed that the Y210Y (C-T)
variant was not associated with adiposity in QFS.

Discussion

We have observed an association between a mi-
crosatellite in the sixth intron of UCP3 gene and

obesity. For instance, the 240-bp allele was ob-
served at a greater frequency in obese subjects
(BMI > 30 kg/m?), and homozygotes for the 240-bp
allele showed higher mean values for BMI, SF6, FM,
%FAT, and leptin, with a trend toward a lower RQ.
In contrast, the most common 238-bp allele showed
a lower frequency in subjects with BMI > 35 kg/m?,
and was associated with lower BMI, SF6, FM,
%FAT, and leptin mean values. Differences were
shown to be highly significant (»p down to 0.0001).

Table 5.

Polymorphisms detected in UCP3 gene by sequencing of 5UTR, exons, and exon-intron junctions

of subjects homozygote for either GAIVS6 238- or 240-bp alleles.

Polymorphisms
BMI GAIVS6
Subjects (kg/m?) 5UTR-55C—>T 1VS4-36C—>T Y210Y(C—T)”? Genotype

1 NA CcT ccC CT 238-238
2 18.6 CT NA cr? 238-238
3 21.0 CcT cC CT 238-238
4 23.4 CcT cC CT 238-238
5 25.4 cC cC cC 238-238
6 25.2 cC ccC TT 240-240
7 25.6 cC TT TT 240-240
8 37.8 CcC NA cT? 240-240
9 40.8 cC TT TT 240-240
10 42.9 cC TT TT 240-240

“All genotypes confirmed by RFLP.
bGenotypes by sequencing not available.
NA, not available.




Results for leptin level did not remain significant
when values were adjusted for a fat mass indicator
showing that the observed UCP3 association with
leptin might be secondary to fat accumulation.
Indeed, a positive correlation has been reproducibly
observed between circulating leptin and fat mass
(33). These results suggested that the 240-bp allele,
in the absence of the 238-bp allele, allowed high
adiposity and obesity. For instance, only the ho-
mozygotes for the 240-bp allele showed significant
effects on adiposity-related phenotypes, which indi-
cates that two copies of this allele are needed to
express a higher adiposity. However, not all the
240-bp homozygous subjects showed, individually,
this higher propensity to store fat (data not shown),
which means that other factors, genetic or environ-
mental, are needed to express the obesity phenotype.

In mice, the knockout of the UCP3 gene did not
induce an obesity phenotype (12,13). This discrep-
ancy with our results might be explained by the fact
that in rodents, in contrast to humans, a possible de-
crease in muscle thermogenesis might be compen-
sated for by brown adipose tissue. It is also possible
that the complete absence of expression of UCP3,
as in knockout mice, would induce compensatory
mechanisms in contrast to an allele with altered
functions such as the 240-bp allele we observed in
humans.

It is also possible that the effect of the GAIVS6
microsatellite could come from another linked muta-
tion in the UCP3 coding or promoter regions, or
from a closed gene. Other UCP3 polymorphisms
studied in the QFS showed no association with obe-
sity. The UCP3 V102I(G—A) polymorphism showed
no relation with obesity in an African-American
population (19), and no variation in whites (18) as
we observed in QFS. Similarly, in a French cohort,
the UCP3 Y210Y(C—T) polymorphism showed com-
parable genotype frequencies between obese and
normal weight subjects (22), as also observed in the
QFS. GAIVS6 seems to be in partial linkage with
5'UTR-55C—T, because, among the 10 sequenced
subjects, the 240-240 bp homozygotes for GAIVS6
all carried the CC genotype for 5'UTR-55C—T
whereas four subjects among the five GAIVS6
238-238 homozygotes were CT heterozygotes for the
5’UTR-55C—T polymorphism. The CC genotype at
this polymorphism has been reported to be associ-
ated with a lower BMI among morbidly obese pa-
tients and, in CC individuals, BMI was negatively
associated with physical activity (23), and positively
associated with a greater waist-to-hip ratio (34). The
Y99Y polymorphism showed also a positive associ-
ation with a greater BMI (22). Our results do not en-
able us to draw any conclusions about the possible
effect of the 5’UTR-55C—T polymorphism because
three CC subjects showed low BMI, and three oth-
ers high BMI. The complete genotyping of the QFS
cohort subjects is necessary to draw any conclusions
regarding the relationships between polymorphism
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5'UTR-55C—T of UCP3 and BMI. On the other
hand, it is unlikely that the observed association be-
tween UCP3 and adiposity could come from a link-
age disequilibrium with the neighboring gene UCP2
because two polymorphisms (A55V and exon 8 1/D)
showed no association with adiposity in the QFS.
Finally, it could eventually be hypothesized that the
effect of the GAIVS6 microsatellite could come from
a linked mutation in the promoter. Clearly, further
studies are needed to test this hypothesis.

The UCP3 gene generates two mRNA termina-
tion variants, producing a short and a long form
of the protein (6,35). UCP3g lacks the VIth poten-
tial transmembrane domain and a large part of the
putative nucleotide binding domain of UCP3. It
was hypothesized that the UCP3g protein was
either inactive, because of the absence of the VIth
transmembrane domain, or constitutively active, be-
cause of the absence of inhibition by GDP (36). In
fact, Hinz et al. (36) observed that UCP3g had a
higher intrinsic activity than UCP3;, whereas an-
other study (37) concluded that UCP35 had modestly
reduced activity compared to UCP3;. The reason
why our microsatellite polymorphism in IVS6 could
modify UCP3 function is difficult to explain. Point
mutations in the vicinity of splice junctions are the
cause of many human genetic diseases (38). Because
of its location in intron 6 downstream the stop
codon used for the production of UCP35, GAIVS6
could eventually alter the efficiency of the intron 6
splicing for the UCP3; mRNA synthesis and there-
fore modify the proportions of the two UCP3 forms
and UCP3 activity. Although a reported polymor-
phism in the splice donor junction of exon 6 in hu-
mans was not found to be clearly associated with
adiposity (18,19) or uncoupling activity of UCP3
(39), we cannot exclude that the GAIVS6 polymor-
phism affects UCP3 synthesis. The significance of
the GAIVS6 on UCP3 biological activity should be
investigated in further studies.

It has been shown that UCP3, like UCP1, has an
uncoupling function and increases thermogenesis in
transfected cells (9), although its physiologic role is
not known. Other potential roles for UCP3 in the
regulation of body temperature and body weight as
well as in fatty acid oxidation (40) have also been
suggested. UCP3 is mainly expressed in skeletal
muscle and this tissue plays an important role in
adrenaline-induced thermogenesis (10), energy
homeostasis, and substrate oxidation. In humans, an
increase of RQ in subjects heterozygous for an exon
6 splice donor mutation (18), and a correlation
between UCP3; mRNA and metabolic rate during
sleep (17), have been reported. A high RQ value in-
dicates a low rate of fat oxidation, and may represent
a predisposition for weight gain (41). However, in
QFS, the 240-240 bp homozygotes have a slightly
but not significantly lower RQ for a higher adipos-
ity than the other genotypes. Because the RQ value
of 0.776 observed for the 240-bp allele homozygotes



440 Molecular Medicine, Volume 7, Number 7, July 2001

was low compared to values of 0.836 and 0.905
reported for obese diabetic subjects (18), the biolog-
ical significance of this lower RQ in obese subjects
of QFS remains to be clarified.

In summary, the present study showed that the
uncoupling protein 3 gene is involved in human
obesity. The GAIVS6 UCP3 polymorphism studied
is associated with higher adiposity, and this sup-
ports the hypothesis of a role in fatty acid transport
and metabolism. Because of its location, the
GAIVS6 microsatellite could have an impact on the
relative production of the long and short forms
of the UCP3 protein and, thus perhaps, on UCP3
activity.
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