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The uncoupling proteins (UCPs) are a family of mitochondrial transport proteins that promote proton leakage across the inner
mitochondrial membrane, uncoupling oxidative phosphorylation from adenosine triphosphate (ATP) production and releas-
ing energy as heat. Variation in these genes may disrupt biochemical pathways influencing thermogenesis, energy metab-
olism, and fuel substrate partitioning and oxidation, which may in turn predispose to obesity. We genotyped polymorphisms
in UCP2 and UCP3 in a sample of nondiabetic participants (n = 722) of the San Luis Valley Diabetes Study (SLVDS) and found
female-specific associations between UCP3 polymorphisms and measures of dietary intake and body composition. The
UCP3-5 variant was statistically significantly associated with total caloric intake (P = .012), fat intake (P = .011), fat mass (P =
.004), and lean mass (P = .013), with the C allele corresponding to higher dietary intake and lower fat mass and lean mass.
The UCP3p-55 and the UCP3-3 polymorphisms, which were in high linkage disequilibrium (D’ = 0.9776), showed similar
patterns of association with total caloric intake (P = .031 and P = .042, respectively) and lean mass (P = .035 and P = .059,
respectively), with the rare alleles corresponding to higher total intake and lean mass. No statistically significant associations
were detected between the outcome variables and polymorphisms in UCP2. Two-way analysis of covariance (ANCOVA), used
to evaluate the multi-locus effects and interactions between UCP3-5 and UCP3p-55, showed association with the main effect
terms, but no evidence for statistically significant interaction between UCP3-5 and UCP3p-55 in regard to dietary intake. The
UCP3-5 polymorphism was the only statistically significant genetic predictor of fat mass. The lean mass model showed no
statistically significant association with either UCP3 variant. These results support a role for UCP3 in fuel substrate

management and energy metabolism, which may influence body weight regulation.

© 2004 Elsevier Inc. All rights reserved.

BESITY IS A COMMON condition most prevalent in

Westernized societies, with approximately 20% to 30%
of adults affected in the United States.>:2 Obesity isamajor risk
factor for common diseases, including type 2 diabetes, hyper-
tension, atherosclerosis, and various forms of cancer. This
multifactorial disorder encompasses various genetic and envi-
ronmental components manifesting in imbalances in energy
intake and expenditure.3 Energy homeostasis is maintained by
signals from feedback loops that regulate food intake, energy
expenditure, glucose metabolism, and fat metabolism. Thus,
variation in the genes controlling these pathways can influence
the development of obesity and its complications.

The uncoupling proteins (UCPs) are a family of mitochon-
drial transport proteins that promote proton leakage across the
inner mitochondrial membrane, thereby uncoupling oxidative
phosphorylation from adenosine triphosphate (ATP) produc-
tion and releasing energy as heat.4 UCP2 and UCP3 are mem-
bers of the UCP gene family located adjacent to one another on
human chromosome 11135 and a syntenic region on mouse
chromosome 7.6 Markers in these regions have been linked to
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resting energy expenditure in humans’ and obesity and hyper-
insulinemia in mice.® UCP2 is widely expressed in human
tissues, while UCP3 expression is exclusive to skeletal muscle,
a magjor site of thermogenesis, energy homeostasis, and sub-
strate oxidation in humans.8-10

Variation in the UCP2 and UCP3 genes has become a focus
for groups interested in genes influencing obesity and diabetes.
Two variants have been identified in UCP2, an Alas5Vva
(C—T) substitution in exon 4 (UCP2-4)11 and a 45—base pair
insertion/deletion polymorphism in the 3’ untranslated region
of exon 8 (UCP2-8).12 Genotype/phenotype studies of both of
these variants are conflicting. An association was reported
between both UCP2 polymorphisms and metabolic rate in Pima
Indians.’® The UCP2-4 variant was also associated with en-
hanced metabolic efficiency and fat oxidation in Danish sub-
jects,*4 while the UCP2-8 polymorphism showed association
with body mass index (BMI).1315 No association was detected
with obesity- and diabetes-related phenotypes in several other
studies.11-1216 |n UCP3, Otabe et a reported a C—T silent
substitution in codon 210 in exon 5 of UCP3 (UCP3-5). The
T/T genotype was weakly associated with diabetic status, but
not morbid obesity in obese French subjects.1” Lanouette et al
recently reported suggestive linkage between the UCP3-5 vari-
ant and BMI, fat mass, or leptin levels in black and white
individuals.t8 A T— C silent substitution identified in codon 99
in exon 3 of UCP3 (UCP3-3) was found to be associated with
BMI in morbidly obese diabetics.17.19 A third UCP3 variant, a
C—T substitution at —55bp (UCP3p-55) was identified by
Schrauwen et a. The T alele was associated with a 58%
increase in UCP3 mRNA expression in skeletal muscle in male
Pima Indians.2° In the obese French cohort described above, T
homozygosity for this variant was associated with higher BMI
and resistance to beneficial effects of physical activity.2r A
contrasting study found no association between the UCP3p-55
polymorphism and BMI or percent body fat in obese and
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Table 1. Genotyping Primers and Detection Methods

Polymorphism

Primers

Genotype Detection

UCP3p-55 5'-aggactgaaccagatctggaactcactc-3’
5'-tctggcttggcactggtcttatacactc-3’
UCP3-3 5'-cttcgcctccatccgeatecggcectega-3'
5'-ctgggacatgctgttctctgcggggcetge-3’
UCP3-5 5’-gacatcctcaaggagaagctgctggagta-3’
b'-accacaatgtacctggcactttttactagg-3’
UcP2-4 5'-tcaggggccagtgcgcgctacgg-3’
5'-cagaatcatacaggccgatgcggacag-3’
UCP2-8 5'-ctcaggaatgtacagaacga-3’

5'-gatgtggaagcttaaagttc-3’

Aval digestion
DrdI digestion
Rsal digestion
Eael digestion

Fragment size differences on 2% agarose gel

NOTE. Bases shown in bold represent the sequence changes necessary for introduction of restriction sites.

non-obese Danish subjects.22 However, Schrauwen et al
showed a negative correlation between UCP3 mRNA levels
and BMI and a positive correlation between UCP3 expression
and sleeping metabolic rate in Pima Indians.z3

Other mMRNA expression studies in humans and rodents
suggest roles for UCP2 and UCP3 in the regulation of lipids as
fuel substrate in skeletal muscle. Millet et a observed an
increase in UCP2 and UCP3 mRNA expression in lean and
obese humans during fasting,2* while Boss et a observed that
UCP2 and UCP3 mRNA levels correlate with increased levels
of fat metabolism in humans.2s In experiments involving fast-
ing and refeeding of normal rats, Ucp2 and Ucp3 mRNA in
skeletal muscle were upregulated during starvation, a period of
fat store mobilization, and downregulated in response to refeed-
ing, a period of fat store replenishment.26:27

The physiological functions of the UCPs remain elusive;
however, transgenic mouse studies suggest roles for UCP2 and
UCP3 in energy metabolism, fuel substrate management, and
insulin action. Transgenic mice overexpressing human UCP3in
skeletal muscle are hyperphagic, but weigh less than their
wild-type littermates, and exhibit increased metabolic rate.28.29
Conversely, there are no phenotypic differences between Ucp3
knockout mice and their wild-type counterparts.3031 Ucp2-
deficient mice showed normal body weight, but were hyperin-
sulinemic in comparison to wild-type mice.3233 |n addition,
normal rat islet cells overexpressing Ucp2 showed inhibition of
glucose-stimulated insulin secretion and a 50% reduction in
ATP content.34.35

It has been demonstrated that UCP2 and UCP3 are involved
in energy metabolism, fuel substrate management, and insulin
action; therefore, they are clear candidate genes for suscepti-
bility to obesity and related metabolic disorders. Variation in
UCP2 and UCP3 may influence a number of physiological
pathways affecting energy homeostasis, including nutrient in-
take, which may in turn influence body composition. In the
present study, we tested the hypothesis that genetic variation in
the UCP2 and UCP3 genesis associated with dietary intake and
body composition in nondiabetic participants in the San Luis
Valley Diabetes Study (SLVDS).

MATERIALS AND METHODS
Subjects

The SLVDS is a prospective study of the natural history, incidence,
and risk factors of type 2 diabetes and its complicationsin Hispanic and

non-Hispanic white individuals living in the geographically isolated
San Luis Valley of Colorado. Participants in the SLVDS were evalu-
ated for glucose tolerance status by a 2-hour oral glucose tolerance test
at baseline (1984 to 1988) and 2 follow-up visits (1988 to 1992, and
1997 to 1998).36 Subjects for the current study were nondiabetic at the
baseline visit and were seen at the second follow-up visit. Three
hundred forty-five males and 377 females were genotyped for poly-
morphisms in UCP2 and UCP3. Only females are presented in this
report because there were no statistically significant associations be-
tween the polymorphisms considered and measures of dietary intake
and body composition in males, suggesting the presence of sex-specific
effects. Dietary intake was determined from a single 24-hour dietary
recall administered by bilingual interviewers trained and certified by
the Nutrition Coordinating Center at the University of Minnesota,
where information was coded and nutrient intake was estimated based
on the Nutrition Coordinating Center’s nutrient database (Version 14,
released 1987). Total daily caloric intake and daily fat intake were
estimated in calories and grams, respectively.3? Fat mass and lean mass
were estimated in grams using dua energy x-ray absorptiometry
(DEXA).38 Informed consent was obtained from all subjects and the
University of Colorado Health Sciences Center Ingtitutional Review
Board approved al of the protocols.

Genotyping

Two polymorphic sites in UCP2 were genotyped in the SLVDS: a
45-base pair insertion/deletion polymorphism in the 3' untrandated
region of exon 8 (UCP2-8)12 and a C—T substitution in exon 4 of
UCP2 (UCP2-4).11 Three single-nucleotide polymorphisms (SNPs) in
UCP3 were genotyped in the SLVDS: a C—T substitution at codon
210 in exon 5 of UCP3 (UCP3-5),17 a T—C substitution at codon 99
inexon 3 (UCP3-3),12and aC—T transition at —55 base pairs 5’ of the
UCP3 initiation codon (UCP3p-55).2° Genomic DNA was amplified by
standard polymerase chain reaction (PCR) methods using the primers
shown in Table 1 for each variant. UCP2-8 genotypes were assigned
based on fragment size differences when separated on a 2% agarose
gel. Each SNP was genotyped using enzyme digestion of engineered
restriction sites. Restriction enzymes used are shown in Table 1.
Digestion products were resolved on 2% agarose gels containing
ethidium bromide and visualized under UV illumination. Fragment
sizes were assigned by comparison to a known size marker.

Satistical Analyses

Allele frequencies for each polymorphic site were estimated by gene
counting. Fit to the expectations of Hardy-Weinberg equilibrium was
tested using chi-square tests. Linkage disequilibrium (LD), D', was
estimated between the loci.?® Analysis of covariance (ANCOVA) was
used to test single-locus effects on total caloric intake, fat intake, lean
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Table 2. Characteristics of the Female Participants in the SLVDS

Females Non-Hispanic Females Hispanic Females P Value

N 395 223 172

Age (yr) 62.75 (0.6) 63.97 (0.77) 61.17 (0.93) .506
BMI (kg/m?) 27.31(0.27) 26.73 (0.37) 28.07 (0.4) .491
Physical activity (kcal/kg/h) 264.70 (1.9) 265.72 (2.35) 263.34 (3.16) 413
Smoking status (ever smoked) 38.7% 35.6% 42.8% .937
Fat mass (kg) 28.9 (0.51) 28.6 (0.69) 29.2 (0.77) 475
Lean mass (kg) 36.2 (0.24) 37.1(0.33) 35.0 (0.35) 475
Total calories (calories) 1649 (36) 1730 (44) 1538 (58) 476
Fat intake (g) 65 (1.82) 68 (2.27) 60 (3.0) .539

NOTE. Results are presented as mean (SE). P values calculated by x? tests or ANOVA.

mass, fat mass, BMI, and percent body fat in females and males
separately. Ethnicity, age, physical activity, and smoking status were
included as covariates and selected based on statistically significant
correlation with the outcome variables. Two-way ANCOVA was sub-
sequently used to explore multi-locus effects and interactions between
UCP3-5 and UCP3p-55 and total caloric intake, fat intake, lean mass,
and fat mass in the females. The UCP3-3 variant was not considered in
the 2-way analysis because it was in high LD with the UCP3p-55
polymorphism (D' = 0.9776), a potentially functional site. The UCP2
variants were not pursued further in the analysis because they showed
no statistically significant associations with the outcome variables in
the one-way ANCOVA analyses. All statistical analyses were per-
formed using the SPSS statistical software package version 10.1 for
Windows (SPSS Inc, Chicago, IL).

RESULTS

Table 2 shows the characteristics of the female participants
in the SLVDS. The females were on average 63 years of age
and moderately overweight (25 < BMI < 30). There were no
evidence of statistically significant differences in characteristic
means between ethnic groups. Table 3 shows allele frequencies
for each polymorphic site and pairwise LD, measured as D’.
There was no statistically significant deviation from Hardy-
Weinberg equilibrium for any of the polymorphisms. For the
analysis, individuals of UCP3p-55 genotypes C/T and T/T were
pooled and individuals of UCP3-3 genotypes T/C and C/C were
pooled due to the low frequency of rare homozygous individ-
uals.

Table 4 shows genotype group means and P values for the
ANCOVA of theindividual polymorphisms versustotal caloric
intake, fat intake, lean mass, fat mass, BMI, and percent body
fat in the SLVDS femaes. The UCP3p-55 polymorphism
showed statistically significant association with total caloric
intake (P = .031) and lean mass (P = .035), with the T alele
corresponding to higher dietary intake and lean mass. The

Table 3. Allele Frequencies and Pairwise LD

Common Linkage Disequilibrium (D’)
Allele
Polymorphism Frequency UCP3-3 UCP3-5 UCP2-4 UCP2-8
UCP3p-55 (C/T) 0.782 0.9776 0.8383 0.2457 0.3467
UCP3-3 (T/C) 0.747 — 0.7401 0.2012 0.3962
UCP3-5 (T/C) 0.544 - 0.7828 0.5135
UCP2-4 (C/T) 0.590 — 0.6923
UCP2-8 (D/1) 0.669

UCP3-3 variant, which was in high LD with the UCP3p-55
polymorphism (D’ = 0.9776), showed a similar pattern of
association with the outcome variables (total caloric intake:
P = .042; lean mass. P = .059), with the C allele correspond-
ing to higher dietary intake and lean mass. The UCP3-5 variant
was statistically significantly associated with total caloric in-
take (P = .012), fat intake (P = .011), lean mass (P = .013),
fat mass (P = .004), BMI (P = .023), and percent body fat
(P = .049), with the C alele corresponding to higher dietary
intake and lower fat and lean mass, BMI, and percent body fat.
There were no dtatisticaly significant associations observed
between the UCP2 variants and any of the outcome variables.
In males, no statistically significant associations were detected
between any of the polymorphisms and the outcome variables
(data not shown).

Two-way ANCOVA was used to explore multi-locus effects
and interactions on total caloric intake, fat intake, fat mass, and
lean mass in females. BMI and percent body fat were not
pursued further in the analysis since fat mass is a more biolog-
ically meaningful measure of adiposity. We chose to consider
the UCP3-5 and UCP3p-55 variants in this analysis due to
statistically significant associations with the outcome variables
in the one-way anayses. Since the UCP3p-55 and UCP3-3
variantswerein high LD (D’ = 0.9776), we chose to ook only
at the UCP3p-55 polymorphism because it is the potentialy
functional variant. The UCP2 polymorphisms were not pursued
in this analysis due to lack of statistically significant associa-
tions with the outcome variables in the one-way analyses. The
results of the 2-way analyses are shown in Tables 5 through 8.

The 2-way ANCOVA modéd for total caloric intake (Table
5) included both UCP3-5 (P = .001) and UCP3p-55 (P = .011)
as statistically significant predictors; however, the interaction
between those sites was not statistically significant (P = .575).
This model explains approximately 12% of the variation in
total caloric intake. Figure 1 shows the actual adjusted means
for total caloric intake for SLVDS females in each UCP3-5/
UCP3p-55 multi-locus genotype group. Homozygotes for ei-
ther the C alele of UCP3p-55 or the T alele of UCP3-5 show
an approximately 225-calorie reduction in total caoric intake
when compared to carriers of the less common dllele at both
sites, while homozygotes for the common allele at both sites
show areduction in total caloric intake of ~561 calories when
compared to carriers of the less common alele at both sites.

Table 6 shows the 2-way ANCOVA model for fat intake.
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Table 4. ANCOVA of Single Locus Effects on Outcome With Adjusted Means in Females
Predicted Predicted Predicted Predicted Predicted Predicted
Total P Value Fat Intake P Value Lean Mass P Value Fat Mass P Value BMI P Value % Body P Value
Calories (R?) (g) (R?) (kg) (R?) (kg) (R?) (kg/m?) (R?) Fat (R?)
UCP3p-55
cc 1600 (46) .031(0.08) 63.0(2.4) .071(0.07) 35.9 (0.3) .035(0.14) 29.0(0.7) .537(0.03) 27.2(0.4) .589(0.04) 42.4(0.5) .607 (0.05)
CT+TT 1758 (57) 69.9 (2.9) 36.9 (0.4) 29.6 (0.8) 27.6 (0.4) 42.0 (0.6)
UCP3-3
TT 1579 (48) .042 (0.07) 61.6(2.5) .075(0.06) 35.9(0.3) .059 (0.14) 29.1(0.7) .982(0.03) 27.2(0.4) .604(0.03) 42.4(0.5) .272(0.05)
TC + CC 1722 (51) 68.0 (2.6) 36.8 (0.4) 29.0 (0.8) 27.5(0.4) 41.6 (0.6)
UCP3-5
TT 1500 (62) .012(0.08) 56.9(3.2) .011(0.07) 37.4(0.4) .013(0.16) 31.5(0.9) .004 (0.07) 28.4(0.5) .023(0.06) 43.3(0.7) .049 (0.06)
TC 1739 (52) 68.7 (2.7) 35.8 (0.3) 27.6 (0.7) 26.6 (0.4) 41.1 (0.5)
CcC 1688 (80) 68.7 (4.1) 36.0 (0.5) 28.6 (1.2) 27.4(0.6) 42.2 (0.9)
UCP2-4
CcC 1640 (65) .200 (0.08) 63.9(3.4) .107 (0.08) 35.9 (0.4) .150 (0.13) 28.6(0.9) .462(0.05) 27.0(0.5) .777(0.04) 41.9(0.7) .490(0.07)
CT 1760 (56) 70.7 (2.9) 37.0 (0.4) 29.8 (0.8) 27.5(0.4) 42.4(0.6)
TT 1592 (91) 60.2 (4.7) 36.4 (0.6) 28.2 (1.3) 27.3(0.7) 41.0 (1.0)
UCP2-8
DD 1698 (53) .280 (0.07) 67.2(2.7) .215(0.06) 36.1 (0.4) .584(0.14) 28.8(0.8) .832(0.04) 27.1(0.4) .613(0.04) 42.0(0.6) .953(0.05)
DI 1652 (54) 65.4 (2.8) 36.4 (0.4) 29.4 (0.8) 27.7 (0.4) 42.2 (0.6)
Il 1511 (105) 56.5 (5.5) 36.8 (0.7) 29.4 (1.5) 27.5(0.8) 41.9(1.1)

NOTE. Results are reported as mean (SE) and adjusted for age, ethnicity, physical activity, and smoking status. P values <.05 shown in bold.

This model aso includes UCP3-5 (P = .001) and UCP3p-55
(P = .019) as datistically significant predictors of fat intake.
Again, the interaction between UCP3-5 and UCP3p-55 was not
statistically significantly associated with fat intake (P = .727).
Roughly 10.7% of the variation in ingested fat is explained by
this model. Figure 2 shows the actua adjusted means for fat
intake in each UCP3-5/UCP3p-55 multi-locus genotype group
in the SLVDS females. Homozygosity for either the C allele of
UCP3p-55 or the T alele of UCP3-5 results in an approxi-
mately 11-g lower fat intake when compared to carriers of the
less common allele at both sites, while homozygosity for the
common allele at both sites results in an approximately 26-g
lower fat intake when compared to carriers of the less common
alele at both sites.

The 2-way ANCOVA model for fat mass is shown in Table
7. The UCP3-5 variant appears as the only statistically signif-
icant predictor of fat mass (P = .003), while the UCP3p-55
polymorphism and the interaction between the 2 UCP3 variants
were not statistically significant. The model coefficients, how-
ever, suggest that both the UCP3p-55 and the interaction term
could be important. The model predicts average fat massin this
cohort to be approximately 29 kg. In the presence of either or
both variants, fat mass is predicted to be 10 to 15 kg higher.
(Note that statistically this is an interaction model, since the
effects of the 2 variants are not additive.)

Table 5. Two-Way ANCOVA for Total Caloric Intake (cal)

P Value B R?
Constant <.001 3,602
UCP3-5 .001 —556 (TT)
—310 (TC)
UCP3p-55 .011 —549 (CC)
UCP3-5 - UCP3p-55 .575 228 (TT*CC) 0.120
348 (TC*CC)
Ethnicity .007 —201 (Hispanic)
Age <.001 —13 (per yr)
Physical activity 213 —1.2 (per kcal/kg/h)
Smoking status .235 87 (ever smoked)

Table 8 shows the 2-way ANCOVA model for lean mass.
Neither the main effect terms nor the interaction term were
statistically significantly associated with lean mass. Overal, the
model explains approximately 15.8% of the variation in lean
mass, which is largely due to the explanatory power of age and
ethnicity. Since the polymorphisms show nonsignificant P val-
ues and the estimated coefficients are small, this model shows
little evidence for an important genetic effect on lean mass.

DISCUSSION

In this study, we investigated the effects of genetic variation
in UCP2 and UCP3 on measures of dietary intake and body
composition in a cohort of Hispanic and non-Hispanic partic-
ipantsin the SLVDS in order to explore how these “ metabolic”
genes may be involved in the development of overweight
and/or obesity. Initialy, we looked at the individual effects of
each locus on total caloric intake, fat intake, lean mass, fat
mass, BMI, and percentage body fat. In the female subgroup,

3000 ucP3-5

o
2500 — TC
B cc
2000 —
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(Calories)
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cc CT+TT

UCP3p-55

Fig 1. Bar chart of actual adjusted means for total caloric intake
for SLVDS females in each UCP3-5/UCP3p-55 genotype group. Intake
is measured in calories from 24-hour recall. Means are adjusted for
age, ethnicity, physical activity, and smoking status. Error bars rep-
resent the standard error of the mean.
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Table 7. Two-Way ANCOVA for Fat Mass (g)

P Value B R? P Value B R?
Constant <.001 169 Constant <.001 29,499
UCP3-5 .001 —30.9 (TT) UCP3-5 .003 14,137 (TT)
—17.6 (TC) 10,115 (TC)
UCP3p-55 .019 —27.1 (CC) UCP3p-55 138 11,645 (CC)
UCP3-5 - UCP3p-55 727 13.8 (TT*CC) 0.107 UCP3-5 - UCP3p-55 216 —12,420 (TT*CC) 0.072
16.2 (TC*CC) —11,694 (TC*CC)
Ethnicity .026 —8.6 (Hispanic) Ethnicity .394 951 (Hispanic)
Age <.001 —0.7 (per yr) Age .040 —98 (per yr)
Physical activity .089 —0.09 (per kcal/kg/h) Physical activity 113 —23 (per kcal/kg/h)
Smoking status .204 4.9 (ever smoked) Smoking status .019 —2,558 (ever smoked)

we found that the rare C alele of UCP3-5 was statistically
significantly associated with higher total caloric intake and fat
intake and lower lean mass, fat mass, BMI, and percentage
body fat. For the UCP3p-55 and the UCP3-3 polymorphisms,
which were in high LD (D' = 0.9776), the rare aleles were
associated with increased total caloric intake and higher lean
mass. The 2 UCP2 variants showed no statistically significant
association with dietary intake in this cohort. In the SLVDS
males, no statistically significant associations were observed
between the polymorphisms and the outcome variables, sug-
gesting a sex-specific effect. Due to the close proximity of the
UCP2 and UCP3 genes and the functional evidence linking
UCP2 to obesity and diabetes phenotypes, we cannot rule out
the possibility that UCP3 variants are marking functional
changes in the UCP2 gene. However, we only performed
further analysisin UCP3 due to lack of evidence of association
between the UCP2 variants and measures of dietary intake and
body composition in this cohort.

Statistically significant association between the individual
UCP3 polymorphisms and severa of the outcome variables
prompted us to explore the relationships among multiple sites
within the UCP3 region to establish whether the variants exert
acumulative effect or mark asingle functional changein UCP3
affecting dietary intake and body composition. We used 2-way
ANCOVA to consider the multi-locus effects and interactions
among the UCP3p-55 and UCP3-5 polymorphisms. We found
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Fig 2. Bar chart of actual adjusted means for fat intake for SLVDS
females in each UCP3-5/UCP3p-55 genotype group. Intake is mea-
sured in grams from 24-hour recall. Means are adjusted for age,
ethnicity, physical activity, and smoking status. Error bars represent
the standard error of the mean.

that homozygosity for either the common C alele of UCP3p-55
or the common T alele of UCP3-5 is associated with reduc-
tions in total daily caloric intake (~225 calories) and daily fat
intake (~11 g) when compared to carriers of the rarer alele at
both sites. Homozygosity for the common alele at both sitesis
associated with more than twice those reductionsin intake. This
analysis showed no evidence for statistically significant inter-
action between UCP3-5 and UCP3p-55 in regard to dietary
intake. The UCP3-5 variant was identified as the only statisti-
cally significant predictor of fat mass, suggesting an indepen-
dent effect of this locus on body composition measurements.
Alternatively, we may be lacking power to detect the effects of
the UCP3p-55 variant on fat mass due to the small number of
subjects carrying the rarer alele. In the 2-way ANCOVA
model for lean mass, no evidence of statistically significant
association was detected for the UCP3 variants. Thus, through
univariate analysis we detected statistically significant associ-
ations between the UCP3-5 variant and total caloric intake, fat
intake, fat mass, BMI, percentage body fat, and lean mass such
that higher dietary intake corresponds with lower body mass.
Furthermore, multivariate analysis of total caloric intake and fat
intake showed statistically significant association with models
containing both the UCP3-5 and UCP3p-55 loci; however, each
locus appears to influence the phenotypes independently (eg, no
evidence for interaction between the loci).

To further investigate the implications of this study, we
considered the phenotype displayed by the Ucp3 overexpress-
ing mouse reported by Clapham et a2 in relation to the
UCP3-5 variant in the female cohort of the SLVDS. The Ucp3
overexpressing mouse shows a hyperphagic phenotype similar
to the phenotype of increased dietary intake in carriers of the

Table 8. Two-Way ANCOVA for Lean Mass (g)

P Value B R?
Constant <.001 46,838
UCP3-5 .076 2,381 (TT)
418 (TC)
UCP3p-55 .649 328 (CC)
UCP3-5 - UCP3p-55 .450 —1,943 (TT*CC) 0.158
—566 (TC*CC)
Ethnicity <.001 —2,185 (Hispanic)
Age <.001 —123 (per yr)
Physical activity .934 —0.5 (per kcal/kg/h)
Smoking status .077 —888 (ever smoked)
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UCP3-5 C alele. Despite an increase in appetite in the Ucp3
overexpressing mouse, fat mass is reduced while plasma free
fatty acids and triglycerides remain unchanged, theoretically to
fuel increased metabolic rates. In the female cohort of the
SLVDS, the UCP3-5 polymorphism was statistically signifi-
cantly associated with fat mass measured by DEXA (P = .004).
Individuals carrying the C alele at the UCP3-5 site showed an
approximately 3.6 kg lower fat mass than T homozygotes,
despite an increase in total caloric and fat intake similar to the
transgenic mouse. Also, no statistically significant change in
plasma free fatty acids and triglycerides was observed across
genotype groups in the SLVDS female cohort, suggesting an
increase in lipid metabolism. The transgenic mouse also expe-
riences lower plasma cholesterol levels and increased insulin
sensitivity in comparison to wild-type littermates. In the
SLVDS female cohort, plasma cholesterol levels were lower
(mean cholesterol inmg/dL: TT = 211, TC = 203, CC = 199;
P = .088) and insulin sensitivity was higher (mean homeostasis
model assessment of insulin resistance [HOMA IR]: TT = 15,
TC = 13, CC = 13; P = .195) in carriers of the C dlele
compared to T homozygotes; however, statistical significance
was not reached. In addition, the increase in insulin resistance
observed in T homozygotes of the SLVDS female cohort
corroborates the finding by Otabe et a of association between
this variant and diabetic status.l” The similarities observed
between the phenotypes of the overexpressing Ucp3 mouse and
the genotype-phenotype correlations at the UCP3-5 polymor-
phic site in this cohort are consistent with the concept that the
UCP3-5 C allele may be a marker for increased UCP3 expres-
sion or a more functionally active form of the UCP3 protein.
The results of this study also show consistencies with UCP3
mMRNA expression studies in humans that support the hypoth-
esis that the UCP3-5 variant is a marker for differential UCP3
expression. Schrauwen et al showed that UCP3 mRNA expres-
sion isnegatively correlated with BMI and positively correlated
with sleeping metabolic rate in Pima Indians.23 In our study,
carriers of the UCP3-5 C allele exhibit less fat and lean mass
despite higher caloric intake and fat intake. Assuming that the
UCP3-5 C aleleisamarker for higher mRNA expression, itis
consistent that these individuals show lower fat and lean mass.
Since an increase in UCP3 expression is positively associated
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with metabolic rate, it would be reasonable to hypothesize that
the increases in total caloric and fat intake are used to fuel
increased metabolic rates as opposed to storage in adipose
tissue. In addition, UCP3 mRNA expression is positively cor-
related with situations that promote fat metabolism,2> which
further corroborates the finding of lower fat massin carriers of
the UCP3-5 C allele.

In this study, we used both univariate and multivariate ap-
proaches to explore the effects of UCP2 and UCP3 on dietary
intake and body composition in a relatively homogeneous
population. The UCP gene family has been highly studied for
its role in body composition and energy metabolism, whereas
the effects of the UCP genes on dietary intake are unstudied.
We provide evidence that genetic variation in the UCP3 geneis
associated with overall caloric intake, nutrient selection, and
body composition in female participants in the SLVDS. The
UCP3-5 variant was independently associated with total caloric
intake, fat intake, fat mass, BMI, percentage body fat, and lean
mass such that higher dietary intake corresponds with lower
body mass. In regard to dietary intake, 2-way ANCOVA be-
tween UCP3-5 and UCP3p-55 showed association with the
main effect terms, but no evidence for statistically significant
interaction between the loci. The comparison between the
UCP3-5 variant and phenotypes of the Ucp3 overexpressing
mouse are consistent with the concept that variation in UCP3
marks increased activity of the UCP3 gene. This increase in
UCP3 expression or functionality may result in increased me-
tabolism, which requires additional fuel that appears to be
supplied in part by an increase in dietary intake. This study
supports a role for UCP3 in fuel substrate management and
energy metabolism, which may play a role in body weight
regulation. Further functional studies of the variation in this
region could clarify the observed effects on dietary intake and
uncover clues to the physiological role of the UCP2 and UCP3
genes.
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