
Two new members of the mitochondrial carrier fami-
ly called uncoupling protein-2 and ±3 (UCP2 and
UCP3) have recently been characterized [1±4].
UCP2 and UCP3 are postulated to play a role in ener-
gy expenditure, body weight regulation and ther-
moregulation. The two proteins show sequence iden-
tity with UCP1, an uncoupling protein expressed in
brown adipose tissue. In rodents, but probably not to
a large extent in adult humans, brown adipose tissue

is a site of adaptative thermogenesis where UCP1
promotes proton transport across the mitochondrial
inner membrane. Like UCP1, UCP2 and UCP3 con-
tain six predicted transmembrane domains, mito-
chondrial carrier protein motifs and a potential C-ter-
minal purine nucleotide binding domain. UCP2 and
UCP3 are active at the mitochondrial level and cause,
in transfected cells, a decrease in mitochondrial
membrane potential. Human UCP2 and UCP3 map
to the same region (q13) of chromosome 11 and the
two genes are located within 100 kb of each other [1,
5, 6]. This location is coincident with several indepen-
dently mapped quantitative trait loci for obesity and
strong evidence of linkage was found between mark-
ers in the vicinity of the UCP2 and UCP3 genes and
resting metabolic rate in humans [1, 7]. UCP2 is ex-
pressed in many tissues whereas UCP3 expression
seems restricted to skeletal muscle, an important site
of thermogenesis in adult humans. UCP3 mRNA ex-
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Summary Uncoupling protein-3 (UCP3) is a mito-
chondrial protein expressed in skeletal muscle, an im-
portant site of thermogenesis in humans. By uncou-
pling respiration from ATP synthesis, UCP3 might
be involved in the control of energy expenditure.
Two transcripts encoding long (UCP3L) and short
(UCP3S) form are generated from the human UCP3
gene. UCP3S is predicted to encode a protein which
lacks the C-terminus of UCP3L, a region which con-
tains motifs critical for uncoupling activity. We have
investigated the regulation of UCP3L and UCP3S
mRNAs in lean and obese humans. A specific reverse
transcription-competitive polymerase chain reaction
assay was developed to separately quantify the two
mRNAs. Each transcript represents half of total
UCP3 mRNA in 16 vastus lateralis muscle samples.

The amounts of UCP3L and UCP3S mRNAs did not
differ between obese and lean subjects. The effect of
fasting was studied in six lean and seven obese sub-
jects maintained on a hypocaloric diet (1045 kJ/d)
for 5 days. Calorie restriction results in an approxi-
mately threefold increase of UCP3L and UCP3S
mRNA levels. The induction was similar in lean and
obese subjects. The data suggest that there is no ma-
jor alteration of UCP3 gene expression and regula-
tion at the level of transcription and alternative splic-
ing in skeletal muscle of obese subjects. [Diabetolo-
gia (1998) 41: 829±832]
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ists as long and short form transcripts [3]. The two
transcripts are generated from a single gene through
alternative splicing and use of polyadenylation sig-
nals [6]. The short form transcript encodes a putative
protein, designated UCP3S, that does not contain the
last 37 amino acids present in the long form UCP3
transcript (UCP3L), UCP1 and UCP2. This region is
likely to contain motifs and residues critical for un-
coupling activity. In a recent study, we have investi-
gated, in humans, the regulation of total UCP3 mR-
NA level without discrimination between the two
transcripts [8]. Fasting resulted in a similar induction
of UCP3 gene expression in lean and obese subjects.
In the present study, a specific reverse transcription-
competitive polymerase chain reaction assay (RT-
competitive PCR) was set up to quantify the levels
of each transcript in order to determine whether
UCP3S and UCP3L mRNA levels differ between
lean and obese subjects and are differently regulated
during fasting.

Subjects and methods

Subjects. The subjects comprised nine lean (three men and six
women, mean age ± SD 50 ± 5 years) and seven non-diabetic
obese (two men and five women, mean age ± SD 43 ± 4 years)
people. Obesity was defined as a BMI higher than 27 kg/m2.
Obese subjects had maintained a stable body weight for at
least 2 months before the beginning of the protocol. The
waist-to-hip ratio was 1.0 ± 0.1. None of them was on regular
medication and showed known complications of obesity such
as established hypertension, diabetes or dyslipidaemia. All
subjects were Caucasians. Percutaneous biopsies of the vastus
lateralis muscle were performed as reported previously [8].
Six lean and seven obese subjects participated in a 5 day study
protocol during which they received a 1045 kJ/d diet. Three
days before the beginning of the study, the subjects received a
standardized diet (104 kJ/kg per day). The first series of biop-
sies was performed after an overnight fast before the beginning
of the calorie restriction. The second series of biopsies was per-
formed the morning of the sixth day of calorie restriction. Sam-
ples were immediately frozen in liquid nitrogen and stored at
±80 °C. All subjects had given written consent and the experi-
mental protocols were approved by the ethics committee of
Hospices Civils de Lyon.

RNA preparation. Total RNA from skeletal muscle was pre-
pared using guanidinium thiocyanate-phenol-chloroform ex-
traction. The yield of total RNA was 0.22 ± 0.2 and 0.23 ±
0.2 mg/mg muscle tissue (wet weight) in lean and obese sub-
jects, respectively. The absorption ratios 260 to 280 nm were
between 1.7 and 2.0. RNA integrity was verified on agarose
gel electrophoresis. Total RNA was stored at ±80 °C.

Quantification of mRNAs. Human UCP3 mRNAs were quan-
tified by RT-competitive PCR. UCP3L (390 nt-long) and
UCP3S (436 nt-long) cDNA fragments were obtained by
RT-PCR on human skeletal muscle total RNA using UCP3TS
(5 ¢-ATGGACGCCTACAGAACCAT-3 ¢) as sense primer
and, UCP3LAS (5 ¢-TACGAACATCACCACGTTCC-3 ¢) or
UCP3SAS (5 ¢-TCACCGCTACATCCCAGGTT-3 ¢), respec-
tively, as antisense primers (Fig. 1A). The two competitor

DNAs were obtained by a deletion of 40 bp using a two step
polymerase chain reaction overlap extension method. Each
competitor could be used to quantify total UCP3 mRNA lev-
els (i. e. levels of the long plus the short form transcripts) using
UCP3TS as sense primer and UCP3TAS (5 ¢-CTGGGCCAC-
CATCTTTATCA-3 ¢) as antisense primer. Identity of the four
constructs to published sequences were checked by automatic
DNA sequencing (Applied biosystems). RT-competitive PCR
was performed as described [8].

Statistical analysis. Values are given as means ± SEM. The Wil-
coxon nonparametric test for paired values was used for com-
parisons before and during fasting. The nonparametric U
Mann-Whitney test for unpaired values was used for compari-
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Fig.1 A, B. Determination of the levels of UCP3 transcripts
using RT-competitive PCR. A Scheme representing the strate-
gy used to quantify the mRNA levels of UCP3 long (UCP3L)
and short (UCP3S) form transcripts. The 3 ¢ region (exons 4 to
7) of the human UCP3 gene is represented above with the 3 ¢
untranslated regions (UTR) and stop codons (TGA) for the
two forms. UCP3L and UCP3S competitor DNAs are shown
below the gene structure with the position of a 40 bp deletion
made to discriminate PCR products amplified from cDNA
and competitor DNA. The sense (S) and antisense primers
(AS) are represented as arrows. Reverse transcription were
performed using UCP3TAS, UCP3LAS or UCP3SAS primers
to quantify total UCP3, UCP3L and UCP3S mRNAs, respec-
tively. These antisense primers were used in separate reactions
with a common sense primer (UCP3TS) to PCR amplify the
different cDNAs in the presence of increasing concentrations
of competitor DNAs. B Plot of the sum of UCP3L and UCP3S
mRNA levels vs total UCP3 (UCP3T) mRNA levels. Determi-
nation of mRNA levels was performed in skeletal muscle of
five lean and five obese subjects



sons between groups of subjects. In some cases, simple regres-
sion analysis was performed. Statistical calculations were per-
formed with a software statistical package (Statview, Abacus
Concepts, SAS Institute, San Francisco, CA, USA). The thresh-
old of significance was p less than 0.05.

Results

Two competitor DNAs were constructed to measure
UCP3L and UCP3S mRNA levels (Fig.1A). To en-
sure the validity of the quantification, we simul-
taneously quantified UCP3L, UCP3S and total
UCP3 mRNA levels in skeletal muscle from five
lean and five obese subjects. A direct quantification
of total UCP3 mRNA level was performed using ei-
ther UCP3L competitor DNA or UCP3S competitor
DNA and, UCP3TS and UCP3TAS primers. A good
correlation (r = 0.95, p = 0.0001) was found between
the sum of UCP3L and UCP3S mRNA levels and a di-
rect determination of total UCP3 mRNA levels using
UCP3S competitor DNA (Fig.1B). Total UCP3 mR-
NA levels were not different when UCP3L competi-
tor DNA was used (data not shown).

The levels of UCP3L and UCP3S mRNAs were
compared in nine lean and seven obese subjects. No
difference was found between the two groups for
UCP3L (4.0 ± 1.2 and 4.4 ± 1.0 amol/mg total RNA in
lean and obese subjects, p = 0.4) and UCP3S (5.2 ±
1.5 and 3.8 ± 0.8 amol/mg total RNA in lean and obese
subjects, p = 0.8) mRNA expression. When the 16
subjects were pooled into one group, UCP3L (4.1 ±
0.8 amol/mg total RNA) and UCP3S (4.6 ± 0.9 amol/
mg total RNA) mRNA levels were not significantly
different (p = 0.8) suggesting that alternative splicing
and use of polyadenylation signals occur 50% of the
time.

The regulation of UCP3L and UCP3S transcript ex-
pression was studied in six lean and seven obese sub-

jects maintained on calorie restriction for 5 days.
BMI decreased from 22 ± 0.6 to 21 ± 0.5 kg/m2

(p < 0.05) in lean subjects and from 35.3 ± 1.7 to
34.3 ± 1.5 kg/m2 (p < 0.02) in obese patients. Fasting
glycaemia decreased from 4.8 ± 0.1 to 3.7 ±
0.3 mmol/l (p < 0.05) in lean subjects and from 5.0 ±
0.2 to 4.2 ± 0.2 mmol/l (p < 0.02) in obese subjects.
Fasting plasma insulin concentrations decreased
from 34 ± 2 to 30 ± 1 pmol/l (p < 0.05) in lean subjects
and from 87 ± 18 to 46 ± 4 pmol/l (p < 0.05) in obese
subjects. Plasma NEFA levels increased during the
hypocaloric diet in the lean (from 422 ± 69 to
882 ± 126 mmol/l, p < 0.05) and obese (from 629 ± 45
to 857 ± 43 mmol/l, p < 0.02) groups. Daily urinary
free cortisol levels did not change during the 5-day
calorie restriction (data not shown). Plasma free tri-
iodothyronine levels decreased in the lean (from
5.1 ± 0.3 to 4.2 ± 0.1 pmol/l, p < 0.05) and obese
(from 5.2 ± 0.3 to 4.7 ± 0.4 pmol/l, p = 0.07) groups.
UCP3L and UCP3S mRNA levels increased in lean
and obese subjects (Fig.2). In the two groups,
UCP3L mRNA levels were not significantly different
from UCP3S mRNA levels (p > 0.3) neither before
nor during fasting. Before and during fasting, the lev-
el of each transcript did not differ between lean and
obese subjects (p > 0.4).

Discussion

In the present study, we have analysed the expression
of the two mRNA transcripts generated by the hu-
man UCP3 gene in obese patients and lean subjects
matched for age. UCP3L and UCP3S mRNAs are ex-
pressed in equal amounts in the vastus lateralis mus-
cle. The biological significance of this observation
will need further investigation at the protein level.
The domain absent in UCP3S may be important for
the correct insertion of the protein in the plasma
membrane since it contains the putative sixth trans-
membrane domain [3, 6]. Therefore, UCP3S may not
be stable and may not be expressed to a significant
extent in the mitochondrial inner membrane. It is
also possible that the protein show an increased un-
coupling activity compared with UCP3L because of
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Fig.2. Effect of 5 days of calorie restriction on UCP3L and
UCP3S mRNA levels in skeletal muscle of six lean and seven
obese subjects. B, before calorie restriction; D, during calorie
restriction. *, p < 0.05



the lack of a conserved motif that mediates inhibition
of UCP1 uncoupling activity by purine nucleotides.
Consequently, variation in the ratio between UCP3L
and UCP3S could modulate skeletal muscle uncou-
pling activity.

The abundant and selective expression of UCP3 in
human skeletal muscle suggests that it may be a medi-
ator of thermogenesis [3±5, 9]. An altered level of ex-
pression of UCP3L, and maybe of UCP3S, could con-
tribute to an altered energy expenditure in obesity.
In our study, this does not seem to be the case since
UCP3L and UCP3S mRNA levels were no different
between obese and lean people before fasting. Regu-
lation of the levels of the two transcripts could occur
during calorie restriction since we have shown that
this condition results in an induction of total
UCP3 mRNA expression [8]. A marked increase of
UCP3L and UCP3S mRNA levels was observed dur-
ing fasting in lean and obese subjects. The ratio be-
tween the two forms was not modified. These data
suggest that there is no major alteration of UCP3
gene regulation at the level of transcription and alter-
native splicing in obesity. Obesity being a multifacto-
rial disease, our data do not rule out possible altera-
tions of UCP3 mRNA expression in subpopulations
of obese patients and, associations between UCP3
transcript levels and some clinical parameters associ-
ated with obesity. Differences could also exist be-
tween lean and obese subjects at the levels of protein
translation and regulation of uncoupling activity by
cellular activators and inhibitors.

Calorie restriction provokes a complex physiologi-
cal adaptation with numerous hormonal and meta-
bolic changes that could explain the increase in skele-
tal muscle UCP3 gene expression. UCP3 mRNA lev-
els are increased by in vivo treatment of rats with tri-
iodothyronine and dexamethasone [5]. Since plasma
free triiodothyronine level decreased and cortisol lev-
el did not change during the 5-day fasting protocol,
these hormones do not seem to play a major role in
UCP3 mRNA upregulation. We have shown that a
3-h insulin infusion does not modulate total
UCP3 mRNA expression in human skeletal muscle
[8] suggesting that the calorie restriction-induced de-
crease in insulinaemia does not contribute to UCP3
upregulation. It was recently proposed that the in-

crease in rat skeletal muscle UCP3 mRNA levels ob-
served during fasting [9] could be mediated by
NEFA [10]. Further investigation is required to show
whether the increase in NEFA levels occurring dur-
ing fasting contributes to the upregulation of UCP3L
and UCP3S mRNAs in humans.
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