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OBESITY-Environmental Factorsand/or genetic I nfluence

Genomic Structure, Mutational Analysis andPromoter Function of
The Human Uncoupling Protein-2/-3 (hUCP2/hUCP3) Genes

Naxin Tu

Today overweight and obesity has been recognized as a disease, a rapidly growing
threat to health in an increasing number of countries worldwide, which is prevalent in both
developing and developed countries and affects children and adult alike. What causes
obesity? In scientific terms, obesity occurs when a person's calorie intake exceeds the amount
of energy he or she burns. What causes this imbalance between consuming and burning
calories? Evidence suggests that obesity often has more than one cause. Genetic,
environmental, psychological, and other factors all may play a part. Obesity tends to run in
families, indicating that it has a genetic cause. However, family members share not only
genes but also diet and lifestyle habits that may contribute to obesity. Still, growing evidence
points to heredity as a strong determining factor of obesity. In many studies of adults who
were adopted as children, researchers found that the subjects adult weights were closer to
their biological parents weights than their adoptive parents. The environment provided by the
adoptive family apparently had less influence on the development of obesity than the person's
genetic makeup.

The role of genetic factors in obesity development is currently the focus of
much research. Among the major breakthroughs in obesity research during the past severdl
years has been discovered that the adipocytes hormone leptin (the product of OB gene, Zhang
et al., 1994) and leptin receptor (Maffei et al., 1995), melanin concentrating hormone
(Gonzalez et d., 1997), the melanocortin 4 receptor (Yeo et al., 1998), urocortin (Zhao et al.,
1998; lino et al., 1999), neuropeptide Y and its type 5 receptor (Pickavance et al., 1999) and

so on, al are involved in the control over the process of energy intake. In contrast, much less
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is known about the molecular basis of for determination of energy expenditure. However, the
discovery and characterization of mitochondria inner membrane ions carrier proteins —
uncoupling proteins —represents a major breakthrough towards understanding the molecular
basis for energy expenditure, and therefore likely to have important implication for the cause
and treatment of human obesity.

UCPs considered as prime candidate genes involved in the pathogenesis of obesity.
Due to the fact of limited abundance of UCP1 containing brown adipose tissue is unlikely to
be involved in wieght regulation in adult large size animal and human living in a
thermoneutral environment. Identification of UCP2 and UCP3 homologues in rodents implied
as amagjor breakthrough towards discovery of the molecular basis for the energy expenditure.
Therefore, What’ s the case in human? What are the potential functional roles of human UCP2
and UCP3 in energy metabolism and body weight regulation? How the expression of human
UCP2 and UCP3 regulated? What are the possible implications of human UCP2 and hUCP3
for the pathogenesis and treatment of human obesity? Genetic studies in humans provide a
method to test hypotheses about the biological role of specific genes, therefore this study

focuses on human UCP2 and UCP3 genes function and transcriptional regulation.

M ethods

The studies entirely base on current molecular Biology and Genetics means.
Elucidation of the structural organization of human UCP2 and UCP3 genes by molecular
cloning, sequences determination and exon / intron mapping. Identification and
characterization of genetic variants in the 3-UTR of human UCP3 gene using Rapid
Amplification cDNA Ends ( RACE ) and RT-PCR (Reverse transcription-Polymerase Chain
Rection). Polymorphism analysis by Genotyping. Determination of functional properties of
the 5’ flanking and the promoter region of these two genes: elucidation the 5’ Flanking Region

of the hUCP2 gene by PCR-screening a human genomic library. Genome Walking of 5'-
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Flanking Region of human UCP3 Gene. Promoter analysis human UCP -2 /-3 utilizing

pCAT-3 reporter gene system, transient transfection, CAT ELISA and protein determination

Results

Uncoupling proteins (UCP) are members of the family of mitochondrial anion carriers,
which creates a pathway that allows dissipation of the proton electrochemical gradient across
the inner mitochondria membrane thereby release storied energy as heat, without coupling to
any other energy consuming process, uncoupling fuel oxidation from the conversion of ADP
to ATP. Thisimplies a mgor role of UCPs in energy metabolism and thermogenesis, which
when deregulated are key risk factors in the development of obesity and other eating
disorders. From the three different human UCPs identified by gene cloning, the human UCP1
(hUCP1) gene was assigned to human chromosome 4 (4931) (Cassard et al., 1990). Both
UCP2 and UCP3 were mapped in juxtaposition to regions of human chromosome 11 (11g13)
(Pecqueur et al., 1999) that have been linked to obesity and hyperinsulinaemia (Norman et al.,
1997; Bouchard et al. 1997). At the amino acid level hUCP2 has about 55% identity to

hUCP1 while hUCP3 is 71% identical to hUCP2.

Genomic organization

The human UCP2 gene spans over 8.7 kb distributed on 8 exons. The localization of
the exon/intron boundaries within the coding region matches precisely that of the hUCP1
gene and is almost conserved in the recently discovered hUCP3 gene as well. The high degree
of homology at the nucleotide level and the conservation of the exon /intron boundaries
among the three UCP genes suggests that they may have evolved from a common ancestor or
are the result from gene duplication events.

Characterization the genomic structure of the human UCP3 gene implicates that

hUCP3 gene spans about at least 7.5 kb distributed 7 exons and 6 introns, from which two
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MRNA transcripts are generated, UCP3L and UCP3S, which encode long and short forms of
the hUCP3 protein differing by the presence or absence of 37 amino acid residues at the C-
terminus. Mapping the boundaries of hUCP3L and hUCP3S transcripts. The potential
transcription initiation site of hUCP3 mRNA was mapped at position -186 of the 5’-UTR by
5 -RACE (based the first base of the trandlational start codon ATG). 3'-RACE showed that
the short form of hUCP3 is generated by incompl ete transcription caused by the presence of a
cleavage and polyadenylation signal (AATAAA) in intron 6 terminating message elongation.
Alternatively, the elongation continues until another AATAAA signa in exon 7 of hUCP3

gene once the MRNA synthesis passes through the first polyadenylation signal.

Mutational analysis

Mutational analysis of the hUCP2 gene in a cohort of 172 children of Caucasian origin
revealed a polymorphism in exon 4 (C to T transition at position 164 of the cDNA resulting in
the substitution of an alanine by a valine at codon 55) and an insertion polymorphism in exon
8 consisted of a45 bp repeat located 150 bp downstream of the stop codon in the 3-UTR. The
alele frequencies were 0.63 and 0.37 for the alanine and valine encoded alleles, respectively,
and 0.71 versus 0.29 for the insertion polymorphism. The alele frequencies of both
polymorphisms were not significantly elevated in a subgroup of children characterized by low
Resting Metabolic Rates (RMR). So far a direct correlation of the observed genotype with

(RMR) and Body Mass Index (BMI) was not evident.

Promoter Analysis

To analyze promoter function and regulatory motifs involved in the transcriptional
regulation of UCP2 gene expression, 3.3 kb of 5'flanking region of the human UCP2 gene
have been cloned by PCR-screening a human genomic library. Utilizing 5-RACE, the

potential transcription initiation site of hUCP2 mRNA has been identified to localize at
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position —364 of the 5-UTR based the first base of the trandational start codon ATG.
Sequence analysis showed that the promoter region of hUCP2 lacks a classica TATA or
CAAT box, however appeared GC-rich resulting in the presence of several Sp-1 motifs and
Ap-1/-2 binding sites near the transcription initiation site. Functional characterization of
hUCP2 promoter-CAT fusion constructs in transient expression assays showed that minimal
promoter activity was observed within 65 bp upstream of the transcriptional start site (+1). 75
bp further upstream (from nt —141 to —66) a strong cis-acting regul atory element (or enhancer)
was identified, which significantly enhanced basal promoter activity. The regulation of human
UCP2 gene expression involves complex interactions among positive and negative regulatory
elements distributed over aminimum of 3.3 kb of the promoter region.

To get insight into the mechanisms regulating human UCP3 expression, 5 kb of the 5'-
flanking region of the hUCP3 gene were cloned and characterized by genome walking. The
promoter region contains both TATA and CAAT boxes as well as consensus motifs for
PPRE, TRE, CRE and muscle-specific factors like MyoD and MEF2 sites. Functional
characterization of a 3 kb hUCP3 promoter fragment in multiple cell lines using a CAT-
ELISA identified a cis-acting negative regulatory element between - 2983 and -982 while the
region between -982 and -284 showed greatly increased basal promoter activity suggesting
the presence of a strong enhancer element. Promoter activity was particularly enhanced in the

murine skeletal muscle cell line C,C,, reflecting the tissue-selective expression pattern of

UCPS.

Future studies should be directed to clarify the potential significance these elements
may have on regulation of hUCP2 / hUCP3 expression in vitro and in vivo, as well as to the
identification of interactions between transcription factors and individual regulatory motifs
localized inthe 5’ flanking region of hUCP3 and the entire 7 kb intergenic region between the
UCP2 and UCP3 locus on human chromosome 11g13, in order to identify the underlying

mechanisms orchestrating human UCP 2 and UCP3 genes transcription.
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Conclusion

In conclusion, the discovery of the uncoupling proteins could be a breakthrough in
understanding the complex mechanisms regulating energy expenditure and has given new
stimuli for research in this field. The results so far strongly suggest a role for the UCPs in
energy balance and obesity.

The genomic structure of the human UCP2 and UCP3 genes show great homology to
the other known members of this family of mitochondrial carrier proteins; To get more
definitive proof that UCPs are involved in regulating basal metabolic rates, and thus weight
gain or loss,Analysis of theunderlying mechanisms as regards regulation of UCP-2/-3
expression by promoter functional characterization in and cell culture determined
regulatory  motifs of tissue-specificity, hormone regulation and cis/trans- acting
elements in the upstream regions of UCP genes, which revealed the expression of UCPsis
mainly controlled at the trancriptiona level, and is positively regulated by the sympathetic
nervous system CCAAT/enchancer-binding protein beta (C/EBP-b) plays a role as
transcriptoinal activator of UCP genes, and peroxisome proliferator activated
receptor(PPAR) gamma is also involved transcription regulation of UCPs via its ligands
free fat acids, those basic studies will be on to find drugs that can combat obesity by tuning up
the activity of the UCP proteins. If the level of uncoupling proteins could be slightly increased
1%-2%, then fat oxidation and thermogenesis would increased, and that could boost the
resting metabolic rates of millions of people and whittle away their days of perpetual dieting.

Human uncoupling proteins have currently been in molecular basis of the research on
energy expenditure, particularly nonshivering thermogenesis. Still, several Key questions are
proposed and challenged in the near future, what are the molecular and physiological
similarities and dissimilarities among UCPs? What are mechanisms of action? Are the other

functions for UCP2 and UCP3? Finally, numerous different complex and diverse factors can



Abstract 9

give rise to a positive energy balance, Human obesity is a result of the interaction between a
number of these influences, rather than any single factors acting along.

Because obesity prevalence continues to increase sharply as people approach the new
century, today the challenge to scientists and public health worker in this area has never been

greater.
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Preface

An expert consultation on obesity was convened by the World Health Organization
(WHO) in June 1997 with the aim to review current epidemiological information on obesity,
and drawing up recommendations for developing public heath policies and programmes for
improving the prevention and management of obesity which is emerging as a global public
health problem. In the consultation, overweight and obesity has been recognized as a disease,
a rapidly growing threat to health in an increasing number of countries worldwide, which is
prevalent in both developing and developed countries and affects children and adult alike. In
fact, overweight and obesity are now so common that they are replaced the more traditional
public health concerns such as undernutrition and infectious diseases as some of most
significant contributors to ill health. The health consequences of obesity are many and varied,
ranging from an increased risk of premature death to severa non-fatal but debilitating
complaints that impact on immediate quality of life. The magor health consequences
associated with overweight and obesity are Noncommuniable Diseases (NCDs), Non-Insulin-
Dependent Diabetes Méllitus (NIDDM), Coronary Heart Disease (CHD), Cardiovascular
Diseases (CVD), hypertension, gallbladder disease, pyschosocial disturbances and certain
types of cancer.

Current knowledge of human obesity has progressed beyond former explanation by
the single adverse behavior of inappropriate eating in the setting of attractive foods. The study
of anima models of obesity, biochemical alterations in man and experimental animals, and
the complex interactions of psychosocial and cultura factors that create susceptibility to
human obesity indicate that this disease in man is complex and deeply rooted in biologic
systems. Obesity research efforts therefore have been directed toward elucidation of biologic

markers, factors regulating the regional distribution of fat, studies of energy regulation, and



Preface 17

studies utilizing the techniques of human genetics, molecular biology, anthropology,
psychiatry, and the social sciences.

The etiology of obesity is multifactorial, and almost certainly under genetic and
environmental as well as psychological influences. Although psychological factors may
influence eating habits, most overweight people have no more psychological disturbance than
normal weight. Numerous line of evidence suggest strong genetic influences on the
development of obesity. Most convincing are genetic studies of adoptees and twins. In a study
of approximately 4000 twins, a much closer correlation between body weights was found in
monozygotic than dizygotic twins, and also, genetic factors accounted for approximately two
thirds of the variation in weights. More recent studies of twins reared apart and the response
of twins to overfeeding showed similar results. Studies of regional fat distribution in twins has
also shown a significant (but not complete) genetic influence. In spite that family members
share not only genes but also diet and lifestyle habits that may contribute to obesity, still,
growing evidence points to heredity as a strong determining factor of obesity. In studies of
adults who were adopted as children, researchers found that the subjects’ adult weights were
closer to their biological parents weights than their adoptive parents. The environment
provided by the adoptive family apparently had less influence on the development of obesity
than the person's genetic makeup.

From the research now available, a good number of genes seem to have the capacity to
cause obesity or increase the likelihood of becoming obese. The uncoupling protein family
members are currently focus of much research because of their potential function in
mediation of mitochondrial proton leak, thermogenesis of thermoregulation, regulation of
energy expenditure, protection against development of obesity, protection against damage by
reactive oxygen speices.

The present studies include: elucidation of the structural organization of human UCP2

and UCP3 genes, identification and characterization of genetic variants, as well as
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determination of functional properties of the 5’ flanking and the promoter region of these two
genes.

Magjor parts of this work have respectively been published in four publications and
five abstracts presented at various international obesity meetings in Europe and the USA (see

thelist of publications and abstracts during the doctoral study).
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Chapter 1. Introduction

1.1 Overview

In ssimple term, obesity is a consequence of an energy imbalance where energy intake
gas exceeded energy expenditure over a considerable period. Numerous different complex
and diverse factors can give rise to a positive energy balance, but it isthe interaction between
a number of these influences, rather than any single factor acting alone, that is thought to be
responsible. Factors influencing the development of overweight and obesity include
physiological regulation of body weight, individual / biological susceptibility, dietary and
physical activity patterns, environment and societal influences and others (e.g. smoking,

alcohol intake) (Fig. 1-1).
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Fig. 1-1 The fundamenta principles of energy balance and regulation. Positive energy

balance occurs when energy intake is greater than energy expenditure and promotes weight
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gain. Conversely, negative energy balance promotes a decrease in body fat stores and weight
loss. Body weight is regulated by a series of physiological processes which have the capacity
to maintain weight within arelatively narrow range (stable weight). It is thought that the body
exerts a stronger defense against undernutrition and weight loss than it does against over-
consumption and weight gain. TEF, thermic effect of food; BMR, basal metabolic rate; CHO,

carbohydrate (Report of a WHO Consultation on Obesity).

Societal and cognitive factors can influence the control of body weight to certain
extent, but it is a series of physiological processes that are primarily responsible for body
weight regulation. The physiological mechanisms responsible for body weight regulation are
incompletely understood. However, there is increasing evidence of a range of mechanisms

within the intestine (Fig. 1-2).

Neural and hormonal sighals
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Fig. 1-2 Physiological processes involved in body weight regulation. A model of the
interaction between different mechanisms which affect energy and body weight regulation
within individuals. The brain integrates an array of afferent signals (nutrient, metabolic,
hormonal and neuronal ) and responds by inducing changes in food intake, autonomic nervous

system activity, hormona responses or in spontaneous physical activity. The different
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components then directly or indirectly determine the partition of fat and protein (Report of a

WHO Consultation on Obesity).
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Tab. 1-1 Some factors involved in the development of obesity thought to be geneticaly

modulated

Epidemiological, genetic and molecular studies suggest that there are people who are

more susceptible than others to becoming overweight and obese, in other words, who have an




Chapter 1. Introduction 22

inherited susceptibility to be in positive energy balance. These observation have been madein
populations all over the world, indicating that susceptible individuals can be found across a
wide range of lifestyle and environment conditions. Genetic factors are mainly responsible for
such difference in the sensitivity of individuals to gain fat when chronically exposed to a
positive energy balance coming from studies in both animals and humans. The genetic effect
associated with the risk of obesity appears to be of the multigenic type, the genes exerting
their influence on body mass and body fat as aresult of DNA sequence variation either in the
coding region or in the segments that affect gene expression. The number of genes and other
markers that have been associated or linked with human obesity phenotypesisincreasing vera
rapidly and now approaches 200 (Perusse et al, 1998). Obesity is truely a complex
multifactorial phenotype with a genetic component that includes both polygenic and major
gene effects (Tab. 1-1).

The role of genetic factors in obesity development is currently the focus of much
research. Among the major breakthroughs in obesity research during the past several years
has been discovered that the adipocytes hormone leptin (the product of OB gene, Zhang et al.,
1994) and leptin receptor (Maffel et al., 1995), melanin concentrating hormone (Gonzalez et
a., 1997), the melanocortin 4 receptor (Yeo et al., 1998), urocortin (Zhao et al., 1998; lino et
al., 1999), neuropeptide Y and its type 5 receptor (Pickavance et al., 1999) and so on, are
involved in the control over the process of energy intake. In contrast, much less is known
about the molecular basis of for determination of energy expenditure. However, the discovery
and characterization of mitochondrial inner membrane ions carrier proteins — uncoupling
proteins — represents a major breakthrough towards understanding the molecular basis for
energy expenditure, and therefore likely to have important implication for the cause and

treatment of human obesity.
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1.2 Some mechanisms

Obesity occurs when a person's calorie intake exceeds the amount of energy he or she
burns. So obesity is an excess of body fat frequently resulting in a significant impairment of
health. The excess fat accumulation is associated with increased fat cell and fat cell numbers.
Regulation of energy balance is complex, but many aspects have begun to yield to
investigation. Promising leads are: effects of the central and autonomic nervous systems and
the endocrine system; Adipose tissue cellularity (in tissue culture) and metabolism; the role of
various components of thermogenesis in the overall control of energy balance; control of food
intake (e.g. endogenous opioids); satiety factors (e.g. gut hormones). In general, the regulation
of body weight involved coordination of intake and expenditure of calories. Energy intake is
simply defined as the mass of calories that enter the body, control over this process involves
multiple neural circuits with specific neuropeptides, neurotransmitters and their cognate
receptors, such as leptin, melanin concentrating hormone and so on.

The processes involved in energy expenditure of an organism can be divided into two
categories. adeonsine triphosphate (ATP) consuming processes and non-ATP consuming
processes. The first is ATP consuming processes, the obligatory energy costs of all cellular
functions and physiological processes. These processes include muscle contraction, protein
turnover (12% to 25% of RMR in human), Na'/ K*-pump (20%), Ca2* pump (4% to 6%), and
substrate cycles (8%). In these processes, the energy is provided by ATP. This molecule can
release energy by donating 1 and 2 phosphate groups , leaving adenosine diphosphate (ADP)
or adenosine monophosphate (AMP), respectively. ATP has to be continuously resynthesized
from ADP by the processes of oxidative phosphorylation. During the oxidation of substrates (
fat, carbohydrate, and protein ), the cofactors NADH and a reduced form of flavin adenine
dinucleotide are formed in mitochondrial matrix. At the level of the inner mitochondrial
membrane, reduced nicotinamide adenine dinucleotide (NADH) and a reduced form of flavin

adenine dinucleotide are converted to nicotinamide adenine dinucleotide (NAD™), flavin
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adenine dinucleotide, and H*. According to the chemiosmotic hypothesis of Mitchel, the
protons are then transported to the cytosolic side of the mitochondrial membrane by a series
of reactions. This eventually generates a proton gradient across the membrane, which causes
protons to flow back over the inner mitochondrial membrane. The energy generated is used
by ATPase to transform ADP into ATP. Therefore, the processes of substrate oxidation are
coupled to the formation of ATP. When cells perform minimal work and have low levels of
ADP, the rate of proton entry via ATP synthase is limited. The proton gradient increases,
electron transport slows. The resting metabolic rate (RMR) represents the basal energy
requirements of the body and constitutes 60% to 70% of total energy expenditure. Under the
resting conditions and without change the energy storage, all of the energy expenditure is lost
as heat, because no external work is performed. Reduced RMR values have been shown to be

apredictive factor for the development of human obesity.

The second category is Non-ATP consuming processes, not all energy is coupled to
ATP use. There are at least two processes that contribute to energy expenditure and thus heat
production without the involvement of ATP. 1, Non-mitochondrial oxygen consumption:
There are a number of processes in mammals that use oxygen outside the mitochondria (e.g.
peroxisomal fatty acid oxidation). The total contribution of nonmitochondrial oxygen
consumption has been estimated at ~10% of Resting Metabolic Rate (RMR). 2, Mitochondrial
proton leak (uncoupled mitochondrial respiration ): the formation of ATP from ADP requires
a proton gradient across the mitochondrial membrane. The flow of proton from the cytosolic
side of the membrane into the mitochondrial matrix provides the energy to transform ADP to
ATP. However, when inner mitochondrial membrane proton conductance is increased,
insufficient proton gradient is generated and oxygen consumption is uncoupled from ATP
production. Such proton leak dissipating energy as heat. It has been calculated that the
overall contribution of proton leak to RMR is ~ 20% in humans (Schrauwen et al., 1999), the

question is where and how this mitochondrial uncoupled respiration occurs.
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Mammals have two types of adipose tissue. White adipose tissue that consists of lipid
storing adipocytes, and brown adipose tissue that composed of multilocular lipid storing
adipocytes and also contains abundant mitochondria. The functions of the two types of
adipose tissue are different. The primary function of white adipose tissue is energy storage ,
and human obesity is characterized by an increase in the amount of white adipose tissue.
Adipose tissues has a very active metabolism resulting in thermogenesis. It has been shown
that brown adipose tissue can account for up to 40% of the two—fold increase in RMR of rats
infused with norepinephrine or exposed to cold. Food intake can also increase the
thermogenic activity of the brown adipose tissue, thereby contributing to diet-induced
thermogenesis. Mitochondria of brown adipose tissue are exceptionally permeable to protons,
and this could lead to leakage (Nicholls et al., 1984).

Possible ways for the mitochondrial proton leak are membrane proteins, the
phospholipid bilayer, and protein / phospholipid interfaces. In 1978, it was demonstrated that
a mitochondrial inner membrane protein, called thermogenin or uncoupling protein (UCP1),
was responsible for the mitochondrial proton leak (Nicholls et al., 1978), which act as H* or
(OH") ions trandocators in a carrier like fashion, and can also function as anion (such as CI)
transporters. UCP creates a pathway that alows dissipation of the proton electrochemical
gradient across the inner mitochondrial membrane, without coupling to any other energy
consuming process, uncoupling fuel oxidation from the conversion of ADP to ATP (Fig. 1-3)
thereby releasing stored energy as heat. In other words, uncoupling protein dissociates the
reactions that break down food or fat from those that produce the body’s chemical energy, in
effect, it punch holes in the energy-production pipeline, raising the body’ s resting metabolic
rate. Since the lost chemical energy is dissipated as heat, UCP helps hibernators and other

cold-adapted animals maintain their core body temperature in frigid weather.
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Fig. 1-3 Uncoupling protein (UCPs) let hydrogen ions pass through the inner mitochondrial

membrane. Thereby abolishing the hydrogen ion gradient needed to drive ATP synthesis.

1.3 History of Uncoupling Proteins Research

The phenomenon of nonshivering thermogenesis (NST) was first understood in the
mid-1950s as whole body thermogenetic response to the noradrenaine that was much
increased by acclimation of rats to cold and alowed them to maintain their body temperature
without shivering. It was already realized then that could not be permanent property of the
tissue, but must subject be to being switch on and off in vivo. Although the work of Robert
Smith established the thermogenetic function of brown adipose tissue in the mid-1960s, this

tissue was believed to be too small to account the phenomenon of the NST.
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It was only in the late 1970s that the location of NST in the BAT was established, and
the participation of a 32 kda mitochondrial membrane protein in this process was described
independently by biochemist David Nicholls a the University of Dundee in the UK and
Daniedl Ricquier at the National Center for Scientific Research in Pairs. In the meantime,
studies of BAT mitochondria and brown adipocytes, particularly by Lindberg's group and by
Nicholls, established many of the properties of the stimulated thermogenesis in the BAT
mitochondria (mediated in adipocytes by noradrenaline, inhibited by GDP and stimulated by
fatty acid in mitochondria) (Himms et al., 1999). Purification of the 32 kDa protein by
Klingenberg (Klingenberg et al., 1988), in vitro trandation, and sequencing of the protein
rapidly followed. It was 1985 the rat gene for the protein now known as uncoupling protein 1
(UCP1) was cloned by Ricquier’s group and by Kozak and showed to be uniquely expressed
in brown adipocytes. Humans have brown adipose tissue, which disappears shortly after birth.

Three more mammalian UCPs have now been cloned so far, their potential function
for example mediation of mitochondrial proton leak, thermogenesis of thermoregulation,
regulation of energy expenditure, protection against development of obesity, protection
against damage by reactive oxygen species and so on. Uncoupling proteins not only provide a
better understanding of obesity, but also might be good targets for obesity therapy (especially
as they appear to act mainly in fat and muscle, whereas many other weight-regulatory
molecules seem to work mainly in the brain.), simply by dlightly increasing the level
uncoupling — by 1% or 2%, to increase fat oxidation and thermogenesis (or RMR) (Gura,
1998).

Therefore, the uncoupling proteins represent a significant breakthrough towards
understanding the molecular basis for energy expenditure somehow has revolutionized

obesity research.
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1.4 Human Uncoupling Protein 1 (hUCP1)

Bouillaud (1988) first succeeded in detection a specific 1.8 kb mRNA corresponding
to the rat UCP1 in human adipose tissue obtained from patients with pheochromocytoma.
Cassard showed that the human UCP1 gene spans 13 kb distributed on 6 exons, it contains a
transcribed region that covers 9 kb. Human UCP1 gene was assigned to chromosome 49g31.
Human UCPL1 has 305 amino acids and a molecular weight of 32,786. It has no N-termina
targeting sequence and is 79% homologous to rat UCP1 ( 306 aa) both at nucleotide and
amino acid levels. They found that the primary structure of UCP1 is similar to that of
ADP/ATP translocator of skeletal muscle. A TATA box was found in 2 kb of the 5’ flanking
region of hUCPL, neither CCAAT sequence nor Sp-1 binding motif were detected. hUCPL1 is
79 % homologous to mouse UCP1( 302 aa ) in anino acid level (Cassard et al., 1990).

Whereas mouse UCPL1 gene was mapped in murine chromosome 8 (Jacobson et al., 1985).
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Fig. 1-4 A folding diagram of uncoupling protein 1 (UCP1). The transmembrane organization

relies on topological studies and on assigning the transmembrane terminals to charged
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residues. Three intermembrane loops are assumed to exist between the thre helix pairs, based
on thee accessibility from the cytosol to membrane impermeant probes (Klingenberg et al.,

1990).

Genetic variation in brown fat specific mitochondrial UCP 1 expression and brown
adipocytes morphology, have provide models to test the hypothesis that nonshivering
thermogenesis is associated with the regulation of body weight. Genetic manipulation using
transgenic animals and gene targeting has resulted in mice with overexpression of UCP1,
these animals consistly show that overexpression UCP1 reduced adiposity. However, less
agreement is found in models that reduce nonshivering thermogenesis. In contrast,
inactivation of the UCP1 gene by gene targeting does not increase adiposity when compared
to control animals (Kozak et al., 1999).

Martin Klingenberg presented a detailed analysis of structure function relationships of
UCP1, which revealed a number of charged residues involved in either H* transport, CI°
transport, nucleotide binding and pH sensing for regulating nuclear binding. A few residues
are specifically involved in only one function, particularly E190 and H214 which are pH
sensors for nucleotide binding. Also H145 and H147 appear essential for H' transport only.
Some residues are strongly involved in H* transport, such as D233 and E195, but they are also
important for Cl” transport. Thus they are not only H* transport group but rather important for
the common translocation channel. This identification of the amino acid residues responsible
for the translocatoion of protons, for the binding of the GDP, and for the influence of pH on
this binding provides a framwork for the comparing the sequence of UCP2, and UCP3 with
the sequence of UCPL to see whether these various functional sits are conserved in these
proteins. For example, targeted mutation of two histidine residues important for proton

translocation in UCP1 resultsin a protein that does not uncouple. That these histidine residues
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are absent in UCP2 and that only one is present in UCP3 suggests a different function for

these proteins ( Klingenberg et al., 1998). (Fig. 1-3)

1.5 Human Uncoupling Protein 2 (hUCP2)

Human UCPL is expressed exclusively in human perirenal brown adipose tissue,
which is very scarce in adult humans; however, in neonate, brown adipose tissue is present,
later in life, the white adipose tissue is by far more than brown adipose tissue (under
prolonged periods of cold exposure, some brown adipose tissue may remain in adult humans).
UCP1 therefore is unlikely to be involved in weight regulation in human and adult large-size
animals living in a thermoneutral environment because there is little brown adipose tissue

present in adults.

However measurements in human and other animal cells show that from 25% to 35%
of oxygen consumed in metabolizing food is being used to compensate for mitochondrial
proton leak, thus only the novel members of UCP family may provide an explanation. Fleury
et al. (1997) and Gimeno et al (1997) discovered a homolog of human UCPL, designated
UCP2 (hUCP2), which has 59% amino acid identity to hUCP1 and consists of 309 amino
acids with molecular weight of 33 kDa. Not only several protein motifs were found to be
conserved in hUCP2, including three mitochondrial carrier protein motifs and amino acids
essential for ATP binding, suggesting that hUCP2 has also a function role as a mitochondrial
uncoupler. But also the decrease in the mitochondrial potential was measured in yeast after
introducing hUCP2 in a vector, the results showed that hUCP2 influenced mitochondrial
activity and could partially uncouple respiration from ATP synthesis. The tissue distribution
of human UCP2 gene expression (with 1.7 kb mRNA) is markedly different from UCPL,
UCP2 mRNA is present in skeletal muscle, lung, heart and kidney as well as in tissue of the

immune system.



Chapter 1. Introduction 31
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Fig. 1-5 Chromosomal localization of human UCP2 and UCP3 genes. On the right is shown
the Whitehead Institute Center for Genome Research radiation hybrid map with human UCP2

and UCP3 positioned relative to framework markers (Solanes et al., 1997).

The hUCP2 gene was mapped to human 11g13 by using 2 independent sequence
tagged sites derived from human UCP2 clones. The mouse homolog UCP2 (308 aa, which is
95% identical to human UCP2) mapped the to murine chromosome 7, tightly linked to the
'tubby' mutation, in an area of homology of synteny to 11g13. human UCP2 is 95 %
homologous to rat UCP2 (308 aa) in amino acid level. Furthermore, the chromosomal
mapping of UCP2 was coincident with quantitative trait loci (QTLS) for obesity in at least 3
independent mouse models, one congenic strain, and human insulin-dependent diabetes |ocus-
4 (Fleury et al. 1997). Bouchard et al. (1997) studied the linkage relationships between 3

microsatellite markers that encompass the UCP2 gene location on 11913 with resting
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metabolic rate (RMR), body mass index, percentage body fat, and fat mass in 640 individuals
from 155 pedigrees in the Quebec family study. Suggestive evidence of linkage led them to
conclude that the 3 markers encompassing the UCP2 locus and spanning a 5-cM region on
11913 are linked to resting energy expenditure in adult humans (Bouchard et al., 1997).
Kaisaki et al (1998) localized UCP2 gene to a region linked to glucose intolerance and
adiposity in Goto-Kaikizaki type 2 diabetic rat. The evidence is more than enough to warrant

asearch for DNA sequence variation in the gene itself.

1.6 Human Uncoupling Protein 3 (hUCP3)

By the fact that skeletal muscle determines 40% of whole-body adrenaline-induced
thermogenesis, Boss et al. (1997) searched for UCP homologs in skeletal muscle, and found
three products similar to the muscle UCP1 product, with amino acid lengths of 309, 312 and
275. The 309 amino acid product obviously was UCP2 protein, the other two products were
identical for the first 275 amino acids, suggesting that they are isoforms of the same protein.
They have 57% and 73% amino acid identical to UCP1 and UCP2, respectively, and they
were named UCP3 long and short forms (UCP3L and UCP3S). UCP3S only has five
transmembrane domains and lacks the purine nucleotide binding region. Northern blotting
revealed that the UCP3 gene was expressed as 2.3 kb mRNA predominantly in skeletal
muscle and brown adipose tissue, and at low level in heart muscle. UCP3 gene expression in
skeletal muscle is four—fold higher than that of the UCP2 gene. Furthermore the ratio of
UCP3L to UCP3S form expressionis 1:1.

The genomic structure of human UCP3 was first described by Solanes et al. (1997), it
contains 7 exons spread over 8.5kb and is located on chromosome 11 (11g13), adjacent to
UCP2. Human UCP3 is 86% identical to mouse UCP3 (307 aa) and 87% homologous to rat
UCP3 (307 aa) at the amino acid level, hUCP3 expressed two mRNA transcripts, hUCP3L

and hUCP3S differ only by the presenc or absence of 37 residues on the C terminus, these 37
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residues are encoded by exon 7 which is missing from hUCP3S. The domain encoded by exon
7 is highly homologous to C-termina residues found in UCP1 and UCP2, thus UCP3S is
unique in lacking these residues, since this region is believed to participate in purine
nucleotide-mediated inhibition of UCPL1 activity, it is therefore suggested that UCP3S may
have atered uncoupling activity. Of interest, a special mutation in the first base pair of the
intron between exon 6 and 7 has been identified (Argyropoulos et al., 1998). This mutation
destroys the splice donor site, preventing UCP3L from being generated. Consequently, this
allele can only generate UCP3S, it was reported that individuals heterozygous for this
mutation have normal body weight. However, basal fatty acid oxidation was reduced by 50%
and respiratory quotient was markedly increased in these individuals. These findings are
consistent with regards to UCP3S has a decreased activity and that UCP3 plays an important
role in free fatty acid metabolism. However, a more detailed analysis of the individuals with
this mutation, as well as the determination of functional properties of UCP3S vs UCP3L

protein is required to fully understand the significance of these observations.

1.7 Geneticsof UCP2 and UCP3 in Energy Expenditure and Obesity

A direct comparison of UCP2 gene expression in obesity-resistant (A/J) mice and
obesity-prone (B6) mice shows higher mRNA levels of UCP2 were increased in white
adipose tissue by a high-fat diet in the A/J strain, but not in the B6 mice (Fleury et al., 1997).
This result suggested that UCP2 plays arole in preventing obesity in A/J mice fed a high-fat
diet, possibly by increasing energy expenditure. Another finding was provided by Enerback
(1997). They showed that mice lacking UCP1 (UCP1 knock-out) did not become obese when
fed a high-diet, but UCP2 was upregulated five-fold in brown aipose tissue of these mice,
therefore for maintaining body weight, UCP2 possibly compensates for the absence of UCP1.

These results suggest that UCP2 may be involved in the regulation of body weight.
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Surwit et al. (1998) showed that the mouse UCP3 gene is localized 5’ to the UCP2
gene and that the two genes are only 8kb apart. Solanes et al. (1997) demonstrated that P1
clones containing human genomic inserts contained both the UCP2 and UCP3 genes, both the
hUCP2 and hUCP3 genes have been mapped to human chromosome 11g13. Studies of these
two genes are intertwined because the two genes were separated by only 7 kb (Pecqueur et al.,
1999). Linkage studies in family have suggested UCP2 and / or UCP3, or a closely linked
gene, may influence resting metabolic rate (RMR). Chromosome 11913 is in the proximity (-
15cM) of a locus (11921-g22), which was found to be linked to percent body fat in Pima
Indians (Norman et al., 1997). Bouchard et al. (1997) genotyped three markers in the vicinity
of 11913 in 640 individuals from 155 pedigrees from the Quebec Family study.

Millet et al. (1997) showed a positive correlation between UCP2 mRNA levels in
adipose tissue and body mass index (BMI). However, no difference in the expression of
UCP2 and UCP3 in skeleta muscle was found between subjects with obesity and lean
subjects.. In contrast, Boss et al. (1999) recently showed a negative correlation between
skeletal muscle UCP3 expression and BMI, and positive correlation between UCP3 mRNA
levels and RMR in Pima Indians. Assuming that mRNA levels reflect UCP3 protein
concentrations and activity, these data indicate that reduced skeletal muscle UCP3 may result
in a reduced RMR. Because a low RMR is a predisposing factor for weight gain, it was
expected that individuals with low UCP3 gene expression would have increased BMI. Thisis
in accordance with negative correlation between BMI and UCP3 gene expression (Millet et
al., 1997). Positive results have also been shown for association of the splice variant with
respiratory quotient in African Americans. A linkage between marker D11S911 and RMR
was found, suggesting arole for UCP2 and /or UCP3 in energy metabolism (Bouchard et al.,
1997). In contrast, Elbein et al. (1997) did not find linkage between markers in the 11913
region and BMI in 42 North European families with type 2 diabetic siblings. So far no studies

have reported linkage or association of UCP2 or UCP3 with diabetes.
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1.8 Regulation of UCP1 ,UCP2 and UCP3 Gene Expression.

Expression and activation of UCP1 is usualy mediated by the sympathetic nervous
system and is directly controlled by norepinephrine. This mechanism is part of the adaptive
response to cold temperatures. It aso regulates energy balance. Manipulation of

thermogenesis could be an effective strategy against obesity (Lowell et al., 1993).
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Fig. 1-6 Lines of evidence of uncoupling proteins potentially involved in the molecular

pathogenesis of human obesity.

Enerback et al. (1997) determined the role of UCPL in the regulation of body mass by
targeted inactivation of the UCP gene in mice. They found that UCPl-deficient mice
consumed less oxygen after treatment with a beta-3-adrenergic receptor agonist and that they

were senditive to cold, indicating that thermoregulation was defective. However, this
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deficiency caused neither hyperphagia nor obesity in mice fed on either a standard or a high-
fat diet. Enerback et al. also proposed that the loss of UCP may be compensated by UCP2
which is induced in the brown fat of UCP-deficient mice. Adrenaline and noradrenaline, the
main effectors of the sympathetic nervous system and adrenal medulla, respectively, are
thought to control adiposity and energy balance through several mechanisms. They promote
catabolism of triglycerides and glycogen, stimulate food intake when injected into the centra
nervous system, activate thermogenesis in brown adipose tissue, and regulate heat loss

through modulation of peripheral vasoconstriction and piloerection.

- Changein
Condition UCP1 mRNA
Cold exposure f
Thermoneutrality !
Fasting (24-48 h) l
Food restriction !
Refeeding (24h) !
High hat diet !
Endurance -
Obesity L (falfa)
1

Leptin L (ob/

ob)
Hypothyriodism f
Thyriod hormone ( T3) f
Glucocoticods !
Insulin (3 h) !

Tab. 1-2 Regulation of UCP1 mRNA expressionin BAT.

fa/fa = obesefa/ fa Zuker rats, ob / ob= obese ob / ob 57BL mice (Boss et al., 1998)
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Thermogenesis in brown adipose occurs in response to cold and overeating, and there
isan inverse relationship between diet-induced thermogenesis and obesity both in humans and
animal models. As a potential model for obesity, Thomas and Pamiter et al. (1997) generated
mice that could not synthesize noradrenaline or adrenaline by inactivating the gene that
encodes dopamine beta-hydroxylase. These mice were cold intolerant because they had
impaired peripheral vasoconstriction and were unable to induce thermogenesis in brown
adipose tissue through UCP1. The mutants had increased food intake but did not become
obese because their basal metabolic rate (BMR) was also elevated. The unexpected increase
in BMR was not due to hyperthyroidism, compensation by the widely expressed UCP2, or
shivering.

The expression of UCPL is regulated at the transcriptiona level, and its control has
been extensively studied. Norepinephrine is a strong physiological activator of UCPL
expression. A activation of 31-, [32-, [33-,and al-adrenergic receptors as well as inhibition of
o2-adrenergic receptor has been shown to increase the expression of UCPL1. The thyroid
hormone tri-iodothyronine (T3) has been reported to act as a permissive factor for the full
induction of UCP1 gene expression by norepinephrine. Expression of UCPL is also increased
by retinoic acid and by peroxisome proliferator-activated receptor (PPAR) agonists like

thiazolidinediones (Boss et al., 1998).

1.8.1 The expression of UCP3 varies like that of UCPL1in BAT

As shown in Tables 1 and 2, changes in environmental temperature, variation in food
intake and administration of T3 or glucocorticoids affect identically UCP3 and UCP1 mRNA
expression in BAT. One exception is the absence of effect of the 33-adrenergic agonist CL
316.243 on UCP3 mRNA expression in BAT (Gong et al., 1997). In BAT of hereditary obese
ob/ob mice and falfa rats both UCP1 and UCP3 mRNA expressions are decreased compared

with lean controls. The administration of leptin to ob/ob mice increases BAT UCP1 and UCP
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3 mRNA levels (Ricquier et al., 1984). These observations support the hypothesis that both

UCP3 and UCP1 contribute to thermogenesisin BAT.

Changein UCP2 mRNA

Condition

Skeletal
muscle

BAT

WAT

Heart

Cold (48 h)

Fasting (24-48 h)

Severe food restriction (90%)
Food restriction

Refeeding (24h)

High heat diet

Endurance training

Obesity

Leptin

Hypothyroidism
Thyroid hormone ( T3)
Glucocorticoids

Insulin (3 h)

i

—

-

(falfa)
(ob/ ob)

(ob/ ob)

t (falfa)
t (ob/ob)

1
L (ob/ob)

-

1
1

(ob/ ob)
(db/ db)

-

Tab. 1-3 Regulation of UCP2 mRNA expression in skeletal and BAT.
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Changein UCP3 mRNA
Condition Skeletal muscle BAT
e Cold (48 h, 10 days) - 1
e Thermoneutrality - !
e Fasting (24-48 h) 1 !
*  Severefood regtriction 1 /
+ Food regtriction ! !
*  Refeeding (24h) ! 1
* Highhat diet ! -
*  Endurancetraining - -
L (fa/fa) L (falffa)
e Obesity - (ob/ab) L (ob/ab)
1 1
e Leptin L (ob/ob) - (ob/ab)
*  Hypothyriodism ! -
e Thyriod hormone ( T3) 1 1
*  Glucocoticods ) !
e Insulin(3h) - /

Tab. 1-4 Regulation of UCP3 mRNA expression in skeletal and BAT (Boss et al., 1998).

As shown in Table 3, UCP2 in BAT differs from UCP1 and UCP3 in the way its
expression varies with metabolic changes (Muzzin et al., 1989). For instance UCP2 mRNA
expression in BAT is insensitive to fasting (Millet et al., 1997), refeeding (Dulloo et al.,
1990) and administration of glucacorticoids. In BAT aswell asin white adipose tissue (WAT)
UCP2 mRNA expression is increased in all rodent models of hereditary obesity tested so far

and a significant positive correlation has been reported between UCP2 mRNA levelsin WAT
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and body mass index in humans (Oberkotter et al., 1992). The pattern of regulation of UCP2
expression supports the idea that UCP2 might have functions other than that of thermogenesis

(Camirand et al., 1998).

1.8.2 Expression of UCP3 often variesin opposite directions in skeletal muscle vs BAT

In contrast to what is observed in BAT. changes in environment temperature do not
affect UCP 3 mRNA expression in skeletal muscle. These results are in line with the notion
that muscle is not involved in nonshivering thermogenesis in rodents. It has been shown that
after 10 days of food restriction (50%) and during the refeeding phase thereafter the metabolic
efficiency of rats is increased and remains elevated until the animals have recovered their
body fat stores (Boss et al., 1998). There are two components in this enhanced metabolic
efficiency. The first component is due to a decrease in BAT sympathetic activity during rood
restriction. and this activity goes back to control levels within 1 day of refeeding. The second
component seems to be muscular and persists for as long as the body fat stores have not been
recovered. In fact, in rodents the levels of UCP3 mRNA decrease both in BAT and skeletal
muscle after food restriction and during refeeding, go back to control levels within 1 day in
BAT, but remain very low (or decrease even further) in skeletal muscle (Weigle et al., 1997).

During endurance exercise training a decrease in metabolic rate should allow for a
better reconstitution of energy stores between exercise bouts. Also under this condition UCP 3
MRNA expression has been shown to be decreased in skeletal muscle .

These findings support the hypothesis that futile cycles (via UCP 3) are turned off in
muscle under metabolic conditions which dictate sparing of energy. The mechanisms of the
above-described decreases in UCP 3 mRNA expression in skeletal muscle are not yet
understood. but some hypotheses can be proposed. Circulating levels of insulin should be
decreased by food restriction, but this hormone does not seem to affect UCP3 mRNA

expression in muscle. Insulin is therefore an unlikely mediator of the effect of food restriction
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on UCP 3 expression in muscle, the levels should be decreased by food restriction, and it has
been shown that hypothyroidism decreases and administration of increases UCP3 mRNA
expression in skeletal muscle. Thus T3 might play arole in the effects of food restriction on
UCP 3 expression (Millet et al., 1997).

An unexpected exception in this pattern of regulation in skeletal muscle is fasting or
severe food restriction. In contrast to what is observed after 4-7 days of 40%- 50% food. 24-
48 h of fasting in rodents or 5 days of severe (90%) food restriction in humans increases
dramatically UCP3 mRNA expression in muscle (Boss et al., 1997, 1998).

Thisincrease in UCP 3 gene expression could be mediated by free fatty acids (FFAS),
whose circulating levels rise during fasting but not during moderate food restriction. In obese
humans the results of arecent study suggest that FFAs play arole in the regulations of muscle
LTCP 3 expression, as a significant positive correlation was found between the level of
plasma FFA and that of UCP 3 mRNA in vastus lateralis. As FFAs are ligands for PPARYy.
The latter might be expected to mediate the effects FFA on UCP 3 expression in muscle. In
fact it has been shown recently that UCP2 mRNA expression is enhanced by PPARr agonists
in pancreatic islets as well as in cultured white adipocytes, brown adipocytes and myocytes.
The decrease in circulating leptin levels induced by fasting might play role in the increase of
muscle UCP 3 mRNA expression (Weigle et al. 1997). Maintenance of supraphysiological
levels of circulating leptin during a 48-h fast does not alter the rise in UCP3 mRNA levelsin
muscle. Furthermore. this rise could not be mimicked by the administration of
pharmacological doses of the glucocoriticoid cortisol, Thus, neither leptin nor glucocorticoids
seem to play arolein the fasting-induced increase in UCP3 mRNA levelsin muscle.

In hereditary obese rodents UCP3 mRNA expression in BAT is decreased in both fa
/fa rats and ob / ob mice, whereasin muscleit is either decreased in fa /fa rats or unchanged

in ob /ob mice.
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In summary, the regulation of expression uncoupling proteins is mainly contributed to
thyroid hormone, leptin, [3-adrenergic hormone ([33-agonists), glucocorticoids, cold exposure

and fasting and high-fat feeding.

Genetic studies in humans provide a method to test hypotheses about the biological
role of specific genes. Because of a potential functional role of human UCP2 and UCP3 in
energy metabolism and body weight regulation, elucidation of the structural organization,
identification and characterization of genetic variants, as well as determination of functional
properties of these two gene should be of maor importance for obesity research. This study
focuses on uncoupling protein gene family members, human uncoupling protein —2 and -3
gene: elucidation of their structural organization, identification of genetic variants and

analysis of promoter function.
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Chapter 2. Materialsand M ethods

2.1 Determination of the Genomic Organization of the Human UCP2 Gene

2.1.1 Exon/ intron mapping of the hUCP2 gene

The location of introns within the human UCP2 gene was determined using PCR
and sequence analysis. Based on the genomic organization of the hUCP1 gene and the
published hUCP2 cDNA sequence, 8 sets of primers (see Tab. 3-1 for the sequences) were
designed to produce 8 overlapping fragments encompassing the entire coding region
including the 5-UTR and the 3-UTR. The PCR reaction mix of 50 ul contained: 100 ng of
DNA, 25 pmol of each primer, 200uM each of dNTPs, 2.0 mM MgCl, 50 mM KCI, 10 mM
TrissHCI (pH 9.0), 0.001% gelatin and 1 unit Tag DNA polymerase (MWG, Germany) (9).
Samples were processed in a GeneAmp PCR System 9600 or 9700 (PE Applied Biosystems,
Welterstadt, Germany). After 7 min denaturation at 95°C, 35 temperature cycles were carried
out consisting of 30 sec/95°C, 30 sec/55°C, 1 min/72°C for 35 cycles, followed by a final
extension step of 7 min at 72°C. For long distance PCR (determination of the size of
intervening introns), we used the Expand// Long Template PCR System (Boehringer
Mannheim) as recommended by the manufacturer. Samples were processed in a GeneAmp
PCR System 9600 or 9700 (PE Applied Biosystems, Welterstadt, Germany). After 2 min
denaturation at 94°C, 35 temperature cycles were carried out consisting of 94°C for 10 sec,
65°C for 30 sec, 68°C for 3 min (cycles 1 - 10) with elongation times increasing 20 sec/cycle
(cycles 11 - 35), followed by a final extension step of 7 min at 68°C. The amplification

products were visualized on 1.0 % agarose gels stained with ethidium bromide.
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Location at the PCR
cDNA level, product size
. . Nuclectide compared to
Primers Primer sequences oy . .
No. (Forward / Rever se) position (5'-3) cDNA size (bp)
#1135 | 5- AGCCGACAGACACAGCCGCACGCACTG-3 -304/-278
~1,200 (137)
#1142 | 5- AGCTGCCAGTGGCTATCATGGCCCGAT -3 -170/-196
#1141 | 5- ATCGGGCCATGATAGCCACTGGCAGCT -3 -196/-170
~3,000 (193)
#1134 | 5- ACCCAACCATGATGCTGATTTCCTGCTAC-3 10/-19
#1087 | 5’ ATCATGGTTGGGTTCAAGGCC -3 -3/18
494 (338)
#1090 | 5- TGCTCAGAGCCCTTGGTGTAG -3 338/ 318
#1091 | 5- ATCGGCCTGTATGATTCTGTC -3 289/ 09
1,110 (243)
#1099 | 5- CTTTCCAGAGGCCCCGGAACC-3 531/511
#1093 | 5'- GTCAATGCCTACAAGACCATT -3 478/ 498
238 (157)
#1101 | 5- CTGTCATGAGGTTGGCTTTCA -3 634/ 614
#1100 | 5- GGACCTCTCCCAATGTTGCTC-3 533/53
1,162 (191)
#1094 | 5- TCTCGTCTTGACCACGTCTACA -3 723/ 702
#1102 | 5- ATGACCTCCCTTGCCACTTCA -3 635 /655
665 (296)
#1096 | 5- TCAGAAGGGAGCCTCTCGGG -3 930/911
#1144 | 5- TGAGCCTCTCCTGCTGCTGACCTGATC -3 928/ 954
336 (336)
#1145 | 5- AGGTTGAGCTTGCTTTATGGATGACAA -3 1,263 /1,237

Tab. 2-1 Primer sequences used for exon / intron mapping.

2.1.2 DNA cloning

Automated sequencing of PCR products was performed to determine the

sequences at the exon/intron boundaries as well as the sequence of the entire introns within
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the coding region and in the 5'-flanking region. PCR products derived from human genomic
DNA utilizing the primer pairs described above were isolated by agarose gel electrophoresis,
the fragments were polished with T4 DNA polymerase and cloned into the ECORV site of the
plasmid Bluescript pBSII SK™ with the E.coli host strain XL1-Blue (Fig. 3-1), using M13

forward (-21) and reverse (-29) primers and/or SK/KS-primers for sequence analysis.

M13 primer _ .
Reverse primer ___y, T3 primer —» SK primer —
5 GOAMCAGCTATGAGCATG 3 5 AATTAAQOCTCACTAMGSS 3 5 QGCTCTAGAACTAGIGGAT 3

739

T3 promoter +1 P
CACT, CCACOGOGGTGEIE300ACTCTAGAACTAGTGGATAOOC 3

5 GGAAACAGCTATGNOCATGAT TACGICAAGIEOECAAT T/

BssHII Sacl Spel  BarH| Smal
Pstl EcoRl EcoRV Hindlll Kpnl < +1 T7 promoter BssHII
5 G33CTGOAGEAAT TAGATATCAAGCT TATAGATACOGTCGACCT AGAGEEREE000EET AGOCAAT TABIOCTATAGI GAGT GGTAT TAGBIGBIGCTCACTGRIOGI AT TT 3
5 CTATG3CAGCTGARTT 3 657 5 QOGGATATCACTCAGCATAATG 3' 5 TGAGOGECAGDAAATG 3
<4— KSprimer <«— T7primer 4— M3 primer
Reverse primer

Fig. 2-1 The multiple cloning sites (MCS) of pBluescript 11 SK (+/-) phagemid (a 2961 bp
phagemid derived from pUC19). The SK designation indicates the polylinker is oriented such

that lac Z transcription proceeds from Sac | to Kpn 1.

Alternatively, the TOPO TA Cloning Kit (Invitrogen Inc, USA) was used (Fig. 3-
3), Tag polymersae used to generate PCR products has a nontemplate-depentent terminal
transferase activity which adds a single deoxadenosin (A) to the 3' ends of PCR products, the
linerized pCR-TOPO vector has single overhanging 3' deoxthymidine (T) residues, this
allows PCR inserts to ligate efficiently with the vector. Sequence analysis was carried out
with either M 13 forward (-21) or reverse (-29) primers. Sequencing reactions were performed
with fluorescently labelled dideoxyterminators using the PRISM Ready Reaction Dye
Terminator Kit (PE Applied Biosystems, Welterstadt, Germany) with minor modifications to
the supplied manual. Cycle sequencing was carried out in a GeneAmp PCR System 9600 /

9700 (PE Applied Biosystems, Weiterstadt, Germany).
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PCR products

5 A3

_ I
3IA 5
- ) Gel-purify PCR
I Blulntlng by | products using

T4 Polymerase agarose gel

electrophoresis 3

——

5

EcoR V digestion

Blunt Ligation by T4 Ligase

M13 Reverse primer
F (+) origin
mpicillin MCS

PBS (SK+/-) - fSBment

(PCR products)

Sac |

ColEL origin M13 forward primer

Fig. 2-2 Cloning strategy for PCR products obtained from low melting agarose gel
electrophoresis, the fragments were blunted with T4 DNA polymerase and cloned into the

EcoRV site of the plasmid Bluescript pBSII SK™ with the E.coli host strain XL1-Blue.

After aninitial 3 min denaturation step at 96°C, 30 temperature cycles were carried
out consisting of 10 sec at 96°C, 5 sec at 55°C and 4 min at 60°C. Cycle sequencing reactions
were purified by CentriSep columns and run on an ABI 310 Genetic Analyzer (PE Applied
Biosystems, Weiterstadt, Germany). The DNASTAR computer program (DNASTAR Inc.,

Madison, WI, USA) was used for sequence analysis and DNA/Protein homology searches.
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M13 Reverse (-20) Primer
Hind 1l Kpnl Sac| BamHI Spel
5’ CAGGAAACAGCT ATGACCAT GATTACGCCAAGCT TGGTACCGAGCTCGGATCCACTA 3

5’ GITAACGECCGCCAGTGTGCTGGAATTCGECCCTT AAC-IGC—ZCGAATTCTGC 3

EcoR | EcoR |
EcoR V Not | Xba | <4+—
5’ AGATATCCAT CACACT GGOGGECCGCT CGAGCATGCATCTAGAGGGCCCAATTCGCCCTAT 3
T7 Promoter M13 Forward (-20) Primer <M13 Forward (-40) Primer

<
5’ AGTGAGTCGTATTACAATTCACTGECCGTCGT TTTACAACGT CGTGACTGGGAAAAC 3’

pCR 2.1-TOPD

Fig. 2-3 Cloning strategy, PCR products were purified by low melting agarose gal, and then
directly cloned into the polylinker region (MCS) of plasmid pCR 2.1-TOPO vector (3.9 kb)

with the E.coli host strain XL1-Blue by using TOPO TA Cloning Kit (Invitrogen Inc, USA).

2.2 5/3 - RACE (Rapid Amplification of cDNA Ends) of the human UCP -2 and -3 gene

2.2.1.5/3 RACE of hUCP2
To determine the 5 untrandlated region of human UCP2 cDNA, 5 -RACE was
carried out using human skeletal muscle Marathon ready cDNA (Clontech, USA) for mapping

the transcriptiona start site.
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Primers No. PCR
Primer sequencesfor 5 / 3 RACE L ocation at the
(Forward/ product
(Forward / Rever se) Genes
Reverse) size (bp)
#1133/ 5'- AGCCCCAAGAAACTTCACAGT-3' / Exon3 of hUCP2
502
# Apl 5 -CCATCCTAATACGACTCACTATAGGGC -3 The Adapter
#1134/ 5- ACCCAACCATGATGCAGATTTCCTGCTAC-3'/ | Exon3 of hUCP2
438
# Ap2 5 - ACTCACTATAGGGCTCGAGCGGC-3' The Adapter
#1142 [ #Apl | 5" TGGTCATACTATGTGTCCGAGCCGCA -3'/ Exon2 of hUCP2 374
#1139/ #Ap2 | 5- CAGTGCGTGCGGCTGTGTCTGTCGGCT -3'/ Exonl of hUCP2 289
#1143/ #Apl |5-ATGGCTGCCTGCACTTCCCGAGAGGCT -3/ Exon8 of hUCP2 338
#1144 [ #Ap2 | 5-TGAGCCTCTCCTGCTGCTGACCTGATC -3/ Exon8 of hUCP2 283

Tab. 2-2 Primer sequences used for 5’/ 3 RACE of human UCP2 gene.

The following primers were employed: the adapter Apl and a gene specific primer
(GSP1) # 1133 in thefirst PCR, the nested PCR was performed using 1ul of the dilution (1l
of the first PCR product to 50ul dilution) as template DNA with the nest adapter primer Ap2
and a upstream internal gene specific primer (GSP2) # 1134 (or # 1139, # 1142). The PCR
reaction mix of 50 ul contained: 100 ng of DNA, 25 pmol of each primer, 200uM each of
dNTPs, 2.0 mM MgCl, 50 mM KCI, 10 mM Tris-HCI (pH 9.0), 0.001% gelatin and 1 unit
Taq DNA polymerase (MWG, Germany) (9). Samples were processed in a GeneAmp PCR
System 9600 or 9700 (PE Applied Biosystems, Weiterstadt, Germany). After 7 min
denaturation at 95°C, 35 temperature cycles were carried out consisting of 30 sec/95°C, 30
sec/55°C, 1 min/72°C for 35 cycles, followed by afinal extension step of 7 min at 72°C.

To detect functional polyadenylation signalsin the 3' untranslated region of human

UCP2 gene, the 3'-RACE was performed the condition as same as that of 5'-RACE described
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above. The # 1143 was used with Apl in the first round PCR. The #1144 was used with Ap2

in the nested PCR.
Region to be amplified < >.
by 5 - RACE Region to be amplified
4 by 3'- RACE >
' ' NGSP1 GSP1} 3GSP <|;:|
<= AP2<{—
5 “ Eadapter - Tigated ds cDNA template NNA30:hAPl
- NNT30 5
AP1E=p 5'GSP GSP2 NGSP2
AP2
5 == Marathon cDNA adapter mm)  Gene-specific primers ( GSPs).
I:NNA30:| cDNA synthesis primer Flanking 5" and 3' GSPs for generation
NNT,, ( plus second strand) of full-length cDNA by PCR
=) Adapter primers (AP1 And AP2)
Marathon cDNA adapter
Srfl/Xmal
T7 Promoter Not |

5’ - CTAATACGACGACT CACTATAGEGCT CGAGCGECCECCCGEECAGET - 37
........ - J 3’ - H,N- CCCGTCCA- PG,- 5’
_J

Adapter brimers 1 ( AP1: 27 - mer) Nasted adapter primers 2 ( AP2; 23 - mer)
5’ - CCATCCTAATACGACGACTCACTATAGGEGC- 3' 5’ - ACTCACTATAGGGCTCGAGCCGGC- 3

Fig. 2-4 The template and primers used in Marathon RACE reactions and sequences of the

Marathon cDNA Synthesis Primer, the Marathon cDNA Adapter, the AP1 and AP2 primers.

2.2.2 5-RACE of hUCP3 gene

To determine the 5 untrandated region of human UCP3 cDNA, 5-rapid
amplification of cDNA ends (RACE) was carried out using human skeletal muscle Marathon
ready cDNA (Clonetech, USA) for mapping the boundaries of the transcripts. The following
primers were employed: the adapter and a gene specific primer (GSP1) # 1136 in the first

PCR, nested PCR was performed using 1ul of a 1:50 dilution of the first PCR using the nested
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adapter primer and an upstream internal gene specific primer (GSP2) # 1137. The PCR

reactions were performed in the condition as same as that of 5'- RACE of hUCP2 gene.

Primers No. PCR
Primer sequencesfor 5 / 3 RACE Location at the
(Forward/ product
(Forward / Rever se) Genes
Reverse) size (bp)
#1136/ 5 -TGGGAGGCACGTCTGAAGGCTTCAGT -3/ Exon2 of hUCP3 268
# Apl 5-CCATCCTAATACGACTCACTATAGGGC -3
#1137/ 5- AACCATAGTCCTGGAAGGCTCTGCCCAG-3'/ Exon2 of hUCP3 227
# Ap2 5- ACTCACTATAGGGCTCGAGCGGC-3
#1148/ #Apl | 5- GGTGAGCCTCCTCCTGCCTCCACAC- 3 Exon6 of hUCP3S ~
#1149/ #Ap2 | 5- CCCTCCCAGAGAACAGGGGCTTC- 3 Exon6 of hUCP3S | ~1.2 kb
#1151/ #Apl | 5- CTATGAGCAGCTGAAACGGGCCCTGATGA- 3 Exon7 of hUCP3L ~
#1152/ # Ap2 | 5'- AGACAAGAAGGCCACTGG- 3/ Exon7 of hUCP3L ~
#1158/ # Ap2 | 5- GCGGTGAAGAGTACAGATGTAATGCCACA- 3/ | Exon6of hUCP3S | ~1.1kb

Tab. 2-3 Primer Sequences used for 5/ 3 RACE of human UCP3 and UCP3 gene.

2.3. Determination Structure Variant in the 3'-UTR of Human UCP3 Gene

2.3.1. 3- RACE of human UCP3 gene

To detect functional polyadenylation signals in the 3' untranslated region of human

UCP3 gene long and short form, the 3'-RACE was performed, respectively. The # 1151 was

employed with Apl in the first round PCR for human UCP3 long form. The # 1152 was used

with Ap2 in the nested PCR. The # 1148 was employed with Apl in the first round PCR for
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human UCP3 short form. The # 1149 was used with Ap2 in the nested PCR. The PCR was

carried out in the condition as same as that of the 5" -RA CE described above.

2.3.2. Elucidation the 3'-UTR of human UCP3 short form localization in the intron 6.

Primer combination # 1153 and # 1185 were utilized to amplify the intron 6 of human
UCP3 gene, with the Expand// Long Template PCR System (Boehringer Mannheim). PCR
parameters were: 2 min denaturation at 94°C, 35 temperature cycles were carried out
consisting of 94°C for 10 sec, 65°C for 30 sec, 68°C for 3 min (cycles 1 - 10) with elongation
times increasing 20 sec/cycle (cycles 11 - 35), followed by afinal extension step of 7 min at
68°C.

The amplification products were visualized on 1.0 % agarose gels stained with
ethidium bromide. Samples were processed in a GeneAmp PCR System 9600 (PE Applied

Biosystems, Weiterstadt, Germany).

Primers No. PCR
Primer sequencesfor theintron 6 of human UCP3 L ocation at the
(Forward/ product
long form Genes

Reverse) size (bp)
#1153/ 5-GTACTTCAGCCCCCTCGACTGTATGAT -3 Exon6 of hUCP3

~1.8kb
#1185 5'- TCAAAACGGTGTTCCCGTAACATCTGGAC- 3 Exon7 of hUCP3

Primer sequencesfor the RT-PCR of human UCP3

#1315/ 5'-GCCTACAGAACCATCGCCAGGG-3 Exon4 of hUCP3
~190
#1316 5-GCTCCAAAGGCAGAGACAAAGTG-3 Exon6 of hUCP3

Tab. 2-4 Primer Sequences used for RT-PCR and amplification the inton 6 of human UCP3

long form.
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2.4. RT-PCR (Reverse Transcription-Polymerase Chain Reaction)

RT-PCR was carried out to detect the level of endogenous expression of UCP -2 and -
3 in Hep-G2, NIH 3T3, CV-1, C,Cy,, Hela and GH4-C1 culture cell lines. mRNA isolated
from the varoius culture cells using the uUMACS mRNA Isolation Kit (Miltenyi Biotec,
Germany). The two primer combinations # 1087 / # 1090 and # 1093 / #1101 (see Tab. 4 for
the sequences) located in the coding region of UCP2 gene were utilized. in RT-PCR to test for
the endogenous level of UCP3 expression in the six cell lines. The primers #1315 and #1316
that are located in exon 4 and 6 of the hUCP3 gene, respectively, were utilized Aliquots of
200 ng of MRNA were subjected to reverse transcription for 30 min at 42°C using Titan™
One Tube RT-PCR System (Boehringer Mannheim, Germany). RT-PCR amplification was
performed as follows. 2 min denaturation at 94°C, 35 temperature cycles were carried out
consisting of 94°C for 30 sec, 55°C for 30 sec, 68°C for 30sec (cycles 1 - 10) with elongation
times increasing 5 sec/cycle (cycles 11 - 35), followed by a final extension step of 7 min at
68°C.

The Perkin-Elmer GeneAmp RNA PCR Kit (PE Applied Biosystems, Germany) was
used in RT-PCR for UCP3. Aliquots of 200 ng of mRNA was reverse transcribed for 45
min at 60°C. PCR profile times and temperature were as follows: 2 min denaturation at 94°C,
40 temperature cycles were carried out consisting of denaturation at 94°C for 15 sec, 55°C for
45 sec for annealing and elongation, followed by a final extension step of 7 min at 68°C. The
amplification products were visualized on 1.5 % agarose gels stained with ethidium bromide.
Samples were processed in a GeneAmp PCR System 9600 (PE Applied Biosystems,
Welterstadt, Germany). The amplification products were analyzed on 1.5 % agarose gels

stained with ethidium bromide.

2.5. Molecular cloning of promoters of human UCP -2 and —3 gene
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25.1 Elucidation the 5 flanking region of the human ucp2 gene by screening a human
genomic library

A Human Genomic Library in the Lambda FIX |l Vector (Stratagene. USA) was used
in this study. The Lambda phage FIX 1l vector containing active red and gam genes are
unable to grow on host stains that contain P2 phage lysogens such as XL1-Blue MRA (P2).
The red and gam genes in the Lambda FIX Il DNA are located on the stuffer fragment,
therefore, the wild-type Lambda FIX phage cannot grow on XL1-Blue MRA (P2). when the
stuffer gragment is replaced by an insert, the recombinant Lambda FIX 11 becomes red /gam
and is able to grow on the P2 lysogenic strain. The cloning region of the vector is flanked by

T3 and T7 bacteriophage promoters (see Fig. 2-5).

Human genomic DNA insert

o
[ ] <
= CfEoso=-0%s === s%c-oSos === 2
w — 5568888288 s oo 332828888 oo W
%a ¥ XY X NZ20nVmmXWX nunummMmMmM X WXo0nNnomnmZ2omX ommnmomm =
i e} 2
| o
I
O
A 128§ n|nL44 <—b|a—> KH54 (nin5)

Fig. 2-5 Map of the Lambda FIX 1l replacement vector.

After titering the library was plated at a density of 50,000 pfu/plate with 600 pl
of ODggo = 0.5 XL1-Blue MRA (P2) host cell/plate and 6 ml top agar on two large 150-mm
NZY plates. From plate lysates approximately 1X10° recombinants were used for preparation
bacteriophage DNA, which was subsequently used in polymerase chain reaction (PCR) as

template DNA. Based on the sequence analysis resulting from the 5 RACE of human UCP2
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gene, 2 sets of gene specific primers were designed and used, the primer # 1207 and the

primer T3, the nested gene specific primers #1208 ( or # 1140, # 1182) and the primer T3 (see

Tab. 2-5) were utilized in the first PCR and the nested PCR, respectively, with the Expand//

Long Template PCR System (Boehringer Mannheim). Samples were processed in a GeneAmp

PCR System 9600 (PE Applied Biosystems, Weliterstadt, Germany). After 2 min denaturation

at 92°C, 35 temperature cycles were carried out consisting of 92°C for 10 sec, 65°C for 30

sec, 68°C for 3 min (cycles 1 - 10) with elongation times increasing 20 sec/cycle (cycles 11 -

35), followed by a fina extension step of 7 min at 68°C. The amplification products were

visualized on 0.8 % agarose gels stained with ethidium bromide.

PCR
Primers No.
Primer sequencesfor thelibrary screening Location at the |produ
(Forward/
(Forward / Reverse) Genes ct size
Reverse)
(bp)
Intronl of hUCP2
#1207/ 5'- CTGGGGCCAGGCTCACCGAGCCGA-3
Therightarmof | ~3.5
#T3 5'- AACCCTCACTAAAGGG-3
Lambda FIX Il
#1208/ #T3 | 5- CTCACCGAGCCGCAGGGAGAACAC-3/ Exonl of hUCP2 | ~3.5
#1140/ #T3 | 5-CAGTGCGTGGGCTGTCTGTCGGCT -3'/ Exonl of hUCP2 | ~3.4
#1182/ #T3 | 5-ACGAGCCGGGCGAGCGTGGACAGTCAATC -3/ Exonl of hUCP2 | ~3.4

Tab. 2-5 Primer sequences used for PCR-screening the Human genomic Lambda FIX I

Library cloning of hUCP2 gene promoter.
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Five libraries: EcoRI Scal Dral Pvull Sspl

Ampilfy specific gene

Genomic DANN from all five libraries

fragment, GSP2
No binding site 5’ gment... . ®=Gse1
for AP1 1’ 3
o Apl .
AP2 mp GSP1 \i Primary PCR GenomeWalker
Adaptor
L :
Ap2
GSP? \i Secondary (nested) PCR
H :
Srf |
GenomeWalker adapter

Smal/Xmal
Miu | Not | —_—
5" - GTAATACGACTCACTATAGGGCACGCGET GGTCEACGGCCCEECTGET - 3
........ . J 3’ - H,N- CCCGACCA- PQ,- 5’
—

Adaptér primers 1 ( AP1: 22 - mer) Nasted adapter primers 2 ( AP2; 19 - mer)
5’ - GTAATACGACTCACTATAGGGC 3’ 5’ - ACTATAGGGCACGCGIGGT- 3’

Fig. 2-6 Genera principle of the GenomeWalker kit and sequence of the GenomeWalker
Adapter and adapter primer. The Adapter has been ligated to both ends of the genomic DNA

fragment in al five GenomeWalker Libraries with kit.

2.5.2. Genome Walking of 5'-Flanking Region of Human UCP3 Gene

Cloning of the 5'-flanking region of the human UCP3 gene was performed using
theGenomeWalker Kit for human (Clontech, USA) according to the manufacturer's
recommendation. PCR amplifications were carried out with all six different libraries (EcoR I,
Scal, Dral, Pvu Il and Ssp 1) utilizing the following primers: the adapter primer Ap1(G) (5'-
GTAATACGACGACTCACTATAGGGC-3) and the gene-specific primer #1146 (5-

ACAG-GGGCTCCCTAGGGCTCCATG-3) in the first PCR,; the adapter primer Ap2(G) (5'-
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ACTA-TAGGGCACGCGTGGT-3') and the nested gene-specific primer #1184 (5'-
AGGTGGCA-GCAGGGATTGGATGGCCCCTCC-3) for the second PCR. PCR conditions
were as follows: 2 min denaturation at 92°C, followed by 35 temperature cycles consisting of
10 sec at 92°C, 30 sec at 65°, 3 min at 68°C (cycles 1-10) with elongation times increasing 20
sec/cycle (cycles 11-35), and a final extension step of 7 min at 68°C. The amplification

products were visualized on 1.0 % agarose gels stained with ethidium bromide.

2.6. Sequences Determination

PCR products derived from the 5-/3'-RACE, RT-PCR, Gemoe-walking and
library PCR-screening were purified by the low melting agarose gel electrophoresis, the
fragments were blunted with T4 DNA polymerase and subcloned into the EcoR V site of the
plasmid Bluescript pBS |1 SK* (Stratagene, USA) with the E.coli host strain XL1-Blue, using
M13 forward (-21) and reverse (-29) universe primers and/or SK/KS-primers for sequence
analysis. Alternatively, the TOPO TA Cloning Kit (Invitrogen, USA) was used; sequence
analysis was carried out with either M13 forward (-21) or reverse (-29) universe primers.
Sequencing reactions were performed with fluorescently labelled dideoxyterminators using
the PRISM Ready Reaction Dye Terminator Kit (PE Applied Biosystems, Germany) with
minor modifications to the supplied manual. Cycle sequencing was carried out in a GeneAmp
PCR System 9700 (PE Applied Biosystems, Germany). After an initial 3 min denaturation
step at 96°C, 30 temperature cycles were carried out consisting of 10 sec at 96°C, 5 sec at
55°C and 4 min at 60°C. Cycle sequencing reactions were purified by CentriSep columns and
run on an ABI 310 Genetic Analyzer (PE Applied Biosystems, Weiterstadt, Germany). The
DNASTAR computer program (DNASTAR Inc., USA) was used for sequence anaysis and

DNA/Protein homology searches.
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2.7. Promoter function analysis of human UCP —2 and -3 gene using pCAT-3 reporter gene

system

2.7.1. pCAT"-3 reporter vectors

Promoter activity in transfected eukaryotic cells is generaly studied by linking
the promoter sequence to a gene encoding an easily detectable “reporter”- protein. The
bacterial enzyme chloramphenicol acetyltransferase typel(CAT), which has no eukaryotic
equivalent, has become one of the standard markers used in transfection experiments with
eukaryotic cells. The plasmids used in the in Vitro transient expression assays for the
promoter deletion analysis in human UCP2 gene were constructed utilizing the CAT reporter
gene fusion expression system. The pCAT basic and enhancer vector (Promega, USA) is a
promoterless CAT expression vector. The pCAT control vector contains a SV40 virus
promoter, which was used to monitor transfection efficiency in each cell line and as an

internal standard between different experiments.
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Fig. 27 Map of the pCAT"-3 Control Vector with the SV 40 promoter. Additional

description:  position of intron; CAT, cDNA encoding the chloramphenicol acetyltransferase
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gene; Amp', gene conferring ampcillin resistance in E. coli; f1 oil, origin of replication
derived from filamentous phage; ori, origin of plasmid replication in E. coli. Arrows within
CAT and the Amp' gene indication of transcription; the arrow in fi oil indicates the dorection

of ssDNA strand synthesis. Restriction sites shown in parentheses are not unique sites.
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Fig. 2-8 The pCAT "-3 Basic and Enhancer Vector maps.

RV primer 3 >
5' . . . CTAGCAAAATAGGCT GTOCOCAGT GCAAGT GCAGGT GOCAGAACATTTCTCTATCGATA
on! yima svao
Acc6sl  Sacl Miul  Nhel Smal  Xhol go, Promoter
éGTAcé'GAGCT'CTT'ACGCGLréCTAMCTCGAGATCTGCGAT AAGTAAGCTT. . . . .. AAGCTT
L 1 | |
CAT Coding Hind Il SV40 Hind Il
Region Start Enhancer
GGCATTCCGGTACTGTTGGTAAAGCCACCAT GGAGAAAAAAATCACTGGATAT. . . . . .. GGATCCGTCGAC
Nco | BamH | Sal |

CGATGCCCT TGAGAGCCT TCAACCCAGT CAGCT CCTTCCGGT GBGECGCEEEECATGACTATCGIC. . . 3

RV primer 4
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Fig. 2-9 Multiple cloning site of the PCAT “-3 vector. Shown are the upstream and
downsream cloning sites and the locations of the sequencing primers RVprimer3 and
RV primer4. The position of the promoter (pCAT -3 Control Vector) and the enhancer (in the
pCAT "-3 Enhancer and pCAT -3 Control Vectors) are shown as insertions into the
sequence of pCAT "-3Basic Vector. The sequence shown is of the DNA stand generated from

thefl ori.

2.7.2. hUCP2-pCAT promoter fusion plasmid constucts

3.3 kb of the 5’ flanking region of human UCP2 gene was moved from pCR-
2.1 TOPO Vector into pCAT “-3 Enchancer Reporter Vector. 14 different hUCP2 promoter-
CAT fusion constructs were generated for functional analysis of the human UCP2 promoter

by transient expression assays.
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2.7.3. hUCP3-pCAT fusion plasmids constructions

All hUCP3 promoter fragments were inserted into the pCAT-3 reporter enhancer
vector (Promega, USA) which is a promoterless CAT expression vector. The pCAT-3
reporter control vector (Promega, USA) which contains a SV40 virus promoter was used to
monitor transfection efficiencies in each cell line and served as an internal standard between
the different experiments. The pCAT-3 basic vector (Promega, USA) served as a negative

control.

2.7.4. Ultrapure plasmid DNA purification
All the constructed plasmids were purified using the QIAfilter Plasmid Kit

(QIAGEN, USA) for high-quality, low-cellular toxicity DNA.

Pelleted bacteria —9 Alkaline lysate —p Clear lysates by filtration — QIlAfilter Midi —» Bind DNA

—» Wash — Elute =9 Isopropanol precipitate —9 Ultrapure plasmid DNA

Fig. 2-12 Flow chart for the ultrapure preparing plasmid DNA purification using the
QIAfilter Plasmid Kits. This protocol is based on a modified alkline lysis procedure, followed
by binding of plasmid DNA to QIAGEN Anion-Exchange Resin under appropriate low-salt
and pH conditions. RNA, proteins, dyes, and low-molecular-weight impurities are removed
by a medium-salt wash. Plasmid DNA is eluted in a high-salt buffer and then concentrated

and desalted by isopropanol precipitation.
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2.7.5. Confirmation the sequences of each hUCP2-pCAT constructs.
The inserts of various lengths promoter in the constructs were confirmed by
sequence anaysis using the RV primer3 and RV primer4 primers (Fig. 10) . Sequence analysis

as described proviougly.

2.8 Cdl cultureand in vitro transient transfection

2.8.1. Céllsculture

Transient expression assays of the human UCP2 promoter-CAT constructs
were carried out in 6 different cell lines. Hela (human cervix carcinoma) cells were cultured
in modified Eagle’s medium (MEM), GH4-C1 (rat pituitary adenoma, Interlab Cell Line
Collection, Genova, Italy) cells were cultured in  Ham’s F-10 medium, NIH-3T3 (Swiss
mouse embryonic fibroblastes) and HepG2 (human hepatocellular carcinoma) cells were
cultured in Dulbecco’s modified Eagle’s medium (DMEM); CV-1 (Africa green monkey,
kidney) cells were cultured in RPMI1 1640 medium. All media were supplemented with 10%
(v/v) FCS and 100units/ml penicillin and 100ug/ml streptomycin. All cell lines were
incubated at 37°C, 5% CO, and 95 % humidity.

For differentiation into myotubes C,C,, myoblasts were maintained in DMEM
containing 10% FCS; when cells reached confluency, the medium was switched to a medium
containing DMEM supplemented with 2% horse serum. Medium was changed every second
day, after four additional days, the differentiated C,C,, cells had formed myotubes. They were

then subjected to transfections. Transient transfection

2.8.2. transient transfection
For transfection cells were plated at 2X10° cells in 35-mm collagen-coated

tissue culture dishes. 24h after seeding, the culture was washed extensively to remove non-
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adherent cells and the medium was replaced. Transfections were carried out with FUGENE 6
Transfection Reagent (Boehringer Mannheim, Germany), according to the manufacturer’s
recommendation. Briefly, 2 pl (4 pl ) FUGENE 6 Reagent were diluted with 98 pl serum free
medium, after incubated for 5 min at room temperature, and then added to a tube containing
0.5 pg (2 ng) of plasmid DNA of the corresponding hUCP2-CAT (hUCP3-CAT) fusion
constructs. After a 30 min at room temperature, the mixture was then added dropwise to the
cells for transfection. 24 h after transfection, the medium was replaced and culturing was
continued for an additional 24h. The CAT-ELISA and protein determination assays were

performed 48h post-transfections.

2.9. CAT-ELISA and protein determination

2.9.1. CAT-ELISA (Enzyme-Linked Immunosorbent Assasy)

Traditionally, CAT (chloramphenicol acetyltransferase type 1) activity is
measured using a radioactivity CAT assay. However, the determination of CAT levels using
the CAT-ELISA has been shown to produce a sensitivity comparable to that of isotopic

protocol.

o ° Q o
(6] (6]
CAT Anti-CAT-DIG Anti-DIG-POD ABTS
Anti-CAT-coated MTP  gympje/standard Fab-fragment substrate

Fig. 2-13 Principle of the CAT ELISA. The CAT-ELISA is based on the sandwich ELISA

principle. Antibodiesto CAT (anti-CAT) are probound to the surface of the microtiter plate



Chapter 2. Materials and Methods 65

modules (MTP modules). Following lysis of the transfected cells, the cell extracts are added
to the wells of the MTP modules, all the CAT contained in the cell extracts binds specifically
to the anti-CAT antibodies, next, adigoxigenin-labed antibody to CAT (anti-CAT-DIG) is
added and binds to CAT. Then an antibody to digoxigenin conjugated to peroxidase (anti-
DIG-POD) is added and binds to digoxigenin. In the final step, the peroxidase substrate
ABTS is added. The peroxidase enzyme catalyzes the cleavage of the substrate yielding a
colored reaction product. The absorbance of the sample is determined using a microtiter palt
(ELISA) reader and is directly correlated to the level of CAT present in the medium
supernatant. The sensitivity of the assay is enhanced by using the peroxidase substrate

(ABTS) with substrate enhancer.

CAT-ELISA kit ( Boehrunger Mannheim, Germany ) was used in this study. 48-
72 h after the transfections, the culture medium was carefully removed and cells were washed
with 2 ml of pre-cooled PBS three times. Added 1 ml of lysis buffer to each dish to stand for
30 min at room temperature. Spined the cell extract in a microfuge at maximum speed for 10
min to remove the cellular debris. After the preparing the standard working dilution series,
pipetted 200 pul of 200 cell extracts or 200 pl of CAT standard working dilution per well of
the microtiter plate (MTP), the MTP with cover foil was incubated for 1 h at 37°C. Removed
the solution and rinse wells 5 times with 250 ul of washing buffer for 30 sec each. Pipetted
200 pul of anti-CAT-DIG working dilution per well and incubate for 1 h at 37°C. then remove
the solution, and rinse wells 5 times with 250 ul of washing buffer for 30 sec each. Pipetted
200 pl of anti-DIG-POD working solution per well and incubate for 1 h at 37°C. Removed the
solution, and rinse wells 5 times with 250 ul of washing buffer for 30 sec each. 200 pl of
POD substrate with substrate enhancer into each well incubate at room temperature for 4 — 10

min, then. Photometric detection was carried out with a MR 7000 Microplate Reader
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(DYNATECH, Germany). Data are represented as the means + S.D. of triplicate assays from

Six independent experiments.

2.9.2. Protein determination.

The results from CAT-ELISA were normalized with respect to protein
concentration and cell number. Protein concentrations were determined with the Protein
Assay ESL (Boehringer Mannheim, Germany). Spectrophotometric determination was carried

out in the linear range of the calibration curve.

2.10. Polymorphism Analysis

2.10.1. Recruitment of index probands and controls

For a total of 68 obese and 104 non-obese children in the age of 7-13 years
ascertained in Trier and Kaufbeuren by school physicians, pediatricians and via
advertisements in local newspapers, Resting Metabolic Rates (RMR) were determined by
indirect calorimetry using the DELTATRAC MBM-100 ventilated hood system (Hoyer,
Bremen, Germany). Probands were grouped according to percent deviation (up to 25% above
or below) of their estimated RMR values calculated on the basis of the Harris & Benedict
equation. Classification to the phenotype obese/non-obese was performed based on the
criteria of Must et al. (1991) with BMI centiles ranging from 85-100 for the obese and from
5-85 for the normal weight children. Written informed consent was obtained from all
participants (in all cases their parents). The investigation was approved by the ethics

committee of the University of Trier.
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2.10.2. Genomic DNA Isolation
EDTA anticoagulated venous blood samples were collected from index probands
and controls. Leukocyte DNA was isolated by the salting out procedure according to Miller et

al. (1988) or with acommercially available kit of GENTRA Systems Inc., Minneapolis, USA.

2.10.3. Polymorphism detection

Index probands (25) with significantly reduced RMR were selected for a first
polymorphism analysis of the hUCP2 gene. PCR amplification of each individual exon
(coding region including 3-UTR) was performed from genomic DNA. PCR products were
subsequently analyzed for possible polymorphisms by direct sequence analysis using
automated DNA sequencing as described above. In case of the insertion polymorphism PCR
products from exon 8 were first subcloned using the TOPO TA Cloning Kit (Invitrogen Inc.,

USA). For sequence analysis M 13 forward (-21) and reverse (-29) primers were used.

2.10.4. Genotyping

2.10.4.1. Basetransitionin exon 4 (Alab5Vval)

Genotyping for the distribution of the Alab5Val polymorphism in the hUCP2 gene
was performed by allele-specific PCR (ASP) and/or direct sequence analysis. Allele-specific
PCR (ASP) was carried out in a volume containing 100 ng DNA, 10 pmol of each primer
(primer combination #1129 / #1130 for the wildtype allele, and #1129 / #1131 for the mutant
allele, respectively; see Tab. 3-6 for sequences). Samples were processed in a GeneAmp PCR
9700 (PE Applied Biosystems, Weiterstadt, Germany). After 7 min denaturation at 95°C, 35
temperature cycles were carried out consisting of 30 sec at 95°C, 30 sec at 61.5°C and 30 sec
at 72°C for 35 cycles, followed by a fina extension step of 7 min at 72°C. After PCR,

aliquots were run on 1.5% agarose gels to determine the respective genotype.
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2.10.4.2. Insertion polymorphism (3-UTR)

PCR reaction mix of 50 ul contained: 100 ng of DNA, 25 pmol of each primer
(#1203 / #1204), 200puM each of dNTPs, 2.0 mM MgCl,, 50 mM KClI, 10 mM Tris-HCI (pH
9.0), 0.001% gelatin and 1 unit Tag DNA polymerase (MWG, Germany). Samples were
processed in a GeneAmp PCR System 9600 or 9700 (PE Applied Biosystems, Weiterstadt,
Germany). After 7 min denaturation at 95°C, 35 temperature cycles were carried out
consisting of 95°C/30 sec, 55°C /30 sec, 72°C/1 min for 35 cycles, followed by a final
extension step of 7 min at 72°C. The PCR amplification products were visualized on 2.0 %
agarose gels stained with ethidium bromide. Genotyping was performed according to the size
of the resulting PCR product (301 bp versus 256 bp for the insertion polymorphism being

present or absent).

Primer L ocation at the cDNA level,
Primer sequences

No. necletide position (5'-3")
#1129 | 5- TGGATACTGCTAAAGTCCGGTTA -3 (within the intron 3)
#1130 | 5- ACCGCGGTACTGGGCGCTGG -3 183/ 164
#1131 | 5- ACCGCGGTACTGGGCGCTGA -3 183/ 164
#1203 |5- GAGCAGCTGAAACGAGCCCTCAT -3 3-UTR
#1204 |5- TGTCAACTCCACCAGCACTGAGAC-3 3-UTR

Tab. 2-6 Primer sequences for alele-specific PCR and the insertion polymorphism

analysis.
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Chapter 3. Research Objectives

1. Determination of the genomic organization of the human UCP2 and UCP3

genes;

2. Comparison of the human UCP1, UCP2 and UCP3.

3. Mutation and polymorphism analysis in human UCP2 gene; Evaluation of

the genotypes (allele frequencies, genotype/phenotype correlation).

4. Mapping the boundaries of hUCP2 mRNA and human UCP3L / UCP3S

MRNA by 5'- / 3'- RACE (Rapid Amplification of cDNA Ends)

5. Comparison of uncoupling protein gene family in human and rodents.

6. ldentification of the potential transcription initiation site and determination of

the polyadenylation signal in the 5’- / 3'-UTR of human UCP2 and UCP3L /

UCP3S cDNAs.

7. Cloning and characterization the promoter region of the human UCP —2/-3

gene by screening a human genomic DNA library and Genome walking.
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8. Functional characterization of the 5'-flanking region and the promoter region

of the human UCP —2/-3 gene
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Chapter 4. Genomic Structure and Mutational Analysis of the Human

UCP2 gene.

In order to better understand a possible implication of human UCP2 in the
development of human obesity, the genomic structure of the hUCP2 gene has been deduced
utilizing PCR and direct sequence analysis, and genetic variants which may be of functional

relevance are identified.

4.1. Result

4.1.1. Genomic Organization of the Human UCP2 Gene

4.1.1.1 Demonstration the location of exon /intron bondaries

Sequence analysis confirmed the presence of introns and defined the exact location
of the exon/intron boundaries. The hUCP2 gene (coding region plus 5'-/3'- flanking regions)
spans over 8.7 kb, distributed on 8 exons and 7 introns. Intron 1 and intron 2 located in the 5’ -
untranslated region. The size and location of each exon and intron are shown in Tab. 4-1.

The AG/ GT splice site consensus sequence is conserved at the most of junctions.

4.1.12. 5-/3-Rapid Amplification cDNA Ends ( RACE) of human UCP2 gene

To map the boundaries of human UCP2 transcribes 5'-/3' -RACE were carried out
for at least 5 times to determine the potential MRNA transcription initiation site and
polyadenylation signal (AATAAA) utilizing a preparation of human skeletal muscle cDNA.
The longest transcript identified from 5 -RACE contained 364 bp 5'-upstream of the start

codon ATG, suggesting that this represents the potential transcription initiation site.
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No. Exon Sequences Intron
Size (bp) Position 3'acceptor site - 5'donor site Size (bp)
................. CGCGCCTTG...
1 > 104 -361/-258 | L. GGCTCGgtgagee.. | ~1,400
..... cccacagGACACAT.......
2 157 -257/-100 | L. GCCGGgtaagag.... | ~3,000
ttggcttagATTCCGG.......
3 225 -99/126 | L. TACAGgtgagag... 156
...... cttgcagATCCAAG......
4 212 127/338 | GAGCA gtgagta.... 868
cccacagal GCCAG.......
5 194 339532 | L GAAAGqgtgtgta 81
..... cctacagGGACCTC.......
6 102 533634 | L. GACAGgtgadt..... 971
..... ttggcagATGACCT.........
7 181 635/815 | . AAAGGgtgagc. 369
tcctctagGTTCATG ...
8 > 450 816/1265 | ... CTCAACCTTG

Tab. 4-1 Exon/intron structure of the hUCP2 gene. (Sequence of the exon-intron

boundaries and size of the exons and introns sre indicated. Nucleotide position +1 is

assigned to the ATG trandational start codon as shown in Fig. 4-1)

3'-RACE indicated: the 3'-UTR for hUCP2 extends 336 bp downstream of the stop

codon followed by the polyadendylation signal. Genomic organization of the human UCP 2

gene (transcripted region) is shown in Fig. 4-1.
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- 364 GCGCGCGCCTTGGGATTGACTGTCC - 339
- 338 ACGCTCGCCCGGCTCGTCCGACGCGCCCT CCBCCAGCCGACAGACACAGCCGCACGCACTGCCGTGITCTCCCTGCGECTCG - 257
- 256 %t %agcc Intronl ~1 4kb. )r cccaca GACACATAGTATGACCATTAGGTGITTCGTCTCCCACCCATTTTC  -212
-211 GGCAGCTTTGAAGAACGGGACACCTTTAGAGAAGCTTGATCTTGG - 130
-129 AGGCCTCACCGTGAGAOCTTACAAGGCCGG&%%%_IQ%T Intron2 ~3.25 kb)...cttagATTCCGGCAGAGITCC -83
-82 TCITATCTCGTCTITGITGCTGATTAAAGGT CTCCATTTTTCTCCATCTCCTGGGACGT AGCAGGAAATCAGATC - 1
1 ATG GIT GGG TTC AAG GCC ACA GAT GIG CCC CCT ACT GCC ACT GIG AAG TTT CTT GGG GCT 60
1 M Vv G F K A T D V P P T A T V K F L G A 20
61 GGC ACA GCT GCC TGC ATC GCA GAT CTC ATC ACC TTT CCT CTG GAT ACT GCT AAA GIC CG&G 120
21 G T A A C I A D L I T F P L D T A K V R 40
1%& TTA OgG gt gtaggggat gaagcctgggagttttgatggtgtttaatttgttccct ccccaaagacacagacccct caagg :ALng
Intron
200 ccagt tt gcatcga at gact g g aag caacat cttatccct tagtaccctgttttggecttgeca 282
zggﬂcﬂA%&\E%r%g%%e%c%%r%%c %\ e%cQ%c%%géggs
344 ATG GGC ACC ATT CIG ACC ATG GIG CGT ACT GAGGGCOCCCGAAGC CIC TAC AAT GGG CTG 403
63 M G T I L T M V R T E G P R S L Y N G L 82
404 GIT GCC GGC CTG CAG CGC CAA ATG AGC TTT GCC TCT GIC CGC ATC GGC CTG TAT GAT TCT 462
83 v. A G L Q R Q M S F A S V R I G L Y D s 102
463 GIC AAA CAG TTC TAC ACC AAG GCC TCT GAG CA  gtgagt atggaccaagggt gtaggccccttgge 528
103 V K Q F Y T K G S E H I ntron4d 113
529 ccttttttctcagtgatgattgatcttagttcatcagccatatagttttttaggccccacgatccctaggaagatcagggga 609
610 acagagaact ggaaggggccctggtcctccacat agttcctaagcacct gggct at accaggct ct gagcagggegtcaicc 691
692 catcacagtcttcaacaccaccttgggagt aggt agt at cat cccagt gt t at agaagaagagact gaggt gggaaggcagt 773
774 gggt agagt ggggact t ggccaggggcacacagt agagagccagaaaacacacagt agagagccaggacactcgtctctaag 855
856 gccagcgttcttccctttcacctccttagtatgeccatgeccaaccctccattttacacat gacgaaacagagccccagacaag 937
938 aggttgtctttcccagatcacat ggcaggaagaagt aaagct gacct gagat cccaagt cttaggaat cccagtcctcagaa 1019
1020 agccacttctctctgagecttggttttcacatttgtcagat ggaaatgattgtgatttctcagggct gttgagcaggt aaat 1101
1102 gaaaatgttttatgaaagaaagcaccaagtttcattttggtcttagcccttgetatgtccctagcaagaagtagatattcat 1183
%%gé agggat a{ tttgt { t gat gt g?gga?{ { ct % acagcaagatgct t g% agaagg{:caaaagct tct ggat tctattcccaaaag %%3?
caggagat gacagt gaca g g agat g agaaaa caagcccgc ccact cccca
1%,2 tggctcgcccacaga T " g % éG 2@% gBC C%% géchGCgACCgAC%g G%C %12%1
1111%5 ,(ABCT G;I'/GG'E\IT GTGGOCCSGOCCACGGATGI’GGTAAAGGTCOGATECOSAGCTCSGGCCOGG %2;1
1472 GCGCT GCGA GGI' GGT CCG AGA TACCAAAGC AOC GIC AATGCCTAC AAGAOC ATTGOCOGAGAG 1531
148 A G G G R R Cg V N I E 169
1532 GAA GGG TTC CGG GGC C TGG AAA G gt gt gt accagttgttttccctt 1579
170 E G F R G L w K G I ntron5 178
1?%) ccecttttcctccctcceccecgat act ct ggt ct cacccaggatcttcctcctcctacag GG A_I(;C TgT CCC AAT GIT %824
P N V
1655 GCT CGI AAT GCC ATT GIC AAC TGT GCT GAG CTG GIG ACC TAT GAC CTC ATC AAG GAT GCC 1714
184 A R N A I V N C A E L Vv T Y D L I K D A 203
1715 CTC CIG AAA GCC AAC CIC ATG ACA G gt gagt cat gaggt agacggt gct gggt ct cacccttccc 1779
204 L L K A N L M T D I'ntron6 212
1780 ccat gccaggagcaggt gcgggggt ct agct gacaccagaaagaccacatcttttcatcctatttgecctttgcagggagag 1861
1862 taagatatctcttacttgccatattgaagccaattgggatgaagctcccactttgcacattgaggaactgaggctagattgg 1941
1944 caaaatgactctttcaggtcctcagaagatgtctcagctggagtccectgtctgtttttgttttittgttigtitgttttttg 2025
2026 ttttttitgagatagagictcactctgitacccgtgtaatctcagctcactgcaaccttctcctcctgggitcaagecgattc 2105
2106 ttgtgcctcagcct cccgagt aget gggat gacagggt gcaccagcacactggctaatttttgtatttttagt agagatgga 2190
2191 gtitcaccatgttagccaggct ggtctcgaact cciggcct caagt gatctgcccaccttggcect cccaat gt gctgggatt 2272
2273 acaggtgtgagcctctgcgccccatcctcttgttggttttttgagacagggtcttgetcggttgecccaggetggagtgcagt 2354
2355 (ggggtgattaat ggct catt gcagcct cgacct ccct gact caagcaat cct cccacct cagect cct gagt agct gggget 2436
2437 gactacaggcat gcacactgtgcctggctaatttttgitattttgiagagacagggtttttgccatgttacccagtciggtcg 2518
2519 ttgaactcctggggct caagt gat ccacccacct cggect ccaaaagaagt cct ggatt acaggcat gagacattgtgccca 2599
2600 gcctctctgtctctttaaaatcatgaaaact cgt a%ct acttaagtaattctcct %cct t atcg\%aat %at gggt %:il_agat ct 2681
2682 tgactgccttgectgetcctcecttggeag GAC CIC CCr cC TC A TCT 2736
213 D L P C H F S A 221
2737 TTT GGG GCA GGC TTC TGC ACC ACT GIC ATC GCC TCC CCT GTA GAC GIG GIC AAG ACG AGA 2799
222 F G A G F c T T VV I A S P V D V V K T R 24
2800 TAC ATG AAC TCT GCC CIG GCC CAG TAC AGT AGC GCT GGC CAC TGI GCC CIT ACC ATG CTC 2859
242 Y M N S A L G Q s S A G H C A L T ™M L 261
2860 CAG AAG GAG GGG CCC CGA GCC TTC TAC AAA GG gt?agcctctggtcctccccacccagttcaggc 2924
262 Q K E G P R A F Y K ntron7 272
2925 ctcttggcetatgceatgtctattgtgggt gggagagaaccacct ggaagt gagt agcagccaagt gt gactatttctgatcct 3006
3007 ggtcctggcatttcaccagcaticacctatccccttaactccttcctcccagaattgctaccatcactgtttattaggtgtt 3088
g(l)g% aaat ggagac% caa??gga?: t ca{ gcttat agccaagcagct gt ?agct cagt t cat t gagt cct cccagcctcctttggg g%gg
acagagcaac gg ggat t gaat accaggccca agggaa g t gcccccat acct tgatttttc
3%?3 tcctctag % ATG TC% TTT %T% % %g%cgg % C GTG %GgTTC GIC 3362
V
3%8 ACC TAT GAG CSG CTGAAAC(RSAGCCCTC ATGGCTGCCTé(: ACT TOCC%AGAGGCT OCCTTC %8;2
3373 TGAGCCTCTCCTGCTGCTGAOCTGATCACCTCTGGCTTTGI’CTC . (3" UTR 339 bp) . AAGCAAGCTCAACCTTG 3714

Fig. 4-1 Genomic organization of the human UCP 2 gene. The start codon and stop codon

are marked in bold. Sequence data have been deposited in the GeneBank under the following

accession number AF132536, AF132537, AF132538, AF132539, AF132540.
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4.1.1.3. Comparison of UCP2 in human, mouse and rat

At the amino acid level human UCP2 has about 83.3% homology to mouse
UCP2 and is 88% identical to rat UCP2, while hUCP2 is 55% identical to human UCP1.
Both the human and mouse UCP2 gene are distributed on 8 exons and 7 introns, and the
exon/intron structure is exactly matched within the coding regions of gene. The 5'-
untranslated region of hUCP2 are interrupted by 2 introns (intron-1/-2), unlike the hUCP1
gene, which consists of 6 exons and 5 introns, no intron located in the 5 untrandated

region.

4.1.2. ldentification of a point mutation and an insertion polymorphism

4.1.2.1. A transition mutation (C/T) inexon 4

Because genetic variations in members of the human UCP gene family may have
effects on energy metabolism, body weight regulation and thermogenesis, we have performed
a mutational analysis of the hUCP2 gene. DNA sequence analysis of the hUCP2 gene in a
cohort of 25 children (aged 7-13) characterized by significantly reduced RMR (based on the
Harris & Benedict equation) revealed a base transition in exon 4 (coding region) consisting of

aCto T exchange in codon 55 changing an aanine (GCC) to avaline (GTC).

4.1.2.2 An insertion polymorphism in exon 8
An insertion polymorphism was discovered in exon 8 (3-UTR) by PCR and
sequence analysis, which consisted of a 45 bp repeat located 150 bp downstream of the stop

codon inthe 3-UTR (Fig. 4-2).
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TGA gcctctcct gect gct gacct gat cacct ct ggettt gt ct ct agccggg
ccatgctttccttttcttccttctttctcttcecctecttccecctctctcectcectt

+1032) CCCTCTTTCCCCACCTCTTCCTTCCGCTCCTTTACCTACCACCTT  (+1077

+107:> CCCTCTTTCCCCACCTCTTCCTTCCGCTCCTTTACCTACCACCTT }<:1122

ccctctttctacattctcatctactcattgtctcagtgctggtggagttgacat
tt gacgt gt gggaggcct cgt accagccaggat cccaagcgt cccgt ccct t gg
aaagtt cagccagaat cttcgt cct gcccccgacagcaccagect agcccact t

gt cat ccat aaagcaagct caaccttg AAAAAAAAAAAAAAAAAAA

=r

Fig. 4-2 Theinsertion polymorphism consists of a 45 bp repeat (boxed residues) located at
bp 1077 to 1122 (+1 for the translational start codon ATG), 150 bp downstream of the stop

codon TGA inthe 3 -UTR of the hUCP2 gene.
4.1.3. Evaluation of the genotypes (Allele frequencies, genotype/phenotype correlations)

4.1.3.1 Allelefrequencies

Genotyping the Alab5Va polymorphism in 68 obese and 104 norma weight
children reveaed allele frequencies of 0.63 for the Alanine and 0.37 for the Valine allele. The
alele frequencies for the insertion polymorphism were 0.71 for the wildtype and 0.29 for
mutant allele, respectively. No significant differences in allele frequencies were found

between the obese and non-obese groups.
4.1.3.2 Genotype/Phenotype correlations
Although a first set of samples indicated a higher frequency of the Valine alelein

children with significantly reduced RMR this finding could not be confirmed when the allele

frequencies were compared grouped according to RMR:
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Group 1 (up to -25% deviation of predicted RMR): p =0.351 (57)*

Group 2 (no deviation of predicted RMR): p = 0.388 (58)*

Group 3 (up to +25% deviation of predicted RMR): p = 0.360 (57)*

*= number of cases studied, with p-values < 0.01 considered as being significant

The rate of the Alab5Vva polymorphism was independent of percent deviation
RMR (measured versus predicted). There was no direct effect of the polymorphism and the
amount of deviation RMR, only sex had a significant effect on RMR (male >female), p =
0.001; apossible direct interaction of sex and the hUCP2 polymorphism on RMR turned out
to be not significant (with p = 0.084).

Similar results were obtained for the insertion polymorphism in the 3-UTR. So far

adirect correlation of the observed genotype with reduced RMR and BMI was not evident.

4.2. Discussion

Uncoupling proteins (UCPs) are mitochondrial membrane transporters which are
involved in dissipating the proton electrochemical gradient thereby releasing stored energy as
heat. Thisimpliesamajor role of UCPs in energy metabolism and thermogenesis which when
deregulated are key risk factors for the development of obesity and other eating disorders. The
recent molecular cloning of two new members of the human UCP gene family, UCP2 and
UCP3, somehow has revolutionized obesity research namely because of their potential
physiologica role as mediators of energy metabolism, body weight regulation and
thermogenesis. Flier and Lowell et al. (1997) themselves characterized the identification of
the UCP2 homologue as a major breakthrough towards understanding the molecular basis for
energy expenditure, and considered these findings likely to have important implications for
the cause and treatment of human obesity. This is largely due to the fact that hUCP1

containing brown adipose tissue is unlikely to be involved in weight regulation in adult large-
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size animals and in humans living in a thermoneutral environment (Fleury et al. 1997),
primarily because of its very limited abundance. In contrast, UCP2 mRNA is ubiquitously
expressed in human and rodents (Flier et al., 1997), implicating a major role in body
thermogenesis. UCP3 as a new member of the UCP gene family is preferentially expressed in
skeletal muscle and brown adipose tissue; it therefore represents a candidate protein for the
modulation of the respiratory control in skeletal muscle (Boss et al. 1997). The chromosomal
mapping of both hUCP2 and hUCP3 to human chromosome 1113 in close proximity to each
other that have been linked to obesity and hyperinsulinaemia. Norman et al. (1997) showed
positive linkage data in Pima Indians indicating that this region may contain genetic markers
responsible for energy expenditure and body weight regulation, have made hUCP2 and
hUCP3 strong candidate genes in the molecular pathogenesis of human obesity.

In order to better understand a possible implication of hUCP2 in the development
of human obesity, the genomic structure of the human UCP2 gene has been deduced utilizing
PCR and direct sequence analysis, and genetic variants which may be of functional relevance
are identified. The hUCP2 genespans 8.4 kb distributed on 8 exons. The potential
transcription initiation site located 364 bp upstream of the start codon ATG. At the amino acid
level hUCP2 has about 55% identity to hUCP1 while hUCP3 is 71% identical to hUCP2. The
localization of the exon/intron boundaries within the coding region matches precisely that of
the hUCP1 gene and is almost conserved in the hUCP3 gene as well.

With regard of UCP2 being a potential mediator of energy metabolism and body
weight regulation we have screened for possible polymorphisms within the hUCP2 gene. Two
frequent genetic variants could be detected; genotyping of these variants (an Alab5Vval
polymorphism in exon 4 as well as a 45 bp insertion polymorphism in exon 8) in a cohort of
68 obese and 104 non-obese children did not show any significant differences in allele
frequencies between the two groups. No direct interaction of these variants with RMR or BMI

could be observed. So far a direct correlation of the observed genotype with RMR and BMI
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was not evident. In terms of function, the Alab5Va polymorphism in the hUCP2 gene most

likely has no effect on membrane potential (D. Ricquier, persona communication). This

polymorphsim has recently also been described in other populations, see Tab. 4-2.

Study Type Ascertainment Alleles Results Reference
Lin RMR P<0.000002, no linkage | Bouchard et
French Canadian D11S916, D11S1321
to BMI al., 1997
kag
American Caucasian 7 Markerson Elbein et
e No linkage to BMI or WHR
NIDDM chromosome 11 al.,1997
Sleeping Metabolic Rate with | Walder et al.,
Pimalndians UCP2 (A55V)
A55V 1998
No association with NIDDM or | Kubota et al.,
Japanese NIDDM or obese | UCP2 (A55V)
obsity 1998
American Caucasian and Urhammer et
UCP2 (A55V) No significant association
African American al., 1997
As - — —
Obese Swedish with low No significant association with | Argyropulos
UCP2 (A55V)
SOC | BMR and healthy controls BMB etal., 1998
iati 6UCP2 dl€eles,
on French NIDDM, morbidly | including A55V, and Klannemark
No significant association
obese or healthy control exon 8insertion / etal., 1998
deletion
Caucasian and African Otabeet al.,
UCP3 splice site Respiratory quotient
American 1998
Random Danish young No significant association with | Urhammer et
UCP3 (G84S)
adult BMI al., 1998
Tab. 4-2 Summary of linkage and association studies of human UCP-2 and -3 gene

polymorphism.
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The insertion polymorphism in the 3-UTR probably has also no obvious functional
consequences however it may have an effect on UCP2 mRNA stability. This does not
completely exclude a potential role of hUCP2 in energy metabolism and body weight
regulation. Study of a further 790 full-blooded Pima Indians revealed that individuas >45
years of age who were UCP2 exon 8 insertion/deletion heterozygotes had lowest body mass
indices (BMIs) (p=0.004) (Walder et al., 1998); In contrast, Examination of 966 French
people including many morbidly obese for the exon 8 insertion/deletion variant did not revea
any association with weight gain, BMI, RMR, or body composition characteristics (Otabe et
al., 1998).

The close proximity of hUCP3 to hUCP2 on chromosome 11q (Pecqueur et al,
1999) implies that instead of hUCP2 a malfunctionning of hUCP3 or a deregulation of its
gene expression may well be a causative factor for the development of human obesity.
Therefore the identification of genetic variants in the hUCP3 gene and its flanking regions
will be of great importance to determine whether and to what extent UCP3 may play arolein

energy metabolism and thermogenesis.

In a Gullah-speaking African-American woman with severe obesity and type 2
diabetes, Argyropoulos et al. (1998) found heterozygosity for a Va102lle (V102I) mutation
of the UCP3 gene, located in the first cytosol-oriented extramembranous loop. Three
overweight children in this family were found to be homozygous for the V102I
polymorphism. The fourth child, a 9-year-old male with a body mass index (BMI) of 18.5,
was heterozygous for the V102l polymorphism. No paternal sample was available but the
father was presumed to be at least heterozygous for the V102l polymorphism. The
polymorphism was not found in genomic DNA from 128 Caucasian Americans. However,
examination of 280 African Americans revea ed that 4% of individuals were homozygous and

28% heterozygous for the polymorphism.
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Fragment Position Alteration Method
Exon 3 Codon 93 CI/T (Ser93Ser) SSCP/Sequencing
Exon 3 Codon 102 G/A (Val02lle) Direct Sequencing
Exon 4 Codon 143 C/T (Argl43X) Direct Sequencing
Exon 6 Splice donor junction Ggt - Gat Direct Sequencing
Intron 3 -46 alt SSCP/Sequencing
Intron 3 - 47 c/t SSCP/Sequencing
Intron 3 -143 t/c SSCP/Sequencing
Intron 3 -96 g/a SSCP/Sequencing
Promoter near TATA box cl/t SSCP/Sequencing

Tab. 4-3 Genetic alterations in the human UCP3 gene (Argyropoulos et a., J. Clin. Invest.

102(7), 1345-1351, 1998)

In a 16-year-old with morbid obesity (BMI = 51.8) and type 2 diabetes, Argyropoulos
et al. (1998) found compound heterozygosity for a 427C-T transition in exon 4, resulting in
the introduction of a premature stop codon at residue 143, Argl43 to Ter (R143X), in the
third, matrix-oriented loop. In addition, the patient was heterozygous (G/A transition) for a
guanine to adenine polymorphism at the splice donor site of exon 6 (Ggt-Gat), resulting in
loss of the splice junction and premature termination of the protein product in the sixth,
matrix-oriented loop and truncation of the protein product at the first TGA stop codon of the

adjacent intron. In their study, a putative protein resulting from this mutation would be
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identical to that encoded by the short transcript of UCP3 mRNA. Pedigree analysis and DNA
sequence determination of family members showed that the R143X mutation was transmitted
to the compound heterozygous proband from the grandmother, through the mother, in typical
mendelian fashion. They examined an additional 168 individuals comprising both African
Americans and Caucasians for the 2 nucleotide changes showed that the 2 genotypes were
independent. The frequency of the G/A heterozygous genotype was nearly twice as high
(P=0.04) in obese (30%) compared with lean (16%) individuals. The heterozygotes for the
exon 6 splice donor polymorphism had a 50% reduction in fat oxidation adjusted for lean
body mass and a marked elevation in the nonprotein respiratory quotient, compared with
wildtype subjects. V102l and the exon 6 splice donor Ggt-Gat. Among unrelated individuals,
no significant differences were found between heterozygotes and wildtype individuals for
BMI, percentage of body fat, and resting energy expenditure adjusted for lean body mass. The
same analyses performed for the V102l polymorphism showed no significant differences
between heterozygotes and wildtype individuals for any of the aforementioned quantitative

traits.

In conclusion, the genomic structure of the human UCP2 (hUCP2) gene shows great
homology to the other known members of this family of mitochondrial carrier proteins,
hUCP1 and hUCP3. Using direct sequence anaysis we have identified a missense mutation in
exon 4 of the hUCP2 gene (Alab5Val) which is quite abundant and does not exhibit
association to obesity in any studied population. Because of the similarity in alele frequencies
a direct correlation of the Alab5vVa mutation with regard to the phenotype obese is not
evident. The results suggest that the hUCP2 exon 8 insertion/deletion polymorphism shows
linkage with BMI only in populations ascertained for obesity. The set-up of suitable

expression systems (e.g. yeast) should be of extreme value to determine functional correlates
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of UCP2 as well as for the characterization of newly identified genetic variants effect on

protein levels.
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Chapter 5. Human UCP 3 and Uncoupling Protein Family

Comparison of UCPs in human and rodents, despite of differences among UCP
counterparts by the number of exonsin the 5'-UTR, shows the high conservation of the exon

boundaries within the coding region and the high degree of similarity at the amino acid level.

5.1. Result

5.1.1. The transcription initiation site of the human UCP3 gene

To map the cap site of the human UCP3 mRNA 5 - RACE was carried out for at
least 6 times utilizing a preparation of human skeletal muscle cDNA. The longest transcript
identified contained 186 bp 5-upstream of the start codon ATG, suggesting that this
represents the potential transcription initiation site. At the genomic level, the 5 -flanking
region is interrupted by a single intron (intron 1, 1.9 kb ). Thisis in contrast to the genomic

organization of the human UCP2 gene which contains two introns within this region.

5.1.2. Identification differingin the 3'-UTR of two human UCP3 gene transcripts

The 3-UTR of hUCP3L/S mRNAs were mapped by 3'-RACE using cDNA
isolated from human skeletal muscle. Comparing the 3 -UTR region of the human UCP3 short
form (hUCP3-S) determined by both 3'-RACE and RT-PCR with the sequence of intron 6
revealed that the 3'-UTR of hUCP3-Sis part of the 5’'-end of intron 6, indicating that hUCP3-
S is generated by incomplete transcription caused by the presence of a cleavage and a
polyadenylation signal (AATAAA) inintron 6 terminating message elongation. Alternatively,
elongation continues through exon 7 up to a AATAAA signal located 1.1 kb downstream of
the stop codon of hUCP3-L. The genomic structure of human UCP3 gene short form thus

differs from itslong form by the absence of exon 7 at the C-terminus of the protein (Fig. 5-1).
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Human UCP 3 Gene 1Kb
1 2 3 4 5 UTRs UTRL
— e H oo
ATG TGAs TGAL
A':'G TGAs Poly A signd (S) A':'G TGAL  Poly A signad (L)
|1] 2] 3] 4]s]6]uTRs '1] 2] 3] 4]s]e]]uTRe
hUCP3 long form cDNA ( 275 a.a.) hUCP3 short form cDNA (312 a.a.)

Fig. 5-1  Schematic representation the variation of 3'-UTR of hUCP3L and hUCP3S. The
3'-UTR of hUCP3S localizes within the intron 6 of hUCP3L. Human UCP3 gene with start
codon (ATG), stop codons and cleavage poly (A) adenylation signal. The coding region
between the start codon and stop codon for hUCP3 long / short form are boxed in blot line,

respectively.

5.1.3. Comparison of Human UCP1 , UCP2, UCP3

At the amino acid level human UCPL has about 55% identity to human UCP2 and
about 54.7 similarity with human UCP3, while hUCP2 is 71% identical to hUCP3 (Fig. 5-2).
In spite of that, the localization of the exon/intron boundaries within the coding region of
human UCPs gene matches precisely each other (excepts a singly base pair shifts on the
boundary of exon 4 / intron 4). The high degree of homology at the nucleotide level and the
conservation of exon/intron boundaries among the three UCP gene suggests that they may
have evolved from a common ancestor or are the result from gene duplication events.
However, the size of each of the introns differs among hUCP1l, hUCP2 and hUCP3
counterparts. Furthermore, within the 5'-flanking region there is no additional intron in the

hUCP1 gene, which distinguishes it from hUCP2 and hUCP3 for which two additional
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introns (hUCP2) or only one (hUCP3) can be detected. The three mitochondrial carrier

protein motifs present in hUCP1l are conserved in hUCP2 and in hUCP3. At the

carboxyterminus of the hUCP2 protein a Purin-Necleotide Binding Domain (PNBD) is

found, similar to hUCP1 and hUCP3L (not present in hUCP3S) (Fig. 5-3). The comparison

of genomic structure of these tree genes is showed on Tab. 5-1.

hUCP1 hUCP2 hUCP3
GeneMap
4931 11913 11913
L ocus
924 bp 930 bp 936 bp
Coding
6 Exons/ 5 Introns | 8 Exons/ 7 Introns | hUCP3L: 7 Exons/ 6 Introns
sequence
hUCP3S: 6 Exons/ 5 Introns
hUCP3L: 312 aa
Protein 307 aa 309 aa
hUCP3S: 275 aa
widely in BAT, preferentially in skeletal
Expression | exclusively in BAT
WAT, heart, etc. muscle

Tab. 5-1 Human uncoupling protein family

Analyzing the overall genomic structure of hUCP3 and its counterparts hUCP1 and

hUCP2 revealed a high degree of homology, particularly within the coding region. Major

differences of the exon/intron structure are only found at the boundaries of these genes.

Cassard et al., (1990) note that the human UCPL gene spans 13 kb and contains a transcribed
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region that covers 9 kb of the human genome (similar to hUCP2), which is split into 6 exons

only. hUCP3 contains 7 exons spread over 8.5 kb.

1 [MeldL t/AlslovHp TlL elvloL Eslaclifaaclifaplvli TElPLDTAKVRL QvioGElcP- - - - TSSVI - - - hurL
1 MVGFKATDVPPTATVKFLGA:tTAACIADLITFPLDTAKVRLQIQGESQGPVRATASA--- hucP2
1 [MVGL|KPSIDVPP  TMA[VKFLGA®GTAACF|IADL|VITFPLDTAKVRL QI QGEIN[Q- - - -[A[lVQT|A[RLV hucP3-L
1 LIKPSIDVPPIMAVKEL TAACIFIADLIVITE - - -lAlvQTIAIRL V hucrs-s
54 R|YKIGVLIGT I[TAVIVK|TEGRMK|L Y[SIGLIPJAGL QRQ|I|S[S|ASILIRI GL YD|TIVIQEIFILIT|- AlGIK|E|TA|P|S| hucPL
58 |[QYRGVMGTILTMVRTEGPRSLYNGLVAGL QR SFASVRI GLYDSVKQEFEYT| - |s| hucr2
57 [QYRGV|L|IGTI LTMVRTEGP|C|S|P[YNGLVAGL QR SFAS|I|[RI GLYDSVKQ|V|YT|P ADNS - |S| hucPs-L
57 VILIGTI LTMVRTEGPCISIPlYNGL VA RQMSFASIIIRIL GLYD vy Tlp ADNS - hucP3- S
13 LeskilLaditTdevlaviEl glorpTlElvvk vRILIgaQlsHL H- - -[cl kP[rRY|lTcTlYINAYIRI ] AlTT[E G| hucrt
116 LAG TSA AV AQPTDVVKVRF QA G|- - - -[RY T AY KTI ARE E G| hucr2
116 LT T|RI|LAGC|TTCAMAV/TCIAQPTDVVKVRF QA[SI| HL|G/PSRSD|R- K|Y|SG[TIMD|AY|R|TI ARE E G| hucP3-L
116 LTTIRILLAGCITT MLA VIT clA FQAIsI HLIGIP SRS DIR- KlYls GIT/IMDIAYIRITI ARE E G| huces-s
170 L T|GL WK GT/.T/P NLL MRS V|I [IINC|TIEL VT Y DL[MKEJA[F VIK[N|N[I L A[D D|V|P CHIL VIS A[L I |AGF C|A[T|AM hucP1
172[ERGLWKGT PNVARNAI4NCAELVTYDLIKDALLKANLMTDDLPCHFTSAF5AGFCTTVI hucr2
175 VIRGL WKGT|L[PN/I MRNA I NCAEMVTYDILKEKLLDYHLLTDNFPCHFVSAF AGF C|A[T V|V hucP3-L
175 VIRGL WKGT/L[PNI MRNAI VNCAEIVIVTYDI LIKEEKILLIDYHILILITDINFIPCHFEIVISAFEGAGECIAT VIV hucP3-S
230 s[siPvDbVvVKTREII/NsPpPrlcovYklslve nNcalMkv ETNEGPIT/AFIElkGILVPSFLRL GsSwNV]iMF vIcE hucr
232|ASIPVDVVKTRYMNSALGQYSSAGHCALTML KEGPRAFYKGFMPSFLR6GSWNVVMFVTY hucr2
235|ASIPVDVVKTRY MNS|PP|[GQY|F|S|PL D|[C/MI KIMVAQIEGP|TIAFYKGEITIPSFLRMGSWNVVMEVTY| hUCP3-L
235 A S MN S PPIGQYFISIPL DICIMI KIMVAQIEGPITIAEYKG| (275) - - - - - = = = = - - - - - - hucP3- S
290 |[EQL KRE[LISKSRQTMDC|A[T. (306) P NBD hucP1
22|EQLKRALMAACTSRE-|APF (309 hucr2
295|[EQLKRALMKY QMLI[RE- S[PF (312 hUCP3- L

Er— hucP3- S

PNBD

Fig. 5-2 Comparison of human UCP1, UCP2 and UCP3 protein sequences. Residues that

match the hUCP2 sequence exactly are boxed. The three mitochondrial carrier protein motifs

present in UCP1 and conserved in UCP2 and UCP3 are highlighted in dark gray. Potentia

transmembrane helices (1-6) are marked in light gray. The potential purine-nucleotide binding

domain (PNBD) is underlined.

In contrast to hUCP2, hUCP3 generates two transcripts, UCP3L and UCP3S which

are predicted to encode long and short forms of the UCP3 protein differing by the presence or

absence of 37 amino acid residues at the C-terminus. These 37 residues are encoded by exon 7

which is missing in UCP3S. Very recent data from Pecqueur et al. (1999) reported that the

hUCP3 gene maps 5’ to the hUCP2 gene and that the extreme 3'-end of exon 7 of hUCP3 and
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the transcriptional start site of hUCP2 are less than 7 kb apart from each other. This strongly
implies that the organization of the UCP3/UCP2 gene locus is a result of a gene duplication
event. The hUCPL gene on the other hand was assigned to human chromosome 4 (4g31)
(Cassard et al., 1990). However, despite their sequence similarity, all UCPs are distinguished
by their different pattern of expression: hUCP1 with a 1.9 kb mRNA expressed exclusively in
human perirena brown adipose tissue, plays an important role in generating heat and burning

calories, as well as in the regulation of body temperature, body composition, and glucose

metabolism.
hUCP1 hUCP2 hUCP3 (Size, bp)
Gene
(Size, bp) (Size, bp) Long Form Short Form
No. Exon Intron Exon Intron Exon Intron Exon |Intron
1 342 612 > 104 ~ 1,400 > 88 ~1,800 | >88 |~1,800
2 199 > 833 157 ~ 3,250 221 ~ 750 221 | ~750
3 200 105 225 156 211 ~ 240 211 | ~240
4 102 ? 212 867 204 ~1,200 | 204 |~1,200
5 181 ? 194 81 102 ~ 470 102 | ~470
6 > 115 102 971 181 ~1,800 | 331
7 181 369 ~ 1,100 ~ 1,200
8 450
>1,139 >1625 | ~7,094 | >2,107 |~6,260 |>2,357 | 4,460
Total
~ 9,000 > 8,719 > 8,367 > 6,817

Tab. 5-2 Comparison of the Genomic Organization of human UCP1, UCP2 and UCP3
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Compared to hUCP1, a 1.6 kb hUCP2 mRNA is widely expressed in adult human
tissues (Fleury et al., 1997) including tissue rich in macrophage; expression levels are
upregulated in white fat in response to fat feeding. hUCP3, the third analogue discovered by
Vidal-Puig et al. (1997) and Boss et al. (1997), is distinguished from hUCP1 and hUCP2 by
its abundant and preferential expression in skeletal muscle, little in heart of humans, and
brown adipose tissue and skeletal muscle in rodents. Since skeletal muscle and brown adipose
tissue are believed to be important sites for regulated energy expenditure in humans and
rodents, respectively, hUCP3 may be an important mediator of adaptive thermogenesis

(Vida-Puig et al., 1997).
5.2. Discussion

Human UCP1 is 76.2% identical to rat UCP1 (306 aa) at the anino acid level. The
mouse UCPL( 302 aq) is 77.2 % homologous to human UCP1 and 98.6% identical to the rat

UCP1. The mouse UCPL gene was mapped in murine chromosome 8 (Jacobson et al., 1985).
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Rat UCP3.5EQ
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Fig. 5-3 Percent similarity and percent divergence among the members of the uncoupling

protein family in human, mouse and rat . For alignment the Clustal Multiple Sequence
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Alignment (DNA STAR, USA) was used. The Gene Bank accession numbers are as follows:
human UCP1, U28480; human UCP2, U76367; human UCP3, A001787; mouse UCPL,
U63481; mouse UCP2, U69135; mouse UCP3, AB010724; rat UCP1, M11814; rat UCP2,

ABO010734; rat UCP3, RNU92096.

— RatlUCP3.8EQ
— Mus UCP3.SEQ
Human UCFP3.5EQ
Mus LICP2 5EQ
Rat UCZR2 SEQ
7] — Human UCP2.5EQ
— Mus LICP1.5EQ
Rat UZF1.5EQ
Human UCR1.5EQ

199.6

180 1860 140 120 100 a0 60 40 20 0

Fig. 5-4 Phylogenetic tree of human, mouse and rat uncoupling proteins. The amino
acid sequences alignment were generated with the Clustal multiple sequence alignment

(DNASTAR, USA).

The mouse homologue UCP2 (308 ad), which is 98.2% identical to human UCP2, and
99.1 homologous to the rat UCP2, maps to murine chromosome 7, tightly linked to the ‘tubby’
mutation, in an area of homology of synteny to 11q13. Human UCP2 is 97.3 % homologous
to rat UCP2 (308 aa) at the amino acid level. Human UCP3 is 93.4% identical to mouse
UCP3 (307 aa) and 93.0% homologous to rat UCP3 (307 aa) at the amino acid level, whereas

the mouse UCP3 is 99.5% identical to rat UCP3.
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Human UCP3 gene was initially reported located within 100 kb of the hUCP2
on chromosome 11g13 (Gong et al., 1997 and Solanes et al., 1997), Pecqueur et al. (1999)
very recently claimed that the exact sequence between the TGA codon of the human UCP3
gene and transcriptional start site of the UCP2 gene is 6987 bp long, whereas the

corresponding intergenic region for mouse UCP-2/3 is 8249 bp long on murin chromosome 7.

1kb
> 6087 bp human intergenic region
< >

hUCP3 hUCP2
TGA +1 ATG

- (A

T T | | L L
E7 BamHlI  Sacl Smal Sacl ‘El E2 E3

Smal

1kb
> 8049 bp mouse intergenic region
< >

mUCP3 mUCP2
TGA +1 ATG
[ P A A

| | | | M| M| |-

E7 BamH Sacl|BamHI | BamH ‘El £ | =3

Xbal Sacl Sacl

BamHI
Sacl Sacl

BamH|I

Fig. 5-5 The intergenic region of human and mouse UCP3/UCP2 juxtaposed gene loci is
shown from the stop codon (TGA) in exon 7 of UCP3 gene to the transcriptional start site
(+1) of UCP2. Exonic structure are indicated as E1, exon 1; E2, exon 2; E3, exon 3; E7, exon

7. Human and mouse intergenic region isrich in repetitive DNA sequences (Alu repeats).
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In conclusion, comparison of UCPs in human, mouse and rat, although differences
among UCP counterparts by the number of exonsin the 5'-UTR, the conservation of the exon
boundaries within the coding region and the high degree of similarity at the amino acid level
among the UCP genes in human, mouse and rat, particularly of UCP2 and UCP3, suggests
that they may have evolved from a common ancestor or are the result from gene duplication
events. This has been further substantiated recently by the mapping of human (or mouse)
UCP -2 and -3 gene in the juxtaposed loci to human chromosome 11913 (or murin

chromosome 7).
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Chapter 6. Molecular Cloning and Functional Characterization of the

Promoter Region of the Human UCP2 Gene

As a member of the uncoupling protein family, UCP2 is ubiquitously expressed in
rodents and humans, implicating a major role in thermogenesis. To analyze promoter function
and regulatory motifs involved in the transcriptional regulation of UCP2 gene expression, 3.3

kb of 5 flanking region of the human UCP2 (hUCP2) gene have been cloned and analyzed.

6.1 Results

6.1.1. Cloning and characterization of the 5’ flanking region of the hUCP2 gene

The 3.3 kb promoter region of the hUCP2 gene obtained by PCR-screening was
cloned into pCR2.1-TOPO Vector (Fig. 6-1). About 3.4 kb of the human UCP2 gene promoter
region were sequenced using M13 forward and reverse primers. Analysis of the 5-UTR of
hUCP2 by long-range PCR revealed the existence of two introns upstream of the translation
initiation codon.

Computer-assisted sequence analysis of the 3.3 kb 5 promoter region of the UCP2
gene revealed that the promoter region of UCP2 were not homologous to hUCP1 and hUCPS.
Neither a typical TATA box nor a CAAT box can be found, however a GC-rich region
consisting of several Sp-1 binding sites, and AP-1 and AP-2 motifs are located near the

transcription initiation site.
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Fig. 6-1 Cloning strategy of the human UCP2 promoter region. The 3.3 kb 5’ flanking region
of human UCP2 gene were obtained by PCR-screening and cloned into pCR2.1-TOPO

Vector.

The presence of potential consensus binding sites for transcription regul atory elements
was considered to be important for UCP2 expression. A consensus CCAAT/ enhancer-
binding protein beta (C/EBP-beta) binding site can be found at position -174 to —188,
(numbers are based on +1 for the transcriptional start site), CCAAT/ enhancer binding protein
beta was described as a nuclear factor for IL-6 expression with a consensus binding sequence
RNRTKNNGMAAKNN (Akira et al., 1990), which was compiled from 21 binding sites of

14 cellular genes and 3 viral genomes.
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Human Uncoupling Protein-2 Gene

3.3 kb of 5'flanking region Coding region

1Kb
D Coding region

D Untranslated
region

Fig. 6-2 Human UCP2 gene structural organization (5 flanking region and transcribed

region). The transcribed region between the start codon (ATG) and stop codon (TGA) is

shown in open boxes, the untransated regions are shown in grey boxes. Smal (SM), Sacl (SI),

Mlul (M) and Sacll (SlI) restriction sites are indicated.

Three motifs for cyclic AMP (CAMP) response element binding protein 1 (CREB-1)
were found, one with a core consensus sequences CGTCA (Kozak et al., 1994) located at —
1241 to —1247, and two with a consensus sequence TGASSTCA (Barton et al., 1992) were
present at —1079 to —1089 and —2580 to -2590. Multiple CREBs (4 CREB-1 sites) have been
reported in the mouse UCP1 promoter with a core sequence CGTAC. Two peroxisome
proliferator activated receptor gamma (PPARY) response elements (PPRE) were present at -
720 to —726 and 779 to —785, containing a DR1 half site AGGTCA. Two putative thyroid
hormone response elements (TRE) with a core sequence of YRRGGTCA (Zavacki et al.,
1996) are located at position —718 to —725 and -3200 to —3208. A consensus binding motif for
the muscle regulatory protein MyoD or E box is present at -594 to -604. Two GATA

elements can be found at position —2828 to —2833 and —1546 to —1551 (Fig. 6-3).
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-3236 ttacaggtattttttattttttttgagacagggtcaccctgtcacccagget ggagt gt agtggcacaatcat. ......
TRE
-2836 tcaagataactggtatgcctt gttttgat gaaggggaaggaaaagttaataat agccaat ctactcaat aatttttagca
GATA
-2756 agaaatttatcaagagaactaagggaaatgtttaaagtttttcctcaatgtttggtttaattacctaaggttttcagttt
-2676 tcccctttcatcctgtgtecttttttcaatttcaatgtt tcaaat acagtttgtatttaaagatttaaaagttccaaact
-2596 gtagcaagt ggattgttccgggaagat taattttccacaaatttt tgaact ttgcaatttggt ttggacat acaaaat at
-2516 ttacaaataaacgtgtgtgtgtgtgcgt gtacacacaat t caat gaaat agat gt gaaacaagttttctttttttttttt
-2436 ttgagacagagtctt gctct gt cgeccaggcet ggagt gcaat gt cgcagtct caget cact gcaacct cgt gcct cccgg
-2356 gQtt caagcgattctcctgcct cagect cccgagt aget gggact acaggcacct accaccact cccagctaatttttgtg
-2276 tttttagtagagacagggttt caccat gttagccaggct agt ct ccaactcctgacct caggt gatct gcccgect cage
CRE1
-2196 ctcccaaagtgct gggatt gcaggegt gagccacct cacctggt acaagtt t caaaat acatt tatct gt accat acatt
-2116 ctccagttgtccacaggacat cttat gacttgagcaagct gct aaaaat ccaagggt gcagegtttgtat gt ctattagg
-2036 att gctcagatctgccccaccct gaaagaat t aagagaat ttctt gaggccaggcacagt ggcttcacacctgtaattcc
-1956 agt act gtgagagt c cgagt cagaggact gct t gaggcc aggagt t caagagcagcct ggacaacat agggagacct gt ¢
-1876 act acaaagaat aat aaat t agacaggct t agt ggct cat ccct gt ggt cccagccact agggaggcagaagt aggact g
-1796 ctt gtcccaggaggt caagact gcagt gagct gagacccagecac ct gecat t ccagect gggc aacaaaaagagaccct g
PPRE
-1716 tct caaaaaat aagt taaat aaat aaat aat aaaaat agttt aaaccct aaacacatcttctt tttcaaagaggacttct
-1636 taaggactt catgct gcgtcctgttgatctccacttcecctttttcagecgtccacacttttaacagtctcttttgccaagg
-1556 ataataagt atatagtttctggaatccagact cttccct gtttggacagccagggggacaatt tttggt ct gcaggectt
GATA
-1476 tgcatctgttctgct gttgct cagcaat ct cacagcaaattt gccgagect ct ccggaat gcacagccagacagagcet ca
-1396 gcgcaaaagct agagaacct ggcggagggagact cacagt gccacaaaaaaactttatcttttctttttttttttctttt
-1316 ctttctttctctttctttcttgtctttctgtectttectectetctctetetgtetttetttectctetttetttetttttt
-1236 cct acat ggcaagat ct cct cat ggcagaaat aat ctgccttgacttct gt ttccacgct get t ctgccaggaccat gcg
-1156 ctcggegtgtttttctttccgetataattat ccaggecccatcccagcet ctggtceccct caget gttccct gggcaagt cc
-1076 cttctgctggt gaaaacacat at ggcgccggcect gaccaagggt gt aaagt gt gt gaat at caggaagat gact gaacgt
-996 ctttggggaactccgtttcct cattgt aaaat gggaggt tat at acagect tcttctactccccaaacgcacgt gttt gt
-916 cccggcagagggeccaat t gt t ggget gt t cacgegt cagtt acccccacaggacgggt cage caat t aaaggcgaacag
CRE1
-836 gcccggtccatctcctgacgecttttctcat ccagget gacagcaact get t ggccgget ct gectt gt cacgt gcgggg
-756 gccggeecgtttget tgtct gt gt gt aggagegt gaggt cacget ggt get cccgecccgecggggect ttagt gt cect
PPRE / TRE/ CREL

-676 Qgt cctaaacgcaggccgct ccaccggggagaggcgcgaaccccagecgagcccaacggt gt t gt cggt t gccgggecac
MyoD

-596 ctgttgctgcagttctgattgttcctt cccccgacaaggeggeggttttaaccaatt gaaaagggagec gtt gggaagec
-516 ccaattcccggecct tgcaggagccaagccggggtt ggt t cgcaggaggtt ggt t agttt gcccaggt t agggggt t gge
-436 cccataaaaggaggaagt gcaact taagaacaacggccccggt t ggaacget gt t agaaaccgt cct ggct t gggaaggce
-356 aaggaggtgttgttgacttggacaagacttgtttctggcggttcagttctt gccat ccttcacagaggt t ggcggeccga

AP-2

-276 gagagtttgaggcagaggcggggatt gcaagggagt gac cat ct cggggaacgaaggagt aaacgcggt gat ggacgcac
-196 ggaaacgggagt ggagaaagt cat ggagagaaccct caggcggggcggt ccccgcggaaaggc ggcet gct ccagt cat ce

C/EBP Sp-1
-116 gcacccaagt aggagct ggcaggcccggecccgecccgeaggecccacceegggecccgeccccgagget t aagccgege
AP-2 Sp-1 Sp-1
-36 cgccgectgegeggagecccact gegaageccaget GOGOBDE0CT TGEGATTGACTGICCACGCTOECOOBECTAGICC
Sp-l (-1) AP-1
+45  GACGOGEOCCTOOGOCASOCGA CAGACACAGCOCCACGCACTAOOGTGI TCT COCCT GOGECTCGGACACATAGTATGACC
Sp-1 AP-2 Sp-l

+125 ATTAGGIG TTOGTCTOCCACCCATTT TCTATGGAAAACCAAGGEGGATCGEEOCATGATAGCCACTGECAGCT TTGAAGA
+205 ACGGGACACCTTTAGAGAAGCTTGATCTTGGEAGEOCTCACOGT GAGACCTT ACAAGEOOGGAT TOOSECAGAGI TCCTCT
+285 ATCTCOGICI TGITGCTGATTAAAGET GOCCCTGI CTCCAG T CTCCAT CTCCTGEGACGT AGCAGGAAATCACCATC
+365 ATG

Fig. 6-3 Proximal promoter of human UCP2 gene and regulatory sequences. Numbering +1
isthe transcription initiation site marked by an arrow. Intron 1 and 2 splicing site are bold in

uppercase.
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6.1.2. Analysis of Human UCP2 Promoter Function

6.1.2.1 hUCP2 promoter-CAT fusion constructs

Promoter of hUCP2
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Fig. 6-4 Cloning strategy for pPCATBhU2-5, pCATEhU2-10.

For a functional analysis of the above mentioned regulatory elements possibly
controlling human UCP2 expression, transient expression assays were carried out utilizing 14

various hUCP2 promoter-CAT fusion constructs (Fig. 6-4).
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Fig. 6-5 Cloning strategy for constructs of pPCATEhU2-7, pCATEhU2-25, pCATEhU2-28,

pCATEhU2-1 from pCATEhUZ2-10.

A 3.4 kb fragment of the 5’ flanking region of hUCP2 gene was inserted into

the Smal/Bglll sites of the polylinker region of the pCAT-3 Enhancer and Basic vector,
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designated as pCATEhUZ2-10 (p10) and pCATBhU2-5 (p5) (Fig. 6-5). The following numbers
are based on +1 for the transcriptional start site. pPCATEhUZ2E-1 (pl) was created by a Mlul
digest removing sequences between —3271 and —884 of pl0 and the plasmid was religated.
pCATEhU2-28 (p28) was generated in asimilar way using Sacl (-1398).

CATENhU2-12 (p12) was created from pl0 by EcoRI digest and the resulting
fragment cloned into the pCAT-3 Enhancer Vector in opposite orientation. pPCATEhU2-7 (p7)
was constructed by using Smal (-68) and Spel (remaining polylinker site from the TOPO
Vector) which removes the sequences between —65 and + 110 of p28. pCATEhU2-25 (p25)
was created in a similar way using Sacll (-146) and Spel. pCATEhU2-22 (p22) was
generated from pl0 using a Sacl (in the polylinker of pCAT-3 vector) and Smal (-65) digest
to release the sequences between —3271 and —65. pPCATEhUZ2-11 (p11) was generated using
Sacl (-1398) and Sacll (-141) (Fig. 6-6).

pCATBhU2-2 (p2) was created by a Mlul digest removing sequences between
-3271 and —884 of p5 and religation of the remaining vector. pCATBhU2-4 (p4) was
generated in a similar way using Sacl (-1398). pCATBhU2-3 (p3) was generated from p5
using a Sacl( located in polylinker of pCAT-3 vector) and Smal (-65) digest to release the

sequences between —3271 and —65.

6.1.2.2. Endogenous expression of UCP2 in the different cell lines

Reverse transcription-polymerase chain reaction(RT-PCR) was carried out in
C.Cyi2, Hep-G2, Hela, CV-1, NIH-3T3 and GH4-C1 cell lines to check for the endogenous
level of UCP2 mRNA expression. It was found that there is significant transcription of UCP2

MRNA in each cdll line, with adlightly stronger signal observed in Helacells (Fig. 6-6).

Molecular M C,Ci, NIH-3T3 CV-1 Hela Hep-G2 GH4-C1
Marker (bp)
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Fig. 6-6 Identification of endogenous expression of UCP2 in the different cell lines utilizing

Reverse transcription-polymerase chain reaction (RT-PCR).

6.1.2.3. Transient expression assays

To analyzehUCP2 promoter fuction, transient expression assays were carried out
utilizing above mentioned the hUCP2 promoter-CAT fusion constructs. Promoter activity was
monitored in 6 cell lines derived from various tissues. The results of transient expression
assaysin Hep-G2 and CV-1 are shown in Fig. 6-7.

The longest construct pl0, from —3271 to +110 of the human UCP2 gene
promoter, showed CAT expression at the same level (100%) relative to that of the positive
control (SV40 promoter). Deletion of the sequences between —-3271 and —1398 (p28)
exhibited greatly decreased promoter activity; further deletion to —884 (pl) resulted in the
lowest CAT expression. Maximal CAT expression occurred(140% relative CAT
concentration) with construct p11, which contains the hUCP2 promoter sequence from —141
to +110. The shortest construct p22 (from —65 to +110) showed between 20 to 40%
expression of the positive control implying that this region could be regarded as a minimal
promoter. The fact that the region from —141 and +110 (p1l) exhibited maximal promoter

activity suggests the presence of a strong cis-acting positive regulatory element (or enhancer).
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At asimilar location (-233 to -34) an enhancer controlling UCP2 expression has recently been
described in mouse (9). A few cis—acting negative regulatory elements (or silencers) were
located in the region from —1398 to —884 and from —884 to -141, which greatly repressed
promoter activity by interacting with the above mentioned cis-acting regulatory element.
However this negative effect could be partially overcome by interactions with regulatory

motifs existing in the region from —3271 to —1398.

CAT protein concentration in percent
relative to that of the positive control
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Fig. 67 Results of transient expression assays of pCAT"-3 derived enhancer plasmids
containing various length of the 5 flanking region of the human UCP2 promoter. CAT
protein concentrations are expressed in % relative to that of the control vector which was set
at 100%. Data are represented as the means + S.D. based on triplicate assays of three separate

experiments.
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Fig. 6-8 Comparison of the promoter activity of four different human UCP2 promoter
deletion constructs relative to that of the positive control vector in C,Cy, ,CV-1, Hela and
GHA4-C1 cell lines. Data are represented as the means + S.D. based on triplicate assays of

three independent experiments.)

The next series of experiments focused on elucidating precisely possible
interactions among regulatory elements by comparison of the promoter activity of constructs
p8, P25, p6 and p7. The constructs p25 and p7 showed 25% and 20% CAT expression relative
to that of the positive control plasmid (see Fig. 3). This finding suggested the additional
presence of negative elements in the region from —3271 to —1398 and positive elementsin the
region from —1398 to —884. If both elements are present (p8 or p6), this results in

counteracting effects leading to a drastically reduced promoter acticvity. In contrast, the
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existence of positive regulatory elements alone in p25 (or p7) the promoter activity will be
partial recovered.

Furthermore, effects on transcription from negative elements located in the region
from —1398 to -884 becomes only evident with the existence of positive cis-acting regulatory
elements (or enhancers) located at the sequence between —141 and +110. Constructs p6 and
p8 were essentially inactive indicating once again that the first 141 bp upstream from the

transcription initiation site are significantly important for human UCP2 gene promoter.

6.1.2.4. Comparison of transient expression assays in various cell lines

To determine the above-mentioned regulatory elements contributing to the
ubiquitous hUCP2 gene expression, the constructs of p10, pl11, p22, and p7 were transiently
transfected into C,Ci», Hela, CV-1, GH4-C1, Hep-G2 and NIH-3T3 cell lines (see Fig. 6-8).
The results showed that there is no obvious variation in CAT expression among Hep-G2,
NIH-3T3, C,Ci;» and Hela cell lines derived for most of the constructs, except from a
relatively lower CAT expression found in p22 in Hela cells, which suggests that the possible
presence of regulatory motifs contributing to the ubiquitous human UCP2 gene expression
localized in the sequence between nt —3271 and —65. However, CAT expression from each
construct was significantly lower in CV-1 and GH4-C1 cells. Interestingly, extremely high
levels of reporter gene expression were observed for the mouse UCP2 promoter in GH4-C1

cells (Y oshitomi et al., 1999).

6.1.2.5. CAT expression with pCAT"-3 reporter basic vector
Additional 4 constructs were constructed in pCAT"-3 reporter basic vector. No

detectable CAT expressions variation among constructs was observed in various cell types
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suggesting that SV40 enhancer present pCAT"-3 enhancer vector is necessary for transient

expression CAT protein (Fig. 6-9).

CAT protein concentration in percent
relative to that of the positive control
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Fig. 69 Results of transient expression assays of pCAT"-3 derived basic plasmids
containing various length of the 5 flanking region of the human UCP2 promoter. CAT
protein concentrations are expressed in % relative to that of the control vector which was set
at 100%. Data are represented as the means + S.D. based on triplicate assays of three separate

experiments.

6.2. Discussion

UCPL1 is expressed exclusively in human brown adipose tissue, which is very scarcein
adult humans. UCPL1 therefore is unlikely to be involved in weight regulation in human and

adult large-size animals living in a thermoneutral environment because there is little brown
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adipose tissue present in adults (Huttunen et al., 1981). UCP2 is markedly different from
UCPL1 in the way that UCP2 mRNA is widely expressed in skeletal muscle, lung, heart and
kidney as well asin tissue of the immune system. Three microsatellite markers encompassing
the UCP2 locus and spanning a 5 cM region on 11913 were found to be linked to resting
energy expenditure in adult humans (Fleury et al., 1997). In UCP1 knock-out mice the level
of UCP2 expression complementarily increased five-fold in BAT (Enerbéck et al., 1997). In
A/J mice given ahigh fat diet UCP2 mRNA was overexpressed in WAT (Suiwit et al., 1998).
These results strongly suggested arole of UCP2 in thermogenesis and energy balance.

Uncoupling proteins are well known to be under strict transcriptional regulation. The
UCP1 gene is mainly regulated at the trancriptional level and is positively regulated by the
sympathetic nervous system in rodents (Riquier et al., 1985; Arch et al., 1988; Bianco et al.,
1997). More recent studies suggest that UCP3 may indeed be regulated in a similar way as
UCP1 (Riquier et al., 1986; Muzzin et al., 1989; Gong et al., 1998; Boss et al., 1998).
Thyroid hormone (T3) and insulin activate UCP1 gene transcription. The ability of a high fat
diet to induce obesity and diabetes in mouse is related to the expression of UCPL in BAT and
UCP2 in WAT, and is unrelated to differential expression of UCP2 and UCP3 in skeletal
muscle or BAT. In rat, expresson of UCP3 mRNA is similar to that of UCP1, markedly
increased in BAT of obese Zucker rats after chronic treatment with 33-adrenoceptor agonists,
but no change in WAT and skeletal muscle could be found. It seems that insulin may play a
role in the control of UCP2 and UCP3 mRNA expression in WAT, which actually increase
UCP2 and UCP3 expression in rat adipose tissue and muscle (Gimeo et al., 1997; Millet et
al., 1997).

Transgenic animals, primary cultures and cell lines have been used to determine
tissue-specificity, hormone regulation and cis-/trans-acting elements in the upstream region of
mouse and rat UCPs. However so far the transcription regulation of human UCP-2 and -3

expression have yet not been described. In the present study, we have cloned 3.3 kb of the 5'-



Chapter 6. Molecular Cloning and Functional Characterization of the Promoter Region of the hUCP2 Gene 105

flanking region of the human UCP2 gene and characterized its promoter function using
deletion analysis of hUCP2-CAT fusion constructs transiently expressed in various cell lines.
Analysis of regulatory motifs in the 5-flanking region of hUCP2 gene reveals that the
ubiquitous expression of UCP2 involves complex interactions of positive and negative
regulatory elements. Deletion analysis identified five regions (A,B,C,D,E) for hUCP2 mRNA
regulation. 1. The region showing minimal promoter activity extends to —65 bp (region A) in
the UCP2 gene; it lacks a classical promoter factor TATA or CAAT box; however is GC-rich
resulting in the presence of Sp-1 and AP-1L/AP-2 motifs, which is comparable to the mouse
UCP2 promoter but different from the UCP1 and UCP3 promoter (Kozak et al., 1994,
Y oshitomi et al., 1998; Y oshitomi et al., 1999). 2. A strong cis-acting regulatory element (or
enhancer) with significant improvement of the basal promoter activity is located between —
141 and -65 (region B). A similar location for positive elements controlling UCP2
expression in mouse has recently been described by Yoshitomi et al. They found that the
region located between nt —233 to —34 in the mouse UCP2 promoter revealed especially
strong enhancer activity and that at least 601 bp of the 5 flanking region contributed to the
ubiquitous expression of mouse UCP2 (9). An enhancer within 220 bp located in the promoter
region of the murine UCP1 gene was reported to be critical for tissue-specificity and
regulation via 3-receptors (Kozak et al., 1994). 3. The presence of a few cis-acting negative
regulatory elements in the region from —1398 to —884 (region D) and the region from —884 to
—141 (region C), which greatly repressed the promoter activity by interacting with the cis-
acting regulatory element located in region B, as well as positive regulatory motifs existing in
the region between —3271 and —1398 (region E) and the region from —1398 to —884 (region
D). 4. A comparable working model with murine UCP1 gene for the regulatory regions of
human UCP2 gene expression, involves a complex series of interactions between the five

regions.
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Potential consensus binding sites for transcription factors within the 5'flanking region
considered to be of functional importance in the regulation of human UCP2 expression are
shown in Fig. 6-10.

Evidence from in vivo and in vitro studies suggests that norepinephrine binds to 31-
and [33-adrenergic receptors to initiate a CAMP signal transduction pathway which activates
UCP1 gene transcription (Rehmark et al., 1990; Akira et al., 1990). Multiple CREBs have
been identified associated with many genes, but UCP genes have more than most other genes
that may imply their putative regulatory function. Four CREB1 sites have been reported in the
mouse UCP1 promoter with a core sequence CGTAC resulting in essential functions:
CREB1-2 was critical for enhancer function, and mutation of CREB1-4 completely knocked
out expression (Kozak et al., 1994). While seven are present in the rat UCP1 gene which all
were active (Cassard-Doulcier et al., 1993), only two were found in the mouse UCP2 gene
(Yoshitomi et al., 1999). Three CREBP1 motifs were found in the regions C, D and E, (nt —
3271 to —141) of the hUCP2 gene, similar to the corresponding mouse gene, where they seem
to play arole in the positive regulation of UCP2 mRNA after induction by 3-3 agonists. The
33 agonist R016-8714 could increase UCP2 mRNA expression levelsin rat brown adipocytes
and skeletal muscle, a similar phenomenon was also observed for rat UCP1 and UCP3 (Gong
et al., 1998; Boss et al., 1997), which supports the role of CAMP as a positive regulator of
UCP2 expression.

A consensus CCAAT/enhancer-binding protein beta (C/EBP-beta) binding site is
located in region B (from —141 to -65). The observed strongly upregulated basal promoter
activity provided from this region may mainly be contributed to the presence of this C/EBP-
beta element, which was involved in C/EBP dependent transcription regulation, especially the
action of thyroid hormone and CAMP stimulus in primary brown adipocytes (Giralt et al.,

1991; Park et al., 1993).
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Fig. 6-10 (&) Classica promoter elements and potential transcription factor motifs in the
promoter region of human UCP2 are mapped as follows. PPAR, black triangle; AP-1,
downward arrow; C/EBP, grey rectangle; TRE, white oval; CRE1, grey diamond; AP-2,
upward arrow; Sp-1, white upward arrow; MyoD site (E box), black rectangle. The
transcription -initiation site is indicated as +1. Restriction endonucleases: EV, EcoR I; SI, Sac
[; SlII, Sac II; SM, Sma |I; exonic structure are abbreviated as: E1, exonl; E2, exon2; E3,
exon3. (b) Possible model of interactions involved in human UCP2 mRNA regulation.
DNAse-| footprint analysis showed the presence of two C/EBP binding sites in the 5’
proximal region of rat UCP1 (Kozak et al., 1994), and which was also present in the promoter
of the mouse UCP2 gene (Y oshitomi et al., 1999). We found that a putative thyroid hormone
response element (TRE) consensus site located in region E (from —3271 to —1398) might be a

positive element to override the repression from negative elements located in the downstream
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region. Triiodothyronine (T3) potentiates the effect of norepinephrine and is essential for the
adaptive response of UCP1 to cold. T3 can stimulate the transcription of UCP1 gene and
amplifies the effect of CAMP acting directly on the gene (Bianco et al., 1988). Masaki et
al.(1997) described a significant increase of rat UCP2 expression by daily infusions of T3 in
skeletal muscle and brown adipocytes. Much more evidences provide a clear role for thyroid
hormone on UCP2 expression in rodents (Gong et al., 1997).

Moreover two peroxisome proliferator activated receptor gamma response elements
with half DR1 sites (PPRE) are present in region E (-3271 to -1398) and C (-884 to -141).
PPRE containing half DR1 site was reported to be involved in transcription regulation
(Forman et al., 1990), which could provide a mechanism of the positive regulation of hUCP2
expression via free fatty acids (FFAS), which are ligands of PPARY. In fact it has been shown
recently that UCP2 mRNA expression is enhanced by PPARYy agonists in pancreatic islets as
well as in cultured white adipocytes (Shimabukurio et al., 1997; Aubert et al., 1997;
Camirand et al., 1997). Other regulatory motifs such as GATA box and MyoD could also be

involved in the specific regulation of human UCP2 expression.

In conclusion, maximal promoter activity was localized within 251 bp (from —141 to
+110) of the 5' flanking region of the hUCP2 gene, which may be mainly contributed to a cis-
acting positive regulatory element (or enhancer) localized in the region from —141 to —68. A
cis-acting negative regulatory element (or silencer) located between —1398 and —141 greatly
repressed the downstream positive regulatory element activity. The UCP2 expression is
subjected to complex interactions among positive and negative regulatory elements
distributed over a minimum of 3.3 kb. Possible additional regulatory factor binding motifs
may be localized in the region further upstream. Future studies will be directed to the

identification of individua regulatory motifs localized in the entire 7 kb intergenic region
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between the UCP2 and UCP3 locus on human chromosome 11913 (Pecqueur et al., 1999), in

order to identify the underlying mechanisms orchestrating human UCP2 gene transcription.
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Chapter 7. Functional Characterization of the 5'-Flanking Region and the

Promoter Region of the Human UCP3 Gene

The newly discovered member of the uncoupling protein family, UCP3, is considered
as important regulators of energy expenditure and thermogenesis in humans. However, up to
now little is known about the mechanisms regulating gene expression of this homologue. In
this study, about 5 kb of the promoter region of the human UCP3 (hUCP3) gene have been
cloned by genome walking, and the transcription initiation site has been mapped. Sequence
analysis of the promoter region revealed typical classical promoter regulatory elements as
well as consensus motifs for various transcription factors and muscle-specific genes which
may influence hUCP3 gene transcription in vitro and in vivo. Deletion analysis of a 3 kb
hUCP3 promoter fragment subcloned into a pCAT reporter plasmid was performed and the
resulting basal promoter activity monitored after transient transfection of the deletion

constructs into different cell lines using acommercially available CAT-ELISA.

7.1 Result

7.1.1. Cloning and characterization of the 5" flanking region of the hUCP3 gene
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Fig7-1 Schematic representation for the construction of pCATBhU3-20.

To identify sequences of potential functional significance, putative regulatory

elements in the promoter region of human UCP3 gene were searched. Computer-assisted

analysis of the promoter region revealed a consensus sequence for a TATA box at position -

231, numbering based on +1 for the transcriptional start site. No GC-rich Spl1-like sequences

were found (Fig. 7-1).
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-4373

-4293

-4213

-4133

-4053

-3973

-3893

-3813

-3733

-3653

-3573

-3493

-3413

-3333

-3253

-3173

-3093

-3013

-2933

-2853

-2773

-2693

-2613

-2533

-2453

-2373

accctccgt cagettt gt ccaget t gcaggaggcaccaggt ct gget cct t caggget gt cacagt cct gaaaccacca
ttgcctggggiacggatgcctcaagagacccggtcagcccagactggaggagtgccccaaaccagtccagtgtccactt
gccagaatttcagctccttttttct gt ggt gaggcaaaggct agaaat aaagt ggaanccgcgcccaagt gggacccazs
caggcat cttt cggt ggagaaacgccccccagt gt cctt gacacagct gact gct ggcat gagcccaccct ct gect ge
gat gcaggaccat tttt gccgt aaaagt t ggggaggagggacat gt aat t gt gt gcat ngt gcat agt caaggaaat cc
aggggccacct ccaagttcatttgtt gt gggaacaaggat attttctagatacaaattatttttatgetgtgttgaatt
at caat t aggagaggaaggggagat cacttccttcaaactttttatctgattgtct aaaattctaaccatgcttttaac
tattatttttacccagctctgaaggtcattgttcttgectgtgtttgaataaaatcatattggtgtttgtaatctgtge
caagt gt t t cgct gggagt ggggat gct aggaat t cgt gt gt gccct aact gccagagagaaagat t aacaaccat ace

cccacgct agacgaaagat caat caccaat gagact t ct gggct cct ccagaaat cagggt t gggt ccaagat gacaag

gaacacccaagttatttcctttgct gat gctt gaaat cccat cagacaaagcccccgt ggggaggacaggaaaagggcec

t ggat gggt gcagt ggct cacacct gt aat ccaaacact t t gggaagccgaggcaggcagat cagaggt caggagt t
CRE2/TRE
t gagact accct ggccaacct ggcaaaaccccgt ct ct act aaaaaaaaaaaaaaat acaaaaat t agct gggcgt ggt

cacgcct gt agt cct agct act caggaggct gaggcaggagaat cact t gaacccaagaggt ggaggt t gcagt gaace
agaccacgccact gcact ccagcct ggacaacagagcaagact ccgt at cacaaaaaaaaaaaaaaaaat ggggt cgcee
gagccaaat gt gcagagt gagcagt gt ggct gggcaacaggct tt cacccccaagt acat gccact t cact cagt cct ¢
aaacagctctctaactctagatattatgatatctagagtttctgtaagttcagtgttttgectctgtttgtgtagttac
aagt gat t aaccacacaagaaat cccagaggt at t gcaaggct act gct t t cagt aat caaaacaaggt acagccaat ¢
gt gct ct gaat tt agggact t cat ggagaaagaccat gt gggct ggggcagt cagggaaggct t cct agaagagacagg
ctt ggggt gagcacagagaat t ggcccaggct gt ggacagct at agagagagagccaggaaagcct gt gagcagt gt ge
gct ggagat agagaccagt ct cacgcgt ct gagcct ct gt ggcct cgt ct gt aaaacagagat aat caccccagctt ci
t ggggt t gt gaggaagat caaat gagat gacat t t gt gaaagt gctt cgcctact t t t ggcacat ggt ggaagct t agg
aat gt cagccccacccact ctcct gact t t cgggagcaaaccagt agagaggcaagcat gcagccact ggggcaggcag
gcact cct gggcct cagagggt gcaaaat gat gcgggaacct caaggaaggagt gggt gct gectt ct t ggt gacaage
ctcccgettcetatttatctctgetccgacgect gccagecccacccct ccccagcaccacagaggecagect cect ct ce

gt caccagcacagagcat t caaggcccagggccccact t ccct t ggggcccaggggacct aaagaggggcagt caggge
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-4293 accctccgt cagetttgtccagcettgcaggaggcaccaggt ct ggcet cctt cagggcet gt cacagtcct gaaa. . .. ...
CRE1
-3413 tggatgggt gcagt ggct cacacct gt aat ccaaacact tt gggaagccgaggcaggcagat cacct gaggt caggagt t
TRE CRE1l
-3333 tgagactaccctggccaacct ggcaaaaccccgt ct ct act anaaaaaaaaaaaaat acaaaaattagetggg. ... ...
-2213 caggcctgagagggaaagccccaggt aaagaat att cct ccaaat cccact ccagct cccgcagacaacct gat cggggt

TRE
-2133 caggaggacacact cct accccaggcet gagageagect ct gat aacacaaaaggacc ct gagggt ggagacct cccacct
GATA
-2053 ccacttcaaaacagt gtgttatttatcaatatcttatccccggaagttgaatctatctcccagt gccaact ccgagat aa
GATA
-1973 atgacttgaccaggcgt gt ggcat ggat t aaggcat gagat aggt gt t cccaccaccagaacgagccagt gget gect ct
GATA

-1893 cttcccttt gagecect coct ccacagagacct gt gaat aggt gt t t ct gat ccct aggcet ggt t gcat cccaacccagag

-1813 caggcagccttcggacttct agcat ggget ggect caggacat ggagccaaagcaggcagacct ggccct gecct caage

-1733 tcccaagcet aaagagagcect ggecct ccct cccact aggtttct ccagagect get gect cet ggtttgggettctactc

-1653 tattcttcccccacagactccct gcaatttact geat cacct ct agact agcaat t acagat ggagct cagaacct act t
Sacl

-1573 cct gagect t cct aat ct cagcagecct gacagccactt ccct ¢t t aacaccaat gcaget gcttattctgetgacatta

-1493  aggt cagggccct ggt ccaaggaagaggacaggt acageccaaget tt gcact t gaacat ccat get t ¢t gaccacct gc

PPRE/ TRE E-Box
-1413 cct gt gacgct ggcet ct gt gccccagt ccagaaaagact t ct gect act cct cct ct gecct acccagt t aact cecttt
BRE

-1333 Et tcecectccecttet gettct cactecctceccct ccecttetettecttettct ccecectt ccccecat cacct ggggeccgatt
-1253 cagctgtgcccagcccttact ct gagt gcccacagat ggagcctccagtagcttct gt ggggcaccctt ccaccaggtcc

E-Box
-1173  cagct ccct t gget ccageagt gt ccat get aaagect ccaagt gt cat gt t ggagagaat ggt ggt cacagt agat aag
GATA
-1093 cccaaaat gccttacagtttacagget ggagt caggecccgecac gt get gget acat gactt ccct gagattccatttc

BamH| E-box
-1013 ctcctcagt aaaat aagt ggt aagat t tt aggat ccccagcact aaaaagaaacgaaat act gat acaggct ccaacat g
-933 gat gaattttgaaagcattactat act aagt gaaagaagccagt cacaaacaagcacat att ggat gat t ccatt t ct ag
C /EBPR
-853 gaagtgttcagaacaggcaaatttat agagacagaaagt agatt gattagt ggtt gcct gaggct ggggagcgggggaag
-773  ggaggt gact accaat gt gt at ggagt t t t t ccagggt gagagggt gat gaaaat gt t ct aaaat agat t gt gt t gat gg

CAAT box MEF2
-693 ttgtgccact cagaat at act aaaaaccatttgaatt gt gcactt gaaacagat gaattgtacggtatgtgaattctata
E-Box
-613  {caat aaat ct gt aattt aaaaaaaaaatt aggt cgggt gcagt ggct cacacct at aat cccagcact ttgccagactg
E-Box
-533 aggcaggaggat cactt aagcccaggagt t caagaccagcct ggggaacacagcaagacct cgtct ct act aaaaaattt
E-Box

-453  {aaattacaaaaaaaaaagt aaaaaaaat agaat cct aat agt acct at ct cat aggat t gt ggaaaat agt agt aat gt
-373  atgtaaaat attt agcacat agt aggcacaaagaaat gacat t at t at t aagagacct gggagagct gt gcccagect at

MEF2

-293 cgt gggaggccttgacctttggact caaaagt ggcagcaggt ccacccccccat acaccctt gt caccaaggaagcegtcc

Sul PPRE CCAC box CRE2

-213 acagcttaaaggagct at att aaagcaccccaagt caagaggact gaaccagat ct ggaact cact cacctcccctctca

E-Box Balll E-Box
-133 cct cactgeccct caccagccagectct t gt caagt gat caggcet gt caaccaacttct ct aggat aaggtttcaggt cag
E-Box E-Box TRE PPRE
-53 cccgtgtgt at aagaccagt gccaagccagaagcagcagagacaacagt gaat GACAAGGAGGGEECCAT CCAATCCCTGC
TATA box A (D) CAAT box
+28 TGCCACCT CCTGEGATGGAGCCCT AGGGAGCCCCTGTGCTGCCCCTGECOGT GACAGGACT CACAGCCCCACCECT GCACT
E-Box

+108 GAAGCCCAGGGECTGT GGAGCAGCCTCT CTCCTT GGACCT CCTCTCGECCCT AAAGCSGACT GEGCAGAGCCT TCCAGGACT

+188 ATG

Fig. 7-2 Sequence of the human UCP3 5-flanking region. Consensus sequences for classical

promoter elements and putative transcription factors present in the 5 flanking region are
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underlined. Numbering is based on +1 for the putative transcriptional start site, which is
marked by an arrow. The splice site for intron 1 isindicated in bold capital |etters. Restriction
sites within the sequence used for generating the promoter deletion constructs are indicated in

bold letters.

Computer-assisted analysis of the promoter region (Fig. 7-2) revedled a consensus
sequence for a TATA box at position -45 (numbering based on +1 for the transcriptional start
site). No GC-rich Spl-like sequences were found. Two myocyte-specific enhancer factor-2
protein (MEF2)-like consensus binding sites (Andres et al., 1995) at position -332 to -323 and
—715 to —705 can be detected which activate transcription via binding to a consensus A/T-rich
cis-element widely found in the control region of muscle-specific and growth factor-induced
genes (Liu et al., 1994). Moreover, an abundant number of recognition sites for muscle-
specific factors such as E-Box (or MyoD elements, Nakayama et al., 1996) are located in the
proximal part of the promoter region. A CCAC box motif at position -251 to -242, which
previously was described in the myoglobin promoter is necessary but not sufficient for
muscle-specific gene transcription (Bassel-Duby et al., 1992; 1993). The CCAC box could
play acrucia role in UCP3 gene transcription. Two CCAAT boxes can be found at positions
+17 to +21 and -762 to —758. Three putative response elements for PPARy ( are located at
positions -67 to -56, -281 to —269 and -1501 to -1488. Since PPARYy is known to be expressed
in skeletal muscle, their response elements provide a mechanism by which free fatty acids
which are ligands for PPARy enhance UCP3 expression during fasting. This is in perfect
agreement with the selective expression pattern of UCP3 in skeletal muscle. In addition,
severa putative thyroid hormone response element consensus sites can be found. The TRE

element at position -3355 (the sequence is 5'-AGATCACCTGAGGTCA-3) differs by a
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single nucleotide from the canonica DR4 motif (AGGTCA(N4AGGTCA) described by

Umesono et al. (Umesono et al., 1991).

Promoter region of the human UCP3 gene

-1 ATG (+186)

vov‘H‘vw’_vawvmw ......

1.0kb

-4373 -2983 J'L

W.l_ﬂ 00 ﬁj\v

L taTAbox, | cAATb, E-box,T PPRE, OGATA,

‘ MEF2, [] CCACbox, I TRE, vk CRE, ¢ C/EBPB, HBRE

Fig. 7-3 Schematic drawing of the human UCP3 promoter region. Promoter regulatory
elements and potential transcription factor binding motifs are marked as follows. TATA box,
black triangle; CAAT box, downward arrow; E-box, white triangle; PPRE site, upward
arrow; GATA element, grey oval; MEF2 site, grey diamond; CCAC box, grey rectangle;
TRE, open upward arrow; CRE, black star; C/EBP3, black downward arrow; BRE site, open
downward arrow. The transcription-initiation site at position -187 is indicated . Exons 1 and

2 are marked as black boxes.

Thyroid hormone has long been recognized as a thermogenic hormone; its effect is
believed to be caused by a generalized stimulation of the metabolic activity of most tissues
(Rabelo et al., 1996). Within the upstream TRE element a consensus sequence for a CAMP
response-like element (CRE-like) can be identified (5-TGAGGTCA-3', Kozak et al., 1994).
A CREL site (CTCCGTCA) is localized at position -4290 to -4283, a CRE2 site at -219 to -
214. This implies a regulation of UCP3 expression via intracellular changes of CAMP levels
due to the activation of beta-adrenergic receptors, in particular of beta-3-adrenergic receptors.

In fact, regulation of UCP3 expression has been demonstrated to be increased in rodents after
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administration of selective beta-adrenergic agonists (Gong et ai., 1997; Yoshitomi et al.,
1998). Furthermore a C/EBPI3 binding site can be found at position -930 to-917. Finally, there
are four potential GATA sites and a single BRE element (-1338 to -1332). GATA-4 is an
essential transcription factor in heart development (Qin et al., 1997, Kozak et al., 1994). An
overview of all regulatory elements localized in the hUCP3 promoter region is shown in Fig.

7-3.

7.1.2. Fuctional analysis of the human UCP3 promoter

7.1.2.1 Human UC3 gene promoter-CAT fusion constructs
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Fig. 7-4 Schematic representation of the construction of pCATEhU3-27 (p27), pCATEhU3-

21 (p21), pPCATEhU3-17 (p17) and pCATEhU3-26 (p26).

In order to examine the basal transcription activity of the human UCP3 promoter a
3 kb fragment of the 5’ flankingregion have been subcloned into a promoterless CAT-vector

(pCAT-3 Enhancer Vector) giving rise to p20.
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Fig. 7-5 Construction of pPCATEhU3-14 (p14), pCATEhU3-18 (p18), pPCATEhU3-19 (p19)
and pCATEhU3-23 (p23).

Various deletion constructs including nested deletions were generated from p20
utilizing unique restriction sites located within that promoter fragment. To test for the

presence of possible enhancer activities some of the constructs were fused in opposite

orientation to the CAT gene.
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7.1.2.2. Endogenous expression of UCP3 in the cell lines

To check for the endogenous level of UCP3 mRNA expression reverse

transcription-polymerase chain reaction (RT-PCR) was carried out in CoC12 HepG2, Hela,
CV-1, NIH-3T3 and GH4-C1 cells. A strong signal of UCP3 transcription was detected in
C2C12 cells, weak signals were observed in CV-1 and NIH-3T3 cell lines. However, no

message was detectable in HepG2, GH4-C1 and Helacell lines.
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Fig. 7-6 Endogenous expression of UCP2 in C,Cy, Hep-G2, Hela, CV-1, NIH-3T3 and GH,-

Cl cdl lines.

7.1.2.3 CAT expression assays
After transient transfection of all generated CAT fusion constructs in various cell lines
the resulting CAT expression was monitored. To compare the level of CAT expression, a

positive control plasmid where CAT expression was placed under the control of the SV40



Chapter 7. Functional Characterization of the 5'-Flanking Region/Promoter Region of the hUCP3 Gene 120

promoter as well as a negative, promoterless basic vector were used. Levels of CAT
expression were calculated as fold induction of the negative control (promoterless vector)
after normalization to protein concentration and/or cell number. The results of the CAT assay
areshown in Fig. 7-7 and Fig. 7-8.

From the six different cell lines tested (C,C,,, CV-1, Hep-G2, Hela, NIH-3T3, GH,C,)

12!
CAT expression level were highest in C,C, and CV-1. The longest promoter fragment p20
exhibited only a moderate activity. Deletion of about 2000 bp (construct pl4) resulted in a
strong increase of basal promoter activity comparable to that of the positive control plasmid
containing the SV40 promoter. Further deletion of sequences between -982 and -622 (p27)
and -622 to -284 (p21) led to a 50% reduction of promoter activity as compared to pl4.
However, the levels of CAT expression were quite similar between p27 and p2l. These
findings indicated not only that a strong enhancer element of basal promoter activity is
located between nt -982 and -622 in the human UCP3 promoter, but also that a cis-acting
negative regulatory element is localized within the region from nt -2983 to -982. Deletion of
sequences from nt -284 to -162 (p18) reduced the promoter activity further to alevel at least 5
fold higher than that of the promoterless construct implying that this region can be regarded
asaminimal promoter. The presence of a strong enhancer element between nt - 982 and -622
is well documented by the fact that in construct p19, in which the orientation of the insert of
pl4 is reversed, considerable promoter activity could be detected which was comparable to
that of p21. This effect completely disappeared in construct p23 where the minimal promoter

fragment of p18 was fused in reverse orientation to the CAT gene.
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Fig. 7-7 Result of the CAT expression assays of pCAT--3 derived enhancer plasmids
containing various lengths of the 5 flanking region of the human UCP3 promoter in C,Cy»
and CV-1 cells. CAT protein concentrations are expressed as fold induction of that of the
basic vector. Data are represented as the means +/- S.D. based on triplicate assays of three

separate experiments.

The presence of a cis-acting negative regulatory element in the upper part of the hUCP3
promoter region can clearly be demonstrated by successive nested deletions of p20 (see Fig.
3). In p17 which only contains promoter sequences of nt -2983 to -1585 the inhibitory effect

is most prominent; gain of additional sequences downstream of a Sacl restriction site at
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position -1585 (see constructs p15, pl6 and p26), especially those of the region between -982

and -162, showed a progressively increasing promoter activity.
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Fig. 7-8 Comparison of the promoter activity of six different deletion constructs in C,Cys,
CV-1, HepG2 and Hela cell lines. Data are represented as the means +/- S.D. based on

triplicate assays of four independent experiments.

7.1.2.4. CAT expression in the cell lines



Chapter 7. Functional Characterization of the 5'-Flanking Region/Promoter Region of the hUCP3 Gene 123

When comparing the CAT expression levels of six selected UCP3 promoter

constructs, basal promoter activity was highest in CoC1 5, less pronounced in CV-1 and NIH-

3T3 cells while HepG2, Hela and GH4-C1 cells exhibited the lowest activities. This is in
perfect agreement with the fact that UCP3 expression is amost exclusively restricted to
skeletal muscle. From the various constructs tested, pl4 showed the strongest promoter
activity in al cell lines with decreasing efficiencies in constructs p27, p21, p18, p26 and p20
(see Fig. 4). The overal genera tendency of the six constructs with regard to their promoter
activity tested in the six different cell lines was quite similar to that observed in the murine

skeletal muscle cell line C,C,,,. An exception may be the result of construct p26 in CV-1 cells

which demonstrated considerably higher promoter activity than in the other cell lines.
Nevertheless, the region between -982 and -622 could contain a muscle-specific enhancer
which contributes to the selective expression pattern of UCP3 in skeletal muscle and which is

not active in other cdlls.

7.2. Discussion

The recent discovery of two new members of the uncoupling protein family, UCP2
and UCP3, somehow has revolutionized obesity research as these homologues, in contrast to
its first member UCP1, may have a pivotal role in energy expenditure and thermogenesis in
humans (Fleury et al., 1997; Gimeno et a., 1997; Boss et al., 1997). This is supported by
linkage studies with markers flanking the human UCP2/UCP3 gene locus as well as through

the discovery of genetic variants found to be associated with sleeping metabolic rate in Pima
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Indians (Bouchard et al., 1997; Walder et a., 1998). In particular, the aimost exclusive
expression pattern of hUCP3 in skeletal muscle (little in heart) points to a direct involvement
of this gene in thermogenesis. The genomic structure of the hUCP3 gene was recently
elucidated (Solanes et al., 1997; Boss et a., 1998; Lentes et a., 1999). A striking feature of
UCP3 when compared to its other homologues is the existence of two different transcripts, a
long and a short form which are derived from the differential usage of a splice donor site at
the end of exon 6 and the presence of a polyadenylation signal (AATAAA) located in intron 6
(Solanes et al., 1997; Lentes et al., 1999). Both transcripts seem to be equally expressed in
humans (Solanes et a., 1997), with high levels in skeletal muscle and with low abundancy in
heart (Boss et al., 1997; Vidal-Puig et a., 1997).

The finding that UCP3 diminishes mitochondrial membrane potential when expresssed

in yeast or C,Cq myoblasts suggests that it may contribute to thermogenesisin vivo. Besides

being a thermogenic protein, recent studies have shown an upregulation of UCP3 mRNA in
response to fasting or circulating free fatty acids indicating a possible role of UCP3 in lipid
metabolism (Weigle et a., 1998, Millet et al., 1997).

Up to now, little is known about the mechanisms regulating human UCP3 gene
expression in vitro and in vivo. For the corresponding mouse genes first attempts to the
characterization of the 5'-flanking region and analysis of the promoter function have been
made (Yamada et a., 1998; Yoshitomi et al., 1998; Yoshitomi et al., 1999). In the present
study, we have determined the transcriptional start site of the UCP3 gene and sequenced
about 5 kb of its promoter region obtained by genome walking. A 3 kb fragment of the
promoter region was inserted immediately 5-upstream of the chloramphenicol
acetyltransferase (CAT) gene contained on a pCAT reporter plasmid and the promoter activity
determined by creating deletion constructs which were transiently transfected into 6 different
cell lines to assess their general potency on CAT gene transcription. In addition, the

possibility of tissue-selective promoter activity was evaluated in multiple cell lines.
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To study the mechanisms regulating hUCP3 transcription and to identify cis-/trans-
acting DNA elements important for UCP3 mRNA expresson we have mapped the
transcriptional start site and analyzed its promoter region. Using a cDNA preparation from
human skeletal muscle the 5" -end of hUCP3 mRNA was mapped at position -187 upstream of
the first start codon ATG. Sequence inspection of a 3 kb promoter fragment identified a
putative TATA-Box at position -45, but no Sp-1, AP-1 or AP-2 motifs near the transcriptional
start site could be found. This is different from the corresponding regions in the human and/or
mouse UCP2 promoter (Tu et al. 1999; Yamada et al., 1998; Y oshitomi et al., 1998)

Severa potential consensus sequences for transcription factors which from in vitro
experiments were thought to be important for human UCP3 mRNA expression are present.
For example, consensus binding motifs for muscle-regulatory proteins (MyoD, MEF2) , as
well as CRE1, CRE2, PPARy, GATA and TRE motifs can be found. The MyoD-binding site
(E-box) is proposed to act as a muscle-specific enhancer of murine neurofilament light chain
(Molkentin et al., 1996; Yaworsky et al., 1997), the Myocyte Enhancer Factor-2 (MEF2) site
as well as a CCAC-box motif are known to be important for transcriptional regulation of
muscle-specific genes (Olson et al., 1995; Cassard-Dpolcier et al., 1994). This is of
importance with regard to the selective expression pattern of UCP3 in skeletal muscle.

In order to define cis-acting DNA elements necessary for hUCP3 mRNA expression,
we have analyzed about 3 kb of the proximal promoter region using a CAT reporter gene
assay. Deletion analysis of the hUCP3 promoter in six cell lines of different origin revealed a
strong negatively cis-acting region between nt -2983 and -982. The region between -982 to -
622 on the other hand was found to contain a strong enhancer whose effect gradually
disappeared after consecutive deletions of the region between -622 to -162 (constructs p27 to
pl18). In p18 promoter activity was reduced to the level of a minimal promoter. The presence
of an effective muscle-specific enhancer located most likely within the region of -982 to -622

was clearly demonstrated in p19 which contains the region of nt -982 to +95 fused in opposite
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orientation to the CAT reporter gene. This region for instance contains a MEF2 site and a
MyoD element. In contrast, the localization of a negative cis-acting element in the hUCP3
promoter was narrowed down by creating successive nested deletions of the 3'-part. The
fragment with the largest deletion of the 3'-region (p17) exhibited almost no activity when
compared to the promoterless basic plasmid. Adding more and more sequences from the 3’ -
part led to a significant increase in CAT expression based upon the presence of the enhancer
region located further downstream. Since p17 exhibited the lowest promoter activity it isvery
likely that the negatively cis-acting element resides in the region between nt -2983 and -1585.
To test for tissue-selective promoter activity we have examined promoter function of
hUCP3 in different cell lines. Our results convincingly demonstrate that UCP3 as an almost
exclusively expressed muscle specific gene showed highest promoter activity in the murine

myoblast cell line C,C,,, to a lesser extent in CV-1 and NIH-3T3 cells, and with lowest

expression levels in HepG2, Hela and GH4-C1 cells. This is in contrast to the findings of
Y oshitomi et al. (1999) who showed that mouse UCP2 promoter constructs were most active

in HepG2 cells while C,C,, and NIH-3T3 cells exhibited a weaker response. These results

may be explained by the ubiquitous nature of UCP2 expression. The fact that considerable
promoter activities could be detected in CV-1 cells is somewhat surprising as UCP3
expression in kidney so far has not been reported. Interestingly, from our own RT-PCR
experiments where we checked for endogenous expression of UCP3 in the six cell lines tested

we were able to detect message not only in C,C,, (strong signal), but also in CV-1 and NIH-

3T3 cells (weak signal).

In conclusion, the promoter region of human UCP3 gene contains both TATA and
CAAT boxes as well as consensus motifs for PPRE, TRE, CRE and muscle-specific factors
like MyoD and MEF2 sites. Functional characterization of a 3 kb hUCP3 promoter fragment

in multiple cell lines using a CAT-ELISA identified a cis-acting negative regulatory element
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between - 2983 and -982 while the region between -982 and -284 showed greatly increased
basal promoter activity suggesting the presence of a strong enhancer element. Promoter

activity was particularly enhanced in the murine skeletal muscle cell line CoC 5 reflecting the

tissue-selective expression pattern of UCP3. The identification of consensus sequences for
various transcription factors, among them PPARgammer, CREL1/2, and TRE in the 3 kb
promoter fragment of hUCP3 confirms earlier findings of in vitro studies where
administration of beta-adrenergic agonists (generation of CAMP via activation of beta-3/-4
receptors expressed in BAT and skeletal muscle), thyroid hormones, glucocorticoids, and in
particular PPARy agonists were able to increase UCP3 mRNA expression. To clarify the
potential significance these elements may have on regulation of hUCP3 expression in vitro

and in vivo, electromobility shift assays and DNA-footprinting analysis should be employed.



Chapter 8. Final Discussion 128

Chapter 8. Final Discussion

Throughout most of human history, weight gain and fat storage have been viewed as
signs of heath and prosperity. In times of labor and frequent food shortages, securing an
adequate energy intake to meet requirements has been the major nutritional concern. Today,
however, as standards of living continue to rise, weight gain and obesity are posing a growing
threat to the health of inhabitants from countries all over world. Indeed, it is now so common
that it is one of the most significant contributors to ill health. Certainly, obesity is not recent
phenomenon, Ist historical root can be traced to the Palaeolithic era more than 25,000 years
ago, since stone age artifacts of corpulent women have been found in several sites acroos
Europe. However, the prevalence of obesity gas never before reached such epidemic
proportions as today.

Clinical evidence of obesity can be dated as far back as Greco-Roman times, but little
scientific progress was made towards understanding the condition until the 20" century. In the
19" century , the work of Lavoisier and others indicated the metabolism was similar to slow
combustion, and that obese and lean human obeyed the law of thermodynamics. In addition,
the discovery that fat is stored in cell, the basic unit of biology, led to the idea that obesity
could be caused by too many fat cells.

With the turn of the century, analysis of life insurance data indicated that obesity was
associated with an increased death rate. In the 1920s, a familial basis for obesity was
suggested along with descriptions of Cushing's Disease and hypothalamic obesity. Later, the
introduction of thyroid hormone, dinitrophenol and amphetamine as pharmacological
treatments of obesity opened the door to the use of drugs, and the field of genetics improved

understanding of several specific forms of obesity resulting from genetic defects.
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In terms of pathogenesis of human obesity, today most of people believe that obesity
is a consequence of an energy imbalance where energy intake has exceeded energy
expenditure over a considerable period. Numerous different complex and diverse factors can
give rise to a positive energy balance, but it is the interaction between a number of these
influences, rather than any single factors acting alone. Genetic, environmental, psychological,
and other factors al may play a part. (1) Genetic Factors. Obesity tends to run in families,
suggesting that it may have a genetic cause. However, family members share not only genes
but also diet and lifestyle habits that may contribute to obesity. Separating these lifestyle
factors from genetic ones is often difficult. Still, growing evidence points to heredity as a
strong determining factor of obesity. In one study of adults who were adopted as children,
researchers found that the subjects adult weights were closer to their biological parents
weights than their adoptive parents. The environment provided by the adoptive family
apparently had less influence on the development of obesity than the person's genetic makeup.
Nevertheless, people who feel that their genes have doomed them to a lifetime of obesity
should take heart. As discussed in the next section, many people genetically predisposed to
obesity do not become obese or manage to lose weight and keep it off. (2)Environmental
Factors. Although genes are an important factor in many cases of obesity, a person's
environment also plays a significant part. Environment includes lifestyle behaviors such as
what a person eats and how active he or she is. Some people tend to have high-fat diets, often
putting taste and convenience ahead of nutritional content when choosing meals. Some people
also don't get enough exercise. People can't change their genetic makeup, of course, but they
can change what they eat and how active they are. Some people have been able to lose weight
and keep it off by: Learning how to choose more nutritious meals that are lower in fat.
Learning to recognize environmental cues (such as enticing smells) that may make them want
to eat when they are not hungry. Becoming more physically active. (3)Psychological Factors.

Psychological factors also may influence eating habits. Many people eat in response to
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negative emotions such as boredom, sadness, or anger. While most overweight people have
no more psychological disturbance than normal weight people, about 30 percent of the people
who seek treatment for serious weight problems have difficulties with binge eating. During a
binge eating episode, people eat large amounts of food while feeling they can't control how
much they are eating. Those with the most severe binge eating problems are considered to
have binge eating disorder. These people may have more difficulty losing weight and keeping
the weight off than people without binge eating problems. Some will need specia help, such
as counseling or medication, to control their binge eating before they can successfully manage
their weight. (4)Other Causes of Obesity. Some rare illnesses can cause obesity. These
include hypothyroidism, Cushing's syndrome, depression, and certain neurological problems
that can lead to overeating. Certain drugs, such as steroids and some antidepressants, may
cause excessive weight gain. A doctor can determine if a patient has any of these conditions,

which are believed to be responsible for only about 1 percent of all cases of obesity.

There are a number of important themes, which include:

Obesity can result from a minor energy imbalance which leads to a gradual but persistent

weight gain over a considerable period. Once the obese state is established, physiological

processes tend to defend a new weight

Body weight is primarily regulated by a series of physiological processes but is also

influenced by external societal and cognitive factors.

Recent epidemiologica trends in obesity indicate that the primary cause of the obesity

problem lies in environmental and behaviour changes. The rapid increases in obesity rates
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have occurred in too short atime for there to have been significant genetic change within

populations.

The increased proportion of fat and the increased energy density of the diet, together with
reductions in level of physical activity and rise in the level of sedentary behaviour, are
thought to be major contributing factors to the rise in the average body weight of

populations.

The obesity problem can be viewed as a consequence of the massive social, economic and

cultural problem.

Epidemiological, genetic and molecular studies in many populations of the world suggest
that there are people who are more susceptible to weight gain and the development of
obesity than others. Genetic, biological and other personal factors such as smoking, sex

and age interact to determine an individual’ s susceptibility to weight gain.

As regards the treatment of human obesity, considerable advances have been made in
diet, exercise and behavioural approaches to treatment for obesity in first half of the 20"
century, and gastric surgery has had the most effective long-term success in treating the
severely obese. However, new drugs with ever better profiles of pharmacological activity
continue to be introduced on aregular basis.

The discovery of the uncoupling proteins could be a breakthrough in understanding the
complex mechanisms regulating energy expenditure and has given new stimuli for research in
this field. The results so far strongly suggest a role for the UCPs in energy balance and
obesity. Unfortunately, it is not possible yet to come up with a unifying, inclusive hypothesis

on the physiological role of UCPs, alot of questions have yet to be answered to understand
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fully the importance of these proteins, which include generating antibodies for the proteins
and developing assays to measure protein levels directly in vivo; what are the molecular and
physiological similarities and dissimilarities among UCPs? what are mechanisms of action?
are the other functions for UCP2 and UCP3?

To get more definitive proof that UCPs are involved in regulating basal metabolic
rates, and thus weight gain or loss, engineering mice should be generated, in which the genes
encoding the proteins are either knocked out or overactive, those race will be on to find drugs
that can combat obesity by tuning up the activity of the proteins. If the level of uncoupling
proteins could be dightly increased 1%-2%, then fat oxidation and thermogenesis would
increased, and that could boost the resting metabolic rates of millions of people and whittle

away their days of perpetual dieting.

Because obesity prevalence continues to increase sharply as people approach the next
century, today the challenge to public health worker and scientists in this area has never been

greater.
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