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Todos tenemos dos vidas.
Y la segunda empieza cuando nos damos cuenta
de que la primera se acaba.

Confucio
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ABSTRACT
Obesity and related
cardiovascular diseases (CVDs)
are the main cause of premature
death and chronic disability
worldwide. CVD events occur
most frequently during or after
the fifth decade of life, however,
there is evidence indicating that
the precursors of CVD have its
origin in the first decades of life.
Therefore, prevention is
fundamental to reduce the
incidence of these pathologies,
especially in young people. CVDs
are a result of complex
interactions between
environmental and genetic risk
factors.

The overall aim of the present
Doctoral Thesis was to study the
genetics variants of Uncoupling
proteins (UCP), cilliary
neurotrophic  factor (CNTF),
lipoprotein lipase (LPL) and
adiponectin  (ADIPOQ) genes
associated to obesity and others
CVD risk factors in adolescents
and the potential interaction
with physical activity (PA).

We observed significant
associations of several single
nucleotide polymorphisms
(SNPs) of CNTF and UCPs to
adiposity markers such as body
mass index (BMI), waist
circumference, waist to height
ratio or waist to hip ratio in
European adolescents. Moreover,
we also observed an interaction
between PA and the

UCP1rs2071415 polymorphism
on waist to hip ratio.

Also, others main findings
were the significant association of
SNPs of LPL, UCP and ADIPOQ with
several CVD risk factors such as
serum markers, blood pressure or
risk score. Also we observed LPL
alleles of rs1534649 and rs258
related to higher values of adiposity
markers tend to be associated with
less adiposity under high levels of
PA.

Finally, we have used an in
silico technique to search new
potential novel candidate genes of
physiology of brown adipose tissue
(BAT) as of UCP1 as a core gene.

In summary, findings of the
present doctoral thesis provide
more insights about the genetic role
in the predisposition to develop a
CVD in European adolescents. These
findings also provide information
about potential effect of PA in
attenuating some of the associations
observed between genotypes and
CVD phenotypes. Finally, we show a
list with 102 novel candidate genes,
which set up the BAT-connectome.
These potential novel genes
suggested new research future lines
to improve the knowledge of genetic
architecture of BAT.

25



26

RESUMEN

La obesidad y enfermedades
cardiovasculares  relacionadas
(ECV) son la principal causa de
muerte prematura y
discapacidad cronica a nivel
mundial. La ECV se manifiesta
principalmente
después de la quinta década de
vida, sin embargo, la evidencia
cientifica  indica que los

precursores de ECV tienen su

durante 0

origen ya en las primeras
décadas de la vida. Por tanto, la
prevencidon es fundamental para
reducir la incidencia de estas
patologias, sobre todo en la
poblacién joven. Las ECV son el
resultado de una compleja red de
interacciones entre factores de
riesgo ambientales y genéticos.

El principal objetivo de la
presente tesis doctoral fue el
estudio de las variantes génicas
de los genes de las uncoupling
proteins  (UCP), del
neurotroéfico ciliar (CNTF), de la
lipoproteinlipasa (LPL) y
adiponectina (ADIPOQ)
asociados a obesidad y otros
factores de riesgo de ECV, y la
potencial interaccién con la

factor

actividad fisica (AF).
Observamos asociaciones
significativas de varios

polimorfismos genéticos (SNPs)
de CNTF y UCPs con marcadores
de adiposidad (como el indice de
masa corporal, indice cintura
cadera o circunferencia de
otros) en

adolescentes europeos. Ademas,

cintura entre

observamos también una
interaccion entre la AF y el SNP
UCP1rs2071415 sobre el indice
cintura cadera.

Otros principales resultados
de la presente tesis fueron las
asociaciones encontradas de
SNPs de LPL, UCP y ADIPOQ con
varios factores de riesgo de ECV
(marcadores séricos, presiones
sanguineas o risk  score).
También observamos la
interaccion con AF entre dos
SNPs de LPL (rs1534649 and
rs258) 'y
adiposidad.

Finalmente, hemos utilizado
una técnica in silico para la
busqueda de
candidatos de la fisiologia del
tejido adiposo pardo (TAP)
utilizando UCPI como gen
nucleo.

En resumen, los resultados de
la presente tesis, proporcionan
mas informacidon sobre el papel
genético en la predisposicion a
desarrollar una ECV ya en
adolescentes europeos. Estos
resultados también nos arroja
mas informaciéon sobre el
potencial efecto de la AF
mitigando o disminuyendo estas
asociaciones observadas entre
genotipos y fenotipos de ECV.
Finalmente, mostramos una lista
de 102 nuevos genes candidatos,
los cuales forman el conectoma

marcadores de

nuevos  genes

del TAP. Estos potenciales genes
nuevos sugieren nuevas lineas de
investigaciones
ayudarnos a comprender mejor
la arquitectura genética del TAP.

futuras para
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INTRODUCTION

Obesity: concept, problem and
genetics

The World Health
Organization (WHO)
overweight and obesity as abnormal
or excessive fat accumulation that

defines

presents a risk to health. This
disorder is the consequence of
energy imbalances related to
complex factors (genetics,
environment, etc.) and results from
an energy intake higher than energy
expenditurel.
Obesity  has
growing epidemic health problem
worldwide. Once considered a

become a

problem only in high income
countries, overweight and obesity
are now dramatically on the rise in
low- and middle-income countries,
particularly in urban settings 1. The
WHO estimates that, 39% of the
global population adults present
overweight and of these, 13% are
obese. Since 1975, obesity has nearly
tripled. Over 340 million children
and adolescents aged 5-19 were
overweight or obese in 20162.

A crude measure of obesity is
the body mass index (BMI), a
person’s weight (in kilograms)
divided by the square of his or her
height (in metres). A BMI of 30
kg/m? is generally considered obese,
meanwhile a BMI 25> kg/m? is
considered overweight!. However,
BMI has notorious limitations, such
as it gives no information on fat
distribution, which is of high
significance in cardiovascular risk 3.

But due to it is a very easy
measurement to take, it is widely
used and accepted.

Obesity and overweight are
well-established major risk factors
for a number of very prevalent
chronic diseases, such as, diabetes,
cardiovascular diseases and cancer,
which lend wurgency to obesity
prevention and control research?.

Obesity and genetics

As mentioned, obesity is a result of a
complex interaction between
environmental and genetic factors.
An environmental factor widely
studied and well known related to
obesity is physical activity. Several
studies showed that physical activity
might delete the effect of several
gene polymorphisms on obesity-
related traits. A genome-wide meta-
analysis of 200,452 European adults
showed that physical activity may
attenuate the deleterious effect of
the FTO (fat mass- and obesity-
associated) gene polymorphisms on
obesity>. In adolescents, meeting the
daily physical activity
recommendations (at least 60
minutes/day  of
vigorous physical activity) may
offset the genetic predisposition to
obesity associated with the FTO
rs9939609 polymorphism in
European adolescents®.

On the other hand, the strong
genetic influence in obesity has been
described as a non-mendelian way of
inheritance. Only few percent of
cases are monogenic obesity type. In
these cases, monogenic obesity

moderate to
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genes are involved in the control of
appetite center and satiety like
leptin (LEP), leptin receptor (LEPR),
pro-opiomelacortin ~ (POMC) or
prohormoneconvertase 1 (PCSK1) 7.
However, most of the cases of
obesity involve multiple genes and
complex interactions between them
8. Among the most studied are FTO
and melanocortin-4 receptor (MC4R)
polymorphisms 4-11,

Recently, others gene
polymorphisms have been
associated to obesity. Thus, for
example, some neurotropic factors
such as ciliary neurotrophic factor
(CNTF). CNTF is a neurocytokine
from the interleukin 6 family related
with injury response in the nervous
system and seems to play a role in
body weight regulation 1213, Control
satiety mechanism of CNTF seems to
be due to similarities with leptin
mechanism, due to overlapping in
the activation of signalling cascade
14 Leptin  inhibits
hormones as neuropeptide Y (NPY)
and agouti-related peptide (AgRP),
which increase food intake, and
stimulates anorexigenic hormones
as a-melanocyte stimulating
hormone (aMSH) that inhibit food
intake through activation of pro-
opiomelanocortin  (POMC)15.  So
genetics of CNTF have been
highlighted as an interesting target
against obesity. Indeed, we found in
our study a solid association
between rs2509914, rs2515363 and
rs2515362 CNTF polymorphisms
with adiposity markers such as BM],
waist circumference, waist to height
ratio and waist to hip ratio.

orexigenic
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Also, several studies have
shown an association of uncoupling
proteins (UCPs) gene
polymorphisms of brown adipose
tissue with obesity'®17. Broadly
speaking, UCPs are related with
thermogenesis using fatty acids and
glucose as substrate, which make
them an attractive target against
obesity and other diseases. So, it is
possible different polymorphisms of
UCPs gene may lead UCPs proteins
with altered efficiency in their
function. As a result, thermogenesis
process could be decreased, so lipids
oxidation and lipids intake as energy
substrate could be altered and
finally it influence over adipose
tissue composition may be modified.
Impact of genetics variants of UCPs
in obesity are demonstrated by some
studies618.19,

Brown adipose tissue

Brown adipose tissue (BAT)
is making up by thermogenic cells
and mainly regulated by sympathetic
system  (SNS). Cold
exposure makes SNS activates BAT
through norepinephrine. Then, in
brown adipocytes occurs the
uncoupling protein (UCP) activation,
which produces the uncoupling of
mitochondrial electron transport
chain. This way, energy of
mitochondrial respiration is
dissipated in the form of heat
through the oxidation of glucose and
fatty acids as energetic substrate 29,

Brown adipose tissue is
present in almost all mammals, and

nervous

it has the task of keep an adequate
temperature when mammals are



exposed to under thermoneutrality
temperature 20. Until recently, it was
strongly believed that in humans,
brown adipose tissue (BAT) was
present exclusively in new-borns
complying with his non-shivering
thermogenesis role as  heat
production mechanism 21. Also, it
was unknown if BAT could have an
impact over human metabolism.
However, BAT presence in adults
such as its metabolic role in human
physiology was recognised by
Nedergaard et al. %2. Nowadays,
there is solid evidence and no doubt
that brown adipose tissue is present
in adults and it is thermogenically
active 23-25,

The most studied UCP genes
are: i) UCP1, which main function is
heat production through non-
shivering thermogenesis in brown
adipose tissue (BAT) 2¢; ii) UCPZ,
seems to be involved in the control
of reactive oxygen species (ROS)
production 2728, the modulation of
insulin secretion??, the regulation of
mitochondrial fatty acid oxidation3°
and may have a regulating role in
thermogenesis of BAT 31, and iii)
UCP3, which role has been related to
the coupling regulation of
mitochondrial respiration in skeletal
muscle mitochondria3? and fatty
acids oxidation33, and is a mediator
of thermogenesis34.

Therefore BAT capacity to
oxidate fatty acids and glucose and
increase energy expenditure when
humans are exposed to cold or other
a stimulus, which produces its
activation, makes brown adipose
tissue a target tissue against

obesity?0. On the other hand, in
mouse there is evidence about
regulation of blood lipid profile3s,
meanwhile in humans
cardioprotective role of BAT is
necessary to clear. However, a study
show that BAT decreases
triglycerides storage due to his fatty
acids consumption as energetic
substrate3®.

Also, there is the theory that
physical activity could activate and
regulate BAT. As we explained
before, BAT is activated via
catecholamines, so it would be
logical to think that exercise,
through this way, could have an
effect on brown adipose tissue
activity. Indeed, some studies show
feasible pathways through exercise
could regulates BAT37:38. However,
studies investigating the effect of
exercise on BAT are controversial. In
rodents, some studies observed an
increase of BAT mitochondrial
activity 39, while others revealed a
reduction 49. In humans, the effect of
exercise on BAT is also unclear.
Besides studies trend to shown a
decrease of BAT activity as response
of exercise*l4?, it is possible that
other adaptations against exercise
are produced in humans. These
studies shows exercise decreases
cold- or insulin-stimulated glucose
uptake in human BAT. In lights of
these results, we may think that
rodent BAT and human BAT respond
differently to exercise.

Studies have shown a solid
association between BAT and
obesity markers. It is quite known
that obesity is strongly associated to

31



CVD prognosis. As important is
obesity degree as how long a person
has been obese in CVD prognosis 43.
That highlighted the importance of
delaying obesity onset to achieve CV
health benefits and therefore how
important is prevent it in early
stages of life as children and
adolescents. Plus, due to own
physiological mechanisms of BAT
(utilisation of fatty acids and glucose
as substrate) make it an interesting
target against obesity and CVDs.

Cardiovascular disease:
definition, importance and
genetics

Cardiovascular diseases

(CVDs) are disorders of the heart
and blood vessels and include
coronary heart disease,
cerebrovascular disease, rheumatic
heart disease and other conditions*4.

Every year, 17.9 million people
die from CVDs, an estimated 31% of
all deaths worldwide*#, becoming in
the main cause of premature death
and chronic disability worldwide 45.
Of these deaths, an estimated 7.3
million were due to coronary heart
disease and 6.2 million were due to
stroke. Low- and middle-income
countries are disproportionally
affected: over 80% of CVD deaths
take place in low- and middle-
income countries and occur almost
equally in men and women. High-
income countries trends to plateau

but they are not decreasing anymore
45
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CVDs are a result of complex
interaction between modifiable and
non-modifiable risk factors.
Modifiable risk factors are tobacco,
physical inactivity, high blood levels
of low-density lipoprotein (LDL)
cholesterol, high-saturated-fat diet,
hypertension (HT), diabetes and
obesity*6. Most of these modifiable
risk factors are preventable and
susceptible to be controlled by
Indeed, 80% of
premature deaths from these causes
could be avoided by controlling the
main risk factors: tobacco, unhealthy
diet and physical inactivity*4. Non-
modifiable risk factor is mainly
family history. For example, if both
parents have suffered from heart
disease before the age of 55, your
risk of developing heart disease can
rise to 50% compared to the general
population*é.

Some studies highlighted the
importance of genetic heritability in
CVDs through the association
between some polymorphisms with
stroke*7:48, myocardial infarction 4950

treatment.

and others cardiovascular
complications®l. In the case of
uncoupling protein genes (UCPs),
they have been associated with risk
factors of cardiovascular disease
such as prediabetes and type 2
diabetes mellitus (T2DM) 295253,
overweight and obesity 165456,
plasma levels of cholesterol 195758 or
hypertension (HT) 5° ,
adults over 50 years of age. Also, it is
described a cardiovascular role of
some adipocytokines such as
Adiponectin ~ (ADIPOQ). Several
studies shown the effect of ADIPOQ

mainly in



in cardiovascular disease outcomes
through their effects in lipid and
glucose metabolism®-62,  Finally,
lipoprotein lipase (LPL) has a central
role in both VLDL and HDL
metabolism. It is reported in several
studies an association between
genetic in LPL and
cardiovascular risk factors63-65,

variations

So prevention in CVDs has a
major role. Identifying those highest
risk of CVDs as soon as possible
(young population) and achieve an
appropriate treatment, can prevent
premature deaths by this cause.

Adolescent health

It is commonly accepted that
adolescent population (10-19 years
old) is healthy and burden-disease
free group®. Unfortunately, this is
not totally true. Despite of global all-
cause child and adolescent have
been decreased in last decades,
there are still a significant burden
disease between these population®’.
Kassebaum et al.®’ found that this
health improvement is uneven
between different Sociodemographic
Index (SDI) countries. Mortality was
the primary driver of health loss
(caused by infectious, nutritional,
maternal and neonatal causes) in
low SDI countries, meanwhile
nonfatal health loss predominates in
high SDI countries. In European
countries, adolescents are involved
in an environment where a lot of risk
factors are present, mainly related
with lifestyle and behaviour.

Keeping a good status of
health and avoid risk factors in early

decades of life it is important to
prevent future complications,
especially those which need a long-
time exposure to risk factors such as
cardiovascular disease, diabetes type
I or obesity. In the case of
cardiovascular disease, findings of
the Cardiovascular Risk in Young
Finns Study shows that the number
of ideal
cardiovascular health metrics
defined by the American Heart
Association (AHA)®® present in
adolescents predicts subsequent
cardiometabolic health in
adulthood®. After 21 years of
follow-up, they found that the
number of ideal cardiovascular
health  metrics present  was
significant associated with reduced
risk of hypertension, metabolic
syndrome, high low-density
lipoprotein cholesterol and carotid
artery intima-media thickness in
adulthood.

Referring to obesity, more
than 124 million children and
adolescents (6% of girls and 8% of
boys) were obese in 2016 2. Children
and adolescent obesity is a very
important early risk factor for adult
cardiovascular related morbidity
and mortality’%. Frequently children
obesity persists in adulthood: 80%
of obese children becomes in obese
adults’l. Plus, some of the most
common complications of obesity
are already present in the obese
adolescent, such as renal
insufficiency and hyperinsulinemia,
and predicts insulin resistance in
adulthood?273 .
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Therefore, it is quite clear the
importance of act over risk factors
and some diseases in adolescent
population to  prevent adult
morbidity and mortality, especially
taking account the high prevalence
of them.

We considered the
importance of the study the
association and impact of genetics
variants with obesity and
cardiovascular diseases, especially
due to lack of solid information in
these areas. Plus, we look upon very
interesting study the role of BAT
genetics owing to his physiological
mechanisms related with these
entities.

Physical activity and interaction
with SNPs

It is well known that physical
exercise, when performed moderate
and regularly, protects against the
development and progression of
hypokinetic
exercise training provides a wide
range of health benefits in the
general
improvements in blood pressure,
diabetes
sensitivity and improve glucose
tolerance), lipid profile (increases
high-density lipoprotein  (HDL),
reduce triglycerides (TG), low
density lipoprotein (LDL) and
cholesterol levels)74, decrease
disease risk’s,

diseases. Regular

population, including

(enhancing insulin

cardiovascular
osteoarthritis,
neurocognitive function, and is also

osteoporosis,
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associated with decreased mortality
and age-related morbidity in
adults’¢. A number of studies have
shown that moderate-intensity
physical activity reduces the
incidence of all-cause mortality,
particularly deaths related to
coronary artery disease (CAD)77.
Also physical activity may to
have a significant effect over
phenotypes outcomes even though
genetic predisposition. Gene-
environmental interactions could
exist for complex human traits and
identifying these gene-environment
interactions may potentially
improve risk-assessment for disease
and clarify underlying biological
pathways’8. For example, increased
levels of physical activity are
associated with beneficial changes in
diabetes-related phenotypes.
Moreover, the positive response
depends on inter-individual likely
due to variation differences in
genetic variants’?. Also, evidence
reports a physical activity-gene
interaction over overweight/obese
phenotypes.
suggested that physical activity
could attenuate the deleterious

Previous studies

effect of some genetic

polymorphisms  over  adiposity
markers®80. Both studies shown that
meeting the daily physical activity
recommendations (at least 60
minutes/day  of
vigorous physical activity) may
offset the genetic predisposition to
obesity.

moderate  to
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AIMS

The overall aim of the present
Doctoral Thesis was to study the
genetics variants associated to
obesity and others cardiovascular
disease risk factors in adolescents
and the potential interaction with
physical activity (PA).

The specific aims of this Doctoral
Thesis were:

AIM 1: to study genetics variants
associated to obesity

Chapter 1: to examine the
association of CNTF gene
polymorphisms (i.e. 1rs2509914,
rs17489568, rs2515363, rs1800169,
rs2515362) with total and central
adiposity markers in European
adolescents.

Chapter 2: to examine the
association between 18 UCP1, UCP2,
and UCP3 polymorphisms with total
and central adiposity markers in
European adolescents and to test if
there were gene x PA interactions on
adiposity phenotypes.
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AIM 2: to study genetics variants
associated to cardiovascular
disease risk factors

Chapter 3: to examine the
association between 14 ADIPOQ
polymorphisms with CVD risk
factors in European adolescents.

Chapter 4: to examine the
association of 18 UCP1, UCP2 and
UCP3 polymorphisms with CVD risk
factors in European adolescents.

Chapter 5: to examine the
association  between 13  LPL
polymorphisms with CVD risk
factors in European adolescents. We
also examined the interaction effect
between PA and LPL polymorphisms
on CVDs risk factors.

AIM 3: to search for new
candidate gene associated with
brown adipose tissue.

Chapter 6: to provide a new tool for
searching BAT-genes related draw
from a core gene. A biological
distances approach: connectome.



GENERAL MATERIAL AND
METHODS
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GENERAL MATERIAL AND METHODS

Chapter

Design

Participants

Aim 1: to study genetics variants associated to obesity and cardiovascular disease

Chapter 1: to examine
the association of CNTF
gene polymorphisms (i.e.
rs2509914, rs17489568,
rs2515363, rs1800169,
rs2515362) with total

and central adiposity
markers in European
adolescents.

Cross-sectional

1.057 European
adolescents (552
girls); BMI:

21.3+3.7kg/m2; age:
12-18 years old

Variables
studied

Adiposity
markers:  Waist
and hip
circumferences,
waist/height,
waist/hip,  BM],
Body fat
percentage, Fat
mass index; and

Single nucleotides
polymorphisms of
CNTF

(genotyping)
Chapter 2: to examine | Cross-sectional 1.057 European | Adiposity
the association between adolescents (552 | markers: = Waist
18 UCP1, UCPZ2, and UCP3 girls); BMI: | and hip
polymorphisms with 21.3+3.7kg/m2; age: | circumferences,
total and central 12-18 years old waist/height,
adiposity markers in waist/hip,  BM],
European  adolescents Body fat
and to test if there were percentage, Fat
gene x PA interactions mass index;
on adiposity phenotypes. Physical activity
with
accelerometers
and Single
nucleotides
polymorphisms of
UCPs (genotyping)
Aim 2: to study genetics variants associated to cardiovascular disease risk factors
Chapter 3: to examine | Cross-sectional 1.057 European | Cardiovascular
the association between adolescents (552 | markers: serum
14 ADIPOQ girls); BMI: | total cholesterol,
polymorphisms with 21.3+3.7kg/m2; age: | HDL, ApoAl,
CVD risk factors in 12-18 years old ApoB, leptin,
European adolescents. triglycerides,
glucose, insulin,
blood pressure,
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and calculated
HOMA
(homeostatic
model
assessment) and a
CVD Risk Score;
and Single
nucleotides
polymorphisms of

ADIPOQ

(genotyping)
Chapter 4: to examine | Cross-sectional 1.057 European | Cardiovascular
the association of 18 adolescents (552 | markers: serum
UCP1, UCP2 and UCP3 girls); BMI: | total cholesterol,
polymorphisms with 21.3+3.7kg/m2; age: | HDL, ApoAl,
CVD risk factors in 12-18 years old ApoB, leptin,
European adolescents. triglycerides,
glucose, insulin,
blood pressure,
and calculated
HOMA
(homeostatic
model

assessment) and a
CVD Risk Score;

and Single
nucleotides
polymorphisms of
UCPs (genotyping)
Chapter 5: to examine | Cross-sectional 1.057 European | Adiposity
the association between adolescents (552 | markers:  Waist
13 LPL polymorphisms girls); BMI: | and hip
with CVD risk factors in 21.3+3.7kg/m2; age: | circumferences,
European adolescents. 12-18 years old waist/height,
We also examined the waist/hip,  BM],
interaction effect Body fat
between PA and LPL percentage, Fat
polymorphisms on CVDs mass index;
risk factors. Cardiovascular
markers:  serum
total cholesterol,
HDL, ApoAl,
ApoB, leptin,
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triglycerides,

glucose, insulin,
blood pressure,
and calculated
HOMA
(homeostatic
model

assessment) and a
CVD Risk Score;
and Single
nucleotides
polymorphisms of
LPL (genotyping)

Aim 3: to search for new

candidate gene as

sociated with brown adipose tissue

Chapter 6: to provide a
new tool for searching
BAT-genes related draw
from a core gene. A
biological distances
approach: connectome

Methodological
study.

N/A

168 genes: only
the genes in the
top 1% UCP1
proximity of all
human genes by
p-value
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CHAPTER 1: Association between CNTF gene

polymorphisms and adiposity markers in
European adolescents: the HELENA study



ABSTRACT

Aims: To examine the association of
CNTF gene polymorphisms with total
and central adiposity markers in
European adolescents.

Methods: A cross-sectional study that
involves 1.057 European adolescents
(12-18 years old) from the Healthy
Lifestyle in Europe by Nutrition in
Adolescence Cross-Sectional Study. A
total of 5 polymorphisms in CNTF
genes were genotyped. We measured
weight, height, waist and hip
circumferences and triceps and
subscapular skinfold thickness.
Results: The T allele of rs2509914, C
allele of rs2515363 and G allele of
rs2515362 were significantly
associated to high values of several
adiposity markers under different
genetic models after Bonferroni
corrections. Also haplotype CCGGA of

CNTF  (rs2509914, 1rs17489568,
rs2515363 rs1800169 and
rs2515362) was significantly

associated to lower BMI, waist
circumference, waist/height and
waist/hip than TCCGG under several
genetic models.

Conclusions: Three individual
polymorphisms (rs2509914,
rs2515363 and rs2515362) and a
haplotype of CNTF gene were
significantly
adiposity in European adolescents.

associated with

Keywords: CNTF, Obesity, Genetic
Susceptibility, Adolescents, SNPs

Introduction
Obesity has become a severe

health problem worldwide,

particularly in young peoplel. The
obese phenotype probably occurs as
result of complex interactions

between individual’s genetic
background, environmental,
behavioural and socioeconomic

factors. In simple terms, obesity is the
result of chronic excess of energy
intake over energy expenditure. Key
factors regulate energy intake
(satiety) and energy expenditure
(basal metabolism, physical activity,
thermoregulation and  digestive
processes) 2.

Whereas many genes have
been related with obesity, special
importance take those that are
involved in the regulation role of
appetite center in the brain. It is well
known the role of hormones and
other molecules like leptin (LEP),
leptin  receptor  (LEPR), pro-
opiomelacortin (POMC) or
prohormone convertase 1 (PCSK1)
which are related with monogenetic
obesity3. However, most common is
polygenic obesity as result of complex
interactions between multiple genes
and factors among which
polymorphisms of fat mass and
obesity gene (FTO) and
melanocortin-4 receptor (MC4R)%>
are most studied.

It is well known the role of
neurotrophic factors as control and
developing of synaptic function and
synaptic plasticity, while continuing
to modulate neuronal survival in the
mature nervous system®. Plus, a role
in control of body weight is also
described.
neurotrophic factor (BDNF) and
BDNF receptor (TrkB) mutations

Brain-derived
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produces severe obesity in humans?”s3.
Ciliary neurotrophic factor (CNTF) is
a neurocytokine from the interleukin
6 family, which main role is related
with injury response in the nervous
system, indeed lesions in the brain
produces a significant increase in
CNTF mRNA and CTNF at the
hypothalamic level?2. But also his
function is related with body weight
control. A placebo-controlled trial
described that
administration of recombinant CNTF

subcutaneous

in humans with obesity produces
reduction of food intake and weight
loss by promoting satiety”.
Mechanisms  underlying satiety-
improving of CNTF seems to be
related with the similarities in the
signalling cascade of leptin and CNTF
as they overlap in receptors and
mediators. It is well known leptin
inhibits orexigenic hormones as
neuropeptide Y (NPY) and agouti-
related peptide (AgRP), which
increase food intake, and stimulates
anorexigenic  hormones as «-
melanocyte stimulating hormone
(aMSH) that inhibit food intake
through activation of pro-
opiomelanocortin (POMC)10.  This
raises the possibility that CNTF acts
on leptin-responsive neurons to
regulate satiety and body weight?.
Studies shown that CNTF may to
reduce body weight and improve
insulin action in both rodents and
humans!l. Nonetheless, there is still
poor evidence, especially in humans,
that implicates endogenous CNTF
signalling in the control of energy
balance, neither
obesity/hyperphagial?13. Indeed,
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some studies investigated the effect
of natural null mutation of CNTF
described by Takahashi et all? on
adiposity markers. Some of them
found an association with BMI or
body weight!4, while others not!>-17,
Data obtained within the
Healthy Lifestyle in Europe by
Nutrition in Adolescence (HELENA)
study provide an
opportunity to study the association
between CNTF gene polymorphisms

excellent

with adiposity makers in European
adolescents. The HELENA study was
designed to provide reliable data on
nutrition and health-related variables
in a relatively large sample of
European adolescents from 9
different countries and includes
information on 5 polymorphisms of
the CNTF gene as well as markers of
adiposity. To our knowledge, CNTF
polymorphisms have not been
identified in GWAS of body weight or
body composition in adults or other
age groups.

The aim of this study was
therefore to examine the association
of CNTF gene polymorphisms (i.e.
rs2509914, rs17489568, rs2515363,
rs1800169, rs2515362) with total
and central adiposity markers in
European adolescents.

Material and Methods

Participants

In the present cross-sectional study,
we included a total of 1057
adolescents (12-18 year old) with
data on CNTF gene polymorphisms
(rs2509914, rs17489568, rs2515363,
rs1800169 and 1rs2515362) and



adiposity phenotypes. HELENA study
was conducted between 2006 and
2007. After receiving complete
information about the aims and
methods of the study, all adolescents
and their parents or guardians signed
an informed written consent. All
participants met the general HELENA
inclusion criteria 18. The study was
performed following the ethical
guidelines of the Declaration of
Helsinki 1961 (revision of Edinburgh
2000), Good Clinical Practice, and
legislation about clinical research in
humans in each of the participating
countries. The protocol was approved
by the corresponding local human
research review committees of the
involved centers.

Assessment of adiposity

Weight and height were measured
following standard methods 18. Waist
and hip circumference was measured
in triplicate with an anthropometric
unelastic tape (SECA 200; Seca
Deutschland, Hamburg, Germany)
and was used as a surrogate measure
of central body fat. We calculated
waist to height and waist to hip
ratios. BMI was calculated as weight
in kilograms divided by height in
meters squared. Adolescents were
classified according to BMI (kg/m?)
as normal weight, overweight or
obese according to Cole etal. 19.
Skinfold thickness was measured to
the nearest 0.2 mm in triplicate on
the left side at the biceps, triceps,
subscapularis, suprailium, thigh, and
medial calf with a Holtain Caliper
(Holtain Ltd, Crymmych, Wales).
Body fat percentage was calculated

from skinfold thicknesses (triceps
and subscapular) using the equations
by Slaughter et. al 20. Finally, fat mass
index (FMI) was calculated as fat
mass in kilograms divided by height
in meters squared.

Genotyping

Samples were genotyped by an
[llumina System (Illumina, Inc, San
Diego, California) and the software
used was GoldenGate (Inc, San
Francisco, California). High rate of
genotyping success was performed
(299.9%) and each polymorphism
respected the  Hardy-Weinberg
equilibrium (P>0.15 in all cases). All
genotype polymorphisms of CNTF
showed linkage  disequilibrium
between them (Fig 1).

Statistical analysis

Deviations from Hardy-Weinberg
equilibrium (HWE) were determined
by means of an exact test and
considering a p value of 0.05 as a
threshold. Associations between
polymorphisms and adiposity
markers were assessed through
linear models. Five genetic models
(dominant, recessive, log-additive,
codominant and overdominant) were
used for all analyses. Adjustment
variables were age, sex and center.
For each polymorphism, p values
were computed using the likelihood
ratio test (LRT) between a model
with the polymorphism and a null
model without it. These analyses
were performed with the “SNPassoc”
R package 2. We considered the
associations between all SNPs and
each phenotype under a given
heritage model as the family test, i.e.
the number of test was equal to the
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TABLE 1 Characteristics of study population

Phenotype All Male Female
(n=1057) (n=505) (n=552)
BMI (Kg/m?) 213+£37 214+40 213+34
Overweight (%) 22 24 20
Waist circumference (cm) 72+8 74+9 70+8
Waist/Height ratio 0.44 +0.05 044+0.05 044£005
Hip circumference (cm) 919 90 +9 93+8
Waist/Hip ratio 0.79 £ 0.06 082+0.05 0.76 £0.06
Body fat (%) 2369 203+11.0 263x6.9
Fat mass index (Kg/m2) 53+30 45+36 58+24

BMI, body mass index; FMI, fat mass index

number of SNPs. Therefore a
corrected p value for multiple
comparison following the Bonferroni
method would be 0.01 (0.05/5). We
selected the significant associations
haplotype
analysis. Given these associations

to perform further
were used in further analyses and the
linkage  disequilibrium
between gene polymorphisms (see

existent

below), we performed a exploratory
selection of associations using a
method to control the expected
proportion of false positives (False
Discovery Rate [FDR])?223 instead the
Bonferroni correction, which is more
stringent?*. Therefore, associations
with  FDR < 0.1 were used in

haplotype analyses.
Linkage disequilibrium
between polymorphisms and

haplotype block structures were
evaluated with Haploview 4.2
(http://www.broad.mit.edu/mpg/ha
ploview) and haplo.stats 25. First,
haplotype blocks were generated by
the algorithm of four-gamete rules 2¢.
For each block, we tested if the
observed frequencies of haplotypes
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were deviated from expected under
linkage equilibrium. Finally, we
assessed the association between
haplotypes and phenotypes by means
of a permutation procedure. Only
additive and dominant models were
considered given the low frequency
of some haplotypes. For those
significant associations we performed
regressions between haplotypes and
phenotypes with the purpose of
testing significant
between haplotype levels. Given the

differences

low number of comparisons (only
four haplotypes disregarding those
with very low frequency), we did not
correct the p values for the
comparison

haplotype.

between levels of

Results
Characteristics of the study sample
are shown in Table 1.

between CNTF
polymorphisms and adiposity markers
Three of the five SNPs analysed
showed significant associations with
adiposity = markers  after  the
Bonferroni correction (rs2509914,
rs2515363 and rs2515362; Figures
2,3,4). The significant associations

Association

after a less stringent correction
(FDR<0.05) for all markers are shown
in supplementary appendix (Figures
1-6), along with p values for all
associations (Figures 7-14).

We observed an association of
minor T allele of 1rs2509914
polymorphism with higher BMI under
recessive model (p=0.00319), higher
waist circumference under



FIGURE 1 Haploview result belonging to
block 1 of CNTF polymorphisms, which
contains (rs2509914, rs17489568,
rs2515363, rs1800169 and rs2515362). Red
colour boxes means 100% of linkage
disequilibrium (D’ = 1) between SNPs
according to genotyping data of this study.

rs17489568
rs2515363
rs1800169
rs2515362

rs2509914

Block 1 (2 ki
1 2 3

T

-
o

codominant, recessive and additive
model (p=0.00107, p=0.00034 and
p=0.00071 respectively), higher waist
to height ratio under codominant,
recessive and additive models
(p=0.00013, p=5e-05 and p=8e-05
respectively) and with higher waist to

hip ratio under dominant,
codominant, recessive and additive
models  (p=0.00305, p=0.00262,
p=0.00736 and p=0.00056

respectively) (Figure 2).

Regarding the rs2515363
polymorphism, we observed an
association of minor C allele
polymorphism with higher BMI under
codominant and recessive model
(p=0.00841 and p=0.00204
respectively), higher waist
circumference under codominant,

recessive and additive model
(p=0.00082, p=0.00023 and
p=0.00065 respectively), higher waist
to height ratio under codominant,
recessive and additive models
(p=0.00012, p=4e-05 and p=8e-05),
and higher waist to hip ratio under
dominant, codominant, recessive and
additive model (p=0.0035,
p=0.00303, p=0.00775 and
p=0.00066 respectively).

Finally, we observed an
association of minor G allele of
rs2515362 polymorphism with a
higher BMI under codominant and
recessive heritage model (p=0.00781
and p=0.00188 respectively), higher
waist circumference under
codominant, recessive and additive
model (p=0.00087, p=0.00027 and
p=0.00059 respectively), higher waist
to height ratio under codominant,
recessive and additive models
(p=0.00011, p=4e-05 and p=7e-05
respectively), higher hip
circumference (p=0.00961; recessive
model) and higher waist to hip ratio
under dominant, codominant and

additive models (p=0.00254,
p=0.00291 and p=0.00065
respectively).

Association between CNTF
polymorphism haplotypes and

adiposity markers

CNTF block contains rs2509914,
rs17489568, rs2515363 rs1800169
and rs2515362 polymorphisms (Fig.
1). Haplotype CCGGA of CNTF was
significantly associated to lower BMI
than TCCGG (global p=0.0098;
difference between groups 0.04; 95CI
=0.01- 0.06; p=0.0019; under
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FIGURE 2 Association between rs2509914 (CNTF) polymorphism and adiposity markers. Heritage
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false

discovery rate are shown for each association. Values are adjusted for center, sex, and age.
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FIGURE 2 (cont.) Association between rs2509914 (CNTF) polymorphism and adiposity markers.

Heritage
discovery rate are shown for each association. Values are adjusted for center, sex, and age.
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FIGURE 3 Association between 1s2515363 (CNTF)

polymorphism and adiposity markers. Heritage model, P value
and false positive discovery rate are shown for each
association. Values are adjusted for center, sex, and age.

dominant model // global p=
0.04555; difference between groups
0.02; 95CI = 0.00 - 0.03; p=0.018;
under additive model;

between

differences
groups obtained from
models with the response variable
log transformed), to lower waist
circumference (global p=0.0049;
difference between groups 0.02;

95CI = 0.01 - 0.03; p=0.004: under

dominant model // global
p=0.00925; difference  between
groups 0.02; 95CI = 0.01 - 0.03;

p=0.0003; under additive model), to
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lower waist/height (global p=7e-04;
difference between groups 0.02;
95CI = 0.01 - 0.03; p=0.0012; under
dominant model // global p=0.002;
difference between groups 0.02;
95CI = 0.01 - 0.03; p=0.0001; under

additive model) and to lower
waist/hip (global p=0.01305;
difference between groups 0.01;

95CI = 0.01 - 0.02; p= 0.0005; under

dominant model // global
p=0.01455; difference  between
groups 0.01; 95CI = 0.01 - 0.02;

p=0.0002; under additive model).

Discussion

Our findings show a solid association
between rs2509914, rs2515363 and
rs2515362 CNTF polymorphisms
with adiposity markers such as BM],
waist circumference, waist to height
ratio and waist to hip ratio in
European We
observed a correlation between a
CNTF haplotype (rs2509914,
rs17489568, rs2515363, rs1800169
and rs2515362) with BMI, waist
circumference, waist to hip and waist
to height. Taken together, these
findings suggest a role of CNTF in

adolescents. also

boy weight regulation in adolescents.
To our knowledge, only one
examined the
between CNTF polymorphisms and

study association

adiposity markers in humans.
Heidema et al.?’ followed a cohort of
Dutch adult population (N=545) of
stable and weight gainers, and found
a significant association of A allele of
rs1800169 with weight gain (odds
ratio (OR)=2.15, 95%CI: 1.27-3.64,
p=0.004) in women. These findings
partially concur with our results. We
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FIGURE 4 Association between rs2515362
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also showed an association of G allele
of rs1800169 with decreased levels
of adiposity markers in the context of
CNTF haplotype.
observed this association in both
women and men.

However, we

A plausible mechanism could
be that CNTF polymorphisms or
haplotypes of them lead to express
CNTF proteins with altered function,
which produces a potential status of
predisposition of weight gain. As we
mentioned before, CNTF plays a role
in the regulation of body weight 2. It
is described that, high levels of CNTF
either due to response to neuronal
producing

injury inflammatory

response and fever?® or by
administration  of  recombinant
CNTF°, leads to weight loss. This
weight loss is most likely trough
satiety

similarities

mechanisms owing to
between CNTF and
leptin signalling cascade such as: i)
close relationships between leptin
receptor and CNTF receptor
complex, i) overlapping in
molecules activation between CNTF
and leptin, like STAT3 and, iii) CNTF
and leptin receptors
overlapping distributions in some

have

hypothalamic nuclei involved in
feeding So
similarities with leptin may explain

control?. these
the underlying mechanism trough
some polymorphisms of CNTF could
lead to functionally altered CNTF
proteins and therefore have an
effect in control of satiety and
weight control.

Results of our study must to
be taken with caution owing to its
cross-sectional Another
limitation of this study is the
unknown of relatedness patterns

nature.

among the participants such as
ethnic/racial make-up of the sample.

In conclusion, we observed an
association between 1rs2509914,
rs2515363 and rs2515362 CNTF
polymorphisms  with  adiposity
markers in adolescents from nine
European We
observed a haplotype association a
CNTF haplotype (rs2509914,
rs17489568, rs2515363, rs1800169
and rs2515362) with
adiposity markers. These findings
suggest that CNTF may have an
important role in the development of

countries. also

several

61



overweight/obesity  predisposition
already in adolescents.
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CHAPTER 2: Association between UCP1,
UCP2 and UCP3 gene polymorphisms with
markers of adiposity in European
adolescents: the HELENA study
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ABSTRACT

Aims: To examine the association
between UCP1, UCPZ and UCP3 gene
polymorphisms  with  adiposity
markers in European adolescents,
and to test if there were gene
interactions with objectively
measured physical activity and
adiposity.

Methods: A cross-sectional study that
involves 1.057 European
adolescents (12-18 years old) from
the Healthy Lifestyle in Europe by
Nutrition in Adolescence Cross-
Sectional Study. A total of 18
polymorphisms in UCP1, UCPZ and
UCP3 genes were genotyped. We
measured weight, height, waist and
hip circumferences and triceps and
subscapular  skinfold thickness.
Physical activity was objectively
measured by accelerometry during 7
days.

Results: The C allele of the UCP1
rs6536991
associated with a lower risk of
overweight [odds ratio (OR): T/C +
C/Cvs. T/T) = 0.72; 95% confidence
interval (CI): 0.53 to 0.98; P=0.034;
false discovery rate (FDR)=0.048)].
There was a significant interaction
between UCP1 rs2071415
polymorphism and physical activity
with waist-to-hip ratio (P = 0.006;
FDR = 0.026). Adolescents who did
not meet the physical activity
recommendations (less than
60min/day of moderate to vigorous
physical activity) and carrying the
C/C genotype had higher waist-to-
hip ratio (+ 0.067; 95% CI, 0.028 to
0.106; P = 0.003), while no

polymorphism  was
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differences across genotypes were
observed in adolescents meeting the
recommendations.

Conclusions: Two UCP1
polymorphisms were associated
with  adiposity in  European
adolescents. Meeting the daily
physical activity recommendations
may overcome the effect of the UCP1
rs2071415 polymorphism on
obesity-related traits.

Keywords: Physical Activity, Brown
Adipose Tissue, Genetic
Susceptibility,

Uncoupling Protein

Adolescents,

INTRODUCTION
Obesity is a major public health
problem throughout the world.
Despite later reports suggest a
plateau in
and adolescent’s body mass index
(BMI) from high-income countries,
there are still little evidences on
strategies to stop this pandemic!.
Obesity is a result of a
interaction between

children's

complex
environmental and genetic factors?.
Several studies showed that physical
activity may overcome the effect of
several gene polymorphisms on
obesity-related traits. A genome-
wide meta-analysis of 200,452
European adults showed that
physical activity may attenuate the
deleterious effect of the FTO (fat
mass- and obesity-associated) gene
polymorphisms on obesity3. In
adolescents, we showed that
meeting the daily physical activity
recommendations (at least 60
minutes/day of moderate to



vigorous physical activity) may
offset the genetic predisposition to
obesity associated with the FTO
rs9939609 polymorphism in
European adolescents*.

The strong genetic influence
in obesity has been described as a
non-mendelian way of inheritance.
Only few percent of cases are
monogenic obesity type. In these
cases, monogenic obesity genes are
involved in the control of appetite
center and satiety like leptin (LEP),
leptin  receptor (LEPR), pro-
opiomelacortin (POMCQ) or
prohormoneconvertase 1 (PCSK1) 5.
However, 95% of the cases of
obesity can be explained by genetic
variants of multiple genes and
complex gene-gene and gene-
lifestyle interactions 267, among
which are uncoupling proteins
(UCPs) gene polymorphisms 8.

The most known UCP genes
include UCP1, UCP2 and UCP3. UCP1
is responsible of heat production
through non-shivering
thermogenesis in brown adipose
tissue (BAT) °. Less clear is,
however, the role of UCP2 and UCP3
genetic variants, which have been
related with obesity phenotypes
through the potential influence on
muscle metabolism due to the high
expression of these genes in skeletal
muscle 10, diabetes mellitus and
lipid/ lipoprotein-related diseases 11.
UCP2 seems to be involved in the
control of reactive oxygen species
(ROS) production, a modulator of
insulin secretion and a regulator of
mitochondrial fatty acid oxidation!2.
More recently, Caron et all3

reported that UCPZ2 may have a
regulating role in thermogenesis of
BAT. UCP3 role relates with the
coupling regulation of mitochondrial
respiration in skeletal muscle
mitochondria'* and as mediator of
thermogenesis1®. The UCP1
rs6536991 polymorphisml®, UCPZ2
rs65936617, rs660339
polymorphisms'8-21 ~ and  UCP3
rs1800849, rs2075577
polymorphisms?1.22  have  been
associated with obesity traits, but
most of them have been studied in
adults and the results are so far
controversial. Several studies
suggested that the rs659366-A allele
(UCP-2) might be protective against
obesity in 55 age average subjects!?,
whereas others found an association
of the rs659366-A allele with a
borderline increase of fat body mass
index (FBMI) 1° and higher risk of
central obesity?0.

Data obtained within the
Healthy Lifestyle in Europe by
Nutrition in Adolescence (HELENA)
study provide an  excellent
opportunity to study the association
between UCP1, UCP2Z and UCP3 gene
polymorphisms  with  adiposity
makers in European adolescents.
The HELENA study was designed to
provide reliable data on nutrition
and health-related variables in a
relatively large sample of European
adolescents from 9 different
countries and includes information
on 18 polymorphisms (SNPs) of the
UCP1, UCP2 and UCP3 genes as well
as markers of adiposity. To our
knowledge, UCP polymorphisms
have not been identified in GWAS of
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body weight or body composition in
adults or other age groups.

The aim of this study was
therefore to examine the association
between 18 UCP1, UCP2 and UCP3
polymorphisms with total and
central adiposity markers in
European adolescents, and to test if
there were gene x physical activity
interactions on adiposity
phenotypes.

Material and methods

Participants

Adolescents were part of the Healthy
Lifestyle in Europe by Nutrition in
Adolescence (HELENA) Cross-
sectional study. A total of 3865
adolescents (12-18 year old) of 10
centers in nine European countries
were recruited between 2006 and
2007. Adolescents were randomly
selected from schools by using a
proportional sampling
method, and age was taken into
account. One-third of the classes
were randomly selected for blood
collection, resulting in a total of
1155 blood samples for the
subsequent clinical biochemistry
assays and genetic analyses. Among
these participants, 1057 individuals
(552 girls) with data on UCP1, UCP2
and UCP3 gene polymorphisms,
adiposity phenotypes and physical
activity were included in this study.
After receiving complete
information about the aims and
methods of the study, all adolescents
and their parents or guardians
signed an informed written consent.
All participants met the general

cluster
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HELENA inclusion criteria?3. The
study was performed following the
ethical guidelines of the Declaration
of Helsinki 1961 (revision of
Edinburgh 2000), Good Clinical
Practice, and legislation about
clinical research in humans in each
of the participating countries. The
corresponding local human research
review committees of the involved
centers approved the protocol.

Assessment of adiposity

Weight and height were measured
following standard methods. Waist
and  hip
measured in triplicate with an
anthropometric unelastic tape (SECA
200; Seca Deutschland, Hamburg,
Germany) and was used as a
surrogate measure of central body
fat. We calculated waist to height
and waist to hip ratios. BMI was
calculated as weight in kilograms
divided by height in meters squared.
Adolescents were classified

circumference was

according to BMI (kg/m?) as normal
weight, overweight or obese
categories according to Cole et al.?%.
The overweight-obese categories
were grouped into one category
(hereafter  called  overweight).
Skinfold thickness was measured to
the nearest 0.2 mm in triplicate on
the left side at the biceps, triceps,
subscapularis, suprailium, thigh, and
medial calf with a Holtain Caliper
(Holtain Ltd, Crymmych, Wales).
Body fat percentage was calculated
from skinfold thicknesses (triceps
and  subscapular) using the
equations by Slaughter et al.25,
Finally, fat mass index (FMI) was



calculated as fat mass in kilograms
divided by height in meters squared.

Assessment of physical activity
Physical activity was assessed
during 7 consecutive days with a
uniaxial  accelerometer (GT1M;
ActiGraph, Pensacola, Florida)
attached to the lower back?®
Adolescents were instructed to wear
the accelerometer during all time
awake and to remove it only during
water-based activities. At least 3
days of recording with a minimum of
8 hours registered per day was set
as an inclusion criterion?¢. The time-
sampling interval (epoch) was set at
15 seconds. We calculated the time
engaged in at least moderate
physical activity (23 metabolic
equivalents) based on a
standardized  cutoff of 2000
counts/min or more. Moderate to
vigorous physical activity was
dichotomized into less than 60
min/day and 60 min/day or
longer?®.

Genotyping

The genotyping was done by an
[llumina system (Illumina, Inc, San
Diego, California) using the
GoldenGate technology (GoldenGate
Software, Inc, San Francisco,
California). The mean genotyping
success rate was 99.84%. All
genotype distributions respected
Hardy-Weinberg equilibrium (P >
0.2; Appendix S1). Some
polymorphisms exhibited linkage
disequilibrium between them
(Appendix S2, S3).

Data analysis

Deviations from Hardy-Weinberg
equilibrium were assessed by means
of an exact test and considering a P
value of 0.05 as a threshold. Linkage
disequilibrium between
polymorphisms was evaluated with
“genetics” R package. Associations
between SNPs and phenotypes were
analyzed by means of general linear
models (GLM) using Gaussian and
Binomial error distributions for
continuous and discrete phenotypes,
respectively. Interactions between
SNPs of different UCP genes were
assessed using the same models but
including an interaction term for
each gene pair. Interaction with
physical activity was assessed for
SNPs that were significantly
associated with obesity phenotypes
including an interaction term with
both factors. Moreover, we
performed the analyses stratified by
moderate to vigorous physical
activity categories (<60 and =260
min/day). Five genetic models
(dominant recessive, log-additive,
codominant and over dominant and
additive) were used for all analyses
except in those that rs2071416,
rs2735572 and rs17132534 were
involved. These polymorphisms
were analyzed using only dominant
model due to the low number of
minor homozygotes (MAF < 0.1;
Appendix S1). Previous studies
highlighted the association between
non-additive models with UCPs,
which indicates the importance of
perform this five models and
compare the additive models with
non-additives ones ?7. In all analyses,
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adjustment variables were age,
gender and center. For each
polymorphism, P values were
computed using the likelihood ratio
test (LRT) between a model with the
polymorphism or interaction term
and a null model without it.

With the purpose of controlling the
chance of any false positives, we
corrected the significance level of
0.05 by the number of test
(polymorphisms) for each genetic
model (Bonferroni correction).
Therefore, significance threshold
was 0.0033 for all models except for
dominant model, in which it was
0.0028. Given that some of studied
SNPs were in linkage disequilibrium
(Appendix S2, S3), the number of
independent test would be lower
than number of studied
polymorphisms and thus Bonferroni
correction could be potentially over
conservative28, Because of this, we
also used a less stringent approach,
which  controls the expected
proportion of false positives (False
Discovery Rate [FDR]). As in the case
of Bonferroni, the family test
included all genotyped markers for a
given genetic model (18 tests).
Significance for the interaction
analyses was determined in the
same way, i.e. a family test included
the interaction between physical
activity and the 18 genotyped
markers under a given heritage
model. All analyses were performed
using the “SNPassoc” package in the
R environment 3.4.1.
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Results
Characteristics of the study sample
are shown in Table 1.

Association between ucp
polymorphisms and markers of
adiposity

Only one of the 18 studied
polymorphisms was individually
associated with overweight
phenotypes after multiple-
comparison corrections (Appendix
S1 & Fig. 1; Appendix S4:S11). The
minor C allele of the UCP1
rs6536991  polymorphism  was
associated with a lower risk of
overweight [odds ratio (OR): T/C +
C/Cvs. T/T = 0.72; 95% confidence
interval (CI), 0.53 to 0.98; P=0.034;
FDR=0.048; Figure 1). The UCP1
rs6536991 polymorphism was not
however nominally associated with
BMI (Appendix S5) or body fat
percentage (Appendix S10). We
found no significant gene-gene
interactions, whereas there was an
interaction of physical activity with
UCP1  rs2071415 and  UCP3
rs2075577 polymorphisms on waist
to hip ratio under codominant model
(P<0.0001; FDR=0.004, Appendix
S12). However, the number of
individuals in the interaction group
were rather low.

between ucp
polymorphisms, physical activity and
markers of adiposity

There was a significant interaction
between physical activity and the
UCP1 rs2071415 polymorphism on
waist to hip ratio (P=0.006;
FDR=0.026; Figure 2). The C/C

Interaction



Table 1: Characteristics of the study

Phenotype All Male Female
(n=1057) (n=505) (n=552)
BMI (Kg/m?) 213+3.7 21440 213+34
Overweight (%) 22 24 20
‘Waist circumference (cm) 72+ 8 74+9 70+ 8
‘Waist/Height ratio 044 +£0.05 044 £0.05 0.44 £0.05
Hip circumference (cm) 91+9 90 +9 93+8
Waist/Hip ratio 0.79 £0.06 0.82+£0.05 0.76 +0.06
Body fat (%) 236+9 203x11.0 263+69
Fat mass index (Kg/m?) 53 %3.0 4536 58+24

BMI, body mass index; FMI, fat mass index

population

genotype was associated with higher
waist to hip ratio (+ 0.067; 95%CI,
0.028 to 0.106; P = 0.003) in
adolescents who spent less than 60
min/day of moderate to vigorous
physical activity (n = 399). On the
contrary, the C/C genotype of the
UCP1 rs2071415 polymorphism was
not associated with higher waist to
hip ratio (- 0.047; 95%CI, -0.099 to
0.004; P = 0.084) in adolescents who
spent at least 60 min/day of
moderate to vigorous physical
activity (n = 290).

Discussion

The results of the present study
show that the C allele of the UCP1
rs6536991  polymorphism  was
associated with a lower risk of
overweight and obesity (OR=0.72) in
European adolescents from 9
countries. We also observed an
interaction between physical activity
and the UCP1rs2071415
polymorphism on waist to hip ratio.
Adolescents meeting the daily
physical activity recommendations
may overcome the effect of the UCP1

FIGURE 1 Association between overweight
and UCP1 rs6536991 polymorphism under
a dominant model. P values are adjusted for
centre, sex, and age

P=0.0342; FDR=0.0479

rs6536991

aTT
m TC-CC

45 50 55
1 1 1

Percentage of individuals (%)
40
1

30

n=425 n=397 n=136 n=99

Non-overweight Overweight

rs2071415 polymorphism on waist
to hip ratio. Our results of UCPI
polymorphisms are in agreement
with others’¢. Ramos et al.1® showed
a significant association between the
UCP1 rs6536991 polymorphism and
obesity and BMI in 352 Brazilian
adults. They showed that the C allele
was associated with a lower risk of
obesity (OR=0.69) and a lower BMI
in individuals with no obesity.

We did not find significant
associations between UCPZ or UCP3
polymorphisms and  adiposity
markers, which is in contrast with
the finding by Van Abeelen et al.?? in
Dutch men (40-80 years old). They
reported a significant association
between homozygosity for the minor
allele (C) of UCP3 rs2075577
polymorphism and BMI but not with
other adiposity phenotypes such as
waist to hip ratio. Another study?!
reported a significant association
between the (UCP3 rs2075577-
UCP2 1rs660339) haplotype with
BMI. The frequency of the C-T
haplotype in patients with obesity
was significantly higher than that
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Waist / hip

FIGURE 2 Interaction between the UCP1
rs2071415 SNP and levels of moderate to
vigorous physical activity (MVP4A; <60
min/d vs 260 min/d) on waist to hip ratio,
under an additive model. Error bars
represent = SE. P values adjusted for centre,
sex, and age

For interaction, P=0.006; FDR=0.026
rs2071415
| TT
8 _ @ TC
P=0.0027 ‘ P=0.084 = co

0.84
1

0.80
1

0.76
1

0.74
L

n=301 n=88 n=10
MVPA < 60 min/d

n=205 n=79 n=6
MVPA >= 60 min/d

seen in subjects without it. However,
these results were observed in
only. These
discordances
polymorphism and phenotypes may
be due to the fact that they are
population dependent, with possibly
different allele frequencies and
penetrance in these populations.
Also differences in age, inter-country
differences in lifestyle behaviours
and sample sizes are important.

A plausible explanation of the
observed
polymorphisms in the UCPI gene
and obesity phenotypes could be
because this polymorphism may
lead to less functional UCPs proteins.
As a result, uncoupling activity could
be decreased and therefore reduce

females association

between

associations between

heat dissipation as well as lipid
oxidation®, leading to
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overweight/obesity. Recent studies
have described that calcium cycling
in the skeletal muscle has a similar
role than UCP1 in non-shivering
thermogenesis in muscle and BAT of
rabbits 2°. Indeed uncoupling ATP
hydrolysis in
sarcoplasmic/endoplasmic
reticulum calcium ATPase (SERCA)
mediated by sarcolipin in mice with
this  small
proteolipid
increased basal metabolic rate and
decreased diet-induced obesity risk
30, In with this findings,
overexpression of UCP2
associated with an improved fatty
acid oxidation 31

overexpression  of
transmembrane

line
was

suggesting a
possible relevant role on the muscle
function because UCPZ2 and UCP3
genes are highly expressed in
skeletal muscle!?. More studies are
needed to understand if sarcolipin

could compensate a functional
deficit of UCP1 in overweight
individuals such as fatty acid
utilization by UCP2.

Findings from our study should
be taken with caution owing to its
cross-sectional Lifestyle
intervention studies in adolescents

nature.

are needed to determine to what
extent the effect of UCP genes on
obesity-related
modified, especially in genetically

traits can be

predisposed individuals. Results
about gene-gene interaction
between UCP1 and Ucr3

polymorphisms must be taken with
caution due to low number of
individuals in the interaction group
with significant differences,
should be confirmed in other studies

and



with larger sample sizes.
Unfortunately, @—we  have no
information on relatedness patterns
among the participants, and we do
not know the ethnic/racial make-up
of the sample.

In conclusion, we observed an
association between the UCP1
rs6536991 polymorphism and the
risk of overweight in adolescents.
Our results also suggest that
physical activity could compensate
the deleterious effect of the UCP1
rs2071415 polymorphism on
adiposity markers.
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CHAPTER 3: Association between ADIPOQ
gene polymorphisms and cardiovascular

disease risk factors in European adolescents:
The HELENA study
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Introduction

Almost 18 million people die
from cardiovascular disease (CVD)
worldwide every year!. That means
31% global deaths. Exact cause of
CVD is still unknown, but numerous
risk factors are described, as
smoking, high blood pressure, high
cholesterol, diabetes, inactivity,
overweight/obesity, and family
history among others=.

As most diseases, CVDs
development are the result of a
complex interplay of genetics and
environmental factors. Some studies
have shown a strong genetic cause of
CVDs as coronary artery disease3 or
sickle cell anemia* = Genetic
susceptibility to CVDs is commonly
set up by multiple genes and
polymorphisms acting together. A
recent review® collected a list of
genetic markers that influence HDL
levels, LDL levels, triglycerides levels
an others, as well as some heritable
conditions (e.g. coronary artery
disease, atrial fibrillation,
myocardial  infarction).  Others
studies have described influence of
some genetic polymorphisms with
stroke ©7, myocardial infarction 8°
and other cardiovascular
complications 10.

Adiponectin (ADIPOQ) is an
adipocytokine  secreted almost
exclusively from adipocites'l. This
hormone has wide physiological
benefits in the organism. Berg et al.1?
found that adiponectin improves
insulin resistance, suggesting that
this molecule inhibits glucose
production and/or improves glucose

assimilation independent of insulin
levels. Others have described a role
in lipid metabolism, showing an
increase of beta-oxidation and an
inhibition of lipid accumulation in
the liver!3. Indeed, low levels of
adiponectin may contribute to the
increased risk for cardiovascular
complications in obesity, insulin
resistance and diabetes#415, A recent
meta-analysis!® studied the
association between ADIPOQ single
nucleotides polymorphism (SNPs)
and CAD. They found that the
rs1501299 polymorphism is
associated with the susceptibility to
coronary artery disease in
Caucasians, East Asians and South
Asians, meanwhile the rs2241766
polymorphism affects only in East
Asians. Kanu et all?” performed
another meta-analysis looking for
association between three ADIPOQ
SNPs (rs266729, rs2241766, and

rs1501299) and CVD
(atherothrombotic cerebral
infarction or ACI, acute Coronary
Syndrome or ACS,
atherosclerosis, coronary artery
disease3, coronary heart

disease, CVD cardiovascular disease
and myocardial infarction or MI).
They found a significant increased
CVD risk associated with rs266729
and rs2241766, but not associated
with rs1501299. Another study
described that rs266729, rs822395,
rs1501299 and rs2241766
polymorphisms were all significantly
associated with the susceptibility to
coronary artery disease® in certain
populations!8. Therefore, still some
inconsistencies have existed in
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research findings on the association
between CVD and single nucleotide
polymorphisms (SNPs) of ADIPOQ.

Currently, most of medical
actions to prevent cardiovascular
episodes are pharmacological or life-
style behaviour changes. However
genetic studies to know genetic
susceptibility to suffer CAD and
therefore create risk groups within a
population and make individualized
prevent and treatments are not
performed.

Data obtained within the Healthy
Lifestyle in Europe by Nutrition in
Adolescence (HELENA)
provide an excellent opportunity to
study the association between
ADIPOQ gene polymorphisms with
cardiovascular risk factors in
European adolescents. The HELENA
study was designed to provide
reliable data on nutrition and health-
related variables in a relatively large
sample of European adolescents
from 9 different countries and

study

includes  information on 14
polymorphisms (SNPs) of the
ADIPOQ  gene as well as
cardiovascular risk factors.

The aim of this study was
therefore to examine the association
between 14 ADIPOQ polymorphisms
with CVD risk factors in European
adolescents.

Material and methods

Participants

The Healthy Lifestyle in Europe by
Nutrition in Adolescence Cross-
Study  (HELENA-CSS)
attempted to report the lifestyle and
nutritional status of European

Sectional
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TABLE 1 Minor allele frequency (MAF) and
results of exact test to assess deviations from

Hardy-Weinberg equilibrium (HWE).

Major Minor

allele allele MAF HWE
ADIPOQ
rs182052 G A 0.32 0.14
rs822391 T C 0.19 0.09
rs822393 C T 0.21 0.51
rs16861210 G A 0.09 0.86
rs822395 A C 0.35 0.16
rs822396 A G 0.18 0.12
rs12495941 G T 0.38 0.74
rs7649121 A T 0.15 0.27
rs2241766 T G 0.13 0.78
rs1501299 C A 0.29 0.01
rs3821799 C T 0.48 0.24
rs3774261 G A 0.42 0.05
rs17366743 T C 0.02 0.1
rs1063537 C T 0.12 0.39

adolescents. A total of 3865
participants (12-18 year old) of nine
European (Greece,
Germany, Belgium, France, Hungary,
Italy, Sweden, Austria and Spain)
were selected to be part of this
study. They were randomly selected

countries

from public and private schools in
each city between October 2006 and
December 2007. We collected blood
samples
participants

of these
(N=1155) with the
consequent genetic analysis and

of one-third

clinical biochemistry assays. Finally
1057 (552 girls) adolescents with
ADIPOQ gene polymorphisms and
CVD risk factors data were included
in this study. Adolescents and
corresponding  parents/guardians
were fully informed about aims and
methods of the study such as



Table 2 Characteristics of the study population.

Male (n=505)

Female (n=552)

Phenotype All (n=1057)
Age (years) 14.71 + 1.22
Weight (kg) 58.72 £ 12.67
Height (cm) 165.46 + 9.34
BMI 21.34 + 3.67
Cholesterol (mmol/1) 160.74 + 27.69
HDL(mmol/1) 55.26 + 10.67
LDL (mmol/1) 94.49 + 25.09
Triglycerides (mmol/1) 69 + 35.09
LDL/HDL 1.78 + 0.63
Cholesterol/HDL 2.99 £ 0.66
Triglycerides/HDL 1.33+0.88
ApoAl 1.5+0.22
ApoB 0.65 £ 0.16
ApoB/ApoAl 0.44 £ 0.13
apoB/LDL 0.27 £ 0.03
Leptin (ng/ml) 19.61 + 22.19
Insulin 10.31+7.79
HOMA 2.35+1.96
QUICKI 0.35 £ 0.03
SBP (mm Hg) 120.03 +£ 13.3
DBP (mm Hg) 68.03 + 8.84
CVD Risk score -0.01 £ 0.61

14.74 £ 1.25 14.68 + 1.2
61.86 + 14.29 55.85+10.17
169.5 £ 9.91 161.76 + 6.98
21.39 £ 3.99 21.3 £ 3.37
154.03 £ 26.13  166.88 + 27.68
53.17 £ 10.12 57.17 £ 10.81
90.78 + 24.32 97.89 + 25.33
64.13 + 31.65 73.46 + 37.45
1.78 £ 0.65 1.78 £ 0.6
2.98 + 0.69 2.99 £ 0.63
1.29+0.83 1.37 £ 0.92
1.46 £ 0.21 1.55+0.23
0.63 +£0.15 0.68 £ 0.16
0.44 £0.13 0.45+0.13
0.27 £ 0.03 0.27 £ 0.03
9.55+1421 28.36 £ 24.11
10.16 + 8.82 10.46 + 6.7
2.36 £ 2.24 2.34+1.65
0.35+0.03 0.35+0.03
124.16 + 13.93  116.29 £ 11.5
67.52 £ 891 68.49 + 8.7
-0.03 £ 0.66 0.02 £ 0.56

BMI: Body mass index; HDL: High density lipoprotein; LDL: Low density lipoprotein; Apo:
Apolipoprotein; HOMA: Homeostatic Model Assessment; QUICKI: Quantitative Insulin Sensitivity

Check Index; SBP: Systolic blood

inclusion criteria 1929, and signed an
informed written consent. Ethical
guidelines of the Declaration of
Helsinki 1961 (revision of
Edinburgh 2000), Good Clinical
Practice, and legislation
clinical research in humans in each
of the participating countries were
respected by the study. Human
research committees of each center

about

involved approved the protocol 21.

Assessment of Cardiovascular Disease
Risk factors

A total of 30 ml of venous blood was
extracted between 8 and 10 am in

pressure;  DBP:

Diastolic blood pressure
fasting conditions (ten hours after
last meal). Samples were collected in
heparinized tubes, maintained in ice
and centrifuged (3.500rpm/15min)
within 30 min. After centrifugation
they were stored and transported
(4-72C) to the central laboratory
(Bonn, Germany) where they were
deposited at  -809C.
concentrations of cardiovascular
risk factors were measured in
centralized laboratories.

The CVD risk factors analysed
included serum total cholesterol,
high-density  lipoprotein  (HDL)
cholesterol, low-density cholesterol
(LDL), ApoA1, ApoB, leptin,

Serum
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FIGURE 1 Blocks 1 and 2 of ADIPOQ polymorphisms,
which contains rs822393, rs16861210, rs822395,
rs822396, rs12495941 and rs7649121 for block 1;
rs2241766, rs1501299, rs3821799, rs3774261,
rs17366743 and rs1063537 for block 2, according to
genotyping data of this study. Boxes number referred
to linkage disequilibrium (D’) between SNPs, boxes
with no number means 100% linkage (D’ = 1). Colour
legend: i) Bright red = high D’; White = low D’; iii)
Purple = High D’ but low LOD score (see Haploview
documentation for further details;
http://www.broad.mit.edu/mpg/haploview).

triglycerides and glucose,
which were measured on the
Dimension RxL clinical chemistry
system (Dade Behring, Schwalbach,
Germany) with enzymatic methods.
Insulin was measured by a solid-
phase two-site chemiluminescent
immunometric assay with an
Immulite 2000 analyzer (DPC
Biermann GmbH, Bad Nauheim,
Germany). Homeostasis  model
assessment (HOMA) was calculated
(glycaemia X insulin/22.5) as
resistance to insulin indicator as
well as the Quantitative Insulin
Sensitivity Check Index (QUICKI).
Blood pressure was measured with
an automatic oscillometric device
(OMRON M6). Adolescents quietly
sat for 5 min Dbefore the
measurements, conducted on the
right arm in an extended position.
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Two measures were taken 5 min
apart, and the mean of both values
(in mmHg) was used in analyses. We
computed a CVD risk score with the
mean of the standardize value
[(value-mean)/standard deviation]
of the following variables: Total
cholesterol/HDL, triglycerides,
HOMA, systolic blood pressure, and
triceps and subscapular skinfolds?2.

Genotyping

Samples were genotyped by an
[llumina System (Illumina, Inc, San
Diego, California) and the software
used was GoldenGate (Inc, San
Francisco, California). High rate of
genotyping success was performed
(299.8%) and each polymorphism
respected the Hardy-Weinberg
equilibrium (P20.01 in all cases;
Table 1). Several polymorphisms of
the ADIPOQ gene showed linkage
disequilibrium between them
(Figure 1).

Statistical analysis

Deviations from Hardy-Weinberg
equilibrium (HWE) were determined
by means of an exact test and
considering a p value of 0.01 as a
threshold. Associations between
genetic markers and CVD risk factors
were assessed through linear
models. Five genetic models
(dominant, recessive, log-additive,
codominant and overdominant)
were used for all analyses, except in
those where 1516861210 and
rs17366743 polymorphisms were
involved. These polymorphisms
were analysed using only a
dominant model due to the low
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FIGURE 2 Association between ADIPOQ polymorphisms and high density lipoprotein cholesterol
(HDL). Heritage model, P value and false positive discovery rate are shown for each association.

Values are adjusted for body mass index, center, sex, and age.

number of minor homozygotes (MAF
< 0.1; Table 1). Adjustment variables
were body mass index (calculated as
weight in kilograms divided by

height in meters squared), age,
gender and center. For each
polymorphism, p values were

computed using the likelihood ratio
test (LRT) between a model with the
polymorphism and a null model
without it. These analyses were
performed with the “SNPassoc” R
package?3. We the
associations between all SNPs and

considered

each phenotype under a given
heritage model as the family test, i.e.
the number of test was equal to the
of SNPs. Therefore a
corrected p value for

number
multiple
comparison following the Bonferroni
method would be 0.0036 (0.05/14).
We the  significant
associations to perform further
haplotype Given these
associations were used in further

the linkage
existent between

selected
analysis.
analyses and
disequilibrium

gene polymorphisms (see below),

which the number of
independent tests, we performed a

reduces
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FIGURE 3 Association between ADIPOQ polymorphisms and apolipoprotein (Apo)A1l. Heritage
model, P value and false positive discovery rate are shown for each association. Values are
adjusted for body mass index, center, sex, and age.

exploratory selection of associations positives (False Discovery Rate
using a method to control the [FDR])2425 instead the Bonferroni
expected proportion of false correction, which is more
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stringent?6. Therefore, associations
with FDR < 0.1 were used in

haplotype analyses.
Linkage disequilibrium
between polymorphisms and

haplotype block structures were
evaluated with Haploview 4.2
(http://www.broad.mit.edu/mpg/h
aploview) and haplo.stats?” . First,
haplotype blocks were generated by
the algorithm of four-gamete rules?8.
For each block, we tested if the
observed frequencies of haplotypes
were deviated from expected under
linkage equilibrium. Finally, we
assessed the association between

haplotypes and phenotypes by
means of a permutation procedure.
Only additive and dominant models
were considered given the low
frequency of some haplotypes. For
those significant associations we
performed regressions between
haplotypes and phenotypes with the
purpose of testing significant
differences  between  haplotype
levels. Again, the FDR was calculated
from the p values for differences
between the reference haplotype
(the most frequent) and other

haplotypes.

Results

The characteristics of the study
sample are shown in Table 2.
Association between ADIPOQ
polymorphisms and CVD Risk Markers
Three of the fourteen SNPs analysed
showed significant associations with
CVD risk factors after the Bonferroni
correction (rs822393, rs822395 and

rs7649121; Figures 2,3,4). The
significant associations after a less
stringent correction (FDR<0.05) for
all markers are shown in
supplementary appendix (Figures
S1-3), along with p values for all
associations (Figures S4-21).

We observed an association
of minor T allele of the rs822393
polymorphism with lower HDL
under dominant, codominant,
recessive and additive model
(p=0.0024, p=0.00036, p=0.00085
and p=0.00018, respectively) and
with lower ApoAl under dominant,
codominant, recessive and additive
model (p=4e-04, p=0.00013,
p=0.00134 and p=4e-05
respectively) (Figures 2 and 3).

Regarding the rs822395
polymorphism, we observed an
association of major A allele
polymorphism with lower ApoAl
under dominant, codominant,
recessive and additive model
(p=0.00234, p=0.00123, p=0.00314
and p=0.00027, respectively), higher
SBP under dominant and additive
model (p=0.00087 and p=0.00231,
respectively) and with higher risk
score under recessive and additive
model (p=0.00234 and p=0.00238,
respectively) (Figures 3 and 4).

Finally, we observed an
association of minor T allele of the
rs7649121 polymorphism with a
lower HDL under dominant,
codominant overdominant and
additive heritage model (p=0.00011,
p=1e-04, p=0.0034 and p=2e-05
respectively), and with lower ApoA1l
under dominant, codominant,
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Figure 4 Association of ADIPOQ polymorphisms with systolic blood pressure (SPB) and risk
score. Heritage model, P value and false positive discovery rate are shown for each association.
Values are adjusted for body mass index, center, sex, and age.

overdominant and additive
model (p=0.00019; p=0.00026;
p=0.00347 p=5e-05,
respectively) (Figures 2 and 3).

and

Association between ADIPOQ
polymorphism haplotypes and CVD
risk factors

ADIPOQ block 1 contains rs822393,
rs16861210, rs822395, rs822396,
rs12495941 and rs7649121
polymorphisms (Figure 1).

Haplotype TGAAGT of ADIPOQ was
significantly associated to lower HDL
than CGAATA (global p=0.00335;
difference between groups 0.04;

95CI = 0.07 - 0.01; P = 0.0042;
FDR=0.02940; under dominant
model / / global p=0.0088;
difference between groups 0.04;
95CI = 0.06 - 0.02; P = 0.0011;
FDR=0.0077; under additive model;
differences between groups

obtained from models with the
response variable log transformed).
The TGAAGT haplotype was also
associated with lower ApoA1 levels

86

than the CGAATA haplotype (global

p=0.0095; difference between
groups 0.03; 95CI = 0.05 - 0.01; P =
0.0039; FDR=0.0273; under
dominant model / / global
p=0.00375; difference  between

groups 0.03; 95CI = 0.05 - 0.01; P =
0.0026; FDR=0.0182; under additive
model).

Discussion

The primary findings of this
study show a significant association
between the rs822393, rs822395
and rs7649121 polymorphisms of
ADIPOQ gene and several CVD risk
factors (i.e. HDL, Apol, SBP, Risk
Score) in European adolescents. We
also found a significantly association
of the TGAAGT ADIPOQ haplotype
(rs822393, rs16861210, rs822395,
rs822396, rs12495941 and
rs7649121) with HDL and Apol
serum levels. Taken together, these
findings highlight the relevance of
genetic influence over the



cardiovascular profile in
adolescents.

To our knowledge, this is the
first study investigating the
association between ADIPOQ gene
polymorphisms and CVD risk factors
in European adolescents. He et al.??
did not find a significant association
between four ADIPOQ
polymorphisms  (i.e. rs182052,
rs2241766, 1rs266729,rs822393)
and cardio-metabolic traits, neither
circulating adiponectin
concentration in Mexican children.
However, they found a strong
association  between circulating
adiponectin  concentration  and
cardio-metabolic traits in Mexican
children. In our study we also
analysed the rs182052 and
rs2241766 polymorphisms and we
did not significant
association either. However, in
contrast with their study, we found a
strong association between the
rs822393 polymorphism and HDL
and Apo1l serum levels under several
genetic models (dominant,
codominant, recessive and additive
model). Both studies have similar
size and age study population, so
these discordances may be due to
the fact that these polymorphisms
are population dependent, with
possibly different allele frequencies
and penetrance in these populations.
Their study sample was based of
urban population of central Mexico,
while children of nine different

observe

European countries set up our study.

A meta-analysis investigated
the association between adiponectin
gene polymorphisms and coronary

artery disease, and showed that the
A allele of the rs822395 (-4034A>(C)
polymorphism was significantly
associated  with  polymorphism
under the additive model (OR= 1.20,
95% CI = 1.02-1.43) in Caucasians
30, These findings concur with our
results. Our data show that the A
allele of the rs822395
polymorphism is associated to lower
Apo1 levels, higher SBP and a higher
Risk Score. Another study based on a
Chinese Han population3!, showed
that homozygous carriers of the T
allele of the rs1501299
polymorphism and the G allele of
the rs2241766 polymorphism were
associated with increased coronary
heart disease risk, and the
homozygous carriers T allele of the
rs7649121  polymorphism  was
associated with decreased coronary
heart disease risk. Moreover, they
found an interaction between
smoking and GG or GT genotypes of
the rs1501299 polymorphism with
higher risk of coronary heart
disease. In our study we did not find
significant association between the
rs1501299 and rs2241766
polymorphisms and CVD risk
factors, yet we observed a solid
association of minor the T allele of
the rs7649121 polymorphism with a
lower HDL and with lower Apo1l. For
a long time epidemiological studies
have consistently supported an
inverse association between plasma
HDL levels and coronary heart
disease32, which makes incoherent
these results. In the same line,
numerous studies have
demonstrated that Apol provide
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identical or even improve our ability
to identify patients at risk for future
coronary  heart
prognostic information as HDL33.
However, causality of this
association is still unclear despite
data from human genetic and
pharmacological studies. It is
possible that this phenomenon
might be influenced by other
confounding factors that are causally
associated with coronary heart
disease risk as well as HDL and are
primarily responsible for the
epidemiologic
Nevertheless, genetics heritability
population dependent, with possibly
different allele frequencies and
penetrance in these populations,
could explain these discordances.
Finally, age differences between
both studies are remarkable (mean
age of 61.8 + 12.1 years).

Fewer and unclear results
about haplotypes of ADIPOQ and
cardiovascular risk have been

disease and

observation34.

performed to our knowledge.
Pischon et al35 did not suggest an
important role of a @ five
polymorphisms haplotype
(rs266729, 1s822395, 1rs822396,
rs2241766 andrs1501299) in the
development of coronary heart
disease in men and women.
However, we found that the
haplotype TGAAGT of ADIPOQ
(rs822393, rs16861210, rs822395,
rs822396, rs12495941 and
rs7649121) was significantly
associated to lower HDL and lower
Apo1 serum levels. Sample size, age,
genetic variants of the haplotype and
the follow up period (6-8 years)
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could explain some differences with
our results.

Adiponectin regulates glucose
and lipid metabolism, influencing in
the development of multiple
metabolic  disorders including
obesity/overweight and diabetes
mellitus. Therefore, it is evident that
these two common metabolic
disorders were associated with an
increased risk of CVD36. A possible
mechanism that may partially
explain the observed associations in
our study is that polymorphisms or
haplotypes of ADIPOQ could alter
adiponectin functions and therefore
predispose to an
cardiovascular risk. Adiponectin
increases serum HDL and lowers

increased

serum triglycerides (TG)37.
Adiponectin increases HDL-C
through several mechanisms: i) via
increase the hepatic production of
Apo1, main apolipoprotein of HDL38,
and ii) via activation of lipoprotein
lipase (LPL) and ATP-binding
cassette transporter A1 (ABCA1) and
decreases hepatic lipase, which can
also reduce TG3°. Taken together,
adiponectin plays a role in the
development CVD. Therefore,
functional ADIPOQ genetic
polymorphisms, which may alter the
expression level of adiponectin or
the functional capability of the
expressed protein, may also alter
individual susceptibility to CVD.
Some limitations of this work
should also be acknowledged when
interpreting our findings. First
limitation it is the cross-sectional
nature of our study so causality
associations could not be



determined. Despite our positive
findings, future studies are still
needed to examine if there is direct
causal correlation
between ADIPOQ polymorphisms
and CVD risk factors. Second, the
associations

between ADIPOQ polymorphisms
and CVD risk factors could be
modified by gene-gene and gene-
environmental interactions. Third,
we have no information on
relatedness patterns among the
participants, and we do not know
the ethnic/racial make-up of the
sample. Our results should be
considered carefully and studies
with larger sample size could help to
further confirm this possible genetic
predisposition.

In conclusion, we observed
an association between single
rs822393, rs822395, rs7649121
polymorphisms and six
polymorphisms haplotype of the
ADIPOQ gene and CVD risk factors in
European adolescents.
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CHAPTER 4: Association of UCP1, UCP2 and

UCP3 gene polymorphisms with
cardiovascular disease risk factors in
European adolescents: the HELENA study



ABSTRACT

Objective: To examine the
association of UCP1, UCP2 and UCP3
gene polymorphisms with
cardiovascular disease (CVD) risk
factors in European adolescents.
Study design: A cross-sectional study
that involves 1.057 European
adolescents (12-18 years old) from
the HELENA Study. A total of 18
polymorphisms of UCP1, UCPZ and
UCP3 genes were genotyped. We
measured serum total cholesterol,
HDL, ApoAl, ApoB, leptin,
triglycerides, glucose, insulin, blood
pressure, and calculated HOMA
(homeostatic model assessment)
and a CVD Risk Score.

Results: The G allele of UCPZ2
rs2735572 and T allele of UCPZ
rs17132534 were associated with
higher diastolic blood pressure
(p=0.0019; FDR=0.017 and
p=0.0017; FDR=0.0017,
respectively). We observed that the
AATAG haplotype of UCPI was
associated with higher serum
ApoB/ApoAl (p = 0.008; FDR=
0.031) and ApoB levels (p = 0.008;
FDR= 0.031). Moreover, the ACC
haplotype of UCP3 was associated
with a higher CVD risk score (p =
0.003; FDR = 0.009).

Conclusions: Two Ucp2
polymorphisms and haplotypes of
UCP1 and UCP3 were associated with
cardiovascular disease risk factors.
These findings suggest that UCPs
may have a role in the development
of cardiovascular diseases already in
adolescents.

Introduction

Cardiovascular diseases (CVDs) are
the main cause of premature death
and chronic disability worldwide 1.
CVD events occur most frequently
during or after the fifth decade of
life, however, there is evidence
indicating that the precursors of CVD
have its origin in the first decades of
life 2. Therefore, prevention is
fundamental to reduce the incidence
of these pathologies, especially in
young people.

CVDs are a result of complex
harmful
environmental and genetic risk
factors.
include unhealthy diet, tobacco use
or physical inactivity 3. However,

interactions between

Environmental factors

efforts have been insufficient to
decrease the prevalence and new
pathogenic dimensions come into
play. Recent studies have described
the association between some
genetic polymorphisms with stroke
45 myocardial infarction 67 and
other cardiovascular complications
8. For example, uncoupling protein
genes (UCPs) have been associated
with risk factors of cardiovascular
disease such as prediabetes and type
2 diabetes mellitus (T2DM) 919,
overweight and obesity 11-13, plasma
levels  of
hypertension (HT) 15 , mainly in
adults over 50 years of age.

The most studied UCP genes
are: i) UCP1, which main function is
heat production through non-
shivering thermogenesis in brown
adipose tissue (BAT) 16; ii) UCPZ,
seems to be involved in the control
of reactive oxygen species (ROS)

cholesterol 14 or
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production 17, the modulation of
insulin secretion!8, the regulation of
mitochondrial fatty acid oxidation!®
and may have a regulating role in
thermogenesis of BAT 29, and iii)
UCP3, which role has been related to
the coupling
mitochondrial respiration in skeletal

regulation of

muscle mitochondria?! and fatty
acids oxidation??, and is a mediator
of thermogenesis?3. The playing role
of uncoupling proteins in human
physiology makes UCPs ideal targets
against  cardiovascular-associated
pathologies. Indeed, several
polymorphisms of UCPZ (rs660339,
rs659366)92425 and UCP3
(rs2075577, rs3781907, rs1800006,
rs1800849) 926-28  have been

associated with T2DM,
overweight/obesity, serum total and
LDL-cholesterol and others
cardiovascular risk markers.

Nevertheless, poor evidence of CVD
risk factors, especially in youth has
been described.

Data obtained within the
Healthy Lifestyle in Europe by
Nutrition in Adolescence (HELENA)
study provide an
opportunity to study the association
of UCP1, UCP2 and UCP3 gene
polymorphisms with CVD risk
factors in European adolescents. The
HELENA study was designed to
provide reliable data on nutrition

excellent

and health-related variables in a
relatively large sample of European
different
countries and includes information
on 18 polymorphisms (SNPs) of
UCP1, UCP2 and UCP3 genes as well
as a number of CVD risk factors. To

adolescents from 9
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our knowledge, UCP polymorphisms
have not been identified in GWAS of
body weight or body composition in
adults or other age groups

The aim of this study was
therefore to examine the association
of 18 UCP1, UCP2 and UCP3
polymorphisms with CVD risk
factors in European adolescents.

Material and methods

Participants

The Healthy Lifestyle in Europe by
Nutrition in Adolescence Cross-
Sectional  Study  (HELENA-CSS)
attempted to report the lifestyle and
nutritional status of European
adolescents. A total of 3865
participants (12-18 year old) of nine
European (Greece,
Germany, Belgium, France, Hungary,
Italy, Sweden, Austria and Spain)
were selected to be part of this
study. They were randomly selected
from public and private schools in
each city between October 2006 and
December 2007. We collected blood
samples of one-third of these
participants (N=1155) with the
consequent genetic analysis and
clinical biochemistry assays. Finally
1057 (552 girls) adolescents with
UCP gene polymorphisms and CVD
risk factors data were included in
this  study. Adolescents and
corresponding  parents/guardians
were fully informed about aims and
methods of the study such as
inclusion criteria, and signed an
informed written consent. Ethical

countries



guidelines of the Declaration of

Helsinki 1961 (revision of

TABLE 1 Minor allele frequency (MAF) and
results of exact test to assess deviations
from Hardy-Weinberg equilibrium (HWE).

Major Minor

allele allele MAF pHWE
UCP1
rs2071415 T C 0.15 0.39
rs7688743 G A 0.19 0.92
rs2071416 T G 0.08 0.31
rs6818140 A G 0.19 0.32
rs6822807 T C 0.27 0.59
251193223 A G 019 032
251250257 G A 036 0.74
rs6536991 T C 027 1
UCP2
rs2735572 G A 0.06 0.58
rs660339 C T 0.39 0.65
251713253 T C 0.06 0.79
rs659366 C T 0.36 0.84
UCP3
rs7930460 A G 0.21 0.78
rs2075577 T C 0.47 0.22
rs2734828 C T 0.25 0.81
rs3781907 T C 0.27 0.75
rs1800006 T C 0.24 0.5
rs1800849 C T 0.22 0.42

Edinburgh 2000), Good Clinical
Practice, and legislation about
clinical research in humans in each
of the participating countries were
respected by the study. Human
research committees of each center
involved approved the protocol 2°.

Assessment of Cardiovascular Risk
Factors

A total of 30 ml of venous blood was
extracted between 8 and 10 am in
fasting conditions (ten hours after
last meal). Samples were collected in

heparinized tubes, maintained in ice
and centrifuged (3.500rpm/15min)
within 30 min. After centrifugation
they were stored and transported
(4-72C) to the central laboratory
(Bonn, Germany) where they were
deposited at  -809C. Serum
concentrations of cardiovascular
risk factors were measured in
centralized laboratories.

The CVD risk factors analysed
included serum total cholesterol,
high-density  lipoprotein = (HDL)
cholesterol, low-density lipoprotein
(LDL), very-low-density lipoprotein
(VLDL), ApoAl, ApoB, Ileptin,
triglycerides and glucose, which
were measured on the Dimension
RxL clinical chemistry system (Dade
Behring, Schwalbach, Germany) with
enzymatic methods. Insulin was
measured by a solid-phase two-site
chemiluminescent
assay with an Immulite 2000
analyzer (DPC Biermann GmbH, Bad
Nauheim, Germany). Homeostasis
model assessment (HOMA) was
calculated (glycaemia X
insulin/22.5) as resistance to insulin
indicator as well as the Quantitative
Insulin Sensitivity Check Index
(QUICKI). Blood pressure was
measured with an  automatic
oscillometric device (OMRON M&6).
Adolescents quietly sat for 5 min
before the measurements, conducted
on the right arm in an extended
position. Two measures were taken
5 min apart, and the lowest value
was recorded in mmHg.

We computed a CVD risk score with
the mean of the standardize value
[(value-mean)/standard deviation]

immunometric
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of the following variables: Total

TABLE 2 Mean =* SD of cardiovascular risk factors.

cholesterol/HDL, triglycerides,

Phenotype

All (n=1057)

Male (n=505)

Female (n=552)

Cholesterol (mmol/1)

160.74 + 27.69

HDL(mmol/1) 55.26 + 10.67
LDL (mmol/1) 94.49 + 25.09
VLDL (mmol/I) 13.8 + 7.02
Triglycerides (mmol/l) 69 * 35.09
LDL/HDL 1.78 + 0.63
Cholesterol/HDL 2.99 £ 0.66
Triglycerides/HDL 1.33+0.88
ApoAl 1.5+0.22
ApoB 0.65 £ 0.16
ApoB/ApoAl 0.44 £ 0.13
apoB/LDL 0.27 £ 0.03
Leptin (ng/ml) 19.61 + 22.19
Insulin 10.31+7.79
HOMA 2.35+1.96
QUICKI 0.35 £ 0.03
SBP (mm Hg) 180.88 + 20.52
DBP (mm Hg) 102.43 £ 13.65
Risk score 1.99 £ 0.61

154.03 + 26.13

166.88 + 27.68

53.17 £ 10.12 57.17 £ 10.81
90.78 + 24.32 97.89 + 25.33
12.83 £ 6.33 14.69 + 7.49
64.13 + 31.65 73.46 £ 37.45
1.78 £ 0.65 1.78 £ 0.6
2.98 + 0.69 2.99 £ 0.63
1.29+0.83 1.37 £ 0.92
1.46 £ 0.21 1.55+0.23
0.63 +£0.15 0.68 £ 0.16
0.44 £0.13 0.45+0.13
0.27 £ 0.03 0.27 £ 0.03
9.55 +14.21 28.36 £ 24.11
10.16 + 8.82 10.46 + 6.7
2.36 £ 2.24 2.34 +1.65
0.35+0.03 0.35+0.03

187.13 + 21.46
101.63 + 13.49
1.97 + 0.66

175.22 £ 17.85
103.16 + 13.77
2.02+£0.56

HDL: High density lipoprotein; LDL: Low density lipoprotein; VLDL: very low-density lipoprotein;
Apo: Apolipoprotein; HOMA: homeostatic model assessment; QUICKI: Quantitative Insulin
Sensitivity Check Index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure

HOMA, systolic blood pressure, and
triceps and subscapular skinfolds3°.

Genotyping

Samples were genotyped by an
[llumina System (Illumina, Inc, San
Diego, California) and the software
used was GoldenGate (Inc, San
Francisco, California). High rate of
genotyping success was performed
(97,8%) and each polymorphism
respected the Hardy-Weinberg
equilibrium (P>0.2 in all cases; Table
1). Several polymorphisms of the
same genes showed linkage
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disequilibrium between them

(Figures 1 and 2).

Statistical analysis

Deviations from Hardy-Weinberg
equilibrium (HWE) were determined
by means of an exact test and
considering a p value of 0.05 as a
threshold. Associations between
genetic markers and CVD risk factors
through linear
genetic
(dominant, recessive, log-additive,

were assessed

models. Five models



codominant and overdominant)
were used for all analyses, except in
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FIGURE 1 Haploview result belonging to
block 1 of UCP1 polymorphisms, which
contains (rs12502572, rs11932232,
rs6822807, rs6818140 y rs2071416),
according to genotyping data of this study.
Boxes number referred to correlation level
(linkage disequilibrium; D’) between SNPs.
Red colour boxes with no number means
100% correlation (D’ =1).
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FIGURE 2 Blocks 1, 2 and 3 of UCP2 and
UCP3 polymorphisms, which contains
rs2735572, rs660339, rs17132534 and
rs659366 for block 1 (UCPZ2); rs7930460,
rs2075577 and rs2734828 for block 2
(UCP3); rs1800006 and rs1800849 for
block 3 (UCP3), according to genotyping
data of this study. Boxes number referred to
correlation level (linkage disequilibrium; D’)
between SNPs. Red colour boxes with no
number means 100% correlation (D’ = 1).

those where rs2071416, rs2735572
and rs17132534 polymorphisms
were involved. These
polymorphisms were analysed using
only a dominant model due to the
low number of minor homozygotes
(MAF < 0.1; Table 1). Previous
findings shown the association
between non-additive models with
UCPs, which indicates the interest of
perform this five models and
compare the additive models with
non-additives ones3!l. Adjustment
variables were body mass index
(calculated as weight in kilograms
divided by height in meters
squared), age, gender and center.
For each polymorphism, p values
were computed using the likelihood
ratio test (LRT) between a model
with the polymorphism and a null
model without it. These analyses
were performed with the “SNPassoc”
R package. We selected the
significant associations to perform
further (haplotype
analysis). Given the exploratory
nature of these analyses and the

analysis

linkage disequilibrium existent
between markers (see below), the
number of independent test would
be lower than number of studied
polymorphisms,  so

correction could be likely over

Bonferroni

conservative 32. We used a method to
control the expected proportion of
false positives (False Discovery Rate
[FDR])33, which is less stringent than
Bonferroni correction. 18 tests were
perfomed in order to include all
genotypes markers for each genetic
model, as the same as Bonferroni.
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Therefore, associations with FDR <
0.1 were used in haplotype analyses.

Linkage disequilibrium
between polymorphisms and
haplotype block structures were
evaluated with Haploview 4.2
(http://www.broad.mit.edu/mpg/h
aploview) and haplo.stats. First,
haplotype blocks were generated by
the algorithm of four-gamete rules.
For each block, we tested if the
observed frequencies of haplotypes
were deviated from expected under
linkage equilibrium. Finally, we
assessed the association between
haplotypes and phenotypes by
means of a permutation procedure.
Only additive and dominant models
were considered given the low
frequency of some haplotypes. For
those significant associations we
performed regressions between
haplotypes and phenotypes with the
purpose of testing significant
differences haplotype
levels. Again, the FDR was calculated
from the p values for differences
between the reference haplotype
(the most frequent) and other

haplotypes.

between

Results
The characteristics of the study
sample are shown in Table 2.

between ucp
polymorphisms and CVD Risk Factors

Association

100

Two UCPZ polymorphisms were
individually associated with CVD
risk  factors after  multiple-
comparison corrections (Figure 3)
with a FDR<0.05 threshold (previous
analysis with FDR<0.1 was also
performed as screening method to
further haplotype analysis). All
individual comparison
genotypes and CVD risk factors are
presented in supplementary file. We
observed that the G minor allele of
rs2735572 and the T minor allele of
rs17132534 were associated with
higher DBP (beta coefficient=0.04,
p=0.0019; FDR=0.017 and beta
coefficient=0.04, p=0.0017;
FDR=0.0017  respectively;  beta
coefficients obtained from models
with the response variable log
transformed) under a dominant
genetic model (Figure 4).

between

Association between uce
polymorphism haplotypes and CVD
risk factors

UCP1 block contains the
rs12502572, rs11932232,
rs6822807, rs6818140, and

rs2071416 polymorphisms (Fig. 1).
The AATAG haplotype of UCP1 was
significantly associated with a higher
ApoB/ApoAl ratio than the
reference GATAT haplotype (global
p=0.046; difference between groups
=0.06; 95CI = 0.02 - 0.10; p = 0.008;
FDR = 0.031; under additive model;
differences between groups
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FIGURE 3 The log p values from likelihood ratio test from polymorphisms and
diastolic blood pressure are shown for each genetic model. The horizontal dotted
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correction, and another on the nominal p-value (0.05). Note that missing cases
correspond to polymorphisms with MAF < 0.1, which were only analysed for

dominant model.

obtained from models with the
response variable log transformed).
The AATAG haplotype was also
associated with higher ApoB levels
than the reference GATAT haplotype
(global p=0.045; difference between
groups =0.06; 95CI = 0.02 - 0.10; p =
0.008; FDR = 0.031; under additive
model). Also an association between

the UCP3 block 2 (rs7930460,
rs2075577 and rs2734828, Fig.2)

and the risk score was observed. The
ACC haplotype was associated with a
higher risk score compared with the
ATC haplotype (global p=0.01;
difference between groups= 0.06;
95CI = 0.02 - 0.10; p = 0.003; FDR =
0.009; under dominant model).
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age.
Discussion

We observed that the UCP2 G and T
alleles of the 1rs2735572 and
rs17132534 polymorphismes,

respectively, were associated with
higher diastolic blood pressure in
European adolescents. Moreover, we

found that the UCP1 AATAG
haplotype was associated with
higher serum ApoB/ApoAl and

ApoB levels. Finally, the UCP3 ACC
haplotype was associated with a
higher CVD Taken
together, these findings suggest that

risk score.
UCPs may have an important role in
cardiovascular health already in the
first decades of life.

To our knowledge, this is the
study the
association between UCPs and CVD
risk factors in European adolescents.

first investigating

Several studies with smaller sample
10,27,28,34 reported an
association of single polymorphisms
of UCP3 or combined haplotypes
UCP2/UCP3 with several CVD risk
factors such as serum total and LDL-
cholesterol levels, insulin or HOMA
in adults. In contrast, we observed

sizes
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no association of these UCP
polymorphisms with CVD risk
factors in adolescents. These

discordances may be due to the fact
that they are population dependent,
with  possibly different allele
frequencies and penetrance in these
populations. Also differences in age,
inter-country differences in lifestyle
behaviours and sample sizes are
important and could lead to
differences across studies.

A plausible mechanism to
partially the
associations is that polymorphisms
or haplotypes of UCPs could alter
UCP functions and predispose to
cardiovascular risk. This dysfunction
may explain the phenotypes
observed with CVD risk through, i)
dysfunction of the process of
oxidation of fatty acids, leading to
altered serum lipid levels as total
cholesterol, LDL, HDL or
triglycerides 1935, ii) in relation to
ROS regulation mediated by UCPZ;
studies show that knockout mice
deletion of the UCPZ2 gene

explain observed



contributes to atherosclerosis lesion
development and a significantly
shorter lifespan 3. Several studies in
humans and cultured cells suggested
that excessive ROS production is
involved in the atherosclerotic
plaque formation and progression
3738, Therefore, evidence suggests
that decreasing ROS production is a
remarkable target to prevent the
atherosclerotic process. Ucp2
negatively regulates intracellular
ROS production!’3° making it a
potential therapeutic target for the
treatment of vascular diseases, iii)
UCP proteins have been also related
to blood pressure control. Dhamrait
et al.*® described the role of UCPs in
the regulation of angiotensin-
converting enzyme (ACE). This
enzyme is a pivotal component of
the endocrine renin-angiotensin
system (RAS) playing a key role in
the regulation of the human
circulation. ACE favours the rise of
angiotensin Il and aldosterone,
leading to salt and water retention
by the kidney and to constriction of
small blood vessels in the arterial
tree, actions that, together, serve to
elevate blood pressure. This study 40
shows that some polymorphisms of
UCP3 and UCP2 were associated with
higher age-adjusted ACE activity,
which could contribute to a
hypertension status, which is also
consistent with our findings.
Cardiovascular diseases are
pathologies with a long-term latency
period and modifiable
cardiovascular risks factors, which
makes prevention fundamental,

especially in these populations with
genetic predisposition.

A limitation of our study is its
cross-sectional nature. Our results
should be considered carefully and
studies with larger sample size could
help to further confirm this possible
genetic predisposition.

In conclusion, we observed an
association between the UCPZ
rs2735572 and rs17132534
polymorphisms with higher diastolic
blood pressure in adolescents from
nine European countries. We also
observed a haplotype association of
UCP1 and UCP3 with higher blood
apolipoproteins levels and risk
score, respectively. These findings
suggest that UCPs may have an
important role in the development of
CVD predisposition already in
adolescents.
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CHAPTER 5: Association between LPL single
nucleotide polymorphisms and
cardiovascular disease risk factors in
European adolescents: The HELENA study
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Introduction

The World Health
Organization (WHO) reported that
cardiovascular diseases (CVDs) are
the most common causes of death
globallyl. In 2009, costs related to
CVD amounted to E106 billion,
representing 9% of the total
healthcare expenditure across the
European Union (EU). A reduction in
cardiovascular risk factors in
adolescence would lead to a
reduction in the number affected by
CVDs later in life. In the last three
decades, more than half of the
reduction in CV mortality has been
attributed to reduction in
cholesterol and blood pressure (BP)
levels and smoking. This favourable
trend is partly offset by an increase
in other risk factors, mainly obesity
and type 2 diabetes mellitus
(T2DM)=.

Despite CVDs main risk
factors are well studied (socio-
economic status, smoking, high BMI
and central obesity, physical
inactivity,  dyslipidaemia, @ DM2,
hypertension, etc), they are the
result of a complex interplay of
genetics and environmental factors.
In one hand, many genes have been
related with obesity, especially those
that are involved in the regulation
role of appetite center in the brain.
As some genes related with
monogenic obesity as leptin (LEP),
leptin  receptor (LEPR), pro-
opiomelacortin (POMCQ) or
prohormone convertase 1 (PCSK1)3.
Also genes related with polygenic
obesity which is the most common

type, as polymorphisms of fat mass
and obesity gene (FTO) and
melanocortin-4 receptor (MC4R)4%5.
Regular exercise training provides a
myriad of health benefits in the

general population, including
improvements in blood pressure,
diabetes (enhancing insulin

sensitivity and improve glucose
tolerance), lipid profile (increases
high-density  lipoprotein  (HDL),
reduce triglycerides (TG), low
density lipoprotein (LDL) and
cholesterol levels)® and decrease
cardiovascular disease risk’. A
number of studies have shown that
moderate-intensity physical activity
reduces the incidence of all-cause
mortality, particularly deaths related
to coronary artery disease (CAD)8. In
adolescents, we showed that
meeting the daily physical activity
recommendations (at least 60
minutes/day of moderate to
vigorous physical activity) may
offset the genetic predisposition to a
main cardiovascular risk factor, such
as obesity, associated with the FTO
rs9939609° and UCP1 rs207141510
polymorphism in European
adolescents. On the other hand,
evidence supported a strong genetic
cause of CVDs as CAD!L Genetic
susceptibility to CVDs is mainly
make up by multiple genes and
polymorphisms acting together. A
recent review of Shukla et al.l?
collect a list of genetic markers that
influence HDL levels, LDL levels,
triglycerides levels an others, as well
as some heritable conditions (CAD,
atrial fibrillation, myocardial
infarction, etc).

109



The use of triglycerides (TG)
for energy production or as stored
fat in adipose tissue is one of the
many important beneficial biologic
functions of lipids. Lipoprotein
lipase (LPL) is a key enzyme in
hydrolysis of chylomicron and very
low-density lipoprotein  (VLDL)
triglyceride!3. The heart, skeletal
muscle and adipose tissue are the
principal sites of LPL synthesis.
Chylomicrons are large, buoyant
triglyceride-rich particles that are
not thought to be associated with
increased risk for coronary artery
disease . VLDL formed in the liver
reacts with LPL, the results are
hydrolysis of the TG core and the
formation of VLDL remnants and
intermediate-density lipoprotein
(IDL), the precursor of LDL15. IDL is
also believed atherogenic because of
evidence that type III hyperlipidemia
(elevated TG and LDL-C due to
increased of IDL) appears to place an
individual at very high risk. LPL has
a central role in both VLDL and HDL
metabolism. LPL deficiency results
in an accumulation of chylomicrons
and other triglyceride-rich
lipoproteins in  the  plasma,
producing  hypertriglyceridemial®.
Plus, abnormalities in LPL is
associated to atherosclerosis,
chylomicronemia, obesity,
Alzheimer's disease, and the
dyslipidemia related to diabetes and
insulin resistance?”.

Several studies have shown
an association between genetic
variations in LPL and cardiovascular
risk factors. A study of Zhang et al.18
searched gene expression profiling
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based upon their proximity to SNPs
with  strong and  significant
associations in prior GWAS for CAD,
subclinical atherosclerosis, blood
lipids and other blood risk factors.
They found a significant association
between LPL gene expression and
lipid levels. Others found an
association between some
polymorphisms  of LPL  and
metabolic syndrome!® and cerebral
infarction??. Some works have been
suggested a possible association
between rs285 LPL polymorphism
and ischemic stroke. Despite of some
discordances between this
association, some recent meta-
analysis observed a significant
relationship between this genetic
variant and ischemic stroke risk2122,
However, to our knowledge, few
studies have identified in a
consistent way genetic variations
in LPL that are directly associated
with CVDs.

Data obtained within the
Healthy Lifestyle in Europe by
Nutrition in Adolescence (HELENA)
study provide an  excellent
opportunity to study the association
between LPL gene polymorphisms
with cardiovascular risk factors in
European adolescents. The HELENA
study was designed to provide
reliable data on nutrition and health-
related variables in a relatively large
sample of European adolescents
from 9 different countries and
includes information on 13 single
nucleotide polymorphisms (SNPs) of
the LPL gene as well as adiposity
markers and cardiovascular risk
factors.



The goal of this study was
therefore to examine the association
between 13 LPL polymorphisms
with cardiovascular risk factors in
European adolescents. Also, test if
any interaction with physical activity
occurs objectively assessed by
accelerometry on adiposity markers
or CVDs markers.

Material and methods

Participants

The Healthy Lifestyle in Europe by
Nutrition in Adolescence Cross-
Sectional  Study  (HELENA-CSS)
attempted to report the lifestyle and
nutritional status of European
adolescents. A total of 3865
participants (12-18 year old) of nine
European (Greece,
Germany, Belgium, France, Hungary,
Italy, Sweden, Austria and Spain)
were selected to be part of this
study. They were randomly selected
from public and private schools in
each city between October 2006 and
December 2007. We collected blood
samples of one-third of these
participants (N=1155) with the
consequent genetic analysis and
clinical biochemistry assays. Among
these participants, 1057 individuals
(552 girls) with data on LPL gene
polymorphisms, adiposity markers,
CVD risk factors and physical activity
were included in this study.
Adolescents and corresponding
parents/guardians were fully
informed about aims and methods of
the study such as inclusion criteria
2324 and signed an informed written
consent. Ethical guidelines of the

countries

Declaration of Helsinki 1961
(revision of Edinburgh 2000), Good
Clinical Practice, and legislation
about clinical research in humans in
each of the participating countries
were respected by the study. Human
research committees of each center
involved approved the protocol 25.

Assessment of adiposity

Weight and height were measured
following standard methods?3. Waist
and  hip
measured in triplicate with an
anthropometric unelastic tape (SECA
200; Seca Deutschland, Hamburg,
Germany) and was used as a
surrogate measure of central body
fat. We calculated waist to height
and waist to hip ratios. BMI was
calculated as weight in kilograms
divided by height in meters squared.
Adolescents were classified
according to BMI (kg/m?) as normal
weight, overweight or obese
according to Cole etal.?6. Skinfold
thickness was measured to the
nearest 0.2 mm in triplicate on the
left side at the biceps, triceps,
subscapularis, suprailium, thigh, and
medial calf with a Holtain Caliper
(Holtain Ltd, Crymmych, Wales).
Body fat percentage was calculated
from skinfold thicknesses (triceps
and  subscapular) using the
equations by Slaughter et al?7.
Finally, fat mass index (FMI) was
calculated as fat mass in kilograms
divided by height in meters squared.

circumference was

Assessment of Cardiovascular Risk
Factors
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A total of 30 ml of venous blood was
extracted between 8 and 10 am in
fasting conditions (ten hours after
last meal). Samples were collected in
heparinized tubes, maintained in ice
and centrifuged (3.500rpm/15min)
within 30 min. After centrifugation
they were stored and transported
(4-72C) to the central laboratory
(Bonn, Germany) where they were
deposited at  -809C. Serum
concentrations of cardiovascular
risk factors were measured in
centralized laboratories.

The CVD risk factors analysed
included serum total cholesterol,
high-density  lipoprotein = (HDL)
cholesterol, low-density cholesterol
(LDL), ApoAl, ApoB, Ileptin,
triglycerides and glucose, which
were measured on the Dimension
RxL clinical chemistry system (Dade
Behring, Schwalbach, Germany) with
enzymatic methods. Insulin was
measured by a solid-phase two-site
chemiluminescent = immunometric
assay with an Immulite 2000
analyzer (DPC Biermann GmbH, Bad
Nauheim, Germany). Homeostasis
model assessment (HOMA) was
calculated (glycaemia X
insulin/22.5) as resistance to insulin
indicator as well as the Quantitative
Insulin Sensitivity Check Index
(QUICKI). Blood pressure was
measured with an  automatic
oscillometric device (OMRON M&6).
Adolescents quietly sat for 5 min
before the measurements, conducted
on the right arm in an extended
position. Two measures were taken
5 min apart, and the mean of both
values (in mmHg) was used in
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TABLE 1 Minor allele frequency (MAF) and
results of exact test to assess deviations from

Hardy-Weinberg equilibrium (HWE).

Major Minor

allele allele MAF HWE
LPL
rs1534649 G T 0.44 0.62
rs13266204 A G 0.19 0.12
rs3779788 C T 0.15 0.04
rs343 C A 0.1 0.62
rs256 C T 0.16 0.04
rs258 C G 0.46 0.5
rs270 C A 0.15 0.55
rs283 G A 0.2 0.78
rs285 C T 0.49 0.39
rs316 C A 0.13 0.68
rs320 T G 0.29 0.55
rs328 C G 0.12 0.77
rs10099160 T G 0.22 0.32

analyses. We computed a CVD risk
score with the mean of the
[(value-
mean)/standard deviation] of the
following variables: Total
cholesterol/HDL, triglycerides,
HOMA, systolic blood pressure, and
triceps and subscapular skinfolds?8.

standardize value

Assessment of physical activity

Physical activity was assessed
during 7 consecutive days with a
uniaxial  accelerometer (GT1M;
ActiGraph, Pensacola, Florida)
attached to the lower back?°.
Adolescents were instructed to wear
the accelerometer during all time
awake and to remove it only during
water-based activities. At least 3
days of recording with a minimum of
8 hours registered per day was set
as an inclusion criterion??. The time-
sampling interval (epoch) was set at



15 seconds. We calculated the time
engaged in at least moderate
physical activity (23 metabolic
equivalents) based on a
standardized  cutoff of 2000
counts/min or more. Moderate to
vigorous physical activity was
dichotomized into less than 60
min/day and 60 min/day or
longer?°.

Genotyping

Samples were genotyped by an
[llumina System (Illumina, Inc, San
Diego, California) and the software
used was GoldenGate (Inc, San
Francisco, California). High rate of
genotyping success was performed
(299.8%) and each polymorphism
respected the Hardy-Weinberg
equilibrium (P=0.01 in all cases;
Table 1). Several polymorphisms of
the LPL gene showed linkage
disequilibrium between them
(Figure 1).

Statistical analysis

Deviations from Hardy-Weinberg
equilibrium (HWE) were determined
by means of an exact test and
considering a p value of 0.01 as a
threshold. Associations between
genetic markers, adiposity variables
and CVD risk factors were assessed
through linear models. Five genetic
models (dominant,
codominant and

recessive,
additive,
overdominant) were used for all
analyses. Adjustment variables were
age, gender and center. In the case of
CVD risk factors, body mass index
was also included as a covariable in
the models. We also considered

interactions between SNPs and
physical activity under the same
models but including an interaction
term (gene*physical activity). For
each polymorphism, p values were
computed using the likelihood ratio
test (LRT) between a model with the
polymorphism/interaction and a
null model without it. Associations in
which any level (genotype or
physical activity) had lower than 10
samples were discarded. These
analyses were performed in the R
environment3?. We considered the
associations between all SNPs and
each phenotype under a given
heritage model as the family test, i.e.
the number of test was equal to the
number of SNPs analysed for a given
phenotype. We  selected the
significant genotype-phenotype
associations to perform interaction
and haplotype analysis, i.e. only
SNPs and phenotypes significant
associated were considered for next
analyses. Given these associations
were used in further analyses and
the linkage disequilibrium existent
between gene polymorphisms (see
below), which reduces the number
of independent tests, we performed
a exploratory selection of
associations using a method to
control the expected proportion of
false positives (False Discovery Rate
[FDR])3132 instead the Bonferroni
correction, which is more
stringent33. Therefore, associations
with FDR < 0.1 were used in
interaction and haplotype analyses.
Linkage disequilibrium
between polymorphisms and
haplotype block structures were
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TABLE 2 Characteristics of the study population.

Male (n=505)

Female (n=552)

Phenotype All (n=1057)
Age (years) 14.71 + 1.22
Weight (kg) 58.72 £ 12.67
Height (cm) 165.46 + 9.34
BMI (kg / m?) 21.34 + 3.67
Percent. individuals (%) 22.23

Waist circum. (cm) 72.4 + 8.69
Waist/Height ratio 0.44 + 0.05
Hip circum. (cm) 91.56 + 8.78
Waist/Hip ratio 0.79 £ 0.06
Body fat (%) 23.57+9.5
Fat mass index (kg / m?) 5.29 + 3.04
Cholesterol (mmol/1) 160.74 + 27.69
LDL (mmol/1) 94.49 + 25.09
HDL (mmol/1) 55.26 + 10.67
Cholesterol/HDL 2.99 £ 0.66
LDL/HDL 1.78 £ 0.63
TG (mmol/1) 69 * 35.09
TG/HDL 1.33+0.88
ApoAl 1.5+0.22
ApoB 0.65 £ 0.16
ApoB/ApoAl 0.44 £ 0.13
apoB/LDL 0.27 £ 0.03
Insulin 10.31+7.79
Leptin (ng/ml) 19.61 + 22.19
HOMA 2.35+1.96
QUICKI 0.35 £ 0.03
SBP (mm Hg) 120.03 £ 13.3
DBP (mm Hg) 68.03 + 8.84
CVD Risk score -0.01 £ 0.61

14.74 £ 1.25 14.68 + 1.2
61.86 + 14.29 55.85+10.17
169.5 £ 9.91 161.76 + 6.98
21.39 £ 3.99 21.3 £ 3.37
24.75 19.93

74.38 £ 9.09 70.6 £7.9
0.44 = 0.05 0.44 = 0.05
90.36 £ 9.04 92.66 + 8.4
0.82 £ 0.05 0.76 £ 0.06
20.3 £11.03 26.3 691
4.69 + 3.56 5.79 +2.42
154.03 £ 26.13 166.88 + 27.68
90.78 + 24.32 97.89 + 25.33
53.17 £ 10.12 57.17 £ 10.81
2.98 + 0.69 2.99 £ 0.63
1.78 £ 0.65 1.78 £ 0.6
64.13 + 31.65 73.46 £ 37.45
1.29+0.83 1.37 £ 0.92
1.46 £+ 0.21 1.55+0.23
0.63 +£0.15 0.68 £ 0.16
0.44 £0.13 0.45+0.13
0.27 £ 0.03 0.27 £ 0.03
10.16 + 8.82 10.46 + 6.7
9.55 +14.21 28.36 £ 24.11
2.36 £ 2.24 2.34 +1.65
0.35+0.03 0.35+0.03
124.16 + 13.93 116.29 + 11.5
67.52 £ 891 68.49 + 8.76
-0.03 £ 0.66 0.02 £ 0.56

BMI, body mass index (calculated as weight in kilograms divided by height in meters squared);
FMI, fat mass index (calculates as fat mass in kilograms divided by height in meters squared);
HDL: high density lipoprotein; LDL: low density lipoprotein; Apo: Apolipoprotein; HOMA:
homeostatic model assessment; QUICKI: quantitative insulin sensitivity check index; SBP: systolic

blood pressure; DBP: diastolic blood pressure

evaluated with Haploview 4.2
(http://www.broad.mit.edu/mpg/h

aploview), haplo.stats3* and the
“SNPassoc” R package3s. First,
haplotype blocks were generated by
the algorithm of four-gamete rules3®.
For each block, we tested if the
observed frequencies of haplotypes
were deviated from expected under
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linkage
assessed the association between
haplotypes and phenotypes by
means of a permutation procedure.
Only additive and dominant models
were considered given the low
frequency of some haplotypes. For
those significant associations we
performed regressions between

equilibrium. Finally, we
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FIGURE 1 Blocks 1, 2, 3 and 4 of LPL polymorphisms,
which contains rs1534649, 1rs13266204 and
rs3779788 for block 1; rs343, rs256, rs258 and
rs270 for block 2; rs283 and rs285 for block 3;
rs316, rs320, rs328 and rs10099160 for block 4,
according to genotyping data of this study. Boxes
number referred to linkage disequilibrium (D’)
between SNPs, boxes with no number means 100%
linkage (D’ = 1). Colour legend: i) Bright red = high
D’; White = low D’ (see Haploview documentation for
further details;
http://www.broad.mit.edu/mpg/haploview).

haplotypes and phenotypes with the
purpose of testing significant
differences  between  haplotype
levels. Again, the FDR was calculated
from the p values for differences
between the reference haplotype
(the most frequent) and other
haplotypes. In the <case of
gen*physical activity interactions,
correction for multiple comparison
was also performed through the
False Discovery Rate, with a
threshold at 0.05.

Results
The characteristics of the study
sample are shown in Table 2.

Association between LPL
polymorphisms and CVD Risk Factors
Four of the thirteen SNPs analysed
showed significant associations with

adiposity markers or CVD Risk
Factors after the Bonferroni
correction (rs1534649, rs258,
rs320, rs328; Figures 2 and 3). The
significant associations after a less
stringent correction (FDR<0.1) for
all markers are shown in
supplementary appendix (Figures 1-
4), along with p wvalues for all
associations (Figures 5-30).

We observed an association
of the minor T allele of rs1534649
polymorphism with higher BMI
under dominant and additive model
(p=0.00252 and 0.00373; FDR=
0.0164 and 0.0446). The minor G
allele of rs258 was also associated
with higher BMI under dominant
model (p=0.00193; FDR=0.0164).
Regarding rs320, the major T allele
of this marker was associated under
additive = model  with  higher
triglycerides (p=0.00275;
FDR=0.0179), along with higher
leptin  under codominant and
overdominant model (p=0.00104
and 0.00035; FDR= 0.0136 and
0.0046).

Finally, the major C allele of
rs328 was  associated under
recessive  model with  higher

cholesterol/HDL (p=0.00375;
FDR=0.0488) and higher
LDL/HDLratio (P=0.00234;
FDR=0.0304), with higher
triglycerides under codominant,
dominant, overdominant and

additive model (p=0.00022, 0.00023,
0.00279 and 6e-05; FDR=0.0028,
0.003, 0.0363 and 7e-04), with
higher triglycerides/HDL ratio
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FIGURE 2 Significant associations between LPL polymorphisms and phenotypes according to
Bonferroni correction. Heritage model, P value and false positive discovery rate are shown for
each association. Values are adjusted for center, sex, and age (also BMI for cardiovascular risk

factors).
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FIGURE 2 (continuation) Significant associations between LPL polymorphisms and phenotypes
according to Bonferroni correction. Heritage model, P value and false positive discovery rate are
shown for each association. Values are adjusted for center, sex, and age (also BMI for

cardiovascular risk factors).

codominant, dominant,
recessive, overdominant and
additive model (p=4e-05, 0.00015,
0.00133, 0.0036, 2e-05;
FDR=5e-04, 0.002, 0.0172, 0.0467
and 2e-04) and with higher risk
score (p=0.00319; FDR=0.0414).

under

Association between LPL
polymorphism haplotypes and CVD
risk factors

LPL block 3 contains rs283 and
rs285 polymorphisms (Figure 1).
The haplotype GC of this block was
significant associated with higher
triglycerides than the GT haplotype
(global p=0.0134; difference
between groups 0.08; 95CI=0.03-
0.13; p=0.0023; FDR=0.0046 under
dominant  model // global
p=0.01055; difference between

groups 0.08; 95CI=0.04-0.12;
p=0.0003; FDR=0.0005
additive model; differences between

under

groups obtained from models with
the response variable log
transformed) and with higher
triglycerides/HDL (global
p=0.02745; difference  between
groups 0.09; 95CI=0.03-0.15;
p=0.0048; FDR=0.0097
dominant //
p=0.02015; difference  between
groups 0.08; 95CI=0.04-0.13;
p=0.0007; FDR=0.0014
additive model).

We also found significant

ratio

under

model global

under

associations between cardiovascular
risk factors and the LPL block 4,
which contains rs316, rs320, rs328
and rs10099160 polymorphisms
(Figure 1). The CTCT haplotype of
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this block was significant associated
with higher triglycerides than the
CGGT haplotype (global p=0.0012;
difference between groups 0.11;
95CI=0.05-0.18; p=0.0004;
FDR=0.0014 under dominant model
// global p=0.00055; difference
between groups 0.11; 95CI=0.05-
0.17; p=0.0001; FDR=0.0005 under
additive  model), with higher
triglyceride/HDL  ratio (global
p=0.00175; difference  between
groups 0.14; 95CI=0.06-0.21;
p=0.0003; FDR=0.0013 under
dominant  model // global
p=0.00065; difference  between
groups 0.14; 95CI=0.07-0.21;
p=4.5138e-05; FDR=0.0002 under
additive model) and with higher risk
score (global p=0.03135; difference
between groups 0.04; 95CI=0.01-
0.07; p=0.0046; FDR=0.0184 under
additive model).

Interaction between LPL
polymorphisms, physical activity and
adiposity markers

We found that alleles of rs1534649
and rs258 related to higher values of
adiposity markers tend to be
associated with less adiposity under
high levels of physical activity
(Figure 3). Carriers of the minor T
allele of rs1534649 showed higher
values of BMI only for those
performing less than 60 min/day of
moderate to vigorous physical
activity  (under recessive and
codominant model; p=0.011015 and
0.015437; FDR=0.022031 and
0.030874). A similar pattern was
found for rs258. The minor G allele
of this marker was associated with
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higher hip circumference and BMI
only for those individuals
performing low levels of physical
activity (under overdominant and
codominant  model for  hip
circumference [p=0.002028 and

0.00541; FDR= 0.02636 and
0.032459]; under recessive,
overdominant and codominant

model for BMI [p= 0.000546,
0.00692 and 0.001761; FDR=
0.001639, 0.044978 and 0.005282]).

Discussion

The results of the present
research showed a significant
association T allele of rs1534649, G
allele of rs258, T allele of rs320 and
C allele of rs328 as risk alleles, with
several markers of CVDs (i.e. BM],
TG, Leptin, cholesterol/HDL,
LDL/HDL, TG/HDL) under different
genetics models. Also, haplotypes
block 3 GC (rs282, rs285) and block
4 CTCT (rs3126, rs320, rs328,
rs10099160) were significant
associated to higher levels of TG,
TG/HDL. Plus, block 4 haplotype was
associated to these phenotypes in
addition to a higher risk score.
Finally, we observed alleles of
rs1534649 and rs258 related to
higher values of adiposity markers
tend to be associated with less
adiposity under high levels of
physical activity.

Findings in Cho et al. study3’
in Korean population (N=944,
including 474 T2DM subjects and
470 normal healthy controls)
demonstrate that individuals who
have the A allele of rs343 LPL
polymorphism, appear to be



LPL rs1534649
B GG-TG
oTr

P=0.011015; FDR=0.022031

BMI (kg / mA2)
17.63 20.63

(326) (76)
Low physic. act. (<60 min/day)

(237)  (59)

Under recessive model

LPL rs258

@ CC-GG
CG

P=0.002028; FDR=0.02636

Hip circum. (cm)
76.46  89.66
5

(209) (190)
Low physic. act. (<60 min/day)

(137) (153)

Under overdominant model

LPL rs258
@ CC-CG
o GG

P=0.000546; FDR=0.001639

BMI (kg / mA2)
17.58 20.58

(312) (90)
Low physic. act. (<60 min/day)

(237)  (59)

Under recessive model
LPL rs258
P=0.001761; FDR=0.005282

T
1 0O GG

BMI (kg / mA2)
17.58 20.58

=

(121) (191)
Low physic. act. (<60 min/day) High physic. act. (=60 min/day)

(90) (80) (157) (59)

Under codominant model

High physic. act. (=60 min/day)

High physic. act. (=60 min/day)

High physic. act. (=60 min/day)

Hip circum. (cm) BMI (kg / m"2)

BMI (kg / mA2)

LPL rs1534649

P=0.015437; FDR=0.030874 | GG
: e
i
5 :
N
1)
T (125 (201) (76) (88) (149) (59)
Low physic. act. (<60 min/day) High physic. act. (=60 min/day)
Under codominant model
LPL rs258
P=0.00541; FDR=0.032459 E gg
I O GG
&) o
3
<
o
™~ (121) (190) (88) (78) (153) (59)
Low physic. act. (<60 min/day) High physic. act. (=60 min/day)
Under codominant model
LPL rs258
P=0.00692; FDR=0.044978 8 coaa
3
&
] |
= (@11) (191 (139)  (157)

Low physic. act. (<60 min/day)  High physic. act. (=60 min/day)

Under overdominant model

FIGURE 3 Significant interactions (FDR<0.05) between the studied SNPs and level of physical
activity. Heritage model, P value and false positive discovery rate are shown for each association.

Values are adjusted for center, sex, and age.

protected against T2DM. Moreover,
SNPrs343 was also  marginally
associated with some of T2DM-
related phenotypes including total
cholesterol, high density lipoprotein

cholesterol  (HDLc), and log
transformed glycosylated
hemoglobin in normal controls,

although no significant association
was detected by multiple tests. Our
findings
significant
rs343 single nucleotide
polymorphism and cardiovascular
risk serum markers (neither HOMA

also have not shown

association between

or insulin levels) under FDR tests,
neither Bonferroni corrections. Gao
et al3® found that chinese obese
adolescents of Han ethnicity (N=55)
with GG genotype of the rs283
polymorphism were more sensitive
to  exercise-induced  parameter
changes (body fat percentage, HOMA
and triglycerides levels). We did not
observed significant association of
rs283 isolated with cardiovascular
serum parameters. We only found
association TG and TG/HDL
parameters with block 3 (rs283-
rs285) haplotype GC. Both studies
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have similar age study population, so
these discordances may be due to
the fact that these polymorphisms
are population dependent, with
possibly different allele frequencies
and penetrance in these populations.
Their study sample was based of
Han Chinese obese adolescents,
while children of nine different
European countries set up our study.
Moreover, differences in sample size
are remarkable. HindIIl or rs320
genetic variant is one the most
common polymorphism of LPL.
HindIllis a transition of intronic
bases of thymine (T) to guanine (G)
on position 495 of intron 8 of
the LPL gene, which eliminates the
restriction site for
the HindIll enzyme3°. Several studies
have shown association between
rs320 and CVDs or CV risk factors
and others not, so data are
controversial. Data from a meta-
analysis of Nejati et al. indicated
thatallele G of rs320 significantly
decreased the risk of stroke?! (also
significant association was observed
with  rs285). However, some
discordances like this case-control
research where was not found any
association between rs285 and
rs320 LPL gene polymorphism and
acute ischemic stroke in Colombian
population?. A very recent review3?,
found

that LPL gene HindIII polymorphism
(rare allele H- or G) has a protective
function due to its role in producing
an improved lipid profile (low TG
and LDL-c and high HDL-c). On the
other hand, the presence of common
allele (T or H+) is associated with
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pro-atherogenic dyslipidemias and
raised cardiovascular risk.
Moreover, an Iranian multicentre
study*! found rs320 interactions
with other SNPs affects HDL-C levels,
but not an isolated effect. They
suggested that an interaction of not
TT genotype of LPL rs320 or not TT
genotype of CETP 1rs708272 is
associated with higher odds of low
HDL-C levels. This other study#?, also
found a significant lowering effect on
TG levels of the LPL-HindIll and
S447X polymorphisms interaction.
Our findings are consistent with
these results. We observed a very
significant  association  between
rs320 allele T or H+ with higher
blood levels of TG. Moreover we
observed that association in its
isolated form wunlike previous
studies mentioned, which
emphasized the importance of rs320
polymorphism in cardiovascular
protective role. Discordances with
some works, may due to heritability
differences because population-
dependent penetrance, age and
sample size. Finally, we also found a
significant  association between
rs328 and some cardiovascular risk
parameters, but some studies
not?143. A research of Bentley et al**.
suggested that interethnic
differences in the distribution of
serum lipids might be due to some
genetic determinants differences.
Their results found that among
African Americans (AA) with only
European ancestry at this locus,
carriers of the minor or G allele
rs328 had higher HDL-c than those
homozygous for the C allele. Plus



minor allele had lower TG levels
Meanwhile,
among those with African ancestry
at this locus not any or reduced
effect was observed. That could help
to explain differences observed
between studies of different ethnic

than non-carriers.

population samples. In this case, our
results are consistent with findings
in African Americans with European
ancestry, where C allele performs a
risk  genetic against
cardiovascular  health. To our
knowledge, any interaction with
physical activity either haplotypes of
these polymorphisms of LPL are
described previously in literature
associated to CVD risk markers.
Dyslipidaemia and obesity
are major risk factors for CVDs.
Obesity/overweight, high TC, TAG
and LDL-C, as well as decreased
serum HDL-C, are frequently
associated with sedentary and poor
eating habits, but there is also an
effect of genetic interplay and single
nucleotide polymorphism related to
a specific protein dysfunction, like
LPL. A plausible mechanism to
partially explain the observed
associations is polymorphisms or
haplotypes of LPL could alter
lipoprotein lipase enzyme functions
and predispose to cardiovascular
risk. LPL gene product is a major
regulator of triglyceride clearance in
the blood. LPL is a multifunctional
glycoprotein which catalyzes the
hydrolysis of triglycerides of
circulating chylomicrons and VLDL,
regulating plasma triglyceride levels
and provides fatty acids for
consumption in the heart and liver

variant

or storage in adipose tissue. Indeed,
deficiencies in LPL activity alters
lipid metabolism producing
hyperlipidaemia and atherosclerosis,
which are the main risk factors for
myocardial
stroke>. So, if some alleles of LPL

infarction and

codifying an
abnormalities of their biological

enzyme with

functions could occur  that
cardiovascular parameters become
altered, and become the onset of a
CVD.

A possible explanation for
our physical activity and adiposity
markers interaction results, it is
rs258 and rs1534649 LPL
polymorphisms may play a low or
high-response gene role. Our results
found that mainly homozygous
carriers (GG and TT) of these
polymorphisms are associated with
some beneficial effect in adiposity
markers in high physical activity
groups. There is evidence that
physical activity attenuates the
genetic susceptibility to obesity
when compared to a sedentary
lifestyle®10. But very few studies
showed a response modulation of
specifics genetic variants by physical
activity. In the 80s, several studies in
monozygotic twins#-48 found that
there was less variation within pairs
of twins than between pairs of twins
for several response phenotypes,
suggesting that certain training
responses were indeed genotype-
dependent.
suggests that high or low response
to physical activity may be mediated
through the expression profile of
certain RNAs and/or the expression

Timmons et al.%9
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profile of certain micro RNAs®0.
Therefore, expression of some
polymorphisms of LPL could be
more  effectiveness in  their
physiological role (i.e. lipid
oxidation) within metabolic-pool
effects of physical activity.

Some limitations should be
considered when interpreting our
findings. First, our work is an
observational study. Despite our
positive findings, future
experimental studies are still needed
to examine if there is direct causal
correlation between LPL
polymorphisms and CVD risk
factors. Second, the associations
between LPL polymorphisms and
CVD risk factors could be modified
by gene-gene and other gene-
environmental interactions. Third,
we have no information on
relatedness patterns among the
participants, and we do not know
the ethnic/racial make-up of the
sample. Our results should be
considered carefully and studies
with larger sample size could help to
further confirm this possible genetic
predisposition.

In conclusion, we observed
an association between single
polymorphisms rs1534649, rs258,
rs320 and rs328 and two
polymorphisms haplotypes (rs282,
rs285 and rs3126, rs320, rs328,
rs10099160) of the LPL gene and
CVD risk factors in European
adolescents. Also, our results suggest
that physical activity can ameliorate
the deleterious effect of the LPL
rs1534649 and rs258 LPL
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polymorphisms on body fat
estimates in adolescents.
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CHAPTER 6: Novel brown adipose tissue candidate

genes predicted by the human gene connectome.
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Abstract

Brown adipose tissue (BAT) seems to
be a promising therapeutic target
against obesity. Therefore, research
on genetic architecture of BAT could
be key for the development of
successful therapies against this
complex disease. Hypothesis-
candidate gene association studies
are a useful tool for studying genetic
determinants of complex traits,
however they are dependent of the
previous knowledge to select
candidate genes. In this study, we
predict in silico new 102 novel-BAT
candidate genes, using for that the
uncoupling protein one (UCP1),
which is undoubtedly involved in BAT
activity. We first identified the top
1% of human genes predicted by the
human genes connectome to be
biologically close to the UCP1,
calculating the BAT connectome (168
genes). We then validated this
prediction by showing that 65 genes
that have been reported or suggested
to be related with BAT were included
in the connectome (p<10-7), being the
rest of genes (102) potential
candidates. The resulting new list of
predicted BAT genes should be useful
for the discovery of novel BAT gene.

Introduction

Brown adipose tissue (BAT)
has been recognise as a possible
therapeutic target against obesity and
related disorders due to its ability to
oxidize glucose and lipids and to
dissipate energy as heatl. Therefore,
research on genetic architecture of
BAT could be key for the
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development of successful therapies
against obesity. Hypothesis-candidate
gene association studies (CGAS) are a
useful approach to study the genetic
determinants of complex traits 2.
However this approach depends on
the previous knowledge to formulate
and test association hypothesis. Here,
we used the human gene connectome
(HGC) to predict novel-candidate
genes for brown adipose tissue. The
HGC is a set of biological distances
and routes, predicted in silico by
shortest distance algorithm applied
to the full human genome network,
conceptually  similar  to GPS
navigation 3. The HGC and its
associated server # could be used to
detect new candidate BAT-related
genes, by ranking al human genes on
the basis of their biological proximity
to already known BAT-related genes,
assuming the most highly ranked
genes to be the most likely to be
related with BAT. However, a list of
novel potential BAT-related gene
candidates, rigorously identified on
the basis of biological relevance to
BAT phenotype, would be useful and
easy for most BAT investigators to
use.

We generated a list of in silico-
predicted novel BAT-related gene
candidates, which we describe here.
We considered UCP1 as the unique
core gene, this gene encodes a protein
that plays a key role in BAT activity.
UCP1 is involved in the exclusive
feature of BAT: The uncoupling of the
electron-transport chain in the
mitochondria inner membrane, which
increases energy expenditure and
heat production 1. Therefore its



relevance and exclusivity on BAT
activity is beyond doubt. The
procedure followed was very similar
to that followed by Itan et al. (2015),
although with slightly differences
because we used only one instead of a
set of core genes. For example, they
recommended filtering of gene lists
according to Dbiological function
because the prediction algorithm of
HGC is based on protein-protein
binding interactions rather than
biological functions associated with
the gene. However, we did not
consider necessary this step because
of the exclusivity and relevance of
UCP1 for BAT. Genes biologically
close to UCP1 should be tightly
related with BAT, although their
function would not be related with
uncoupling of electron-transport
chain. Therefore, we used the
following procedure: We first used
the HGC to extract the top 1% of all
human genes biologically closest to
UCP1, and then we determined the
biological clustering level of selected
genes. We also showed that 65 genes
known or suggested to be related
with BAT were included in that list,
being the rest of them (102) the set of
novel candidates.

Material and methods

Extraction of BAT connectome

We used, as an input, the connectome
of UCP1, being the set of all human
genes ranked according to their
biological proximity to UCP1. From
this connectome, we extracted only
the genes in the top 1% of all human
genes by p-value, to obtain a list of
168 genes (167 without including

UCP1 itself). We considered these
genes as the connectome of brown
adipose tissue (BAT connectome
hereafter).

Biological proximity of BAT genes:
Statistical simulations

We determined whether the 168
genes included in the BAT
connectome were significantly closer
to each other, biologically, than to
other genes, by estimating biological
distances between all these genes (a
total 14028 Dbiological distance
values) with the HGC 3. We then
randomly sample one-million
biological distances from the set of all
human genes ¢, and determined, for
both BAT and all-gene sets, the
proportion of distances falling into
the following categories: i) small
biological distances (<10); ii) small-
medium biological distances
(between 10 and 20, being 17 the
median biological distance between
all human genes); ii) medium-large
biological distances (between 20 and
30); iv) large-very large biological
distances (between 30 and 40); and
iv) very large-extremely large
biological distances (>40). We then
compared the biological density of
BAT genes with that of other human
genes, by first calculating the median
distance between all BAT genes, and
the simulating sets of 168 randomly
chosen genes, calculating the median
distance between these genes, and
estimating a p-value by determining
the proportion of simulated random
gene set with a median biological
distance equal or smaller than that
for the BAT genes.
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Filtering of BAT genes candidates and
assessment the predictive power

We considered as novel candidates
those genes for which there is not
evidence of relationship with BAT
(Appendix S1), thus the final list of
candidate include 102 genes. We
assessed the predictive power of BAT
connectome testing if the number of
known BAT genes included in BAT
connectome would be expected by
chance (60 already known and 5
suggested by literature; Appendix S1,
S2). For that, we simulated sets of 60
and 5 randomly chosen genes
respectively, and estimating a p-value
by determining the proportion of
simulated random gene sets that
were completely included in the BAT
connectome. We are aware that some
genes with a relationship described
with BAT could have been not
included
literature, however an increase of the
number of known BAT genes into the
connectome would

in our revision of the

support even
more its predictive power.

Phylogeny of BAT genes

The biological-interrelatedness
between BAT genes was estimated
with  the functional genomics
alignment (FGA) phylogeny 3. We first
created a biological distance matrix
between all BAT genes; we then
applied a neighbour-joining
algorithm by means of the nj function
of the R package APE 7. Last, we
plotted a phylogenetic fan-shaped
based HGC-predicted
biological distances between BAT

tree on
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Figure 1: Comparison of biological distance
between BAT genes human genes.
Biological distances between BAT genes (red) and
all human genes (gray) are distributed according to
the proportion of distances in five categories: i)
small biological distance (<10); ii) small-medium
biological distance (between 10 and 20); iii)
medium-large biological distance (between 20 and
30); iv) large-very large biological distance
(between 30 and 40); v) extremely large biological
distance (>40).

and all

genes, using for that the plot function
of APE package ’.

Computing resources and
programming languages

This project was performed on a
cluster with 48 cores and 131 GB
RAM. Biological distances between

genes were calculates by the HGC.

Data extraction and statistical
simulations, along  with  FGA
phylogenetic analyses and

visualizations were performed with
the R programming language 8. The
programs and online server used in
this study (in particular for ranking



candidate genes by biological
distance from UCP1 and FGA trees
generation) are freely available to
non-commercial users with step-by-
step instruction at
http://lab.rockefeller.edu/casanova/
HGC and http://hgc.rockefeller.edu,
and the scripts for the minor
technical procedures in this study are
available upon request.

Results

Small biological distances between
BAT genes

We tested the hypothesis that BAT
genes are functionally close to each
other (which would be prerequisite
for identifying candidate BAT genes
on the basis of biological proximity),
by comparing the biological distance
between BAT genes and all human
genes, in terms of the proportions of
biological distances assigned to five
categories, from the smallest to the
larges (Figure 1). Most intra-BAT
gene distances belonged to the very
small category (64%), the proportion
of BAT genes falling into this category
being larger than for all human genes
(7%). We found that the median
biological distance between BAT
genes was 4.72, while that between
simulated sets of 168 genes was
17.78. None of the simulated sets of
168 random genes had a median
equal or smaller than that of BAT
genes (p < 105 95 CI: 0 - 0.00036),
consistent with the hypothesis of
tight functional
between BAT genes. While it was

interrelatedness

expected that genes belonging to the
same pathway would display small
biological distances between each
other, confirming this hypothesis
make it possible to infer novel genes
related with BAT based on HGC-
predicted biological distance to genes
known related with this tissue.

Final set of proposed novel BAT-
candidates genes and assessment of
predictive power

The final list of candidates includes
102 genes, which were included in a
hierarchical clustering along with
known or suggested BAT genes 37.
This analysis showed that the
candidate BAT genes identified in this
study were evenly distributed over
the whole range of known or
suggested BAT genes (Figure 2).
Moreover, we demonstrated the
utility of this approach for identify
novel candidate BAT genes. 60 genes
related with BAT according to
(Appendix S1) were
included in the BAT connectome. This
is a 3592% of total connectome

literature

genes, which is higher than expected
by chance with p < 107 (95 CI: 0 -
4.79 x 10°). In addition, 5 genes
suggested as potential candidates by
literature were also include in the
connectome p < 107; 95 CI: 0 - 4.79 x
10-¢). These results support the
predictive power of the BAT
connectome.
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genes. A phylogenetic tree of biological distances ggsaggiested), whilst predicted-novel candidate genes are
by the functional genomic alignment method, showing in
hierarchical clustering of BAT genes. Genes related with BAT
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Discussion

We described here a list of 102 novel
BAT-candidate genes, initially
predicted in silico with the HGC
biological distance concept. We
extracted the 1% of genes biologically
closest to UCP1, we then showed that
selected genes (BAT connectome)
were significantly closer to each other
biologically than other human genes.
From this connectome we selected
those genes for which there is not
evidence of relationship with BAT.
We generated a final in silico-
predicted set of 102 human genes,
which may be considered reliable
candidate BAT genes. In other words,
we predict that there will be a high
proportion of BAT-related genes
among these 102 genes. We then
demonstrate the predictive power of
BAT connectome by means of
checking that the number of known
or suggested BAT-related genes
included in the connectome was
higher than expected by chance.

It is important to note that as
in any high-throughput genome-wide
analysis, the choice of input data,
algorithm, and even small fine-tuning
is likely to strongly affect the
outcome. However, we attempted
here to provide a reliable prediction
where false positives (i.e., false BAT
genes that are included in the final
provided list of candidates genes) are
minimized - an aim that is expected
to be achieved by selecting only one
core gene strongly implicated with
the functioning of brown adipose
tissue (UCP1). This approach has as
counterpart a higher probability of
false negatives (i.e., true BAT genes

that are not included in the final list),
but we preferred to prioritizes
exclusion of false positives given the
type of study for which this
connectome is mainly aimed:
candidate gene association studies.
These studies use a limited list of
genes whose relationship with
interest phenotype have to be
suggested by previous knowledge 2.
Therefore, a list of 102 novel-
candidate genes that are predicted to
be biologically close to known BAT
genes increases the potential list of
genes to be used in CGAS, and hence
could be very useful to improve our
knowledge about the genetic
architecture of brown adipose tissue.
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DISCUSSION

Currently, obesity and CVD are
high-prevalent disorders that cause a
huge amount of co-morbidities and
deaths worldwide. Besides several
decades of research focused in these
pathologies, now we just beginning to
understand the underlying
mechanisms. It seems to be clear
multifactorial etiology in the onset of
them and the importance of the
interplay between genetics and
environmental factors. Last decades
study of genetic predisposition and
impact different genetics variants
within population to develop these
diseases have increased.

To gain more insights into this
field, we investigated polymorphisms
associated to obesity firstly (Chapter
1 and Chapter 2), polymorphisms
associated to cardiovascular disease
risk factors (Chapters 3, 4 and 5) and
finally we performed a BAT-
Connectome in order to search new
candidate genes that could guide us in
further investigations (Chapter 6).

SINGLE NUCLEOTIDE
POLYMORPHISMS ASSOCIATED TO
OBESITY

Nowadays, a large number of
genes and their polymorphisms are
well known associated to obesity
such as FTO, MC4R, LEP or POM(C12,
However,
responsible of monogenic obesity
(very low percentage of total obesity),
influence of multiple genes and their
interaction with lifestyle behaviour

except some genes

and others environmental factors is
major cause of obesity in general
population. Therefore, interest in
discovering new genes that could
partially affect to development of this
disorder have increased last years.
We performed an intense research of
genetic associated to
adiposity markers in our database of
European adolescent (n=1057) of a
multi-centric study: the HELENA
study.

Firstly, we found a very solid
association between CNTF and
adiposity markers (Chapter 1). Until
now, very few studies have related
CNTF with obesity and only one work
of Heidema et al.® have found any
association of genetic variants of
CNTF with adiposity markers in
humans. Our findings shown an
association between 1rs2509914,
rs2515363 and rs2515362 CNTF
polymorphisms with adiposity
markers (BMI, waist circumference,
waist to height ratio and waist to hip
ratio). We also observed a haplotype
association between CNTF haplotype
(rs2509914, rs17489568, rs2515363,
rs1800169 and rs2515362) BM],
waist circumference, waist to hip and
waist to height.

On the other hand, we also
found a relationship between
adiposity markers and UCP genes
(Chapter 2). We found an association
between the UCP1 1s6536991
polymorphism and the risk of
overweight in adolescents. We also
found an interaction between UCPI
rs2071415 polymorphism and PA
regarding waist to hip ratio,
suggesting that meeting the daily PA

variants
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recommendations (at least 60
minutes/day of moderate to vigorous
physical activity) may offset the
genetic predisposition to obesity
associated with this polymorphism in
European adolescents. Several
studies have investigated the effect of
polymorphisms of UCP on obesity and
overweight, but results were
controversial and this questions were
not totally clarified*-8.

To understand our results
related with obesity: i) in Chapter 1,
we described that CNTF has a role as
neurotrophic factor (control,
modulation and developing of
nervous system and their functions?)
and also has a role in control of body
weight!011 CNTF promotes weight
loss is most likely trough satiety
mechanisms owing to similarities
between CNTF and leptin signalling
cascade (close relationships between
leptin receptor and CNTF receptor
complex, overlapping in molecules
activation between CNTF and leptin,
like STAT3 and CNTF and Ieptin
receptors have overlapping
distributions in some hypothalamic
nuclei involved in feeding controll?).
So these similarities with leptin may
explain the underlying mechanism
trough some polymorphisms of CNTF
could lead to functionally altered
CNTF proteins and therefore have an
effect in control of satiety and weight
control; ii) in Chapter 2, uncoupling
proteins has several physiological
functions. UCP1 is well known as
responsible of heat production
through non-shivering thermogenesis
in brown BAT13, meanwhile UCPZ and
UCP3 genes have been related with
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obesity phenotypes through musclel4,
diabetes  mellitus and  lipid/
lipoprotein-related diseases 1°. More
specifically, UCPZ2 is involved in the
control of ROS production, a
modulator of insulin secretion, a
regulator of mitochondrial fatty acid
oxidation!® and may have a regulating
role in thermogenesis of BAT!’. So,
uncoupling activity could be altered
regarding different alleles of each
polymorphism, and therefore reduce
heat dissipation as well as lipid
oxidation?3, leading to
overweight/obesity.

In conclusion, CNTF and UCP
genes are able to produces an effect
over adiposity markers through
different (satiety
modulation or lipids oxidation
respectively). And different
polymorphisms of them may have an
altered efficiency in their role.

mechanisms

SINGLE NUCLEOTIDE
POLYMORPHISMS ASSOCIATED TO
CARDIOVASCULAR DISEASE RISK
FACTORS

CVDs main risk factors are
well studied, especially those related
with lifestyle behaviour. However the
research of gene pool associated to
these factors have increased in last
years, searching genetic susceptibility
to suffer or develop a CVD risk
factor1s.

In Chapter 3, we showed our
findings about ADIPOQ
polymorphisms and CVD risk factors.
To our knowledge, this is the first
study investigating the association

between ADIPOQ gene



polymorphisms and CVD risk factors
in European adolescents. ADIPOQ
polymorphisms rs822393, rs822395
and rs7649121 were significant
associated to several CVD risk factors
(i.e. HDL, Apol, SBP, Risk Score). We
also found a significantly association
of the ADIPOQ haplotype (rs822393,
rs16861210, rs822395, rs822396,
rs12495941 and rs7649121) with
HDL and Apo1 serum levels.

In Chapter 4, we also found a
relationship with
proteins. Two UCPZ2 polymorphisms
(rs2735572 and rs17132534) and
haplotypes of UCP1 and UCP3 were
associated ~ with  cardiovascular
disease risk factors (higher diastolic
blood pressure, ApoB/ApoAl, ApoB
levels and Risk Score). Until now,
very few studies suggested any link-
up between cardiovascular risk
factors and gene polymorphisms of
uncoupling proteins. Just some
reported an association of single
polymorphisms of UCP3 or combined
haplotypes UCP2/UCP3 with several
CVD risk factors such as serum total

uncoupling

and LDL-cholesterol levels, insulin or
HOMA in adults19-21,

In Chapter 5, LPL gene
polymorphisms were associated to
cardiovascular risk factors, but also to
adiposity markers and PA. Results of
this chapter showed a significant
association between alleles of
rs1534649, rs258, rs320 and rs328
with several markers of CVDs (i.e.
BMI, TG, Leptin, cholesterol/HDL,
LDL/HDL, TG/HDL). Also, haplotypes
of LPL polymorphisms rs282-rs285
and rs3126-rs320-rs328-rs10099160
were significant associated to TG,

TG/HDL. Haplotype rs3126-rs320-
rs328-rs10099160 was also
associated to risk score. Finally, we
observed alleles of rs1534649 and
rs258 related to higher values of
adiposity markers tend to be
associated with less adiposity under
high levels of PA. A remarkable
amount of studies found a
relationship between LPL
polymorphisms and CVDs or
cardiovascular risk factors 22-29,
Nevertheless, multiple discordances
and unclear associations generate
lack of reliable data in this field. With
our results, we hope in this chapter
help to clarify information about LPL
and its role in cardiovascular disease
and adiposity markers.

A Dbiological explanation to
these findings includes: i) in Chapter
3, adiponectin is the most abundant
peptide secreted by adipocytes.
Decreased adiponectin levels are
thought to play a central role in the
development of type 2 diabetes,
obesity and cardiovascular disease in
humans3°. Adiponectin acts
downstream over insulin receptor
substrates, over lipids oxidation and
energy expenditure through
regulation of AMP activated protein
kinase (AMPK), PPAR-alpha (thus
CoA oxidase and
proteins), improves glucose
metabolism through APPL1, and
others effects39; ii) in Chapter 4, we
mentioned yet in Chapter 2
physiological functions of uncoupling
proteins and their impact of human
metabolism. Uncoupling proteins use
glucose and fatty acids as energetic
substrate, and therefore may play a

uncoupling
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role in lipid/ lipoprotein-related
diseases onset or development!s; iii)
in Chapter 5, LPL is a key player in
lipid metabolism, especially over
VLDL and LDL control. Indeed, LPL
deficiency results in an accumulation
of chylomicrons and other
triglyceride-rich lipoproteins in the
plasma, producing
hypertriglyceridemia3!.

In conclusion ADIPOQ, UCPs
and LPL genes may have a role in the
onset, control or development of CVD
risk  factors through different
biological procedures. Various
polymorphisms of a singular gene
could associate in different ways to
their resultant cardiovascular
phenotypes.

SEARCHING FOR NEW CANDIDATE
GENES: CONNECTOME

Novel candidate genes could
be approached through different
tools. Here, we used the human gene
connectome (HGC) to predict novel-
candidate genes for brown adipose
tissue. Results from this doctoral
thesis showed a possible relationship
between uncoupling proteins and
adiposity markers and cardiovascular
risk factors (Chapter 2 and Chapter
4, respectively). Taken together, this
findings support the hypothesis of
BAT as a possible therapeutic target
against obesity and related disorders
due to its ability to oxidize glucose
and lipids and to dissipate energy as
heat32. So, perform a tool to predict
related genes to uncoupling proteins
makes an interesting procedure to
discover BAT-related genes that
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could help us to understand the
physiology of this tissue.

We described in Chapter 6, a
list of 102 novel BAT-candidate genes
(1% of genes biologically closest to
UCP1) initially predicted in silico with
the HGC biological distance concept.
After that we showed that these 102
novel BAT-candidate genes (BAT
connectome) were significantly closer
to each other biologically than other
human genes. From this connectome
we observed a high amount of genes,
which there is not previous evidence
of relationship with BAT. We
generated a final in silico-predicted
set of 102 human genes, which may
be considered reliable candidate BAT
genes.

In conclusion, BAT
connectome could be a very useful
tool to increase our knowledge about
the genetic architecture of BAT.

PHYSICAL
INTERACTION

ACTIVITY-GENE

It is well known that
cardiovascular disease risk factors,
including obesity, are a result of a
complex interaction between genetic
and environmental factors. In one
hand, genetics has a powerful role in
obesity and cardiovascular disease
development. Indeed, a large number
of genes have been associated to
them#23.28.3334 [n most cases, genetic
predisposition comes from the
interplay between multiple genes,
and not from a single one (except
some cases of monogenic obesity
with leptin, leptin receptor, pro-



opiomelanocortin, and prohormone
convertase 1 genes)33. So, it is really
interesting to know the largest
possible number of genes or genetic
variants that implicates a certain
disorder. The more we are capable to
know about the genetic architecture
of a determined disorder, more we
approximate to the real genetic
predisposition of population against
him. On the other hand,
environmental factor has also a key
role in obesity and cardiovascular
diseases  development.
suggest that regular exercise training
provides a wide range of health
benefits in the general population,
including improvements in blood
pressure, diabetes, lipid profile
(increases high-density lipoprotein,
reduce triglycerides, low density
lipoprotein and cholesterol levels)3>
and decrease cardiovascular disease

Evidence

risk3¢. In adolescents, we showed in
previous studies that meeting the
daily physical activity
recommendations (at least 60
minutes/day of moderate to vigorous
physical activity) may offset the
genetic predisposition to a main
cardiovascular risk factor, such as
obesity, associated with the FTO
rs9939609° and UCP1 rs207141510
polymorphism in European
adolescents. We found in this
doctoral thesis a PA-gene interaction
in Chapter 2 and Chapter 5. In
Chapter 2 we shown that an
interaction between the
UCP1rs2071415 polymorphism and
PA regarding waist to hip ratio.
Adolescents meeting the daily

physical activity recommendations
may overcome the effect of the UCPI
rs2071415 polymorphism on waist to
hip ratio. In Chapter 5, we observed
that LPL alleles of rs1534649 and
rs258 related to higher values of
adiposity markers tend to be
associated with less adiposity under
high levels of physical activity. So we
found that some polymorphisms
were associated to adiposity traits
and PA could ameliorate this negative
effect.

LIMITATIONS

The present Doctoral Thesis
has several limitations that should be
acknowledged: i) the studies are
chapters are observational, so future
experimental studies are still needed
to examine if there is direct causal
correlation between polymorphisms
of these genes and the studied
phenotypes; ii) the associations
between the study polymorphisms
and the phenotypes could be altered
by gene-gene and other gene-
environmental interactions; iii)
unfortunately, we have no
information on relatedness patterns
among the participants, and we do
not know the ethnic/racial make-up
of the sample.

Therefore, results of the
present doctoral thesis should be
considered carefully and
experimental studies could help to
further confirm this possible genetic
predisposition.
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CONCLUDING REMARKS AND
FUTURE PERSPECTIVES
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MAIN CONCLUSIONS

The main conclusions of the present
doctoral thesis are, i) different
polymorphisms of a same gene could
predispose in European adolescents
to develop phenotypes associated to
metabolic disorders, ii) in certain
polymorphisms that predisposing to
altered obesity traits, physical activity
could ameliorate this deleterious
effect, and iii) BAT connectome could
be an advantageous tool to discover
unknown BAT-related novel genes.

PART 1: SINGLE NUCLEOTIDE
POLYMORPHISMS ASSOCIATED TO
OBESITY

Chapter 1: The 1rs2509914,
rs2515363 and rs2515362 CNTF
polymorphisms are associated with
adiposity markers in adolescents
from nine European countries. We
also observed a haplotype association
a CNTF Thaplotype (rs2509914,
rs17489568, rs2515363, rs1800169
and rs2515362) with
adiposity markers.

Chapter 2: The UCPIrs6536991
polymorphism is associated with risk
of overweight in adolescents. Our
results also suggest that physical
activity could compensate the
deleterious effect of the
UCP1rs2071415 polymorphism on
adiposity markers.

several

PART 2: SINGLE NUCLEOTIDE
POLYMORPHISMS ASSOCIATED TO
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CARDIOVASCULAR DISEASE RISK
FACTORS

Chapter 3: The rs822393, rs822395,
rs7649121 polymorphisms and six
polymorphisms haplotype of the
ADIPOQ gene are associated with CVD
risk factors in European adolescents.
Chapter 4: The UCP2 rs2735572 and
rs17132534  polymorphisms are
associated with higher diastolic blood
pressure in adolescents from nine
European countries. @~ We also
observed a haplotype association of
UCP1 and UCP3 with higher blood
apolipoproteins levels and risk score,
respectively.

Chapter 5: The single
polymorphisms rs1534649, rs258,
rs320 and rs328 and two
polymorphisms haplotypes (rs282,
rs285 and rs3126, rs320, rs328,
rs10099160) of the LPL gene are
associated  with
disease risk factors in European
adolescents. Also, our results suggest
that physical activity can ameliorate
the deleterious effect of the LPL
rs1534649 and rs258 LPL
polymorphisms on body fat estimates
in adolescents.

cardiovascular

PART 3: SEARCHING FOR NEW
CANDIDATE GENES: CONNECTOME

Chapter 6: A list of 102 novel-
candidate genes that are predicted to
be biologically close to known BAT
genes increases the potential list of
genes to be used in Hypothesized-
candidate gene association studies,
and hence could be very useful to
improve our knowledge about the



genetic architecture of brown adipose
tissue.

FUTURE RESEARCH LINES

- Further experimental studies
to test the predisposition
effect of these gene
polymorphisms against
metabolic disorders.

- Future genome-wide
association studies to search
new polymorphisms
associated.

- Further connectome

performing applied to
different core genes of main
metabolic disorders as obesity
or cardiovascular disease, to
help us to discover new
candidate novel gene of their
genetic architecture.

- In  medical environment:
evidence suggests changes in
an individual's genes or DNA
can cause some form of CVDs,
CVDs risk factors and obesity
traits, highlighting a complex
relationship between genes
and the environment.
Genotyping, a process used to
determine genetic differences
within an individual's DNA,
can provide doctors with
relevant information to
identify individuals who are at
high risk of developing CVDs.
This would allow treatment to
begin early and encourage
individuals to adopt a healthy
lifestyle to reduce their risk.
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