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Abstract

The metabolic syndrome is a cluster of components predisposing to type 2 diabetes and
cardiovascular disease. Abdominal obesity and insulin resistance seem to be central in the
metabolic syndrome, although no unifying pathophysiological mechanism is available. The aim
of this thesis was to determine out how the variation in PTP1B and adiponectin gene as well as
variations in the plasma adiponectin concentration contribute to the risk of obesity related
diseases.

PTP1B is a negative regulator of insulin signalling and therefore considered a candidate gene
for type 2 diabetes. In the first study, it was found that three PTP1B polymorphisms studied have
not strong impact on type 2 diabetes. However, one SNP may be slightly protective against type 2
diabetes, since it was more frequent in the healthy group compared to group of patients with type
2 diabetes. Another SNP was associated with body mass index (BMI). The combination of certain
alleles of PTP1B and LEPR (leptin receptor) genes was also associated to BMI.

Adiponectin is an adipocytokine expressed in adipose tissue. It has insulin sensitizing effects
in liver and muscle and it has also beneficial effects on cardiovascular health. In the second study,
the contribution of adiponectin genotypes with obesity-related phenotypes was studied. In
Caucasians, the carriers of rare allele of Tyr111His polymorphism were more insulin resistant and
at a higher risk of developing type 2 diabetes. In African-Americans, other polymorphisms were
associated with BMI and lipids. Thus, the effects of polymorphisms on obesity related phenotypes
seemed to be different between ethnic groups.

Plasma adiponectin levels were measured from different study groups. In the third study, it was
found out that low plasma adiponectin levels associated with different components of the
metabolic syndrome and there was a trend towards reductions in adiponectin with an increasing
number of components. Fourth study indicated that baseline low adiponectin level associated with
a more than 2-fold risk for developing impaired glucose tolerance or type 2 diabetes in the follow-
up study of normoglycemic middle-aged Finnish subjects. In the fifth study, plasma adiponectin
levels were measured from postmenopausal women receiving estrogen replacement therapy. We
observed a reduction in adiponectin levels in women having peroral estradiol which could be part
of the "early harm" profile on cardiovascular risk factors of the peroral estrogen replacement
therapy detected in clinical trials.

These studies further strengthen the role of plasma adiponectin in the obesity related diseases
and bring new information of polymorphisms in the adiponectin and PTP1B genes in different
populations.

Keywords: adiponectin, estrogen replacement therapy, genetic association studies,
metabolic syndrome, obesity, protein tyrosine phosphatase non-receptor type 1, type 2
diabetes
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Tiivistelma

Metabolinen oireyhtyma on kertyma tekijoitd, jotka altistavat tyypin 2 diabetekselle ja sydan- ja
verisuonitaudeille. Keskivartalolihavuus ja insuliiniresistenssi, eli insuliinin heikentynyt teho,
vaikuttavat olevan keskeisia metabolisessa oireyhtyméssa. Kuitenkaan taustalla olevaa syntyme-
kanismia ei tdysin tunneta. Vaitoskirjatydn tavoitteena oli tutkia PTP1B- ja adiponektiinigeenin
muuntelun sek& plasman adiponektiinitason yhteytta metaboliseen oireyhtymé&an, sen osatekijoi-
hin ja seurauksiin.

PTP1B on insuliinin toimintaa soluissa estdvd molekyyli. Ensimmaisessd tutkimuksessa
havaittiin ettd kolme tutkittua PTP1B-geenin nukleotidimuutosta eivat ole vahvasti yhteydessé
tyypin 2 diabetekseen. Erés nukleotidimuutos saattaisi olla lievasti suojaava tyypin 2 diabetesta
vastaan, silla se oli yleisempi terveilld kuin tyypin 2 diabetesta sairastavilla. PTP1B:n ja leptiini-
reseptorigeenin eréiden alleelien yhdistelmé oli yhteydessa painoindeksiin.

Adiponektiini on rasvakudoksen erittdmé& hormoni, jolla on suotuisia, insuliinin vaikutusta
edesauttavia vaikutuksia elimistdssd seké edullisia vaikutuksia verenkiertoelimistossa. Toisessa
tydssd havaittiin ettd Amerikan valkoihoisilla, joilla oli erés harvinainen adiponektiinigeenin
alleeli (Tyr111His), oli heikompi insuliinin teho kuin henkil6illa joilla ei ollut kyseistda muutos-
ta. Tamad alleeli oli yleisempi suomalaisilla tyypin 2 diabetesta sairastavilla kuin terveilld, mika
saattaa tarkoittaa ettd se liittyy suurentuneeseen riskiin tyypin 2 diabetekselle. Afroamerikkalai-
silla taas toiset nukleotidimuutokset olivat yhteydessa lihavuuteen ja plasman rasva-arvoihin.

Adiponektiinin pitoisuutta plasmassa mitattiin erilaisissa aineistoissa. Kolmannessa tutki-
muksessa havaittiin, ettd matala pitoisuus oli yhteydessé metabolisen oireyhtymaén eri osatekijoi-
hin ja pitoisuus oli sitd matalampi, mitd enemman osatekijoita henkil6lla on. Neljannessa tutki-
muksessa havaittiin ettd matala plasman adiponektiinipitoisuus oli yhteydessa suurentuneeseen
riskiin saada huonontunut glukoosin sietokyky tai tyypin 2 diabetes tulevaisuudessa. Viidennes-
sd tutkimuksessa adiponektiinitaso mééritettiin naisilta jotka olivat ohittaneet vaihdevuodet ja
saivat estrogeenikorvaushoitoa. Havaittiin ettd plasman adiponektiinitaso laski niill& naisilla, jot-
ka saivat korvaushoitoa suun kautta. TAma saattaisi osittain selittdd suun kautta annettavan estro-
geenikorvaushoidon epéedullista vaikutusta sydan ja -verisuonitautien riskitekijoihin.

Tutkimus vahvistaa edelleen adiponektiinin merkitysté lihavuuteen liittyvissa sairauksissa ja
tuo uutta tietoa adiponektiini- ja PTP1B-geenien muuntelun merkityksesta eri vaestdissa.

Asiasanat: adiponektiini, estrogeenikorvaushoito, geneettinen assosiaatiotutkimus,
lihavuus, metabolinen oireyhtyma, proteiini tyrosiini fosfataasi 1B, tyypin 2 diabetes
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1 Introduction

Our present environment with its excess nutritional energy and modern lifestyle
with minimum physical activity can be said to have created an epidemic of
obesity related diseases. Obesity and the associated insulin resistance are clearly
linked to the metabolic syndrome, a constellation of risk factors of cardiovascular
disease and type 2 diabetes. In recent decades, cardiovascular disease and
diabetes have become the major cause of mortality in the Western developed
world (Reviewed by Oda 2008.) In the year 2000 in Finland, 20.1% of men and
24.1% of women aged over 30 years were obese (body mass index
(BMI) > 30 kg/m?). Over the past decades, overall obesity has become more
common but also a trend towards more severe grades of obesity has taken place
(Lahti-Koski et al. 2009.) Worldwide, more than 300 million people now have
BMI values of 30 kg/m”. This increasing level of obesity has a major impact on
physical, mental, psychosocial and economic health. The mortality risk increases
progressively with BMI especially within the BMI range above 30. The economic
burden of obesity to society is considerable and anticipated to increase (Reviewed
by Dixon 2009.)

There are several findings indicating that genetics is an important contributing
factor in both obesity and type 2 diabetes. For instance, 10% of type 2 diabetic
patients display normal weight, and many obese subjects never develop type 2
diabetes, indicating that type 2 diabetes is not exclusively caused by
environmental factors. Type 2 diabetes is considered as a polygenic and a
multifactorial disease. Single nucleotide polymorphisms (SNPs), exchanges of
single base pairs in deoxyribonucleic acid (DNA), are responsible for
approximately 90% of the sequence variation within the human genome
(Reviewed in Staiger et al. 2009.) Therefore SNPs in the genes modulating for
example adiposity, insulin sensitivity or insulin signaling could be determinants
of anindividual's predisposition to complex diseases.

Based on the hypothesis above it is no wonder, that considerable effort is
being expended on understanding the risk factors, biology and genetics behind the
obesity related diseases. Since obesity associates with insulin resistance, the
molecules involved in insulin signaling are of great interest. One of these
molecules, protein tyrosine phosphatase 1B (PTP1B) has been found as negative
regulator of insulin signaling (Reviewed by Koren & Fantus 2007). Also the way
in which the excessive obesity acts to drive an inflammatory cascade is another
exciting research area. Adipose tissue is an important regulatory, endocrine organ
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playing a role in obesity associated conditions. Therefore, new molecules have
been sought and extracted from adipose tissue. One such molecule is adiponectin,
which is an insulin sensitizing and anti-inflammatory peptide hormone released
from adipose tissue to circulation and its plasma levels are reduced in obesity
(Reviewed by Andersson et al. 2008.)

In the present study, PTP1B and ADIPOQ genes have been evaluated as
candidate genes for obesity and type 2 diabetes. In recent years, the plasma
adiponectin level has been found as a marker of metabolic syndrome and as a
possible link between obesity and type 2 diabetes and cardiovascular diseases
(Reviewed in Brooks ef al. 2007). This was the hypothesis tested in the original
studies of this thesis. The following literature review presents the concept of the
metabolic syndrome and the obesity as its core and the involvement of PTP1B
and adiponectin in these processes.

16



2 Review of literature

21 Definition and components of metabolic syndrome

The concurrance of features of the metabolic syndrome was already described in
the 1920s (Reviewed in Laaksonen et al. 2004). However, the finding that risk
factors for heart diseases tend to cluster and seem clearly relate to risk of type 2
diabetes, only attracted public attention after the report of Reaven published in
1988. He postulated that insulin resistance led to clustering of risk factors and was
the underlying cause of many cardiovascular diseases (CVD). He named the
condition “syndrome X’ and even though he did not actually include obesity into
the cluster of risk factors, he did recommend weight loss as “treatment” for
“syndrome X” (Reaven 1988). Since then, obesity has been added to the

LR I3

syndrome and the syndrome has been also called the “deadly quartet”, “insulin
resistance syndrome”, “visceral fat syndrome” and “atherogenic metabolic triad”
(Reviewed by Oda 2008).

A definition for metabolic syndrome was introduced by the World Health
Organization (WHO) in 1998 (Alberti & Zimmet 1998). The definition was
intended to achieve a better classification of individuals in research, rather than
serve as a strict clinical definition. WHO mandated that insulin resistance must be
present for the patient to have the metabolic syndrome. It was originally proposed
that insulin resistance should be measured by the euglycemic hyperinsulinemic
clamp. Other organizations have developed similar, but not identical definitions.
The NCEP ATP III (National Cholesterol Education Program Adult Treatment
Panel III) definition did not require direct demonstration of insulin resistance and
thus definition is less stringent, requiring an individual to have three or more of
the following: raised fasting plasma glucose, clevated blood pressure, elevated
triglycerides, reduced HDL (high density lipoprotein), and abdominal obesity,
defined by waist circumference (Reviewed by Huang 2009). The recent definition
proposed by International Diabetes Federation (IDF) in 2005 for metabolic
syndrome requires the individual to have central obesity, defined by waist
circumference, plus any two of the following factors: increased triglycerides or
treatment thereof; reduced HDL cholesterol or treatment thereof; increased blood
pressure or treatment thereof; or raised fasting plasma glucose or previously
diagnosed diabetes (Alberti et al. 2005). AHA/NHLBI (American Heart
Association/National Heart, Lung and Blood Institute) presented in 2005 that in
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contrast to IDF, they would maintain the ATP III criteria except for minor
modifications. The threshold for IFG was reduced from 110 to 100 mg/dl which
corresponds to the recently modified American Diabetes Association (ADA)
criteria for impaired fasting glucose (IGR) (Grundy et al. 2005).

The most commonly used definitions (WHO, NCEP-ATPIII, AHA/NHLBI

and IDF) for metabolic syndrome are presented in Table 1.

Table 1. Three definitions of the metabolic syndrome.

Factors WHO (1999) NCEP ATP Il (2001) IDF (2005)
AHA/NHLBI (2005)
Required High insulin levels, an Central obesity (as waist
factor elevated fasting blood circumference = 94cm for
glucose or an elevated Europid men and = 80cm for
post meal glucose alone: women, with ethnicity specific
values for other groups)
Additional Plus two or more of the  Any three or more of the Plus two of the following:
factors following: following:

Abdominal obesity

(waist to hip ratio of > 0.9
(men), > 0.85 (women),
BMI of at least 30 kg/m?
A TG level of at least 150
mg/dl or an HDL
cholesterol lower than 35
mg/dl.

BP of 140/90 mmHg or
above

(or on treatment)

Abdominal obesity
(waist girth > 102 cm
(men), > 88 cm (women))

Serum TG
> 150 mg/dl
(1.7 mmolll)

HDL cholesterol 40mg/dl or
lower (men) and 50mg/dl or
lower (women)

Blood pressure of 130/85 mm
Hg or more or treatment

> 110 mg/dL (6.1 mmol/l)
(NCEP ATP 1ll) /

> 100mg/d! (5.6 mmol/l)
(AHA/NHLBI) or treatment

Raised TG level: = 150 mg/dl
(1.7 mmol/l), or specific
treatment

HDL cholesterol:

< 40 mg/dl (1.03 mmol/I*)
(males), < 50 mg/dl (1.29
mmol/I*) (females), or treatment
Raised blood pressure: systolic
BP = 130 or diastolic BP > 85
mm Hg, or treatment

Raised fasting plasma glucose
2100 mg/dL (5.6 mmol/L), or
previously diagnosed type 2
diabetes

AHA/NHLBI = American Heart Association/ National Heart, Lung and Blood Institute, BMI = body mass

index, BP = blood pressure, HDL = high density lipoprotein, IDF = International Diabetes Federation,

NCEP ATP Il = National Cholesterol Education Program Adult Treatment Panel Ill, TG = triglycerides,
WHO = World Health Organization
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Recently, the several major organizations met in an attempt to unify and
harmonize the existing different criteria for metabolic syndrome. It was
recommended that three abnormal findings out of five according to previous IDF
criteria would qualify a person as suffering from the metabolic syndrome. It was
decided that the obligatory waist criteria is not necessary. There is not enough
data for ethnic specific waist measurements and therefore national or regional cut
points for waist circumference can be used. In Europe, the IDF or NCEP ATP III
criteria for waist can be used (Alberti et al. 2009).

The prevalence of metabolic syndrome is increasing throughout the world but
the estimates of prevalence differ depending on the definition. There is an
increasing prevalence of obesity in almost all countries. Grundy (2008) has
reviewed the evidence and claimed thatin most countries between 20% and 30%
of the adult population can be characterized as having the metabolic syndrome. In
Finland, one study of 45-64 year old subjects reported that the prevalence would
be 38.8% in men and 22% in women according to the definitions of WHO
(llanne-Parikka et al. 2004). Another study of 24—-39 year old subjects, estimated
a prevalence of 14.3% in men and women together according to the definitions of
IDF (Mattsson et al. 2007). It must be noted that the metabolic syndrome
becomes more prevalent with each decade of life, increasing in parallel with
obesity and central adiposity (Reviewed in Cornier et al. 2008).

2.1.1 Abdominal obesity as a core of metabolic syndrome and
inducer of insulin resistance and dyslipidemia

The metabolic syndrome is clearly linked to the presence of obesity and in
particular to the degree of abdominal obesity (Reviewed in Gustafson et al. 2007).
In mammals, there are two types of adipose tissue; white adipose tissue and
brown adipose tissue. Brown adipose tissue is more an energy dissipating organ
whereas white adipose tissue is more of an energy storing organ. Brown adipose
tissue is known to maintain normal body temperature in newborn infants. It differs
morphologically from white adipose tissue having more mitochondria (Reviewed
by Lean 1989). Interestingly, a recent study indicated that brown adipose tissue is
present in healthy adults and when exposed to cold, activated brown adipose
tissue may have a potential to contribute substantially to energy expenditure
(Virtanen et al. 2009). The white adipose tissue consists of subcutaneous and
visceral fat. In relation to the metabolic syndrome, visceral fat has received more
attention, because it is considered more metabolically active and it releases
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biologically active factors directly to the portal venous system and therefore, it
can have a direct impact on the liver. However, the role of subcutaneous fat
cannot be fully disregarded, because in general in men, there is much more
subcutaneous fat than visceral fat (Reviewed in Gustafson et al. 2007.)

As individuals become obese, the size of their fat cells increase since they
have to store more lipids. In addition to adipose cells, adipose tissue is composed
of preadipocytes, inflammatory cells, endothelial cells and mesenchymal stem
cells. Under normal condition, the mesenchymal cells in adipose tissue should
recruit new, small adipocytes but a failure in this process due to impaired
adipocyte differentiation, possibly of genetic origin, leads to a reduction in the
capacity of the adipose tissue to accumulate lipids. Failure to recruit new adipose
cells can lead to enlargement of the existing fat cells and furthermore to ectopic
accumulation of lipids in other tissues, e.g. muscle and liver (Figure 1). Larger
adipocytes are more metabolically active and have a higher rate of lipolysis, and
therefore obesity is associated with increased levels of free fatty acids (FFAs) in
circulation (Reviewed by Danforth 2000, Gustafson et al. 2007.)

Elevations of FFAs and ectopic fat accumulation can evoke peripheral
(muscle) and liver insulin resistance (Krssak et al. 1999, Seppéla-Lindroos et al.
2002). FFAs can directly inhibit insulin signalling, partly via tyrosine
phosphorylation of insulin receptor substrates (Griffin er al. 1999). Insulin
signalling is also impaired because lipids accumulate inside the muscle and
hepatic cells in the form of triglycerides and long-chain fatty acyl-CoA esters.
Lipids can also accumulate within pancreatic cells and thus hamper insulin
secretion (Reviewed by Boden 2004, in Moller & Kaufman 2005).

In addition to FFAs, obesity triggers also other mechanisms that affect insulin
sensitivity (Figure 1). Adipose cell enlargement evokes inflammation in the
adipose tissue in a way that is not fully understood. Obesity seems to be
associated with an increased number of macrophages in adipose tissue. For
example, proinflammatory molecules such as TNF-a (tumour necrosis factor
alpha) and IL-6 (interleukin 6) are secreted from inflamed adipose tissue. In fact,
it is mainly the visceral fat, which seems to determine the plasma IL-6
concentration. In addition, the infiltration rate of monocytes into visceral fat is
higher than the corresponding rate into subcutaneous fat (Reviewed in Hajer et al.
2008.) It has been noted that increased TNF-a in obesity is mainly attributable to
infiltrating macrophages surrounding the adipocytes. Proinflammatory molecules
impair insulin signalling through different mechanisms including decreased
tyrosine phosphorylation of key signalling molecules and downexpression of
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several proteins involved in insulin signalling. These effects lead to insulin
resistance i.e. the decreased sensitivity of target cells to the actions of insulin, a
further increase in lipolysis and reduced glucose uptake in adipose tissue
(Reviewed in Gustafson et al. 2007.)

Obesity also contributes to insulin resistance by altering the levels of
adipocyte-derived hormones. The tremendous scientific interest in adipose tissue
over the past decades has revealed that this organ is not solely an energy store but
an active endocrine organ releasing a number of bioactive molecules in response
to changes in metabolic status. Many hormones are secreted from adipose tissue,
e.g. leptin, adiponectin, adipsin and resistin; these share some structural properties
of cytokines that are often secreted by immune cells activating and recruiting
further immune cells to increase the system’s response to the pathogen. Therefore,
hormones secreted by adipose tissue, “adipocytokines™ are collectively referred as
adipokines (Reviewed by Saltiel 2001.) These molecules have a variety of actions
e.g. in glucose homeostasis and energy expenditure. The role of the two most
important adipokines, adiponectin and leptin will be discussed in 2.3.2 and 2.4.

The increased availability of FFAs in circulation can lead to dyslipidemia, i.e.
abnormalities in plasma lipoproteins (Reviewed by Berneis & Krauss 2002).
There are five lipoprotein classes: high density (HDL), low density (LDL),
intermediate density (IDL), and very low density (VLDL) lipoproteins and
chylomicrons. They are formed together with the plasma lipids, phospholipids,
cholesterol, triglycerides, and cholesteryl esters and apolipoproteins. Plasma
apolipoproteins are proteins of varying composition and size, classified as the
apoAs (apoA-I, apoA-II, and apoA-1V), apoBs (apoB-100 and apoB-48), apoCs
(apoC-I, apoC-Il, apoC-Ill) and apoE. Apolipoproteins can belong to different
lipoproteins, with the exception of apoB-100, which is the sole constituent of
LDL. Apolipoproteins, in addition to lipid binding properties, can act as cofactors
for lipolytic enzymes or interact with cellular receptors (Rossenau & Labeur
1995.) In brief, VLDL and chylomicrons transport lipids to the peripheral tissues
from the liver and intestine. When lipid is removed from VLDL, the particle is
transformed to LDL. HDL instead, is primarly involved in returning lipid, mostly
cholesterol, to the liver in a process called reverse cholesterol transport
(Reviewed by Biggerstaff & Wooten 2003.)

Dyslipidemia means abnormalities in plasma lipid levels, such as elevated
LDL-cholesterol and triglyceride levels and/or decreased HDL cholesterol levels.
The insulin resistance in liver plays a major role in the lipid abnormities in
patients with the metabolic syndrome. In that condition, the excess FFAs result in
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increased production of glucose and triglycerides. A high level of plasma
triglyceride is associated with larger VLDL particles that are lipolyzed less
efficiently by lipoprotein lipase (LPL), giving rise to remnant particles. These
remnants further delay lipolysis and also lead to reduced receptor-mediated
plasma clearance. The remnants are further lipolyzed by the combined action of
LPL and hepatic lipase (HL), and also undergo exchange of triglyceride for
cholesterol derived from LDL and HDL, a process mediated by cholesterol ester
transfer protein (CETP). The resulting triglyceride can be also delipidated and
remodeled to form smaller, lipid-depleted LDL. These particles have a lower
affinity for the LDL receptor. Triglyceride-rich LDLs and HDLs are degraded
further by HL, leading to yet smaller LDLs and to smaller and less stable HDLs
that are more rapidly catabolized, resulting in reduced levels of HDL cholesterol.
Thus, the insulin resistance may lead to an increased risk for cardiovascular
disease that has been designated as atherogenic dyslipidemia (Reviewed by
Berneis & Krauss 2002.)

The metabolic changes induced by obesity and described in this chapter are
shown in Figure 1.
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Insulin resistance
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Fig. 1. Schematic representation of how obesity leads to insulin resistance.
IL-6 = interleukin 6, TNF-a = tumour necrosis factor a.

2.2 Health implications of the metabolic syndrome

The objective of definitions of metabolic syndrome is to provide a simple,
diagnostic and clinical tool to identify those persons at a great risk of developing
type 2 diabetes and CVD (cardiovascular disease). Individuals with the metabolic
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syndrome have a greater risk of developing type 2 diabetes (Reviewed in Cornier
et al. 2008) and they are more likely to die from and to experience a heart attack
or stroke compared to people not suffering from the syndrome (Reviewed by
Kahn et al. 2005). For example, in a study of 4483 Finns and Swedes aged 35-70
years, the risk for CHD (coronary heart disease) and stroke was increased
threefold in subjects with the metabolic syndrome as defined by WHO (Isomaa et
al. 2001). For comparison, in the study of Americans over 50 years, the metabolic
syndrome (NCEP(ATPIII) -defined) was a significant univariate predictor of
prevalent CHD (OR 2.07, 95% CI 1.66-2.59) (Alexander et al. 2003). However,
in that study, blood pressure, HDL cholesterol, and diabetes, but not the presence
of metabolic syndrome, were significant multivariate predictors of prevalent CHD.
The increased risk for CHD in subjects with the metabolic syndrome in the
studies shows a wide variation from 30% up to 400%, probably due to which
population is being studied, the precise definition of the syndrome and the length
of the follow-up (Reviewed by Kahn et al. 2005).

However, it is unclear, whether the criteria of metabolic syndrome are helpful
in clinical practice. The criteria do not necessarily enhance CHD prediction over
the simpler Framingham-based risk scores. The dichotomous nature of metabolic
syndrome criteria combined with their failure to include age, low-density
lipoprotein cholesterol levels and smoking habits account for their inferior
predictive value (Reviewed by Sattar 2008). It has also been claimed, that glucose
tolerance or diabetes appears to account for most of the CVD prediction of
metabolic syndrome (Hunt ef al. 2004). Kahn and associates (2005) also raised
the question whether the whole is greater than the sum of its parts, criticizing the
concept that the presence of syndrome itself adds anything to CVD prediction.

2.2.1 Cardiovascular diseases

Coronary heart disease (CHD) is a disease where an atherosclerotic plaque
located within the coronary arteries causes angina or potentially ruptures resulting
in an acute CHD event such as a myocardial infarction. Major risk factors for
CHD include a history of atherosclerosis (e.g. peripheral artery disease) or
metabolic disease (type 2 diabetes, high blood pressure, dyslipidemia). Important
modifiable risk factors are cigarette smoking and obesity (pathogenic adipose
tissue). Family history of CHD (CHD in a male first-degree relative <55 years
old or CHD in a female first degree relative < 65 years old) is a not modifiable
risk factor. The risk of CHD increases after the age of 45 years in men and 55
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years in women (Reviewed by Bays 2009.) There is indeed some difference
between women and men in CHD. CHD is the number one cause of death in
women, but they tend to develop the disease 10—15 years later than men.
Estrogens are believed to protect women from cardiovascular diseases before the
age of the menopause. After the menopause, the declining estrogen level is
associated with ongoing atherosclerosis (Reviewed in Baker et al. 2003.)

Many of the above risk factors of CHD are components of the metabolic
syndrome and therefore metabolic syndrome does not necessarily predict risk of
CHD any better than assessment of individual risk factors (Reviewed by Kahn ef
al. 2005, Bays 2009). Metabolic syndrome and obesity related insulin resistance
might, however, involve some supplemental mechanisms that contribute to
atherosclerosis. The proinflammatory state in adipose tissue leads to monocyte
recruitment and the accumulation of monocytes in vascular lesions as well as their
differentiation into macrophages which are subsequently activated. The
prothrombotic state in metabolic syndrome means that patients have elevated
levels of coagulation factors such as fibrinogens and PAI-1 in their circulation. In
the metabolic syndrome, there might also be reduced vasodilation or endothelial
dysfunction, as a result of impaired nitric oxide synthesis from endothelium.
Hyperinsulinemia also affects directly the risk of atherosclerosis by activating
lipid synthesis in the arterial wall and promoting vascular smooth muscle cell
proliferation (Reviewed by Moller & Kaufman 2005.)

Based on prospective long-term study of cardiovascular outcomes, it appears
that the metabolic syndrome is associated with a risk that is not entirely accounted
for by traditional risk scoring paradigms (Girman ef al. 2004). In that study,
patients with the metabolic syndrome still showed increased risk of major
coronary events irrespective of their Framingham-calculated 10-year risk score
category. Therefore, it can be postulated that some indexes related to both
inflammation, insulin sensitivity and CHD risk (e.g. C-reactive protein (CRP) or
adiponectin) may also be useful predictive tools or additions to the definition of
the metabolic syndrome (Reviewed in Kahn ef al. 2005).

2.2.2 Type 2 diabetes

Type 2 diabetes is a complex disease caused by both environmental and genetic
factors. It is characterised by chronically elevated blood glucose concentrations,
resulting from both defects in insulin production and insulin action. Insulin
resistance is considered one of the hallmarks of prediabetes, but also defects in
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insulin secretion are regarded as a key pathophysiological characteristic of type 2
diabetes. Although type 2 diabetes is a heterogencous disease, most patients have
insulin resistance and the metabolic syndrome before they suffer the onset of
type 2 diabetes. It has been noted, that insulin resistance, hyperinsulinemia,
dyslipidemia, and obesity precede the progression to type 2 diabetes in 75% to
85% of patients (Reviewed in Cornier et al. 2008.) When tissues become insulin
resistant, glucose levels do not initially rise in the circulation. Instead, the body
develops a compensatory hyperinsulinemia, a state where the pancreas secretes
additional insulin. However, when pancreas is no longer able to stabilize the
glucose levels, the onset of impaired glucose intolerance or type 2 diabetes is
present (Fortson et al. 2008.) However, in subjects with impaired glucose
tolerance, the onset of type 2 diabetes can still be prevented or delayed effectively
with appropriate life style changes (Tuomilehto et al. 2001).

2.3 The role of protein tyrosine phosphatase 1B (PTP1B) in insulin
resistance and obesity

In both insulin and leptin signalling, tyrosine phosphorylation is the key
mechanism in regulating receptor mediated actions in cells. The regulation of
tyrosine phosphorylation represents a balance between two enzyme activities:
protein tyrosine kinases (PTKs) and protein tyrosine phosphatases (PTPs). It can
be hypothesized that a disequilibrium in enzyme activity between the insulin
and/or leptin receptor and PTPs could contribute to the risk of insulin resistance
or type 2 diabetes. This hypothesis is supported by the finding that PTP1B
(protein tyrosine phosphatase 1B) -knockout mice have enhanced insulin
sensitivity and these animals were unexpectedly protected from obesity (Elchebly
et al. 1999, Klaman et al. 2000). PTP1B is expressed ubiquitously throughout the
body including tissues that are key regulators of insulin metabolism such as liver,
muscle, fat and brain (Reviewed in Goldstein et al. 1998). One study showed that
PTP1B activity and protein content are higher in adipose tissue of obese human
compared to lean individuals (Cheung ef al. 1999). In another study, obese human
had increased PTPIB activity in skeletal muscle compared to lean control group
(Ahmad et al. 1997a). Enhanced insulin sensitivity following weight loss
correlated with the reduction in the abundance of PTP1B (Ahmad ef al. 1997b).
In a recent report it was shown that PTP1B overexpression in multiple tissues in
obesity is regulated by inflammation. In that study, treatment with the
inflammatory marker TNF-a itself was sufficient to increase PTP1B mRNA and
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protein levels in cultured cells and in insulin- and leptin-target tissues of mice
(Zabolotny et al. 2008). These studies are evidence that obesity induced
inflammation could increase the activity of PTP1B and inhibit the actions on
insulin leading to insulin resistance. However, it must be borne in mind that there
are some studies that do not agree with that conclusion; it has also been reported
that the PTP1B content was reduced in insulin resistant states in humans (Kusari
et al. 1994).

2.3.1 Insulin signalling

Insulin is the major anabolic hormone whose actions are essential for growth,
development and homeostasis of glucose, fat and protein metabolism. It is
produced by pancreatic B-cells. Insulin modifies the expression and activity of
many molecules involved in glucose influx to cells. Insulin signalling is mediated
by a complex network beginning when insulin binds to its cell-surface receptor,
insulin receptor (IR) (White & Kahn 1994). The IR belongs to a family of PTKs.
It is a transmembrane protein consisting of two extracellular a-subunits and two
transmembrane [-subunits. After the binding of insulin, IR wundergoes
autophosphorylation on several tyrosine residues in the B-subunits which activates
the tyrosine kinase activation of IR. The kinase activity of IR mediates the
triggering of downstream signalling events, further signalling events, tyrosine
phosphorylation of IRS proteins (insulin receptor substrates) and some other
adaptor proteins. These proteins, via the activation of P13K-AKT/protein kinase
B (PKB) pathway, are responsible for the metabolic effects of insulin in the cells
(Reviewed by Koren & Fantus 2007.)

Since the phosphorylation is a very crucial part of insulin signalling, the
opposite process i.e. dephosphorylation is essential for diminishing or blocking
insulin signalling. There are several PTPs in the signalling route of insulin. The
most important of those is PTP1B, which blocks tyrosine phosphorylation of IR
and dephosphorylates IRS1 and IRS2 thus inhibiting the actions of insulin
(Reviewed by Koren & Fantus 2007.) The actions of PTP1B in insulin signalling
are presented in the Figure 2.

2.3.2 Leptin signalling

The endocrine role of white adipose tissue became evident, when the cytokine
leptin was discovered in 1994. White adipose tissue could no longer simply be
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considered as an energy store. The leptin or ob-gene was identified as a gene
explaining the fatness of mutant 0ob/ob -mouse. It was observed that the mutation
of 0b and thus a deficiency in the leptin hormone resulted in profound obesity and
the appearance of type 2 diabetes (Zhang et al. 1994). Since the discovery of
leptin it has become clear that leptin, in the same way as insulin, has crucial
effects on energy homeostasis. Leptin is produced approximately in proportion to
fat stores. The primary site of leptin action is the hypothalamus, where it controls
the energy expenditure by reducing food take and promoting weight loss. Leptin
also limits the accumulation of triglycerides in liver and skeletal muscle thereby
improving insulin sensitivity (Reviewed by Havel 2004). In the majority of cases
with obesity, where leptin levels are high, leptin fails to induce weight loss. This
diminished response to leptin's anorexigenic and insulin sensitizing effects is
called leptin resistance (Reviewed in Myers ef al. 2008).

Leptin signalling is mediated via the leptin receptor (LepR). Alternative
splicing can generate several isoforms of LepR with identical ligand binding
domains, but different perimembrane and intracellular domains. Membrane-
bound LepRs consist of long (LepRb) and short (LepRa, among others) isoforms.
Long LepRb has an approximately 300 amino acid intracellular tail that contains
several docking sites for proteins critical for signal transduction (Robertson ef al.
2008). The leptin receptor is a class-I cytokine receptor which itself has no
enzymatic activity, but instead needs a tyrosine kinase Jak2 (Janus kinase 2) in its
intracellular domain to mediate the signalling cascade. Leptin binding to its
receptor activates JaK2, which undergoes autophosphorylation and thus
phosphorylates three tyrosine residues in the intracellular part of receptor. These
residues stimulate the nuclear translocation of transcriptional activation at least of
multiple STAT-isoforms (signal transducers and activators of transcription), but
possibly also other signalling molecules. Studies have shown that PTP1B
negatively regulates the signalling of leptin in part by dephosphorylating JAK2
and STAT3 molecules (Reviewed by Koren & Fantus 2007.) The role of PTP1B
in insulin and leptin signalling and the metabolic functions of these molecules is
presented in Figure 2.
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Fig. 2. The role of PTP1B in the insulin and leptin signalling and the major effects of
insulin and leptin. P = phosphate, IR =Insulin receptor, LepR =Leptin receptor,
PTP1B = protein tyrosine phosphatase 1B, IRS1, IRS2, IRS3 =insulin receptor
substrates 1,2 and 3, STAT5, STAT3 =signal transducers and activators of
transcription 5 and 3, JAK2 = janus kinase 2. (Modified from Koren & Fantus 2007 and
Ukkola & Santaniemi 2002).

2.4 Adiponectin and components of metabolic syndrome

2.4.1 What is adiponectin

In conjunction with leptin, adiponectin is one of the most widely studied
adipokines. Adiponectin was originally identified by four independent groups,
and it is therefore also called Acrp30 (Adipose complement-related protein of 30
kDa), GBP28 (Gelatine Binding Protein of 28 kDa), apM1 (adipose Most
abundant gene transcript 1) and AdipoQ (adiponectin, C1Q and collagen domain
containing) (Scherer et al. 1995, Hu et al. 1996, Maeda et al. 1996, Nakano et al.
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1996). Its sequence bears a strong similarity with Clq, a complement factor. The
adiponectin molecule has a signal sequence at the N-terminus followed by a
species-specific variable region, collagenous domain and the globular head
domain. The basic building block for adiponectin is a homotrimer, where
monomers are formed through globular domain. Through interactions between
collagenous domains, the trimer adiponectins can form complexes (Reviewed in
Berg et al. 2002.) Adiponectin is therefore found in several different isoforms,
including trimer, low-molecular weight (-hexamers), and high-molecular weight
(HMW) (18mers) forms. Different adiponectin oligomers hold distinct biological
functions (Pajvani et al. 2003, Banga et al. 2008). In plasma, there also exists a
smaller globular fragment of adiponectin. It is generated by proteolytic cleavage
from the whole adiponectin protein (Waki ef al. 2005). Adiponectin binds to two
receptors, AdipoR1 and AdipoR2, which are expressed in liver, fat and muscle
(Yamauchi er al. 2003). It has also been proposed that T-cadherin, which is
abundantly expressed in injured vascular endothelial and smooth muscle cells in
atherosclerotic regions, is a third receptor especially binding to HMW adiponectin
(Hug et al. 2004).

Arita and colleagues (Arita et al. 1999) first measured adiponectin from
human plasma where it is present in high concentrations (2—10 ug/ml). The
adiponectin concentration is significantly higher in women than in men. They also
noted, that in contrast to the leptin level which is in general proportional to
overall adipose mass, adiponectin levels are significantly lower in obese than non-
obese individuals. It is thought that adiponectin is primarily produced by visceral
fat. In a cross-sectional study including obese and lean men and women, the
negative relationship between plasma adiponectin and visceral fat was
significantly stronger than that with subcutaneous fat. It has also been reported
that in vitro studies, omental adipocytes secrete more adiponectin than adipocytes
isolated from subcutaneous fat (Reviewed by Havel 2004.)

In adipose tissue, adiponectin acts in an autocrine and paracrine manner by
promoting adipocyte differentiation. There is a regulatory feedback loop by which
adiponectin downregulates its own production and also the expression of its
receptor, AdipoR2 (Bauche et al. 2006). Regulation of adiponectin expression
does not seem to be well understood. In obesity, increased fat mass results in a
hypoxic microenvironment, which has been shown to suppress adiponectin
expression via the hypoxia-induced factor-1. A low-grade chronic inflammatory
state with increased production of pro-inflammatory cytokines such as TNF-q,
IL-6 and IL-18 reduce adiponectin gene expression. Several transcription factors,
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such as CREB (c-AMP response element binding) and NFAT (nuclear factor of
activated T-cells) act as repressors that contribute to obesity-induced down-
regulation of adiponectin gene transcription (Reviewed by Liu & Liu 2010).

As expected, the adiponectin concentration decreases with weight gain and its
expression increases as result of weight loss. However, plasma adiponectin seems
to be even more closely associated with insulin resistance, since adiponectin
levels are low in insulin resistant subjects irrespective of whether they are obese.
The plasma adiponectin levels in different stages are well documented (Reviewed
by Trujillo & Scherer 2005.) The most important factors and disease stages
affecting up- or down-regulation of plasma adiponectin levels are shown in
Figure 3. In addition, also lifestyle habits may modulate adiponectin levels, since
in Japanese men, both the smoking status and dietary factors influenced
adiponectin levels (Tsukinoki ef al. 2005). A mediterrenean diet and exercise have
also been documented to increase adiponectin levels (Reviewed in Antoniades et
al. 2009).

Adiponectin

Male
Obese
Female Insulin resistant

Lean Cardiovascular
disease

Insulin sensitive
Dyslipidemia
Type 1 diabetes
Type 2 diabetes

Lipodystrophy

Inflammatory
stimuli

Fig. 3. Most important factors and disease states that lead to low or high plasma
adiponectin level (Modified from Trujillo & Scherer 2005).

2.4.2 Adiponectin, obesity and glucose homeostasis

The role of adiponectin in controlling glucose homeostasis has been studied by
many research groups and it has been found to have actions in muscle, liver,
pancreas and central nervous system (Table 2). In mouse studies, administration
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of recombinant adiponectin evoked increased glucose uptake and an increase in
fatty acid oxidation by muscle (Fruebis et al. 2001) at least in part by altering the
expression of molecules involved in both fatty-acid combustion and energy
dissipation (Yamauchi ef al. 2001). In isolated hepatocytes, adiponectin increases
the ability of insulin to suppress glucose production (Berg et al. 2001). The
metabolic effects of adiponectin can be at least partially explained by the direct
activation of 5'-adenosine monophosphate (AMP)-activated protein kinase. AMP-
activated protein kinase is an energy sensor within the cells, as it activates the
cellular processes that produce energy, e.g. fatty acid oxidation and glucose
uptake. Adiponectin modulates AMPK via receptor AdipoR1 while another
receptor AdipoR2, is more involved in PPARy mediated actions.
Thiazolidinediones (TZDs), which are PPARy -agonists and used as insulin
sensitizing drugs, at least partially, act through upregulating adiponectin (Combs
et al. 2002).

In addition to insulin sensitizing effects, adiponectin can affect glucose
metabolism in other ways. Adiponectin induced the secretion of insulin from
pancreas in vitro in pancreatic cell studies and in vivo after intravenous injection
of adiponectin into mice (Okamoto et al. 2008). It was also shown that
adiponectin stimulated food intake and decreased energy expenditure during
fasting through its effects in the central nervous system e.g. in the arcuate
hypothalamus (Kubota et al. 2007 abstract).

Table 2. The actions of adiponectin in controlling the glucose homeostasis.

Target of action Function

Muscle Increased glucose uptake
Increased fat oxidation

Liver Reduced glucose production
Increased fat oxidation

Pancreas Stimulation of insulin secretation

Central Nervous System Modulation of food intake and energy expenditure

2.4.3 Adiponectin and plasma lipids

In large cross-sectional studies, the plasma adiponectin concentration has been
positively correlated with HDL-cholesterol and negatively with triglycerides
(Cnop et al. 2003, Tschritter et al. 2003). It is not clear whether there is a causal
link between low adiponectin and dyslipidemia. Adiponectin levels may modulate

31



the production of triglyceride-rich lipoproteins and hepatic lipid metabolism by
modulating the fat content of the liver. The increased fat content is associated
with overproduction of triglyceride-rich large VLDL particles in humans (Adiels
et al. 2006).

As reviewed by Lara-Castro et al. (2007), adiponectin might affect on plasma
lipoproteins by altering the levels and activity of three enzymes; hepatic lipase,
lipoprotein lipase and CETP (Cholesteryl Ester Transfer Protein). CETP is a
molecule in plasma that transports cholesteryl esters and triglycerides between the
lipoproteins. CETP removes cholesteryl esters from the LDL particle core and
replaces it with triglycerides from VLDL and chylomicrons. Subsequently, the
LDL particles become good substrates for hepatic lipase. Hepatic lipase functions
as a lipolytic enzyme that hydrolyzes the triglycerides and phospholipids present
in circulating plasma lipoproteins and also serves as a ligand that facilitates
lipoprotein uptake by cell surface receptors and proteoglycans, thereby directly
affecting cellular lipid delivery. High hepatic lipase activity has been
demonstrated as being a strong contributor to small dense LDL-levels. Low
adiponectin levels are associated with increased hepatic lipase activity in vivo
(Schneider et al. 2005). A low level of adiponectin is also associated with
decreased lipoprotein lipase, which is in turn is linked with large buoyant LDL-
particles (Saiki et al. 2007). Through these two molecules, low adiponectin could
enhance the formation small dense LDL particles, which are most detrimental in
vessels and typical in insulin resistance.

It is possible that adiponectin may have a direct role on HDL catabolism. It
has been reported that adiponectin deficiency might impair the HDL synthesis in
the liver. In adiponectin knockout mice, the synthesis of apoA-I in the liver was
reduced compared with wild-type mice. It has been demonstrated that adiponectin
might have some ability to accelerate reverse cholesterol transport and protect
against atherosclerosis by increasing apoA-I-mediated cholesterol efflux by
enhancing the ABCAl (ATP-binding cassette transporter) pathway in
macrophages, as well as promoting the HDL assembly in the liver (Tsubakio-
Yamamoto et al. 2008).

2.4.4 Adiponectin as a link between obesity and CVD

There are many studies investigating the role of adiponectin in the vasculature.
One of the most interesting is work with the adiponectin knockout mouse — an
animal that displays striking vascular alterations including severe neointimal
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thickening and increased proliferation of vascular smooth muscle cells in injured
arteries (Kubota er al. 2002). This already implies the possible role for
adiponectin linking the adipocytes to vascular function.

The atherosclerosis is known to be initiated by endothelial dysfunction
occurring in response to a variety of stimuli, such as diabetes. The site of the
atherosclerotic plaque is inflamed and this promotes the adhesion of monocytes to
the vessel wall. Once monocytes have migrated from the arterial wall to the
intima, they develop into macrophages and as they take up oxidized LDL through
scavenger receptors, they differentiate into foam cells. This is the early, first
lesion of atherosclerosis called the fatty-streak. The synthesis of vasodilating NO
(nitric oxide) by endothelial NO synthase is also impaired (Kaperonis ef al. 2006).

Adiponectin seems to be an anti-inflammatory vasoprotective adipokine in
these early stages of atherosclerosis. At first, high adiponectin levels seem to
inhibit the transformation of macrophages into foam cells because in in vitro
studies adiponectin has suppressed the expression of scavenger receptors in
macrophages thus inhibiting the binding of modified LDL (Ouchi et al. 2001). In
cell culture studies, adiponectin inhibited TNF-a -induced monocyte adhesion to
endothelial cells and the expression of adhesion molecules VCAM-1, E-selectin,
and ICAM-1, which have been detected also in human atherosclerotic lesions
(Ouchi et al. 1999).

Adiponectin regulates eNOS enzymatic activity and stimulates NO
production and in that way, controls vascular tone (Reviewed by Wang & Scherer
2008). The association between adiponectin and hypertension has been
demonstrated in epidemiological studies which have revealed that
hypoadiponectinemia is a risk factor for hypertension independent of insulin
resistance and diabetes (Iwashima et al. 2004, Chow et al. 2007). In addition to its
effects on endothelium, adiponectin is also linked to vascular tone through
angiotensin II and the central nervous system. Angiotensin II, a peptide causing
vessels to constrict has an inhibitory role in adiponectin production. The central
nervous system overdrive increases blood pressure and also inhibits the
production of adiponectin (Reviewed by Wang & Scherer 2008). Recently, it was
found out that a high adiponectin concentration was associated with low
ambulatory blood pressure and daytime systolic values (Vasunta et al. 2009). In
addition, a low level of adiponectin associated with left ventricular hypertrophy, a
common complication in patients with high blood pressure, and this association
persisted even after adjustment for the commonly recognised risk factors (Paakko
et al. 2010).
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2.5 The role of genetics in the metabolic syndrome and associated
diseases

According to the “thrifty genotype hypothesis”, factors in early humans that
favoured fat deposition during periods when food was abundant were crucial for
survival during periods of nutritional hardship. This might have led to the positive
selection of genes that promote fat deposition and cause insulin resistance. This
hypothesis was originally proposed by Neel in 1962 (Neel 1962). Later, this
characteristic became detrimental in populations which experienced rapid
socioeconomic modernisation and had constant access to an abundance of food
and who were less physically active than their parents and grandparents. It is not
expected that evolution would have created one single “thrifty genotype”. The
most likely situation is that several genes have been selected in different
combinations in different populations (Reviewed by Dowse & Zimmet 1993.) The
hypothesis of Neel has however been criticized, for instance because the impact
of famines on fertility might consequently be insufficient to cause selection.
Therefore, alternative scenarios favoring genetic drift, not positive selection, have
been proposed (Speakman 2008). No consistent footprint of selection has been
found across the loci that would support the concept of a universal mechanism to
explain the high prevalence of type 2 diabetes and obesity (Southam et al. 2009).
On the other hand, as discussed later, the truly causal genetic loci for type 2
diabetes and obesity, have not yet been identified.

Not all people are affected equally by an unhealthy lifestyle. There is
convincing evidence that genetic determinants contribute to the development of
type 2 diabetes (Reviewed by van Tilburg et al. 2001). There are higher
concordance rates in monozygotic twins than in dizygotic twins, for example in
the Finnish twin study 34% and 16% (Kaprio ef al. 1992), but 83% and 40% in a
Japanese twin study (Committee on Diabetic Twins, Japan Diabetes Society),
respectively. There are also studies showing a lifetime risk of 40% for the
development of the disease in non-diabetic offspring, siblings and dizygotic twins
and increasing to 70% if both parents have type 2 diabetes mellitus. There are
large variations in the values reported in these kinds of studies between
populations, which may reflect the different environmental factors as well as
differences in genetic susceptibilities. Type 2 diabetes seems to be a very
multifactorial disease in which genes not only interact with each other but also
with environmental factors (Reviewed by Hansen & Pedersen 2005.) According
to heritability studies, around 70% of the individual variation in BMI and
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comparable other measures of adiposity (skinfold thickness, waist circumference
and total and regional fat distribution) can be traced to genetic factors (Reviewed
by Blakemore & Froguel 2008).

When searching the genes influencing the common type 2 diabetes, it is
possible to seek either functional candidate genes or positional candidate genes.
Functional genes are those whose products are known to play a role in glucose
homeostasis, for example. Positional candidate genes are genes located in
chromosomal regions that have been identified in linkage studies (Doria et al.
2008.)

2.5.1 ADIPOQ and PTP1B as candidate genes

ADIPOQ and PTP1B genes can be seen as both functional and positional
candidate genes for the metabolic syndrome and associated diseases. Since they
have profound effects on metabolism, genetic variability in these molecules could
be determinants of insulin resistance and adiposity. ADIPOQ is located on
chromosome 3q27 where various quantitative trait loci for the metabolic
syndrome and a locus for type 2 diabetes have been identified (Kissebah et al.
2000, Vionnet et al. 2000, Mori et al. 2002). There are also a number of
publications examining various populations showing that the region 13q of the
chromosome 20 containing the PTP1B gene displays linkage signals with type 2
diabetes, BMI (body mass index), fat mass and energetic intake (Bowden et al.
1997, Lembertas et al. 1997, Hunt et al. 2001, Dong et al. 2003, Collaku et al.
2004).

The role of genetic factors to explain the variance of circulating adiponectin is
estimated to be quite strong. The levels of adiponectin seem to be under
multigenic control but mostly the variability at the adiponectin locus itself
contributes to regulation (Comuzzie et al. 2001, Menzaghi et al. 2004). Recently,
a whole genome-wide linkage and association analyses have been performed to
evaluate the genetic influences on plasma adiponectin levels. In one genome wide
association analysis of 2000 subjects, plasma adiponectin levels also associated
with the variation in CDH13, a cadherin superfamily gene recently found to be
expressed in vascular endothelial cells and smooth muscle cells interacting with
hexameric and high-molecular weight species of adiponectin (Ling et al. 2009).
In another large recent study, an intronic SNP located in the ARL15 (ADP-
ribosylation factor-like 15) gene with unknown function, was robustly associated
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with decreased adiponectin levels (Richards et al. 2009). In these studies, the
SNPs in ADIPOQ were also strongly associated with plasma adiponectin levels.

2.5.2 Different types of genetic studies on type 2 diabetes

The most common polymorphism in the human genome and which has been most
extensively used in genetic studies, is the single-nucleotide polymorphism (SNP).
Polymorphisms are terminologically distinguished from mutations by a frequency
criterion meaning that different forms of the polymorphism termed alleles are
observed more often in the general population than mutations, with a population
frequency of < 1% often used as a cutoff value. Currently, more than 9 million
SNP are described in databases. SNPs occur on average once every 200 base pairs
in the human genome, many of those however being very rare (Reviewed by
Crawford & Nickerson 2005.)

Currently, the modest effect sizes of the known type 2 diabetes susceptibility
variants limit their use, individually or in combination, in the prediction of disease
risk (Lango et al. 2008). It is not yet known how much the epigenetic effects,
such as the maternal uterine environment impact on the risk of diabetes in the
offsprings and thus inflate the estimates of heritability (Reviewed by Dabalea &
Pettitt 2001). In addition, not only the SNPs used in most studies but also the
copy number variants in genome may associate with risk of type 2 diabetes.
Gene-gene interactions and gene-environmental interactions could be
contributory factors in the difficulties in finding type 2 diabetes genes (McCarthy
& Zeggini 2009). Three aspects on the study of type 2 diabetes genes are
presented in the following paragraphs.

Linkage scans

In typical genetic linkage studies, correlations between inheritance of a trait and
chromosomal regions within family units, such as sibling pairs or
multigenerational pedigrees, are investigated. Linkage studies have had some
success in identifying the molecular basis of monogenic diseases, but less
successes with common, more complex phenotypes, such as type 2 diabetes or
atherosclerosis (Hegele 2002). In the late 1980 and 1990s, genome mapping
provided genomewide collections of markers and technologies for typing linkages
in hundreds of individuals. Multiple genome wide linkage scans for type 2
diabetes have been done, but no single region in the genome has been widely
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replicated in these studies. Recently, a large study combining 83 linkage reports
was published and it provided some evidence that there might be major genes for
type 2 diabetes in chromosomal locations 6q, 1q,1p, 2q, 20q, 17pq, 8p, 19q and
9q (Lillioja & Wilton 2009). However, there has been no clear path for
progressing from linkage to gene identification (Reviewed in Florez et al. 2003).
Studies are variable between populations. If only a subset of type 2 susceptibility
genes are required for the disease, and the frequencies of these genes differ
between populations, the results are variable. When the risk allele is present at a
high frequency and has only a modest impact, linkage suffers a loss of power.
This is because allele sharing of used markers is only observed if the risk allelele
is inherited from only one side of the pedigree (Reviewed in Florez et al. 2003.)

Candidate gene studies

Candidate genes, either positional or functional, can be studied by linkage based
methods or association studies. The typical association study is a case-control
study, where the difference in allele frequency of candidate gene polymorphisms
is examined between affected individuals and unrelated controls, for example
between type 2 diabetes patients and healthy individuals in this thesis. There are
three possible explanations for a positive association between disease and allele.
First, there might be a true association so that the gene variant actually has a
causative role in the development of the disease. Second, the positive association
can arise if the marker studied is in linkage disequilibrium with another truly
causal locus. Linkage disequilibrium takes place, when two genetic markers occur
together more frequently than would be expected from random association. This
means that marker allele is so close to the other allele that these alleles are
inherited together over many generations. This can happen because of a variety of
reasons, including recent admixture of populations with different allele
frequencies, selection in favour of a specific allele, genetic drift or population
bottlenecks or new mutations (Weeks & Lathrop 1995.)

The linkage disequilibrium between alleles can be measured with some
parameters. D is the most common measure, and can be calculated as
Pag — Pa x P, where P, is a frequency of allele A in the first loci and Pg the
frequency of allele B in the second loci. The value of D is dependent on allele
frequencies, but another measure 7* is the correlation of alleles at the two sites,
and is formed by dividing D* by the product of the four allele frequencies at the
two loci. The case of 72 = 1 is known as perfect LD. In perfect LD, observations at
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one marker provide complete information about the other marker (Ardlie et al.
2002.)

Selection bias or another bias can also lead to false positive association. For
instance, some population substrata may be more susceptible to develop type 2
diabetes because of an unmeasured factor, such as ethnicity or genetic
background, for which the genotype is merely an indirect marker (Hegele 2002).
Therefore, genetic isolates, such as Finns with a history of a small founder
population, long-lasting isolation and population bottlenecks represent
exceptional resources in the identification of disease genes. It can also be
assumed that the vast majority of cases are caused by the same mutation, and
disease alleles reveal linkage disequilibrium (LD) with markers over significant
genetic intervals compared to older populations (Peltonen 2000.)

Candidate gene studies have had disappointing outcomes in the field of type 2
diabetes. Many studies have been limited in power, the small sample sizes are
inadequate to detect the kinds of effects that are known to be realistic in complex
traits. It might also be that the candidate genes are selected on the basis of limited
knowledge of the etiology of the disease. In addition, there might have been a
poor understanding of the architecture of genetic variation. The genotyping
methods have been time-consuming and also the irreproducibility of results may
have been further reinforced by liberal thresholds for defining significance and
the tendency to over-interpret the results (McCarthy and Zeggini 2009.)

Genome wide association studies

With the commercially available chips, a very large number of SNPs (10° -10°) in
the genome can nowadays be detected from an individual (Reviewed in Grant &
Hakonarson 2008). At least 30 genome wide association (GWA) scans for type 2
diabetes have been performed (McCarthy & Zeggini 2009). For example, 386 731
SNPs of 1464 patients with type 2 diabetes and 1467 matched controls were
studied and three loci were associated with type 2 diabetes, including for example
the loci IGF2BP2 (Insulin-like growth factor 2 mRNA-binding protein 2) and
FTO (fat mass and obesity associated) (Saxena et al. 2007). GWAs have proved
to be successful in identifying susceptibility variants, but the power of individual
studies to detect small or modest effects at common SNPs has been limited
(McCarthy & Zeggini 2009). It is very disconcerting that the GWA studies and
linkage studies detect different genes; GWA studies may detect genes that linkage
studies have been insufficiently powered to detect but linkage studies may
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identify genes that have multiple variants within the same gene and variants rare
enough individually will be undetected by current GWA studies (Lillioja &
Wilton 2009). Continuous efforts through GWA meta-analysis and fine mapping
may represent the way to explain the “missing heritability” of type 2 diabetes,
since it is claimed that about 20 known variants explain only 5-10% of the
inherited predisposition of type 2 diabetes (McCarthy & Zeggini 2009).
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3 Purpose of the study

The purpose of this study was to determine how the variation in both protein
tyrosine phosphatase 1B (PTP1B) and adiponectin (ADIPOQ) genes and plasma
adiponectin concentration contribute to the metabolic syndrome and its
components as well as on its health consequences. The specific aims of the study
are the following:

1. To examine how the variation in PTP1B and LEPR (gene coding leptin
receptor) genes or possible gene—gene interactions between the
polymorphisms in these genes is associated with type 2 diabetes in a Finnish
population

2. To study how polymorphisms and haplotypes in ADIPOQ are involved in the
adiposity and insulin metabolism in a large study group of Caucasian and
African American families and in type 2 diabetes in Finnish subjects

3. To test how good marker of the metabolic syndrome is the plasma
adiponectin level in a Finnish population in a cross-sectional study with using
two criteria for the metabolic syndrome and to test how plasma adiponectin
levels relate to different components of the metabolic syndrome

4. To study how plasma adiponectin levels predict the development of type 2
diabetes or impaired glucose tolerance in healthy people in a progressive
study

5. To evaluate the influence of two types of estrogen replacement therapy on
plasma adiponectin levels in postmenopausal women and to establish the
possible role of adiponectin in the risk of atherosclerosis
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4 Subjects and methods

41 Study subjects

All the study groups used in the original papers I-V are previously defined. The
names of the study groups, the original reasons for recruiting and original
publications are defined in Table 3.

Table 3. Study groups used in the studies.

Study  Name of the study Original reason for collecting the data N

land Il DIABETIC association of SNPs in lipid regulatory proteins with micro- and 257
healthy, age and sex - macroangiopathy (Ukkola et al. 1993) 285
matched control
population

1l HERITAGE the role of the genotype in response to aerobic exercise training 779

(HEalth, Risk factors, (Bouchard et al. 1995)
exercise Training And

GEnetics)
1 OPERA risk factors and end points of atheroclerosis 1041
(Oulu Project (Kauma et al. 1996, Rantala et al. 1999)

Elucidating the Risk of
Atherosclerosis)

\% OULU55 the prevalence of diabetes and IGT 201
(Rajala et al. 2001, Rajala et al. 2002)
Y ERT the effects of peroral and transdermal estrogen replacement 79

(Estrogen replacement therapy (Karjalainen et al. 2000, Karjalainen et al. 2001)
therapy)

In short, subjects in the first study were middle aged (mean age 58 years), obese
or overweight (mean BMI 28 kg/m?) type 2 diabetic patients having poor
metabolic control. The DNA was collected in 1988—1990 when the patients came
to Oulu University Hospital for the evaluation of their diabetes treatment. The
control group in the first study was the subgroup of the OPERA -study used in the
third study. The control subjects were chosen by matching them with type 2
diabetes patients as closely as possible for age and sex.

The study cohort in the second study, the HERITAGE, is a multicenter
clinical trial conducted in five institutions in United States and Canada. It is a
family study, and in the original paper II, the sample consisted of 779 subjects,
including 503 Caucasians and 276 African Americans. The people enrolled in the
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study were required to be in good health (no diabetes, cardiovascular diseases or
other chronic diseases) and to be sedentary at baseline (no regular strenuous
physical activity over the previous six months).

The OPERA study group used in the study III was collected in the 1990 in the
Department of Internal Medicine, University of Oulu. It consists of hypertensive
subjects that were chosen from the Social Insurance Institute register of
individuals receiving reimbursement of antihypertensive medication. All subjects
were in the highest reimbursement class. For each hypertensive subject, an age
and sex matched control was randomly selected from the national health register.
People receiving reimbursement for antihypertensive medication were not
selected to control group. Both hypertensive and control subjects were living in
Oulu and were aged 40—59 at the time of selection of subjects.

The study cohort used in the progressive study IV, is a part of a population
based survey, that consisted of persons born in 1935 and living in Oulu. Shortly,
subjects attended to the first phase in 1990-1992 and were classified as
normoglygemic at that time. The second phase was in 1996-1998. The study
cohort used in the study IV consisted of 201 subjects of those that had
participated in the second phase. There were no statistically significant
differences in HDL cholesterol, triglycerides, systolic and diastolic blood
pressures, or BMI in the subjects with or without measured adiponectin levels.

Subjects in study V were postmenopausal women seeking hormone
substitution therapy for relief of climacteric symptoms. The women were 45—-65
years old with their postmenopausal status confirmed and they were previously
hysterectomized with at least one remaining ovary. The study took place in Oulu
in 1993-1994 and a total of 79 women were randomly chosen to receive either
estradiol valerate orally with placebo gel or estradiol gel with placebo tablets.
Plasma samples were obtained in the morning after an overnight fast at baseline
and after 6 months of therapy.

4.2 Genotyping of genes PTP1B, LEPR and ADIPOQ

From PTP1B gene, three polymorphisms (G82A (rs6096013), Pro303Pro
(rs2230604) and Pro387Leu (rs16995309)) were genotyped. From ADIPOQ
(adiponectin gene), three polymorphisms were also genotyped (T45G
(rs2241766), G276T (rs1501299), TyrlllHis (rs17366743)). One LEPR
polymorphism (GIn223Arg (rs1137101)) was also genotyped. The studied SNPs
and their locations in genes are illustrated in Figure 4.
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ADIPOQ 1
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Glyl5Gly G276T Tyrl11His
=T45G =T/C
12 3 4 5 910 11 12 1314 15 18 19 20
LEPR 6 78 10 16 17
location: 1p31
size: 216 Kb
GIn223Arg
=A/G

Fig. 4. The single nucleotide polymorphisms determined in the study.
PTP1B = tyrosine phosphatase 1B gene, ADIPOQ = adiponectin gene, LEPR = Leptin
receptor gene.

Since polymorphism changes the DNA sequence, the altered nucleotide can be
identified with a restriction enzyme that cuts the DNA from a particular sequence.
The method is called restriction fragment length polymorphism (RFLP). First the
DNA- samples from studied subjects are multiplied by polymerase chain reaction
(PCR) and then digested with restriction enzymes and visualized based on the
length of the formed fragments. The RFLP — methods are described in detail in
studies I and II.

4.3 Linkage disequilibrium —calculations and haplotype
reconstruction

Haplotypes frequencies and their differences between type 2 diabetic patients and
control population in the study II were obtained using the program PHASE
version 2.1 available in the internet. It is a Bayesian software for haplotype
reconstruction from an unrelated population. Since the second study population
HERITAGE in the study II, is a family cohort, the genotypes could be obtained
using family structures and parental genotypes. Rare haplotypes (n <9) were not
included in the analysis. Only parents were examined in the study.
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4.4 Measurements of plasma adiponectin concentrations

Three methods for the measurement of plasma adiponectin were used. In studies
III and 1V, an ELISA- (enzyme-linked immunoassay) method devised in our
laboratory was used. The method was based on two adiponectin antibodies (R&D
Systems, catalog MAB10651 and BAM1065) as described in study III and study
IV. Measurements were conducted in a random order. The intra-assay variation of
the measurements was 13.9% and 9.8%, and interassay variation was 15.9% and
17.0% (6.5% after correction) in studies III and IV, respectively. In study II,
adiponectin was measured with a commercial radioimmunoassay. In study V,
commercially available ELISA-kit was used as described in the paper. The
samples obtained from subject at baseline and after therapy were measured in the
same assay. The interassay variation was 12.5%.

4.5 Other clinical measurements

All the blood pressure measurements were recorded with an automatic
oscillometric blood pressure recorder.

The lipids in studies I, III, IV and V were measured as follows: VLDLs were
measured with an enzymatic colorimetric method from the fraction formed during
ultracentrifugation and HDL was measured in the same way from the supernatant
after precipitation of lower density lipoproteins. The low-density lipoprotein
(LDL) cholesterol concentration was then calculated by subtracting the
cholesterol concentration in HDL from that in the VLDL-free fraction. The
concentrations of total cholesterol and triglycerides in the plasma and lipoprotein
fractions were determined by enzymatic colourimetric methods.

Body mass index was calculated with the formula BMI = weight in
kilograms/ height in meters® (studies I-V). Body composition studies in study II
(HERITAGE cohort) included hydrostatic weighing determination of body
density from which the fat mass was estimated. The sum of eight skinfolds were
used to determine the subcutaneous fat level. Abdominal fat was quantified by
computerized tomography.

The glucose metabolism — indexes examined in study II are described in
detail in the study of Hong (Hong et al. 2001). In short, the IVGTT (the
intravenous glucose tolerance test) was performed in the morning after an
overnight (12 h) fast. The insulin sensitivity index (SI) represents the increase in
net fractional glucose clearance rate per unit change in plasma insulin
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concentration after the intravenous glucose load. The acute insulin response to
glucose (AIRGcose ) Was computed as the incremental integrated arca under the
insulin curve for the first 10 min of the IVGTT and used as an index of insulin
secretion. The disposition index (DI), derived as the product of SI and
AIRGlucose, is a measure of the activity of the beta cells in relation to insulin
resistance.

The glucose concentrations in all studies were measured with the routinely
used enzymatic methods. Insulin was measured with a radioimmunoassay method
(study II and III) and with two-site immunoenzymometric assay (study V).
Urinary albumin concentrations (study [) were measured by an
immunoturbidimetric assay and glycohaemoglobin Al levels (study 1) were
determined using a commercial agar gel electroendo-osmotic method. Serum
IGF-1, estradiol, estrone and free testosterone (study V) were measured with
radioimmunoassay method.

In study 1V, type 2 diabetes, IGR and normoglycemia were defined based on
glucose tolerance test and criteria of the WHO (Alberti & Zimmet 1998). In study
I (type 2 diabetic patients) type 2 diabetes was defined in the individual if he/she
was over 35 years at the onset of disease, if the patient had no tendency towards
ketonuria, or had stimulated serum C-peptide concentration of 1.8 ug/l or higher
after glucagon injection.

4.6 Statistical methods

Statistical analyses were performed by SAS (studies I, II and IV) and SPSS
version 11.5 (study III), version 14.0 (study IV and V). Continuous variables were
examined for skewness and curtosis and if needed, the values were
logarithmically transformed to achieve a normal distribution. A chi-square test
was used for comparing frequencies or proportions of qualitative variables in
groups, for example to determine whether the genotype frequencies were in
Hardy-Weinberg equilibrium and to compare the allele and genotype frequencies
between groups. Correlations were studied either with Pearson correlation
coefficient in the case of normally distributed variables or otherwise Spearman
rank correlation. A Students 7 test was used to compare two groups if the variables
were normally distributed, otherwise Mann-Whitney U-test or Wilcoxon signed
rank test were used. In the comparisons of more than two groups, ANOVA
(analysis of variance) or ANCOVA (analysis of covariance) were used.
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In studies III and IV, the study populations were divided into quartiles based
on adiponectin levels; in study III by keeping mean, +1 and —1 standard
deviations as limits in both sexes separately and in study IV, by sub-dividing the
whole study group to four groups with equal percentiles. The logistic regression
analysis was used to define to odds for metabolic syndrome (III) and type 2
diabetes or IGR (study IV) in adiponectin quartiles. A P-value of <0.05 was
considered as statistically significant.

In study V, linear regression analysis was performed to study the determinants
of the adiponectin change in the peroral estrogen group.
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5 Results

5.1 Interaction of two polymorphisms in PTP1B and LEPR genes
associated to higher BMI in type 2 diabetic patients

The distribution of alleles to genotypes followed the Hardy-Weinberg (HW)
equilibrium in the diabetics. In control subjects, the genotype Pro303Pro did not
follow HW (P = 0.003).

The genotype and allele frequencies of PTP1B SNPs were compared between
diabetics and healthy subjects. The rare homozygous genotype T/T of Pro303Pro
polymorphism was observed only in healthy control population and not in the
diabetic population and the genotype frequencies were statistically different
(P =0.018). However, the allele-frequencies of three studied SNPs in PTP1B did
not differ between type 2 diabetic patients and control population.

Variation of risk factors and complications of type 2 diabetes did not differ in
genotypes based on Pro303Pro and Pro387Leu in type 2 diabetes. G82A
polymorphism was associated with BMI (P = 0.026), glycohaemoglobin Al
(GhbA1) (P =0.033), and albuminuria (P = 0.031) (P-values adjusted for age and
gender). BMI was highest in A/A-genotypes and GHbA1 and albuminurea
differed between the genotypes A/G and G/G with heterozygous having more
albuminurea and lower glycohaemoglobin Al. Heterozygotes showed the lowest
prevalence of hypertension (P =0.028). In addition, the lipid values (VLDL
cholesterol, VLDL triglycerides, plasma triglycerides) were higher in A/A-
genotypes than in the other genotypes (P < 0.05), but when adjusted for BMI,
there was no statistical difference.

There was a statistically significant interaction effect between PTP1B and
LEPR genes impacting on BMI in type 2 diabetic patients. The subjects having
genotype combination A82A of PTP1B and Arg223Arg of the LEPR had higher
BMI than the other genotype combinations (P = 0.004 for trend). The difference
was statistically significant compared with all the other genotypes (P-
values < 0.006). The BMIs of the genotype combinations are shown in Figure 5.
The interaction effect of these two polymorphisms explained 3% of the variation
in BMI, when age, sex and major effects of these polymorphisms were included
on the model.
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Fig. 5. The interaction effect between PTP1B (protein tyrosine phosphatase 1B) gene
and LEPR (leptin receptor) gene polymorphisms on body mass index.

5.1.1 Tyr111His polymorphism of ADIPOQ associated with insulin
sensitivity in Caucasians but other SNP were related to body
composition in African-Americans

The three studied SNPs in the ADIPOQ were in Hardy-Weinbergs equilibrium. In
the Finnish population, the genotype and allele frequencies between Type 2
diabetic patients and healthy control population was different when analyzing
Tyrl11His polymorphism (Table 4.) but not in other adiponectin SNPs. The
calculated r* values were small among all the SNPs of this study which means
that the SNPs are in linkage equilibrium.Therefore, haplotypes were constructed
of three SNPs studied. However, the haplotype frequencies did not differ between
Finnish type 2 diabetic and controls.
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Table 4. Tyr111His polymorphism of ADIPOQ in Finnish study subjects.

Genotype frequency * Allele frequency **
Tyr111Tyr Tyr111His His111His Tyr His
Type 2 diabetes 229 (0.902) 24 (0.094) 1(0.004) 0.949 0.051
patients (n = 254)
Controls 256 (0.948) 14 (0.052) 0 (0.000) 0.974 0.026
(n =270)

*P = 0.034 for the genotype frequencies between type 2 diabetes patients and controls. **P = 0.033 for
the alleles frequencies between type 2 diabetes patients and controls

In American study population, there were differences between African Americans
and Caucasians in body composition and lipids according to ADIPOQ genotypes.
In Caucasians, the carriers of Hisll1l allele tended to have lower insulin
sensitivity index and higher AIRglucose and Disposition index than the
noncarriers (Figure 6). The allele frequency of His-allele was low, 0.04% (39
Tyr111His and His111His genotypes) in Caucasians and 0.01% (four Tyr111His-
genotypes) in African-Americans.
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Fig. 6. Glucose metabolism phenotypes in relation to Tyr111His genotypes in
Caucasians in the HERITAGE cohort. All the family members were included in the
analysis. Sl = insulin sensitivity index, AIRglucose = acute insulin response to glucose.

In African Americans, however, the Glyl5Gly and G276T polymorphisms
associated with BMI and lipids. The associations between T276G SNP with body
fat and total plasma cholesterol are presented in Table 5. T276T genotypes of
African Americans had significantly lower percentage body fat (P = 0.002) than
the G276G genotypes and also a lower percentage of subcutancous fat than
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carriers of the G allele (P=0.014 for trend). These genotypes also differed
according to their cholesterol levels with genotype G276G having the higher total
cholesterol than the other genotypes (P = 0.005 for trend). In African Americans,
those carrying the rarer allele G in the Gly15Gly polymorphism had significantly
higher total cholesterol (4.26 mmol/l (SE 0.10)) than subjects with the T allele
(4.78 mmol/l (SE 0.16)) (P=0.009). Haplotypes conducted of these three
polymorphisms reflected the associations of independent polymorphisms

Table 5. T276G polymorphism of ADIPOQ in African American subjects.

T276T T276G G276G P
Percentage body fat 19.9 (2.4) 22.8(1.8) 27.4 (1.9) 0.002*
Subcutaneous fat 123.5(12.4) 132.0 (7.9) 153.6 (8.0) 0.014**
(sum of eight skinfolds)
Total cholesterol mmol/l 4.25(0.18) 4.15 (0.09) 4.50 (0.11) 0.005***

* P =0.001 between G62G and T62T; P = 0.008 between G62G and G62T
** P =0.012 between G62G and T62T; P = 0.018 between G62G and G62T
*** P =0.001 between G276G and G276T

5.2 Low plasma adiponectin indicates metabolic syndrome

In both sexes and with both criteria for metabolic syndrome, plasma levels of
adiponectin were lower in subjects with the metabolic syndrome compared to
those without the syndrome (P <0.001). There was no statistical difference
between the groups with differentially diagnosed metabolic syndrome (IDF and
NCEP (ATPIII)).

According to t-test performed between those groups positive for the
individual components of metabolic syndrome and those not having any
components, adiponectin levels were lower in both sexes according to waist-,
triglyceride-, and HDL criteria (P < 0.001) (Table 6).
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Table 6. Adiponectin levels as means (S.D) in subjects positive to individual
component of metabolic syndrome according to International Diabetes Federation
(IDF) criteria and in subjects not having any components.

Females Males

No IDF criteria  IDF criteria ~ Student’'s  No IDF criteria  IDF criteria Student’s

present present t-test present present t-test

Metabolic n=2315 n =165 n=293 n =233
syndrome 18,81 (6.3) 14.74 (5.6) P <0.001 14.47 (5.5) 12.28 (5.4) P <0.001
Waist n=233 n =282 n =201 n=2315

18.94 (6.4) 16.27 (6.0) P <0.001 15.01 (5.6) 12.86 (5.5) P <0.001
Triglycerides n =398 n=118 n=311 n =205

18.32 (6.4) 14.77 (5.33) P <0.001 14.5 (5.6) 12.5(5.4) P <0.001
HDL- n =352 n=164 n =364 n=152
cholesterol 18.60 (5.4) 15.17 (5.13) P <0.001 16.09 (5.4) 13.46 (5.6) P <0.001
Systolic blood n=96 n =420 n=45 n =471
pressure 18.25 (6.2) 17.22 (6.4) P=0.203 16.09 (5.4) 13.46 (5.6) P =0.003
Plasma glucose n =420 n =96 n =387 n=129

18.18 (6.3) 14.57 (5.8) P <0.001° 13.74 (9.37)  13.56 (6.25) P =0.455*
*Mann-Whitney U-test, HDL = high density cholesterol, S.D = standard deviation

To evaluate the association between the multiplicity of components of metabolic
syndrome and hypoadiponectimia, adiponectin levels were compared between
groups based on how many components of metabolic syndrome could be
identified on the basis of IDF criteria. As seen in Figure 7, it was observed that
adiponectin levels were lowest in subjects having most features of metabolic
syndrome.
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Fig. 7. Plasma adiponectin levels according to number of positive features of
metabolic syndrome (IDF) in females and males. The boxes represent means, the bars
represent standard deviation and the number of subjects is in parentheses.
MS = metabolic syndrome.

Both sexes were divided into four groups based on adiponectin levels. The
probability of metabolic syndrome defined by changes in the odds of the event
compared with the group with highest adiponectin level. In both sexes, the odds
of developing the metabolic syndrome was increased in every lower group of
adiponectin levels. Thus the highest probability of having metabolic syndrome
was in the group with the lowest plasma adiponectin level (probability 4.4 -fold
compared to highest quartile (95% CI 2.3-8.5, P <0.001) in males, probability
7.5 -fold (95% CI 3.6-15.6, P <0.001) in females). The same model was exained
also adjusting by age, smoking years, grams of alcohol consumption per day,
blood pressure — and lipid medication. Then, the results were 3.1 fold risk in men
(95% CI 1.5-6.3 P =10.002 and 9.4 fold in women (95% CI 4.1-21.4 P <0.001).

5.3 Low plasma adiponectin predicts impaired glucose regulation
and type 2 diabetes

The prospective data was analyzed to clarify how well low serum adiponectin
could predict impaired glucose tolerance or type 2 diabetes. The mean serum
adiponectin level tended to be higher in the subjects who remained
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normoglycemic compared to those who progressed to impaired glucose tolerance
or type 2 diabetes (P =0.073). The subjects who remained normally glucose
tolerant had significantly lower levels of triglycerides and 2-hour glucose, and
tended to have lower BMI, lower systolic and diastolic blood pressures, and
higher HDL cholesterol than the other group at baseline.

In 15 of 41 (37%) subjects with low plasma adiponectin levels at baseline
developed impaired glucose regulation or type 2 diabetes, whereas the
corresponding proportion was 32 of 160 (20%) subjects with higher adiponectin
levels (P =0.025). Adiponectin was considered low when it was in the lowest
adiponectin quartile, with the cut-off point being calculated separately for men
and women.

When the subjects with lower adiponectin levels (subjects in lowest
adiponectin quartile) at baseline were compared to subjects with the higher level
(subjects in the highest adiponectin quartile), the odds ratio for the development
of impaired glucose tolerance or type 2 diabetes was 2.3 (95% CI, 1.1-4.9). In the
logistic regression analysis, the adjusted odds ratio for impaired glucose tolerance
or type 2 diabetes was 2.1 (95% CI, 1.04.5) when adjustment was made for sex
and BML.

5.4 Peroral estrogen replacement therapy decreases plasma
adiponectin in postmenopausal women

In this study, the effects of both the PE and the TE estrogen replacement therapy
on plasma adiponectin levels were studied. The two treatment groups i.e. those
who received either estradiol valerate orally with placebo gel (PE group) and
those who received estradiol gel transdermally with placebo tablet were similar in
their baseline adiponectin concentrations as well as in their BMI values. In
addition, the number of smokers and previous HRT users did not differ between
the treatment groups.

The correlations of adiponectin levels with various factors are presented in
Table 7.

In the PE group, the plasma adiponectin concentration decreased significantly
after treatment from a mean value of 13.6 = 7.5 to 11.6 = 5.8 mg/L (P <0.01). In
the TE group, the change from 12.7 = 5.8 to 12.2 + 6.4 mg/L did not reach
statistical significance. Due to the significant change in plasma adiponectin levels
in the PE group, correlations between changes in adiponectin and several other
parameters were studied. There was a significant correlation between the change
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in adiponectin levels and the change in waist-hip (WH) ratio (r=-0.386,
P =0.029), VLDL triglycerides (r=—0.454, P=0.009) and IGF-1 (»=-0.39,
P =0.025). There was also a trend of correlation between adiponectin and
triglycerides and VLDL cholesterol.

The linear regression model was assessed to explain the variation in the
change of adiponectin concentration in the PE group. The variables that correlated
with the change in adiponectin (WH-ratio, VLDL-triglycerides and IGF-1) and
also the change in estradiol were included in the model. The model was able to
explain 43.1% (adjusted R* = 0.431, P = 0.001) of the variation in the adiponectin
change. Only the change in VLDL triglycerides (standardized p=-0.407,
P =0.011) explained significantly the variation in the change of adiponectin level.

Table 7. Correlation coefficients for associations with the plasma adiponectin
concentration at the baseline.

Variable r

BMI -0.259 *
Waist hip ratio -0.185
Estradiol 0.025
luteinizing hormone 0.243
free testosterone -0.022
HDL cholesterol 0.283 *
LDL cholesterol -0.120
VLDL cholesterol -0.351 **
mean triglycerides —0.385 ***
VLDL triglycerides —0.404 ***
fasting glucose -0.136
fasting insulin -0.210
insulin sensitivity index 0.286 *
IGF-1 -0.043

*=P<0.05 *=P<0.01, **=P<0.001,
BMI = body mass index, HDL = high density lipoprotein, LDL = low density lipoprotein, VLDL = very low
density lipoprotein, IGF-1 = insulin growth factor 1
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6 Discussion

6.1 Methodological considerations

6.1.1 Study populations

The strength of the study is the use of five, quite large and clinically well defined
populations. However, from todays perspective, the study groups we used are
relatively small for genetic association studies. In addition, when performing
genetic studies, it can always be speculated whether the controls and cases are
truly appropriate. According to multifactorial model, a predisposition to the
disease can be determined by many different combinations of genetic variants and
environmental factors, thus the genetically disposed individuals will not
necessarily develop diabetes if they avoid the relevant environmental factors. As
Gerich (1998) stated, there are both diabetogenic genes and diabetes-related genes.
A diabetogenic gene could be for example a gene directly affecting insulin
secretion and a diabetes related gene is one affecting a risk factor of diabetes,
such as obesity. From these points of view, the association study should be
designed so that groups are very strictly defined, for example obese and non-
obese or subjects with impaired and normal glucose tolerance. When studying
type 2 diabetic patients and the healthy control subjects, there might be obese
subjects or subjects having impaired glucose tolerance in the healthy control
subjects. For these reasons, the control group is always difficult to match to the
case population.

6.1.2 Concerns relating to association studies

It is both frustrating but understandable that the results of the published
association studies are inconsistent. There might be several reasons for these
inconsistencies. Firstly, the different allele frequencies and linkage disequilibrium
in different populations may lead to inconsistency. Second, the genetic etiology of
type 2 diabetes might be different in populations with different genetic origins.
Nonetheless gene-environment interactions, which have not yet been widely
studied, can also affect the results. For example, there has already been one study
performed by Kang et al. (2003) regarding ADIPOQ SNP G45T, where carriers of
the GG genotype exhibited a smaller reduction in the fasting plasma glucose
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(FPQG) level after rosiglitazone treatment than carriers of the other genotypes.
There was also a smaller increase in the serum adiponectin concentration for the
GG genotype than for the other genotypes (Kang et al. 2005). This can mean that
already the intervention can modify the genotype, if there are users of medication
in the study group. As discussed earlier, also lifestyle factors such as dietary
habits can modify the amount of adiponectin in circulation and modulate the
effect of SNPs between two populations. In addition, the variation in other areas
of the genome may influence the results since it has been found out that at least
five identified loci are associated with variations in the serum adiponectin level
(Gable et al. 2006). When the impact of the genotype on the phenotypes of
interest is small, as is expected in the case of a multifactorial disease like type 2
diabetes, these kinds of issues make it difficult to compare the results from
different populations. However, it is important that the association studies are
repeated. The use of several, independent populations in order to replicate the
results of one study, minimizes the risk of getting spurious associations.

6.1.3 Statistical tests

When performing multiple statistical tests, there is a chance of obtaining false
positive association. In the significance level P < 0.05, there is a 5% probability
of obtaining false result. When 20 independent tests are performed, the chance of
at least one test being significant is no longer 0.05, but 0.64. That should be borne
in mind when analyzing the results. However, in the works of this thesis, it was
also appreciated that strict adjustments like Bonferroni adjustment for multiple
comparisons might be overadjustment when the hypothesis of the study is
biologically relevant. The results of the study can also be interpreted without
adjustments since too strict adjustments could lead to rejection of true
associations in small, underpowered studies (Perneger 1998). However, in the
2000s at the time of the original publications of this thesis, the false discovery
rate (FDR) (Benjamini & Hochenberg 1995) had started to be a cause for concern.
FDR takes also into account the possibility of erroneous rejections.

6.1.4 Genotyping of polymorphisms

We used a PCR based RFLP method to genotyping of SNPs in the candidate
genes. Within a few short years, the candidate gene approach that was used in this
thesis, seems to have been replaced by genome wide association studies (GWAS).
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Nowadays, array-based technologies allow very large number of SNPs to (10°—
10°%) be genotyped in large cohorts from the whole genome (Reviewed by Grant &
Hakonarson 2008). When looking at the recently published genetic studies on
adiponectin and PTP1B, the new array methods seem to readily permit the
genotyping of tens of SNPs in genes. In addition, the International HapMap
Project has yielded information from human genetic diversity and has revealed
the discrete linkage disequilibrium blocks in human genome which can be readily
accessed through the internet. This has allowed scientists to choose the SNPs that
detect the major haplotypes with a minimal set of SNPs. However, despite being
somewhat old fashioned, the method used in this thesis is quite reliable because
the restriction reaction was always confirmed by evaluating samples from every
genotype in every restriction reaction. This minimizes the effect of varying
efficiency of enzymes from one experiment to the next.

The haplotypes for type 2 diabetic patients and controls (study II) were
statistically constructed with the Bayesian method, PHASE. Thus there might be
a proportion of incorrect haplotypes. The haplotypes could also be determined
molecularly, for example with allele specific primers (Crawford & Nickerson
2005).

6.1.5 Measurement of plasma adiponectin levels

The measurement of adiponectin levels seems to have been appropriate based on
the following studies. In the study of Shand and colleagues, only minor diurnal
and post-prandial changes were observed in plasma adiponectin levels. Therefore,
the collected plasma in our study are believed to provide a realistic view of the
subjects’ adiponectin concentrations. They also observed that the storage at
—30 C ° for 33 months or three cycles of freezing and thawing had no discernible
effect on adiponectin levels (Shand et al. 2006). However, we cannot rule out the
possibility that the longer storage time and more frequent handling of OPERA
plasma samples have affected the protein structure in samples and interfered with
the ELISA method.

There are many different methods available with which to measure
adiponectin levels. No standardized method for the measurement exists and
therefore it is not yet easy to determine, for example, which level of adiponectin
in an individual can be considered as being too low. This can also be seen in these
studies, where different methods have been used for the adiponectin measurement.
In addition, a knowledge of different adiponectin forms may bring new
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information to future studies. Based on recent studies, one possible limitation to
this study is that the total adiponectin concentration including all the forms of
adiponectin in the circulation were assayed. However, the recent studies suggest
that the multimeric, HMW-form adiponectin may be better at explaining insulin
sensitivity rather than the whole circulating level (Pajvani et al. 2004). The
stability and secretion of adiponectin are also regulated at the post-translational
modification level via hydroxylation, glycosylation and disulfide bond formation.
Therefore, it is also possible that defects in adiponectin may be due to complex
changes in posttranslational processing (Liu & Liu 2010).

6.2 Consideration of major results

6.2.1 PTP1B polymorphisms and the interaction with LEPR
polymorphism

It was decided to test how the variation in the PTP1B gene would be associated
with type 2 diabetes and how the variation would be related to risk factors of type
2 diabetes and cardiovascular complications. According to this study, none of the
three studied SNPs in PTP1B gene clearly associate to type 2 diabetes. The earlier
studies and the studies performed after our study examining the Pro303Pro and
Pro387Leu polymorphisms are somewhat contradictory. The rare T allele of
Pro303Pro polymorphism was reported to protect from diabetes and IGT in Oji-
Crees (Mok et al. 2002). We obtained similar evidence because the rare genotype
was not seen in diabetics while 2.9% of controls (n =285) were genotype T/T.
However, this difference was not detected in allele frequencies. It is possible that
this association is a false positive, because the number of subjects is so low. In
addition the concept, that Pro303Pro did not follow HW equilibrium in the
control population might make one suspicious of the results. It could also be
speculated that the rare allele T is in linkage disequilibrium with another recessive
allele in same or another gene and that the allele becomes protective only in
homozygotes. Since Pro303Pro is a silent mutation, it does not change the amino-
acids in the protein but could affect translation efficiency or have an influence on
splice-enhancer regions within the exon.

The Pro387Leu polymorphism was originally identified by Echwald
(Echwald et al. 2002) who reported that the rare variant was associated with a 3.7
genotype relative risk for suffering type 2 diabetes. That study evaluated 527 type
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2 diabetes subjects and 542 glucose tolerant control subjects. The functional
consequence in vitro of this variant was that the variant peptide reduced serine
phosphorylation. Subsequently, however also negative findings have been
published. In a German population, the Pro387Leu polymorphism did not
associate with type 2 diabetes but the carriers of the rare allele had significantly
higher triglycerides (Gouni-Berthold et al. 2005). The results of this present thesis
indicate that Pro387Leu SNP is not associated with type 2 diabetes. However,
frequencies of rare alleles of both Pro303Pro and Pro387Leu SNPs are low and
our study group was too small to confirm the results as Echwald et al. (2002) who
originally reported a much larger study group.

The polymorphism G82A had not been studied before our study. This locus is
located in the noncoding region and does not change the amino acid sequence of
PTP1B. In this study, the A/A genotypes had higher BMI than the other genotypes.
However, the association was only moderate and the association of this genotype
with lipids and lipoprotein values vanished after adjustment for BMIL
Subsequently, Ukkola performed another study in American subjects where A82A
genotypes showed lower BMI, percentage body fat and subcutaneous fat than
other genotypes of this PTP1B G82A polymorphism (Ukkola et al. 2005). This is
contradictory to our report which might result from different linkage
disequilibrium between populations or simply indicate that this association was a
false positive.

It should be pointed out that the SNPs studied in the PTP1B gene locate very
closely to each other in the chromosome. According to studies conducted in
French subjects (Cheyssac et al. 2006), Hispanic Americans (Palmer et al. 2004)
and Pima Indians (Traurig et al. 2007), the polymorphisms in the PTP1B gene
occur in two discrete LD blocks. One region is upstream to PTP1B and another
spans the whole coding region of the gene. Also in Scandinavians, (Florez et al.
2005) the most common SNPs in the coding region fell within the same LD block.
Therefore, it is likely that the SNPs are in linkage disequilibrium and they could
also be seen as one haplotype. Recently, many studies have been performed with
tagSNPs or haplotypes. According to the Cheyssacs (2006) study in French
families, any of tagSNPs selected including Pro303Pro, did not associate with
type 2 diabetes, however there was some association with obesity. In Pima
Indians and Scandinavians, the SNPs did not associate with type 2 diabetes
(Traurig et al. 2007, Florez et al. 2005). However in the haplotype analysis
(Bento et al. 2004) several SNPs in the distal part of the gene (from exon 4 to
intron 8) associated strongly with type 2 diabetes. One can speculate that since
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Pro303Pro and Pro387Leu have functional consequences, it is reasonable to study
both of them regardless of their close location to each other in the sequence.
Spencer-Jones et al. (2005) reported that Pro303Pro polymorphism associated to
Avignon’s insulin sensitivity index. Palmer studied the SNPs and glucose
homeostasis and found that many of the SNPs in the LD block that contains the
SNPs studied here, associated with quantitative measures of glucose homeostasis.
There is also an insertion polymorphism (1484insG) in the 3 untranslated region
that has displayed higher mRNA stability and which associates with several
features of insulin resistance (Di Paola ef al. 2002). In addition, promoter variants
have recently been identified and some have been reported to possess functional
relevance (Meshkani ef al. 2007).

It was found that individuals with the genotypic combination of PTP1B A82A
and LEPR Arg223Arg had significantly higher BMI values than the other
genotypes. In complex traits such as type 2 diabetes, there are probably many
predisposing alleles and interactions between many genes. This might be one
example of such an interaction. For example, these two polymorphisms might
have synergestic inhibiting effects on leptin signalling.

The interaction of PTP1B and LEPR -genes also associated differentially in
the study of Ukkola (Ukkola et al. 2005). In that study, the genotype
G82G+GIn223GIn of PTP1B+LepR combination had the lowest insulin
sensitivity index, which is opposite to what would have been expected based on
our study, where A82A+Arg223 Arg genotypes had the highest BMI values.

6.2.2 Association of adiponectin polymorphisms with adiposity and
insulin sensitivity

Three SNPs (Tyrl11His, T45G, T276G) in ADIPOQ and the haplotypes derived
from these SNPs were analysed in Finnish Type 2 diabetic patients and healthy
controls. The genotype and allele frequencies of Tyr111His SNP differed between
the groups. The His allele was more frequent in diabetics than in healthy subjects.
Interestingly, in the Caucasian Americans examined in the HERITAGE study,
subjects having the His -allele, were more insulin resistant according to SI
(insulin sensitivity index). Presumably as a compensatory mechanism, Hisl11
carriers displayed a higher acute insulin response to glucose. Adiponectin levels
tended to be lower in carriers of His allele, which is in accordance with the
finding that they also were more insulin resistant. However, it is not possible to
conclude that the adiponectin levels were influenced by the Tyrll1His
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polymorphism. In agreement with the finding in this thesis, Tyrl11His was
associated with diabetes incidence in a recent large Framingham Offspring Study
(Hivert et al. 2008). In that study, Tyrl11His was not associated with the plasma
adiponectin level. The authors of the Framingham study hypothesized that
Ty111His polymorphism might disrupt the exonic splicing enhancer, which could
influence alternative splicing of the message. It is known that Tyr111His does not
affect multimerization of protein (Waki ef al. 2003). Tyr111His associated with
the incidence of diabetes also in French Caucasians (Vasseur et al. 2002) but not
in a Swedish population (Gu et al. 2004).

The frequency of the His -allele is very low, and therefore further studies in
larger populations are needed. In African Americans, the evaluation of Tyr111His
could not be completed because the allele frequency was too low. There were also
other differences in the associations between Caucasian and African American
samples. Based on a recent study, African Americans have different linkage
equilibrium blocks in the adiponectin gene, as compared to European population
(Bostrom et al. 2009). This could explain the differences in associations between
Caucasian and African Americans. The Caucasian and African American alleles in
this study are in LD with different alleles, in ADIPOQ or another gene. It is
known that African Americans have higher rates of obesity and associated
morbidities than Caucasians, and it might be that a sequence variation behind the
results of this study is one contributing factor. These results also emphasize the
difficulty of comparing the results of association studies in different populations.

The T45G polymorphism is located in exon 2 of the ADIPOQ and does not
cause an amino acid change (Gly15Gly). However, in one study, G-allele was
reported to have higher transcriptional activity than the T-allele since it may alter
mRNA splicing or stability (Yang et al. 2003). The G276T is located in intron 2
and could also influence adiponectin expression. Based on this thesis study, T45G
and G276T SNPs do not influence the risk of type 2 diabetes at least in Finns.
Also in another Finnish study, no significant differences between offspring of type
2 diabetes patients and control subjects in SNPs T45G and Gly15Gly were found
and these SNPs did not associate with the adiponectin level or with any other
metabolic variables (Salmenniemi et al. 2005). However, in one study of young
Finnish men, the T276T genotype was found to be associated with elevated serum
adiponectin levels and elevated diastolic blood pressure and the T45T was
associated with high HDL cholesterol levels (Mousavinasab et al. 2006). In our
American study population, G276G was associated with a poorer lipid profile in
African Americans.
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After we performed our study, a large meta-analysis was conducted of the
effect of ADIPOQ variability on BMI, type 2 diabetes and insulin resistance
(Menzaghi et al. 2007). The published data concerned the SNPs G45T and G276T,
which were also included in our study. After reviewing many studies, Menzaghi
and the colleagues concluded that the carriers of T allele of G276T polymorphism
have higher insulin sensitivity as defined by HOMA| but that there was no global
effect of the SNPs on type 2 diabetes or BMI.

6.2.3 Plasma adiponectin level and components of the metabolic
syndrome

It was decided to measure plasma adiponectin levels in a large population to
determine how the levels associate with the metabolic syndrome as diagnosed by
the IDF criteria. At that time, there were only few studies of adiponectin and
metabolic syndrome in large populations and none had used the criteria for
metabolic syndrome of IDF.

As expected based on earlier studies, the adiponectin levels were higher in
women than in men. In both sexes, low adiponectin levels associated clearly with
multiplicity of the metabolic syndrome. In our study, a significant difference was
noted in the adiponectin level in both sexes between subjects with the metabolic
syndrome and those subjects without the metabolic syndrome. Despite the
differences in definitions, both NCEP — and IDF —defined subjects had low
plasma adiponectin levels and both criteria seem to work similarly in the sense
that they identify subjects with low adiponectin levels. As seen from Figure 7, the
more the individual has components of metabolic syndrome, the lower the
adiponectin levels are likely to be.

When studying adiponectin and metabolic syndrome, it should be noted that
adiponectin levels correlate significantly with BMI and measures of adiposity.
Therefore, it could be speculated that the strong association of adiponectin with
different components and multiplicity of metabolic syndrome is simply a
consequence of fat mass. This causes problems with statistical tests. Adjusting for
BMI might represent overadjusting. However, there are individuals who may
have low adiponectin levels and the metabolic syndrome, perhaps more due to
genetic factors, despite the fact that they are lean. There are also individuals who
are obese but do not suffer from comorbidities. Therefore, it is important to
identify the factors that lie beyond the obesity. Interestingly, it was stated that
according to the statistical modelling performed in one study (Martin et al. 2005),
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the relationship between adiponectin and insulin levels and blood lipids (HDL and
TG) was strengthened with increasing adiposity. This could be attributable to the
proinflammatory milieu in adipose tissue in overweight people but its absence in
lean individuals.

Our results suggested that in females, low adiponectin levels may be even
more related to the probability to suffer the metabolic syndrome than is the case
in males. It has been found that females have higher proportions of high
molecular weight and hexameric forms of adiponectin and lower proportions of
the trimers in theis bloodstream and that the higher molecular form adiponectin
serves as a precursor pool for activation by metabolic stimuli, such as an
increased insulin level (Peake et al. 2005). Therefore, the presence of these
adiponectin forms could partly explain the better insulin sensitivity of females
and could also be one reason why lower adiponectin levels may have a more
deleterious effect in women.

Our results are very similar to those reported for other populations despite
differences in lifestyle and nutritional habits. In the large study group of Chinese
aged 50-70, adiponectin levels similarly associated to multiplicity in the
metabolic syndrome and the subjects in the lowest plasma adiponectin quartile
were five times more likely to have the metabolic syndrome than those in highest
quartile (Wang et al. 2008). Since low adiponectin levels associate strongly with
the multiplicity of the metabolic syndrome, it is possible that the development of
the metabolic syndrome is triggered by a single underlying mechanism. Our study
is cross-sectional, which does not allow us to infer causality from our results. For
example, it is impossible to determine whether the decreased adiponectin levels
are a cause or a consequence of the metabolic state of high glycemia,
dyslipidemia or inflammation. However, it is tempting to speculate that
inflammation in fat tissue, genetic factors and lifestyle habits leading to reduced
adiponectin level in the circulation could evoke many metabolic changes and give
rise to components of the metabolic syndrome. Low adiponectin level has now
been linked to metabolic syndrome in many populations (Bacha et al. 2004, Ryo
et al. 2004, Salmenniemi ef al. 2004, Xydakis et al. 2004, Bugianesi et al. 2005,
Mohan et al. 2005) and the high molecular weight adiponectin might show an
even stronger association with this complex disease (Tabara et al. 2008).
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6.2.4 Plasma adiponectin and future impaired glucose tolerance or
type 2 diabetes

One objective was to determine if a baseline low adiponectin level in
normoglycemic subjects would be predictive of IGR or type 2 diabetes during a
mean follow-up period of 5.1 years in middle-aged subjects. It was noted that
subjects in the lowest quartile of plasma adiponectin levels at baseline, had a
2-fold risk to develop diabetes or IGR compared to the subjects in the highest
adiponectin quartile.

The adiponectin-diabetes association in this study is possibly mediated to
some extent by insulin resistance. This cannot however be evaluated in the study
because there were no assays of insulin levels determined at the baseline.
Interestingly, one study has proposed that during the initial stages of
hyperinsulinemia, frequently a sign of insulin resistance, high insulin levels lead
to a down-regulation of HMW adiponectin levels, which in turn decrease insulin
sensitivity further, requiring an even higher level of circulating insulin to maintain
glucose homeostasis (Basu et al. 2007). Therefore, the fact that insulin levels at
baseline were not measured, is one limitation of this study.

The number of study subjects was fairly small, which prevented stratified
analyses according to sex. According to other studies and also this present work
with respect to the metabolic syndrome, the association of adiponectin to IGR and
diabetes could be stronger in women than in men. There was also extensive
variation in the BMI of study subjects and a larger study group would have
permitted a stratified analyses according to BMI, since it has been proposed that
the adiponectin — type 2 diabetes association may well be stronger in obese
individuals than it is in their lean counterparts. Finally, many other factors may
influence the risk of diabetes and adiponectin may only be a marker of these other
factors. Thus, there are many variables, such as plasma lipids, plasma glucose
levels at the baseline and inflammatory markers, which could have been added as
adjustments in the statistical tests.

Recently, a meta-analysis including 13 prospective studies of plasma
adiponectin concentrations and type 2 diabetes was performed. The findings of
that study were in accordance with our study and showed that risk of type 2
diabetes appeared to decrease linearly with increasing adiponectin levels. The
association was evident inmany races, e.g. whites, East Asians, Asian Indians,
African Americans, and native Americans (Li et al. 2009).
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It could be that long term exposure to low plasma adiponectin levels, due to
genetic and/or environmental factors may progressively evoke a state of
lipotoxicity in the tissues i.e. accumulation of ectopic fat in liver and muscle
altering insulin signaling and functions, thus contributing to whole body insulin
resistance and a deterioration of glucose tolerance (Reviewed by Rasouli & Kern
2008 and Dyck 2009). Several studies on metabolic flexibility i.e. capacity of
tissues to acutely shift their metabolic fuel from lipids to glucose, and type 2
diabetes have been conducted recently (Reviewed in Galgani et al. 2008).
Interestingly, in one of these reports, adiponectin-overexpressing mice displayed
enhanced clearance of circulating fatty acids and increased expansion of
subcutaneous adipose tissue with chronic feeding of high fat diet. These adaptive
changes to the high fat diet were associated with mitochondrial density in
adipocytes, smaller adipocyte size, and a general transcriptional up-regulation of
factors involved in lipid storage through efficient esterification of free fatty acids
(Asterholm & Scherer 2010). Hypothetically it could be that the people with low
adiponectin are more prone to disruptive effects if they consume fatty food and
therefore develop more type 2 diabetes.

6.2.5 Decreased plasma adiponectin in peroral estrogen replacement
therapy

Since women undergo extensive physiological changes at menopause in body
composition, insulin responses and risk of CHD, estrogen hormone replacement
therapy has been suggested as being protective. However, whether estradiol is
administered transdermally (gels or patches) or orally has a significant effect on
the immediate markers of cardiovascular risk factors. Orally administered
hormone therapy has been observed to increase triglyceride levels, this being
linked to a decrease in the size of LDL particles and higher levels of C-reactive
protein because of accumulation of estradiol to liver (Modena et al. 2005).

The study population of postmenopausal women receiving hormone therapy
made it possible to explore how adiponectin levels are involved in this change
with two different hormone therapies. This is interesting because women have
higher adiponectin levels than men and sex hormones have therefore been
proposed to be able to influence adiponectin levels. It was noted that peroral
estradiol valerate treatment therapy decreased adiponectin levels significantly, but
this did not occur in with the transdermal treatment. No correlation was found
between estradiol and adiponectin at the baseline, which is in contrast to most of
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the studies investigating the relationship of estrogen and adiponectin studies
which have pointed to an inverse association between these hormones (Sumino et
al. 2004, Im et al. 2006, Laughlin et al. 2006, Leung et al. 2009). In addition in
the regression analysis conducted here, the change in estradiol after PE treatment,
was not the strongest variable explaining the variation in the change in
adiponectin. Therefore, it cannot be stated definitely that it was the estradiol
treatment that decreased adiponectin levels. The change in adiponectin evoked by
PE correlated also with the changes in WH ratio, which is unexpected because
BMI or WH ratio did not change significantly after PE. It is possible that even a
minor, nonsignificant change in WH ratio is sufficient to affect the plasma
adiponectin concentration. This may be particulatly significant because during
menopause there is an increased deposition of abdominal fat as compared to
peripheral fat (Kanaley et al. 2001).

In the regression analysis, the change in the adiponectin level after PE
treatment was explained most strongly by the change in VLDL triglycerides.
Adiponectin regulates the activity of hepatic lipase and lipoprotein lipase, which
are responsible for the catabolism of triglyceride rich lipoproteins. Therefore it
could be that reduction in plasma adiponectin levels after PE estradiol therapy
partly mediated the unfavourable effects of the treatment on the lipid profile
(Modena et al. 2005). Therefore, the reduction in the adiponectin level could also
contribute to increased risk of CHD reported in the first years of peroral treatment
noted in the Woman's Health Initiative randomized controlled trial (Anderson et
al. 2004).

The mechanism how adiponectin decreases after PE is not easy to explain and
needs to be clarified with larger cohorts and targeted experimental studies. There
are very few studies investigating adiponectin and hormone replacement therapy.
Chu et al. (2006) reported no change in plasma adiponectin after PE but a
significant increase after TE, which is at odds with this study. In other studies,
progesterone has been used together with PE, which complicates comparison of
studies. In those reports, no change (Sumino et al. 2004, Cooper et al. 2007) or a
decrease (Tanko & Christiansen 2005) in plasma adiponectin levels after hormone
replacement therapy has been observed. The complex effects of sex hormones on
adiponectin remains to be resolved and the hints of a reduction in the plasma
adiponectin level after PE treatment must be studied in larger cohorts. It is also
possible that sex hormones influence the cardiovascular risk of women by altering
the relationship between HMW and total adiponectin levels.
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6.3 Clinical relevance of the studies and some future aspects

While the incidences of type 2 diabetes and metabolic syndrome are growing
around the world, there is an urgent need to discover new therapeutic targets.
There are indeed many studies focusing on PTP1B as a medication target. The
development of a selective PTP1B inhibitor would improve insulin sensitivity of
patients more than for example vanadate, an agent that non-selectivically inhibits
all PTP:s. Before finding and testing of such medicine, many studies will need to
be performed to define possible role of PTP1B in cancers, for example. One of
the most fascinating ideas behind the genetic studies is the pharmacogenetics, the
variability of drug response due to inherited characteristics in individuals. For
example, it could be possible that individuals with certain polymorphisms in
PTPI1B or ADIPOQ need certain types of medication for the metabolic syndrome.
Alternatively, as recently postulated (Ferguson et al. 2009), people with a certain
adiponectin genotype might need personalized dietary advice because they are
susceptible to gene-nutrient interactions.

PTP1B, adiponectin and their signalling pathways seem to be attractive
therapeutic targets for obesity related conditions. In addition to trying to avoid
obesity, at the same time it could be possible to avoid the obesity induced
symptoms, like type 2 diabetes or the metabolic syndrome. Therefore, the
molecules in the study could be secondary targets for the treatment of diseases
beyond obesity. However, the associations between low adiponectin levels and
type 2 diabetes and metabolic syndrome need to be confirmed. In these kinds of
population studies, it is important to repeat the studies in different study groups to
rule out any possible false statistical errors or for example, population specific
associations. If the subjects at a higher risk of developing obesity related diseases
could be identified, it could be possible to more efectively target treatment and
lifestyle instructions. Much remains to be learned about the role of different
adiponectin multimers, the factors influencing the relationships between the
different multimers and also the regulation of adiponectin receptors perhapsnot all
of which have been found yet.
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7 Conclusions

The present study investigated the role of PTP1B (protein tyrosine phosphatase
1B) gene, ADIPOQ (adiponectin gene) and the plasma adiponectin level in the
metabolic syndrome. The conclusions of the study are as follows:

1. Two polymorphisms in PTP1B may have some, but not a strong, contribution
to the development of type 2 diabetes in Finns. The genotype T/T of the
Pro303Pro (C981T) polymorphism may be protective against the
development of type 2 diabetes because it was found more frequently in the
healthy control group compared to diabetics. The interaction effect between
the PTP1B and LEPR led to a higher BMI in the PTP1B A82A + LEPR
Arg223Arg genotype combination than in the other genotypes.

2. ADIPOQ polymorphisms are associated with obesity-related phenotypes.
Caucasian carriers of rare His allele of Tyr111His polymorphism were more
insulin resistant and in higher risk of type 2 diabetes. In African Americans
the Gly15Gly and G276T polymorphisms associated with BMI and lipids.
Thus, the effects of polymorphism on obesity related phenotypes seemed to
differ in different ethnic groups.

3. Plasma adiponectin might be a useful biomarker of the metabolic syndrome.
Lower adiponectin levels were associated with different components of the
metabolic syndrome according to several definitions of the IDF. There was
also a trend towards lowering of the plasma adiponectin when the individual
had an increasing number of components of the metabolic syndrome.

4. Low adiponectin levels might be predictive of future impaired glucose
regulation and type 2 diabetes. A low baseline adiponectin level was
associated with a more than 2-fold risk for developing impaired glucose
tolerance or type 2 diabetes during a mean follow-up of 5.1 years in a group
of middle-aged Finnish subjects who were initially normoglycemic.

5. The reduction in adiponectin levels could be part of the “early harm” profile
of the peroral estrogen replacement therapy detected in clinical trials on
postmenopausal women. This study must be repeated with a larger sample
since the complex effects of sex hormones on adiponectin levels need
clarification
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