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ABSTRACT

Signals from adipose tissue, such as interleuk{ii-&@) and asymmetric dimethyl
arginine (ADMA), an endogenous nitric oxide inhdrit explain the link between
obesity and metabolic diseases. Previously puldisheman studies have used
omental adipose tissue to study visceral depotsedan the assumption that all
visceral adipose tissues are similar. This studlythe first time, assessed the release
of five adipokines (adiponectin, leptin, IL-6, MOP-and RANTES) from the
subcutaneous and two omental depots. Componentiseofyclooxygenase (COX)
and the nitric oxide (NO) pathways, that regulagkine release in other tissues,
were also investigated for their putative role(sinediating adipokine release.
RANTES release was greatest from the gastric fdt Hawever, significantly higher
circulating RANTES levels suggest that adiposeutsss unlikely to be the main
source of RANTES release.

Inhibition of the COX pathway, especially COX-2,dueed IL-6 release from
subcutaneous adipose tissue. Prostacyclin syn(R&2S) activity was higher in the
omental tissue and its protein expression was tddvia the stromavascular fraction
from this depot. PGI2S activity appears to mairdgide in the non-adipocyte cells
and is more coupled to IL-6 production in adipassue.

Serum insulin and CRP levels, and systolic blocesgure, directly associated with
subcutaneous tissue ADMA content, while BMI corteth with omental ADMA
release. ADMA release was higher from the omerggbtl However, while DDAH2
expression was higher compared to DDAH1 in adipiissie, there was no depot
specific difference in the expression of eithefasan.

In conclusion, this study showed adipose depot iBpedifferences of RANTES
release, a novel adipokine, from a hitherto postlydied depot, the gastric fat pad.
Characteristics of the omental adipose tissuexréiff depending on location and
paracrine factors that may mediate the adipokitease. These regulatory pathways
included components of the COX and NO pathways.



ACKNOWLEDGMENTS

| am indebted to many people who helped me thrakighproject. | am grateful to
Vidya Mohamed-Ali, without whose guidance, supaonsand support, this project
would neither have commenced, nor progressed oplated. Many thanks to Mr
Hashemi who gave me the time and opportunity togteta this study and willingly
(and end of a long day not so willingly) provide@ mith the samples. My
appreciation to all the various people in the lad the Whittington Hospital who
made this project happen. | am especially thartkfiNicola Ogston who patiently
introduced me to the laboratory techniques, stgftiom how to use a pipette! She

was the sense to the long instruction booklets kvhad to be deciphered.

This thesis is dedicated to my parents and my mgbeo my husband who put up
with my absences through this hectic period ancgdseemed to find the time to
listen to my detailed description of the dilemm&s!my parents whose
encouragement and upbeat attitude helped me geitginthe days when it felt that it

was impossible to overcome the obstacles!



ABBREVIATIONS

ADMA
AMP
ATP
BPD
BMI
CAMP
COX
CRP
CXCL
DDAH
DS
eNOS
G-CSF
gm
GM-CSF

HDL
HMW
IDDM
IL

IFN
iINOS
IQR
JIB

Kg
MCP-1
MIF
MMW
NEFA
ng
NGF
NIDDM

Asymmetric Dimethyl Arginine
Adenosine Mono Phosphate
Adenosine Tri Phosphate
Bilo-Pancreatic Diversion

Body Mass Index

cyclic Adenosine Mono Phoshphate
Cyclooxygenase

C-reactive protein

Chemokine (C-X-C motif) Ligand
Dimethylarginine Dimethylaminohydrolase
Duodenal Switch

endothelial Nitric Oxide Synthase
Granulocyte Colony-Stimulating Factor
Gram

Granulocyte Macrophage Colony-
Stimulating Factor

High Density Lipoprotein

High Molecular Weight

Insulin Dependent Diabetes Mellitus
Interleukin

Interferon

inducible Nitric Oxide Synthase
Interquartile Range

Jejuno-lleal Bypass

Kilogram

Monocyte Chemoattractant Protein-1
Macrophage migration Inhibitory Factor
Medium Molecular Weight

Non Esterified Fatty Acid

Nanogram

Nerve Growth Factor

Non Insulin Dependent Diabetes Mellitus



NO

NOS

OD
PAI-1

PG

P9

PGLS
PPAR
PRMT
RANTES

RBP4
RT-PCR

RYGB
SD
sIL-6R
SDMA
LAGB
LDL
L-NMMA
LPS
LMW
TNF
TREM

VBG
VCAM-1
VEGF
VLDL
WHR

Nitric Oxide

Nitric Oxide Synthase

Optical Density

Plasminogen Activator Inhibitor-1
Prostaglandin

Picogram

Prostaglandin, Synthase

Proliferator Activated Receptor

Protein Arginine Methyl Transferases
Regulated upon Activation, Normal T-cell
Expressed and Secreted

Retinol binding protein-4

Reverse Transcriptase — Polymerase Chain
Reaction

Roux en Y Gastric Bypass

Standard Deviation

Soluble Interleukin-6 Receptor
Symmetric Dimethyl Arginine
Laparoscopic Adjusted Gastric Banding
Low Density Lipoprotein
N®-mono-methyl-L-arginine

Lipo Polysaccharide

Low Molecular Weight

Tumour Necrosis Factor

Triggering Receptor Expressed on Myeloid
cells

Vertical Banded Gastroplasty

Vascular Cell Adhesion Molecule-1
Vascular Endothelial Growth Factor
Very Low Density Lipoprotein

Waist Hip Ratio



LIST OF CONTENT PAGES
Title 1
Declaration 2
Abstract 3
Acknowledgments 4
Abbreviations 5-6
CHAPTER 1: INTRODUCTION AND LITERATURE REVIEW 12-41
1.1 Obesity 13-23
1.1.1 Epidemiology 13
1.1.2  Causes of obesity 13-15
1.1.2.1 Energy imbalance 14
1.1.2.2 Genetics 14
1.1.23 Environment 14
1124 Other causes 15
1.1.3 Indices and diagnosis of obesity 15
1.1.4  Types of obesity 16
1.1.5 Consequences of obesity 16 -18
1.15.1 Type 2 diabetes mellitus, insulin resistaaed the
metabolic syndrome 16
1.15.2 Cardiovascular disease and hypertension 18
1.153 Other organ dysfunction 18
1.1.6 Treatment 19-24
1.16.1 Behaviour and lifestyle 19
1.1.6.2 Diet 19
1.1.6.3 Exercise 20
1164 Pharmacotherapy 20
1.1.6.5 Surgical treatment 21
1.1.6.5.1 Types of surgery 22
Figure 1.1: Types of bariatric surgery 23
1.1.6.5.2 Benefits after surgical weight reduction 23
1.2  Adipose tissue 24 - 30
1.2.1 Depot variations in adipose tissue 24
1.2.2  Function(s) of adipose tissue 28 -2



1.22.1 Storage 25
1.2.2.2 Adipogenesis 25
1.2.23 Lipolysis 26
1224 Adipose tissue as secretory organ 26
Figure 1.2: Acute and chronic cytokine release 7 2
1.2.2.5 Adipose tissue adgpokines 28
1.2.3 Adipose tissue and Inflammation 28
Figure 1.3: Adipokines related to inflammation 29
1.3 Specific adipose tissue derived factors 30-36
1.3.1 RANTES 30
1.3.2 Adiponectin 31
1.3.3 MCP-1 32
1.34 IL-6 34
1.3.5 Leptin 35
1.4 Regulation of adipose tissue derived factors 36-41
1.4.1 Prostaglandins and COX pathway 36
Figure 1.4: The COX pathway 38
1.4.2 NOS pathway 39-40
1.4.2.1 Nitric Oxide 39
1.4.2.2 Asymmertical Dimethyl Arginine 39
1.4.2.2.1 ADMA, Insulin and endothelial dysftina 40
1.5 Aims of the study 41
CHAPTER 2: MATERIAL AND METHODS 42 -54
2.1 Recruitment 43 - 45
Table 2.1: Schematic of study design 44
2.1.1  Medical history questionnaire 44
2.1.2  Anthropometric measures 44
2.1.3  Fasting blood samples 45
2.1.4  Fat biopsy 45
Figure 2.1: Gastric Fat Pad 45
2.2 RNA 45- 47
2.2.1 RNA extraction 46
2.2.2 cDNA synthesis 46



2.2.3 real time-PCR 47

2.2.4 ctcalculations 47
2.3 Protein 47 - 48
2.3.1 Protein Extraction and Western Blot 47
2.3.2  Cytokine protein array 48
2.4 Stromavascular tissue 48
2.5 Organ culture bath 50
2.5.1 Adipose tissue organ cultures 50
2.5.2 Incubation with COX inhibitors 50
2.6 ELISA 50-51
2.6.1 Glucose, Lipid, C-reactive protein and Prostaglandi 50
2.6.2  Cytokines 51
Table 2.2: Dilution of sample prior tesay by ELISA 51
2.7 Adiponectin (multimeric) extraction 51
2.8 Prostaglandin extraction from adipose tissue 52
2.9 ADMA extraction 52-54
2.9.1 ADMA extraction from plasma 53
2.9.2 ADMA extraction from adipose tissue 54
2.9.3 ADMA extraction from cell culture 54
2.10 Statistics 54
CHAPTER 3: RESULTS 55 -86
3.1 Patient recruitment 56
3.2 Cross sectional study on adipokines 6563
3.2.1  Circulating adipokines 56

Table 3.1: Anthropometric and metabolic charactiesf patients57
3.2.2  Depot release; subcutaneous, omental andcgastpad 58 - 63

Figure 3.1: Protein array of cytokines from suboetaus, omental

and gastric fat pad depots 59
Table 3.21n vitro production rate of adipokines 60
Figure 3.2: Depot specific RANTES release 62
3.2.3  Chemokine interactions 63
3.3 IL-6 and COX pathway 64 -70
Figure 3.3: Depot specific differences in IL-6 e in human white 65



3.4

adipose tissue
Figure 3.4: The effect af vitro COX inhibition on IL-6 release from human
subcutaneous and omental white adiposectissu 66
Figure 3.5: Comparison of subcutaneous and omE@&@&S and PGIS

Activity 68
Figure 3.6: Western blot analysis for RG&ynthase in: (a) human adipose tissue
(b) the enriched the stromavascular fract®viF) 70
ADMA, DDAH, adiponectin and the effect of insuh 71 - 86
Table 3.3: Anthropometric and metabolic charactiesf patients 71
3.4.1 ADMA 72
Figure 3.7: ADMA extraction from explants 73
3.4.2 DDAH 74 - 80
Figure 3.8: Dilution series 74
Figure 3.9: Amplification plot of DDAH1 75
Figure 3.10: Comparison between subcutaneous aedtam
DDAHland 2 77

Figure 3.11: Comparison of DDAH1 and DDAH2 in sutacieous and
omental depots 78
Figure 3.12: Comparison of DDAH1 and DDAH2 expressbetween
adipose tissue and stromavascular fraction of dabeous and
omental depots 79
3.4.3  Adiponectin 80 -81
3.4.4  Effect of insulinaemia on ADMA, DDAH amdliponectin 81-85
Table 3.4: Comparison of the circulating anduesrelease of
adiponectin in normoinsulinaemic and hypsirlinaemic
individuals 82
Figure 3.13: Comparison of serum ADMA in lean,
normoinsulinaemic obese and hyperinsulinaemicelaad
diabetic on Metformin and obese normoinsulinaeomdetformin 84
Figure 3.14: Comparison of serum adiponectirean|
normoinsulinaemic obese and hyperinsulinaemicelaad

diabetic individuals 85

10



CHAPTER 4: DISCUSSION 86 - 96

4.1: Adipokines 87 - 88
4.2: COX pathway 88 - 90
4.3:  NOS pathway 90-93
Figure 4.1: Proposal of mechanism of action of lgietiin 94
4.4  Limitations of recruitment 95
4.5:  Limitations in acquiring samples 96
4.6: Conclusion 96
REFERENCES 97 - 120

11



CHAPTER 1: INTRODUCTION

12



1.1 OBESITY

1.1.1 Epidemiology

Obesity is the epidemic of the century and, cogttarsome people’s belief, it is not
simply a cosmetic problem. The question of whetbbkesity should be called a
‘disease’ or, on the other hand, simply a ‘conditibas gone on for more than 100
years and has significant connotations for the @gogr one takes in its treatment, to
the regulation of medicines used for its treatmesatd whether health care
expenditures associated with obesity are reimbu(Bedy, 2004 (a)). During the
early part of the 20th century the prevalence @sitly rose slowly, but around 1980 it
began to rise more rapidly. Children are affectgdobesity, with the prevalence
rising from 5% in 1960 to 15% in 2000 (Ogdenal, 2000). Obesity is the most
prevalent nutritional disorder in industrialised uotries (Kushner, 2002).
Approximately 60% of overweight 5 to 17 year oldldten already have associated
biochemical or clinical cardiovascular risk factossich as hyperlipidemia, elevated
blood pressure, or increased insulin levels, anélo 2tave 2 or more of these
(Freedmanet al, 1999). It is associated with an increased riskcafdiovascular
morbidity and mortalityGarrisonet al, 1996), type 2 diabetes mellitus (Ogadsral,
2000), osteoarthritis and cancer. In a publishedntgDrenicket al, 1980), mortality
rates in patients who wenaorbidly obese is 12 times higher in men agedo234
years and 6 times higher in men aged 35 to 44 ymargpared tonen with healthy
weight of the same age. Obesity clearly increasadtiin risk and the cost of health
care (Kleinet al, 2004 (a)) and despite all this evidence; mangiahns consider
obesity to be a self-inflicted condition of littleedical significance. The future of
these adults and children is complications of hé@ease, renal failure, blindness and

amputation disabling them during the next 20 yeaso.

1.1.2 Causes of obesity

Obesity is not a single disorder but a heterogesgooup of conditions with multiple

causes. Body weight is determined by an interadiietwveen genetic, environmental
and psychosocial factors acting through the phggiohl mediators of energy intake

and expenditure (Kopelman, 2000).
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1.1.2.1 Energy imbalance

An energy imbalance results in obesity. This stdtenbalance can be described by
the first law of thermodynamics, which says that émergy of a system is determined
by the difference between the heat that enterssiysiem and the heat that leaves. In
the case of obesity, heat is from food energy, @ved quantity of energy that is
expended as chemical and physical energy comes metabolism and work. In
humans the unmetabolized foods are converted tanihiead to obesity (Bray, 2004
(@)). The most variable component of energy exgargliis physical activity.
Epidemiological data show that low levels of phgsiactivity and watching more
television predict higher body weight (Hancetxal., 2004). The defects in metabolic
mechanisms that control energy expenditure havebeen described in human

obesity (Kopelman, 2000).

1.1.2.2 Genetics

Obesity might run in the families but the influerafethe genotype on the etiology of
obesity may be attenuated or exacerbated by noetigeiactors (Kopelman, 2000).
Genetic factors can be divided into two groups,rtire genes that produce significant
obesity and a group of more common genes that liedeisceptibility to obesity, the
so-called “susceptibility” genes (Rankinenhal., 2002). Single gene mutations, such
as seen in humans with leptin and leptin recepgomregnutations, are rare and only
constitute a minority of normal obesity (Zhaeg al, 1994). Importantly, genetics
related to obesity are not responsible for the espids of obesity in recent times as

the gene pool in communities has not changed signifly (Koplan & Dietz, 1999).

1.1.2.3 Environment

Environment plays an important role in the etiolagyobesity. Availability of food,
fast food or food with higher energy content, skmiag with food and drink,
increased numbers and marketing of snack foods, @nthe other hand, decreased
energy expenditure, perhaps due to decrease idrehis activity from watching TV,
playing computer games or increasingly automaterk yataces, are a few examples
(Koplan & Dietz, 1999). Environmental factors habeen shown to affect leptin
sensitivity, as a high-fat diet leads to leptinisesce, although the basis for this is

poorly understood (Friedman & Halaas, 1998).
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1.1.2.4 Other causes

In most traditional societies, fatness has fredydmgen a symbol of motherhood in
adult women (Brown & Bentley-Condit, 1998). In cast, the cultural ideal of
thinness is found in relatively few developed stegewhere motherhood is not the
primary means of female status attainment (Andeesonl, 1992). There is also
evidence to suggest that under nutrition of théu®eluring intrauterine development
may determine the later onset of obesity, hypeidensand type 2 diabetes
independent of genetic inheritance (Barker, 199%juses may also be a cause of
obesity (Bray, 2004 (b)). The injection of sevevalses into the central nervous
system produces obesity in mice (Bray, 2004 (b)yeéent finding of antibodies to
one of the adenoviruses at significant titres iresagb human beings raises the
possibility that viruses are involved in some ca@@burandharet al, 2000). In
experimental animals, exposure in the neonataloget® toxins like monosodium
glutamate, a common flavoring ingredient in fooldoaproduces obesity. A similar
effect of reduction in glucose can also producesiipesuggesting that the brain of
growing animals, and possibly those of human beingsy respond with damage to

the metabolic sensors that regulate food needy @@hampagne, 2005).

1.1.3 Indices and diagnosis of obesity

Body Mass Index (BMI): This is an index of obesity and acts asiagicator of
heaviness and only indirectly of body fat (Gatral, 1986; Bouchard, 1992). It does
not distinguish fat mass from fat free mass. Degpétlimitations BMI is widely used
clinically bacause of its simplicity to measurewl@ost and reasonable correlation

with body composition.

Waist Hip Ratio (WHR): The correlation between WHR and abdominsteral fat
is positive but the association is characterizea@ yide scatter of score (Bouchard &
Perusse, 1998) and it does not provide a precisaas of abdominal visceral fat.

Skin fold thickness This method is easy to use and it provides aiggessessment
if performed at different sites and by the same@erbut, the technique falls short in

estimating the abdominal and intramuscular fat.
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Bioimpedence The principle of this technique is that lean maesducts current
better than fat mass because it is primarily actelgte solution. A weak current
(impedence) is applied across extremities anddblistance is measured which in turn
estimates the body fat. It is easy and practicalsi® However it is no more accurate
than anthropometric measurements (Kopelman, 200@)results largely depend on

the hydration status of the patient.

1.1.4 Types of obesity

The perception that not all obese individuals dileeaand that it would be useful to
distinguish several types of obesity is an anc@m (Bray, 1990). Initially it was
observed that male pattern of fat distribution,rartlobesity, carried a greater health
risk than the female profile (Vague, 1956). Howevevas not until 1980s that it was
shown with human and animal studies that androiesity was a greater risk for
cardiovascular disease and type 2 diabetes me{ljosntorp, 1985; Kissebaét al,
1982). The Nurse Health Study found that the risktype 2 diabetes mellitus
increases with the degree and duration of overweagid with a more central
distribution of body fat (Colditet al, 1995).

1.1.5 Consequences of obesity

Negative effects of excess weight on morbidity amattality have been recognized
for more than 2000 years. Hippocrates stated thadden death is more common in
those who are naturally fat than in the lean”. phathophysiological effects of obesity
may now be attributed to two factors: first, thereased mass of adipose tissue and,
second, the secretion of pathogenic products floenenlarged fat and non-fat cells
from these tissues. Sleep apnea, secondary t@seia para-pharyngeal fat deposits,
osteoarthritis and social stigma are examples ef first category. The second
category includes the metabolic effects broughbydistant effect of factors secreted
from adipose tissue (Bray, 2004 (c)) namely typedidbetes mellitus, insulin
resistance and the metabolic syndrome, hypertensamdiovascular disease, some

cancers, as well as, non alcoholic fatty liver gatibladder disease.
1.1.5.1 Type 2 diabetes mellitus, insulin resistaa@nd the metabolic syndrome

Weight gain appears to precede the onset of dislaetd increases its risk. Weight

loss or moderate weight gain over years reducesskef developing type 2 diabetes.
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The Swedish Obese Subject study reported 13 —168lbeaxfe subjects presenting with
diabetes at baseline (Sjostr@nal, 1997) and in the Nurses Cohort Study, BMI was
the dominant predictor of the risk of type 2 diaseafter adjustment for age (Colditz
et al, 1995). It is not surprising therefore that therldvide epidemic of obesity has
been accompanied by a surge in the incidence & Pypliabetes (Engelgaat al,
2004). Normally, control of blood glucose levelgpdeds on the efficient action of
insulin, which stimulates uptake of glucose frore thlood into muscle and fat cells
through GLUT4, an insulin-regulated glucose tramsgo It also inhibits glucose
production in liver, thereby maintaining normal gbge levels in the blood. In adipose
tissue, glucose provides fuel for the synthesifabétores, which serve as the body’s
main energy reservoir (Muoio & Newgard, 2005). Theulin mechanism of glucose
control fails in both obesity and type 2 diabefBise onset of this ‘insulin-resistant’
condition is closely associated with weight gaimgElgauet al, 2004), suggesting
that increased adipose tissue generates signalsindesferes with the action of
insulin. On the other hand the expression of GLU3$4greatly reduced in the
adipocytes but not in the muscle cells of rodents laumans that are obese and have
insulin resistancaKahn, 1994).The changes in the body’s insulin action occur
through alterations in the sensitivity of muscledaliver cells to insulin. This
implicates the presence of an adipose secretedtasudes that allows fat to
communicate with peripheral tissues. However thspoasible adipose-derived
factor(s) has not been found (Muoio & Newgard, 200ecently a factor derived
from fat cells, called retinol binding protein-4 ER4) has been shown to impair
insulin sensitivitythroughout the body. RBP4 joins a growing list at-derived
peptides that modulate glucose homeostasis (¢arad), 2005) Insulin insensitivity
leads to compensatory hyperinsulinaemia which in,tincreases hepatic VLDL and
triglyceride synthesis and secretion (Bray, 200)). (& therefore has significant
correlation with a dyslipoproteinaemic state (Smaen & Cianflone, 1995).
Expectantly, insulin resistance is the hallmarkhef metabolic syndrome, which has
been defined by the National Cholesterol EducaBomgram Adult Treatment Panel
lll as having any three of the following five crii@ abdominal obesity, low HDL,

high triglycerides, high fasting glucose and hypesion.

17



1.1.5.2 Cardiovascular disease and hypertension

Blood pressure often is increased in overweighividdals (Rocchini, 1998). In the
Swedish Obese Subject Study, hypertension wasrgraséaseline in 44-51% of the
obese subjects. Also the Nurses Cohort Study foliadisk of cardiovascular disease
increased twofold in women with a BMI between 28 28.9, and 3.6-fold for a BMI
>29, compared with women with a BMI of less than(Riillett et al, 1995). On the
other hand the association between obesity andgkef death from cardiovascular
disease was confirmed by a study of 8373 Finnismero (aged 30-59 yr) followed
for 15 yr in theFinnish Heart Study. This study found that for eawtrease in body
weight of approximately 1 kg, the risk of coronanprtality increased by 1-1.5%
(Jousilahtiet al., 1996). Obesity is associated with an increasetal blood volume
and cardiac output and a decrease in peripheralulaasresistance (Alpert al,
2001). The total blood volume is increased in propo to body weight. This
increase in blood volume contributes to an incrélagke left ventricular preload and
an increase in resting cardiac output (De Diviglisal.,1981). The increased demand
for cardiac output is achieved by an increase fiokst volume while the heart rate
remains comparatively unchanged. The obesity-rlaterease in stroke volume
results from an increase in diastolic filling oktkeft ventricle (Licateet al., 1991)
and the left ventricular dilatation is accompanidmyocardial hypertrophy which
over time can progress to heart failuilopelman, 2000). Left ventricular mass
increases directly in proportion to BMI or the degrof overweight (Laueet al,
1991) and the severity of the defects in cardiagctire and function is associated
with both the degree and duration of obesity (Alpstr al., 1995). Weight loss,
particularly in persons who are severely obese, iogrove cardiac structure and
function (Alaud-dinet al, 1990).

1.1.5.3 Other organs

An increased amount of fat in the chest wall andibaten results in reduction in lung
volume and decrease in its compliance. These clargesignificantly exaggerated
when an obese person lies flat. In some casesugbstr occurs in the larynx and is
associated with loss of tone of the muscles cdirigptongue movement (Kopelman,
2000).This leads to sleep apnea where sleep is distwithdrequent awakening

because of apnoeic episodes. The persistent hypggercapnia, leads to pulmonary
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hypertension secondary to the superimposed inateasrilatory volume which in
turn develops right sided cardiac failure. It csodead to myocardial perfusion
defects (Orea-Tejedzt al, 2003). There is a consensus that obesity i<adsd with
an increased risk of cancer of the breast and eattarm in postmenopausal women,
kidney, colon (strongest in men) and oesophaguke(&alrhun, 2004). However,
studies examining the influence of obesity and wegght on other malignancies i.e.
prostate, liver, stomach, bladder, lymphoma ankdemia, reveal inconclusive
findings (Bianchiniet al, 2002). Although the reasons are not clear tbeeased risk
of endometrial and breast cancer in overweight womay be because of the
increased production of oestrogens by adiposesti€Schapirat al, 1994).
Cholelithiasis is the primary hepatobiliary pathmpiassociated with overweight (Ko
& Lee, 2004). This is thought to be due to increéad®olesterol turnover related to
total body fat (Bray, 2003) which is in turn exae@tin the bile. Non alcoholic fatty
liver disease is also seen in obese individualss iBha collection of liver
abnormalities, including hepatomegaly, elevatedrlenzymes, liver steatosis,
steatohepatitis, fibrosis, and cirrhosis (Mattestral, 1999).

1.1.6 Treatments

Treatment of obesity is generally divided into noadliand surgical options. Medical
treatment usually consists of dietary and/or drhgrdpy in combination with
behavior modification and exercise, while surgesyreserved for patients with
clinically severe or morbidly obesity.

1.1.6.1 Behaviour and lifestyle

Behavioral treatments help obese individuals teettgvadaptive thinking, eating, and
exercise habits that enable them to decreasewgght and avoid regaining weight.
People who combine caloric restriction and exerwoiglh behavioral treatment may
expect to lose about 5 to 10% of their body wewmfdr a period of four to six months.
Patients however are generally unwilling to congitnehavioral treatment indefinitely
(Wadden & Foster, 2000).

1.1.6.2 Diet
As energy imbalance is one of the main causes e$ith the solution for obesity

should be as simple as eating less and exercisorg.tudies have shown that the
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better the adherence to a diet, the greater thghivlass (Lyonret al, 1995). Thus, it
is adherence to diets, not diets themselves, themthe difference (Dansinggral.,
2005). Although simple in theory, applying the ised energy balance and counting
kilocalories to body weight control has proven wtassful.

1.1.6.3 Exercise

Exercise is commonly promoted as an important cerapbof a weight loss regimen.
However studies have shown that moderate exenqpesese, is ineffective as a means
of achieving weight loss (Meredi#t al, 1989). Exercise however is an excellent way
to promote preservation of lean body mass duriegjrdi. It also appears to be more

important in maintaining weight loss than in aclvenit (Pavlouet al, 1989).

1.1.6.4 Pharmacotherapy

There are five modes of action for drug therapgladsity; 1) reducing food intake. 2)
blocking fat absorption 3) increasing thermogenbgisncoupling of fuel metabolism
from the generation of ATP, thereby dissipatingd@mergy as heat 4) regulating fat
synthesis/lipolysis or adipose differentiation/ajogis 5) modulating the central
controller regulating body weight (Bray and TartagR000). The two drugs currently
available licensed for use in the United Kingdone &ibutramine and Orlistat.
Sibutramine is ap-phenethylamine that selectively inhibits the reakp of
noradrenaline, serotonin and, to a lesser extepamine and thus results in reduction
of food intake. Studies have shown a dose-reladdation in body weight (Bragt
al., 1999), with weight loss of up to 9% below baselindich can last up to 18
months with continued treatment. Orlistat is a loggnated derivative of a bacterial
lipase inhibitor that blocks pancreatic lipase,stidecreasing triglyceride digestion
(Guercolini, 1997). Two published clinical trialsach lasting two years, have shown
that after one year the drug produces a weightddsdout 9-10% compared with a
4-6% weight loss in a placebo-treated group (Sposet al, 1998; Davidsoret al,
1999). Drugs have a useful place as part of tlartrent for some overweight patients.
However studies indicate that regaining of weighextremely likely when weight-
loss medications are discontinued (National Taskcéoon the Prevention and
Treatment of Obesity, 1993). The safety and efficat weight loss medications
beyond two years of use have not been establistaabfski & Yanovski, 2002) and
therefore their long-term use must be risk assessed
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Metformin

Metformin is an insulin-sensitizing and antihypgagmic agent used in the treatment
of type 2 diabetes mellitus. The exact mechanisiactbn of Metformin is unknown,
but one of its suggested actions is increased Ipemdbh glucose disposal at lower
insulin concentrations (Nosadiet al, 1987; Prageet al, 1988; Groopet al, 1989).

It has been shown that Metformin treatment of olshdts with NIDDM results in
weight loss and improved glucose tolerance and lgofiles (Hermanret al, 1992;
Bailey, 1992; Abbaset al, 1998). Furthermore, the use of Metformin in naoabetic
obese adults has been demonstrated to cause rddodeidtake and weight loss with
reduction in fasting plasma glucose, cholesterald ansulin concentrations
(Fontbonneet al, 1996; Leeet al, 1998). On the other hand, short-term Metformin
treatment in women with polycystic ovary syndronmel ansulin resistance has been
shown to improve insulin sensitivity without a siggant effect on body weight
(Diamanti-Kandarakigt al, 1998; Morin-Papuneet al, 1998).

1.1.6.5 Surgical treatment

The epidemic of obesity has spawned a second epdeariatric surgery. In recent
years, there has been a dramatic increase in timeberu of bariatric surgical
procedures performed worldwide (Sanaetyal, 2005; Flumet al, 2005).Bariatric
surgery is not cosmetic surgery. It is major gastestinal surgery performed in
extremely large patients whose obesity putting thetmmisk for complications and
death, both from the medical problems associatéd @besity and from the surgery
itself. In a meta-analysis it was shown that surgery is rafiegtive than non-surgical
treatment for weight loss and control of some cabitbconditions in patients with a
BMI of 40 kg/m2 or greater (Maggaret al, 2005). Surgical treatmenf severe
obesity also appears to be cost-effective by eluimg use of medications and
absenteeism from work in patients where previously morbidly obese (Mart al,
1995). The 1991 National Institutes of Health Coisss DevelopmenPanel
published the recommended criteria for patientciele for surgical treatment shown

below (Gastrointestinal surgery for severe obedi®@?).
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Criteria for Patient Selection

* Body weightli00% above ideal weight

«  BMI >40 kg.n¥

«  BMI 235 kg.m?with medicakco-morbidities

* Failure of non-surgical attempts at weight reductio

* Absenceof endocrine disorders that can cause morbid gbesit
» Psychologicastability

» Absence of alcohol and drug abuse

* Understanding dfiow surgery causes weight loss

* Realization that surgery itselbes not guarantee good results

* Preoperative psychologioavaluation for selected patients

1.1.6.5.1 Types of surgery

Bariatric surgery has continually evolved sincesporadic and tentative introduction
in the 1950s. The first bariatric procedure, precedy animal studies, subsequently
presented to a recognized surgical society andighdad in a peer reviewed journal,
was that of Kremen and associates in 1954, preggeatjejunoileal bypas@remen

& Linner, 1954). Broadly speaking there are twoeympf surgery; malabsorptive and
gastric restrictive surgery. The jejunoileal bypaGHB) and its more recent
modification, biliopancreatic diversion (BPD) andlidpancreatic diversion with
duodenal switch(DS), are classified as primarily malabsorptive gadures, the
gastroplasties (horizontal, vertical and verticalndbed gastroplasty, VBG) are
restrictive as is laparoscopic gastric banding. »RenrY gastric bypass (RYGB)
represents a combination of these two mechanismgsirg¢f 1.1). Malabsorptive
procedures produce the greatest degree of weight lmut can be associated with
serious and potentially life-threatening metabadind nutritional complications.
Restrictive procedures produce moderate degree®ight loss and have the lowest
incidence of metabolic and nutritional complicagdiral, 1992).
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Figure 1.1: Types of bariatric surgery A: Vertical-banded gastroplasty. B: Gastric
banding C: Roux-en-Y gastriocypass. D: Biliopancreatic diversion with duodenal
switch (Brolin, 2002).

1.1.6.5.2 Benefits from surgical weight reduction

All bariatric procedures have been able to achlese of more than 50% of excess
weight (O’Brienet al, 2002; Buchwaldet al, 2004; Maggarcet al, 2005). Weight
reduction surgery also has salutary effects on igbedated hypertension and
cardiovascular dysfunction. Weight loss resultingnf bariatric surgery has been
associated with significant improvement of left rexular ejection fraction and lesser
but measurable improvements in mean blood pressareiac chamber size, and
ventricular wall thickness (Alpertt al, 1985). The Swedish Obese Subject study
however, found no difference in blood pressure betwsurgically and medically

treated patients with hypertension 8 years pos#bpety (Torgerson & Sjostrom,
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2001). In a four year follow up study of severahtited patients who underwent
Laparoscopic Adjusted Gastric Banding (LAGB) eledaserum triglycerides had
returned to normal and HDL-cholesterol levels hiadmr to normal values (Dixon &
O’Brien, 2002 (b)). Insulin resistance was reduaed beta-cell function improved
(Dixon & O’Brien, 2002 (a); Dixoret al, 2003 (a)). Two-thirds of patients with type
2 diabetes return to having no clinical evidencethed disease, and have normal
fasting blood glucose, serum insulin and HbAlc lewathout therapy. There is also
a marked improvement or resolution of obesity-hyuiation syndrome and sleep
apnea following surgically induced weight loss (@lzaet al, 1985; Sugermaet al,
1988). Other reported improvements after surgicaight reduction have been in
reflux oesophagitis (Dixon & O’Brien, 1999), depsEm (Dixonet al., 2003 (b)),
asthma (Dixoret al, 1999), non alcoholic fatty liver disease (Dixeinal, 2004) and
quality of life (Dixonet al, 2001). A randomised control study of 79 patienith
mild to moderate obesity comparing surgery (LAGB)thwmedical treatment
(O'Brien et al, 2004) reported weight loss outcomes at 2 yelard % excess body
weight in the surgical group and 21.4% in the maldgroup. At 8 years follow-up,
the Swedish Obesity Study reported the averagehwéogs of 20 kg among 251
surgically treated patients and this was maintaidetiO-year follow-up data on 1703
patients found those treated with surgery to haaatained their weight loss (16.1%
decrease) contrary to ones on medical therapy (In6%ase) (Sjostrorat al, 2000;
2001).

1.2 ADIPOSE TISSUE
Obesity is defined by an excess of adipose tissdeirarecent years this tissue has

become a focus of intense study.

1.2.1 Depot variations in adipose tissue

Although the distribution of adipose tissue is #igantly influenced by gender and
obesity but it is unclear why some individuals gestatively more upper body fat,
and especially, visceral fat. Visceral fat massi@e closely correlated with obesity-
associated pathology than overall adiposity (Patisl, 1988; Stolket al, 2003;
Dipietro et al, 1999). Goodpastet al. showed in a cross-sectional study of 3035
subjects that the distribution of body fat, meaduséth CT scan, was independently

associated with the metabolic syndrome in older am@hwomen, particularly among
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those of normal body weight (Goodpaste al, 2005). Interestingly abdominal
liposuction in a study, had not significantly impeoobesity-associated metabolic
abnormalities (Kleiret al, 2004 (b)). However in another study when obesitgery
was performed with omentectomy significant improeatwas seen in the metabolic
profiles of the patients (Thornt al, 2002). Cultured pre-adipocytes from omental
fat, obtained from people with severe obesity, havereduced capacity for
differentiation (Tchkoniaet al, 2002) and proliferation (van Harmelen al,, 2004)
but are more susceptible to apoptosis (Niesiexl, 1998; PaPineaet al, 2003) than
pre-adipocytes from subcutaneous abdominal fat.s Timplies a site-specific
regulation of pre-adipocyte number. The release adfpokines also varies
significantly between the depots and this suggésts the endocrine function of
human adipose tissue as a metabolic organ is gubjeegional variations. Adipose
tissue is therefore a heterogenous metabolic ofgerer, 1998) but the mechanism
in which visceral obesity links to adverse outconeshot clear. Montague &
O’Rahilly have suggested the anatomical site amsbwe drainage of visceral adipose
tissue and possible differences in the adipocyigdbgy amongst few other possible
explanations (Montague & O’Rahilly, 2000).

1.2.2 Functions of adipose tissue

1.2.2.1 Storage

Adipose tissue is the main site of energy storagmammals and birds. Fat, in the
form of triacylglycerols, is deposited in the adigtes and in addition to being an
efficient store of excess energy also providesntiatrand mechanical insulation.
Adipocytes have a central role in the depositiodh imtease of fatty aciddMlohamed-
Ali et al. 1998; Fruhbeclet al. 2001; Trayhurn & Beattie, 2001). Adipocytes and th
adipose tissue are able to dramatically changsizes in accordance with changing
metabolic needs. This ability gives the tissue laroat unlimited capacity for growth,
making it perhaps the only tissue in the body i ability to so drastically increase

its size without an underlying transformed cellypaenotype.

1.2.2.2 Adipogenesis
Mature adipocytes differentiate frorpreadipocytes, which are present in the
stromavascular fraction and can be recruited throug adult life (Ailhaudet al,

1992). This phenomenon seems to be reversibleseweral reports describe the de-
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differentiation of mature adipocytes into a preadige state (Negret al, 1985; Ron

et al, 1992). The fat cell number reflects the balaot@readipocyte proliferation,

differentiation and apoptosi{3choukalovaet al, 2004). Adipogenesis results from
the transcriptional activation aeapression of adipocyte genes in fibroblast-likésce
determined for preadipoctyes. Preadipocytes mgsive an appropriate combination
of mitogenicand adipogenic signals to continue the differeistiiaprocess, leading to
the progressive acquisition of the morphologeradl biochemical characteristics of

the mature adipocyte.

1.2.2.3 Lipolysis

In times of fasting, tissues such as cardiac aetesd muscle, and the liver, require
substrate for energy production. Adipocytes are édlrespond to these requirements
by hydrolysing triglyceride into its component giyol and fatty acids. Fatty acids are
then free to diffuse out of the cell to be transpadito where required. Stimulation of
lipolysis is caused by many effectors, includingecholamines, prostaglandins and
cytokines such as, TNF IL-1, IFNa, IFNB and IFN. Conversely, glucose and
insulin are able to inhibit lipolysis. In additido the release of glycerol and fatty
acids, as a result of metabolic activity, the ad@tissue has now been shown to be

secretory organ.

1.2.2.4. Adipose tissue as a secretory organ

Production of signalling products places adipocys®ng secretory cells. In 1985,
Kelly suggested two pathways for the release ofetery products; regulated and
constitutive pathways (Kelly, 1985). In the regathipathway secretory products are
stored in a secretory granule. These granules remaie cytoplasm until stimuli e.g.
neural or hormonal stimuli trigger the releaseha products. The granule’s half-life
is hours to days and processing of precursors caaran them. On the contrary in
constitutive pathway, products are synthesised mauaged into membrane-limited
vesicles in the Golgi apparatus and are rapidlgas#d via exocytosis. There is no
processing of the precursors, no storage and ndatean of their release. In some
cells both pathways exist for the same productc{&tea & Frohman, 1975; Moot

al, 1983). The release of secretory products fronpasd# tissue seems to be
predominantly via constitutive release (figure 1lR)lean men body fat mass is 10-

12% and in women 15-19%. This constitutive releas@roducts is of paramount
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importance in obese and morbidly obese subjectshave a body fat mass ranging
between 40-65%. In these individuals, organs areosnded by large amount of

adipose tissue and are chronically exposed to $leenetions over years.

(a) Acute cytokine release

Infecti.on Monocyte IL-6 Inflammation & Fever
EXErcise Skeletal MuSCIE wmp TNF-0 mup Lyrr)phocyt.e Actiye}tion
LPS Lymphocytes IL-1B Antimicrobial Activity
Other cytokines  Hepatocytes Tumouricidal Activity

Cytokine 200 ™
concent-
ration

(pg/ml)

Time (hours/days)

(b) Chronic cytokine release

Adrenergic agonist Macrophages IL-6 Type 2 diabetes
Insulin — Preadipocytes ™= [ eptin ™= Atherosclerosis
Obesity Adipocytes

Cytokine

concent- Obese

ration
(pg/ml)
5= Lean

Time (years)

Figure 1.2: Acute and chronic cytokine release(a) Stimuli such as infection or
exposure to inflammatory stimuli such as lipopobdaride (LPS) and exercise
results in an acute cytokine release and is matliayeimmune and skeletal muscle
cells, respectively. Cytokine levels rise sharpbp-Q00 fold) for a short period
(hours). (b) Basal cytokine release increases ag# and is higher in obese than lean
individuals. The cytokine levels are much lowerabesity than those seen during
infection and exercise however they are permanegityated due to constitutive
release from the excess white adipose tissue. (Metali et al., 2005)
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1.2.2.5 Adipose tissue and adipokines

The apparent simplicity of adipose tissue, botholagically and metabolically, with
triacylglycerols constituting more than 85% of tiesue weight and there being only
a ‘thin skim’ of cytoplasm between the fat dropéetd the plasma membrane, it is
unsurprising that the tissue had been regardedssengally limited in function to
lipid synthesis and breakdown (Trayhurn, 2005). i@tetively, the most important
secretory product chdipocytes is fatty acids. The tissue also releasfesr lipid
moieties, such as cholesterol, retinol, steroidrtwres and prostaglandins (Trayhurn
& Beattie, 2001). These substances are, howeversymbhesized de novo within fat
cells, although certain steroid transformations talke place. The significance of
adipose tissue as an endocrine organ first surfec&#894 with the ground-breaking
discovery of leptin (Zhangt al. 1994). Following research and analysis of expressed
genes in adipose tissue has revealed that adimopybeluce and secrete a variety of
bioactive substances, named adipokines.

The diversity of the adipokines, both in terms odtpin structure and of function, is
considerable. The group includes classical cytaki(@g. TNFe, IL-6), growth
factors (e.g. transforming growth facf®); proteins of the alternative complement
system (e.g. adipsin, acylation-stimulating profteiproteins involved in vascular
homeostasis (e.g. plasminogen activator inhibitotiskue factor), the regulation of
blood pressure (angiotensinogen), lipid metabol{gg. cholesteryl ester transfer
protein, retinol-binding protein), glucose homessa (e.g. adiponectin) and
angiogenesis (e.g. vascular endothelial growthofactas well as acute-phase and
stress responses (e.g. haptoglobin, metallothipri&nmayhurn, 2005). Tissue culture
studies have indicated, that adipocytes directinali to other tissues such as skeletal
muscle and the adrenal cortex (Dietteal, 2002; Ehrhart-Bornsteint al, 2003).
There is also, in particular, a distinct cross thé&ween adipocytes and the brain

through leptin and the sympathetic nervous sysiayifer & Trayhurn, 2001).

1.2.3 Adipose tissue and inflammation

The issue of inflammation is one of the most imaottdeveloping areas in obesity
and the emergence of the concept that obesity, dikbetes, is characterized by
chronic low-grade inflammation (Yudket al, 1999; Bastaret al, 2000; Das, 2001;

Festaet al, 2001; Engstro'net al, 2003). An increasing number of adipokines are
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directly linked to inflammation and the inflammataesponse, mainly divided in to

three categories as seen in figure 1.3.

' PAI-1
TMNF- Acute-ph ;
IL-1p ; pr-::;?nsase Haptoglobin
Serum amyloid A
IL-B )
IL-g Cytokines :
s cremotines . ' Adiponectin
o ' Ms‘mex Leptin
MCP-1 o
MIF VEGF

Figure 1.3: Adipokines related to inflammation TGH3: transforming growth factor
b; MCP-1: Monocyte Chemoattractant Protein-1; MIAVlacrophage migration
Inhibitory Factor; PAI-1: Plasminogen Activator Ibhor-1; NGF: Nerve Growth
Factor; VEGF: Vascular Endothelial Growth Factor;isé&ll:  miscellaneous
(Trayhurn, 2005).

The basis for this view is that the circulatingdewef several markers of inflammation,
such as IL-6, C-reactive protein and haptoglobie, @levated in obesity and are
reduced with weight loss (Yudkiat al, 1999; Festeet al, 2001; Chielliniet al,
2004). Given that adipose tissue secretes a widgeraf inflammation-related
proteins, it is probable that it is the source bfeast some of the increase in these
factors in obese subjects. A key hypothesis is thdipose tissue-derived
inflammatory factors may play a causal role in thevelopment of the insulin-
resistance and hence lead to metabolic syndrom&u@isligil, 2003; Yudkin, 2003).
There is increasing support for such a conceptlatt the circulating levels and
adipose tissue expression of several adipokinesirem@ased in obese subjects,
including leptin, plasminogen activator inhibitor-IL-6, TNF-« and haptoglobin
(Considineet al, 1996; Ostluncet al, 1996; Mohamed-Alet al, 1997 (a); Alesset
al., 2000; Bastaret al, 2000; Chielliniet al, 2004). In contrast, the production and
circulating level of adiponectin, which has beeported to have an anti inflammatory
effect (Yokotaet al, 2000), is reduced in obesity (Arigt al, 1999; Hottaet al,
2000). Obesity is also associated with increasedrophage infiltration of adipose
tissue, and these macrophages may be an importanponent of the chronic

inflammatory response playing a crucial role in tdexelopment of insulin resistance
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(Neels & Olefsky, 2006). The reason for this cheomflammatory response is not
clear. One of the hypotheses is that the triggetHs inflammation is the hypoxia
within clusters of adipocytes remote from the véacaupply in the expanding tissue
(Trayhurn & Wood, 2004). Hypoxia leads to the esgren of hypoxia-inducible
factor-1a, which when combined with hypoxia-indleibfactor-1b forms the
transcription factor hypoxia-inducible factor-1. turn the transcription of a number
of genes, including those encoding the GLUT1 ftative glucose transporter,
glycolytic enzymes, such as lactate dehydrogeraagkjnflammation-related proteins,
has been shown in several tissues to be stimuldtgohg hypoxia through the
medium of hypoxia-inducible factor-1 (Wenggral, 2002).

1.3  SPECIFIC ADIPOSE TISSUE DERIVED FACTORS

1.3.1 RANTES

RANTES is made up of 68 amino acids and is a merob#re chemotactic cytokine
family. It recruits, activates and co-stimulate€dlls and monocytes and so plays a
role in immuno-regulatory and inflammatory procesf@euster, 1998; Gerhardt al.,
2001). RANTES binds to specific receptors in th@r@tein coupled receptor family,
namely CCR1 and CCR5 (Appay & Rowland, 2001), havethe mechanisms
through which it activates leukocytes have yet ¢odbucidated. It appears that its
function is dependant on its concentration. At lmamcentrations, RANTES acts in a
monomeric, or dimeric, form directly on its specifreceptor, whereas at high
concentrations, it self-aggregates to form a mutinvhich interact with cell-surface
glycosaminoglycan@ppayet al, 1999). Its ability to self-aggregate is crucrathe
activation and recruitment of leucocytes, as monsnm@ave no effect, even though
they are able to activate the G-protein coupleeéptar. RANTES has therefore been
implicated as a particular feature of inflammatiand its expression has been shown
to increase in a number of imflammatory conditiagh as allogenic transplant
rejection, atherosclerosis, arthritis, atopic derisa inflammatory airway disorders
like asthma, delayed hypersensitivity reactiongnmrulonephritis, endometriosis,
certain neurological disorders, such as Alzheimersl certain malignancies (Appay
& Rowland, 2001). Following the discovery that RARS was also secreted by
adipose tissue (Xwet al, 2003), its role in obesity and its co-morbiditibas
subsequently been the subject of intense resdadvchet al 2007). Circulating

RANTES levels have been shown to be higher in teeppbertal obese, compared to
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the lean, individuals (Economaet al, 2004) as well as in subjects suffering from
cardiovascular diseagParissiset al, 2002). There was an association between the
plasma RANTES levels and the cardiovascular riskofa, such as elevated serum
triglycerides and a high waist-hip rafigoh et al, 2008). It is known that CCR5 is
expressed in human culture adipocytes and was rgrese the cell surface of
adipocytes in subcutaneous tissue (Gerhairdl, 2001). Antagonism or knockout of
the RANTES receptor (CCR5) has seemed to reduce dineclopment of
atherosclerosis in mice (Veillaat al, 2004; Braunersreuthet al, 2007). In contrast,
up-regulation of RANTES and its receptors has begrorted in adipose tissue in
human obesity and has been associated with indreyséemic inflammation (Huber
et al, 2008). Wuet al found higher RANTES and CCR5 mRNA levels in obese
compared to lean mice but this increase was mayaopinced in males. RANTES
expression in males was also higher in the obese it this difference was not
apparent in females. In addition, authors demotestréghat visceral adipose tissue
exhibits higher levels of RANTES and CCR5 mRNA tlsbcutaneous adipose of
morbidly obese humans and that unlike IL-6 and MICRRANTES is derived from
both the stromavascular and adipocyte sectionsthatitthis too was gender-specific
and higher in male individuals. These findings hkeaal to the belief that RANTES

may contribute to the inflammatory infiltration chaterised in obesity.

1.3.2 Adiponectin

Adiponectin is made up of 30-kDa polypeptide and ugentified by four different
groups in mid 90s, using different methods. Adipstimeundergoes hydroxylation and
glycosylation post translation. The isoforms themf trimers and polymers, which
then form low molecular weight (LMW), middle moléauweight (MMW) and high
molecular weight (HMW) compounds (Pajvatial, 2003; Wakiet al,, 2003). These
forms of adiponectin, contrary to the monomers, &end in the circulation
(Chandraret al, 2003). There are two adiponectin receptors,aRlipand adipoR2.
AdipoR1 is expressed primarily in the muscle angh@@2 in the liver (Yamauchet
al., 2002). Therefore as well as circulating levdisadiponectin and its isoforms, its
receptor subtypes also play a role in the effextsted.Plasma adiponectin levels is
higher in female suggesting a possible regulatiprsdxual hormones (Nishizaved
al., 2002; Combet al, 2003; Xuet al, 2005) and increase with age (Adamceahl.,
2005). This adipokine circulates at high levels 88 pg/ml) compared to other
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adipokines, such as leptin with levels in the naaogper milliliter range (Chandran
et al, 2003; Fantuzzi, 2005). Adiponectin has a mape m energy homeostasis and
inflammation (Lyonet al, 2003). It's known to have anti-inflammatory effe such
as reducing the activity and production of ThKMasakiet al, 2004), inhibiting
production of IL-6 and induction of IL-10 and IL+&ceptor antagonists, which are
anti-inflammatory cytokines (Kumadat al, 2004; Wolf et al, 2004; Wulster-
Radcliffeet al, 2004).

Contrary to other adipokines, adiponectin’s expogssand circulatory levels are
decreased as BMI increases. There was also a wegatrrelation between
adiponectin levels and insulin resistance and @¥pdiabetes with reduced plasma
levels found in conditions associated with insul#sistance such as cardiovascular
disease (Kumadat al, 2003; Pischoret al, 2004) and hypertension (Oucdti al,
2003; Adamczalet al, 2003). In fact low adiponectin levels have bebown to be
independently associated with metabolic syndromatghkhitaet al, 2006). The
exact mechanism of action and association with limssensitivity is not clear.
However adiponectin has been shown, in the skeletascle, to increase the
expression of Acyl-coenzyme A oxidase and hencectirabustion of fatty acid,
increase the uncoupling protein 2 expression whielps dissipate energy and
increase CD36 that is involved in fatty acid trasrs{Yamauchiet al, 2001). All
these help reduce tissue triglycerides and prewsnatin resistance (Shulman, 2000).
It has also been shown to activate PlBARNce increase fatty-acid combustion and
energy consumption and therefore reduce triglyeeindliiver and muscle (Yamauchi
et al, 2001) as well as activatihng AMP kinase and tloeee stimulating
phosphorylation of acetyl coenzyme-A carboxylasaityf acid combustion and
glucose uptake (Yamauclkst al, 2002). Adiponectin production was induced by
insulin-sensitizing drugs, such as tRBARy agonist, thiozolidinediones, as well as
with weight loss (Yangt al, 2001; Weyeet al, 2001; Chandraet al, 2003; Diez &
Iglesias, 2003). However the regulation of this pa#tine and the molecular

mechanisms of its action are still not clear.

1.3.3 MCP-1
MCP-1 or CCL2, like RANTES, is also a member of themotactic cytokine family.
Infusion of MCP-1 into mice increased circulatingomocytes, accumulation of

monocytes in collateral arteries and neo-intimaimfation (Takahashet al, 2003;
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van Royenret al, 2003). MCP-1 also plays an important role in deselopment of
atherosclerosis as its expression is increasetharasclerotic lesions (Yla-Herttuala
et al, 1991; Takeyaet al, 1993) and atheroma formation in hypercholestenat
mice is reduced by inhibition of its expressiortlmat of its receptor (Gat al, 1998;
Boring et al, 1998). In apolipoprotein E-knock out mice tha¢ @rone to severe
atheroma formation this process was decreased M@R-1 release was blocked
through transfection of an N-terminal deletion nmitan MCP-1 gene (Inouet al,
2002). MCP-1 was produced and released by the atracalar fraction of adipose
tissue, pre-adipocytes and isolated mature adipsderhardet al, 2001; Xuet al.,
2003). The release of MCP-1 from pre-adipocytes tnggered by levels of TNk-
secreted by adipocytes in obesity (iual, 2003). While it was not clear whether the
MCP-1 from endothelial cells or that from adiposytgtracts the macrophages into
adipose tissue, its expression precedes the appeaoh macrophage markers (Xt
al., 2003). Circulating MCP-1 levels are elevatedgenetic (ob/ob mice) and diet-
induced obese mice and reduced after weight losstig$ & Loskutoff, 2003;
Takahashet al, 2003). The mechanism of this process is notrcleavever. It has
been suggested that over-nutrition causes a metabekrload with increased
demands on the endoplasmic reticulum and on thechmoihdria resulting in the
release of pro-inflammatory mediators via excessdpction of reactive oxygen
species (Wellen & Hotamiligil, 2005). However itshalso been shown that treating
adipocytes with MCP-1 causes a decrease in ligidraalation as well as stimulation
of leptin secretion by post-transcriptional meckars (Sartipy & Luskutoff, 2003). A
study in obese children and adolescents found goifgiant correlation between
circulating MCP-1 and BMI (Glowinska & Urban, 2003jlore recently it is found
that the MCP-1 levels, both circulating and mRNAtemt of subcutaneous adipose
tissue, are elevated in human obesity and areegreawisceral compared to that in
subcutaneous tissue (Christiansgnal, 2005; Bruunet al, 2003). MCP-1 is also
elevated in patients with type 2 diabetes mellgnd is associated with an increase in
cardiovascular disease (Nomwtal, 2000; Piemontet al, 2003). In adipocyte cell
lines MCP-1 was found to decrease insulin-stimdlagiicose uptake and insulin-
induced insulin receptor tyrosine phosphorylatiaggesting an important role in
insulin resistance of adipose tissue (Gerhatdil., 2001; Sartipy & Loskutoff, 2003).
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1.34 IL-6

IL-6 is a 21 to 28 kDa protein, depending on th#ut source and preparation
(Hirano et al, 1986). IL-6 plays a central role in diverse hdsefense mechanisms
such as the immune response, haematopoiesis, atet@tase reactions (van Snick,
1990) and along with other cytokines it represemsmportant frontline component
of the body’'s defence against infection or tissaendge (Nicola, 1997). Site of
production of IL-6 has been documented in a seemegdless variety of die namely
fibroblasts(van Dammeet al,1987, endothelial cells (Corbel & Melchers, 1984),
keratinocytes (Baumanet al, 1984), peripheral blood mononuclear cells (van
Dammeet al. , 1988), monocytes/macrophages (van Seickl, 1986), T-cell lines
(Hiranoet al, 1985), mast cells (Plaet al, 1989; Hfiltneret al, 1989), a variety of
tumor cell lines (Hiranoet al, 1986), and more recently, adipose tissue and
adipocytes (Mohamed-Aét al, 1997 (a); Kerret al, 1995). In the steady state, IL-6
was usually not produced constitutively by normalls; but its expression was
readily induced by viral infections (Cayphessal., 1987; Sehgatt al, 1988; Freiet
al., 1989; Nakajimaet al, 1989), lipopolysaccharide Lipase (LPL) (NordarPé&tter,
1986), IL-1 (Shalabt al, 1989), tumor necrosis factar; platelet-derived growth
factor (Kohaseet al, 1987), IL-3 and GM-CS. However not all cells resg
similarly to all these factors. Chronic IL-6 relea®ias been shown to inhibit
monomeric LPL, an endogenous inhibitor of activien@ic) LPL (Wallberg-Jonsson
et al, 1996) and to stimulate lipolysis (Hauretral, 1995; Pattet al, 2001). This
results in further production of free fatty acidsdaallows macrophages to take up
triglycerides and become atherogenic foam cellss tpromoting atherosclerosis.
Bruun et al. showed that sustained IL-6 release can inhibp@sk tissue expression
of adiponectin (Bruurt al, 2003; Clarke & Mohamed-A#t al, 2004). Furthermore,
IL-6 can stimulate fibroblasts to differentiatedradipocytes (Kajkenowet al, 1997).
The IL-6 expressed and released by adipose tisara ét al, 1995; Mohamed-Alet
al., 1997 (a)) can influence endothelial function (B&ta& Balance, 1997) and induce
endothelial expression of chemokines and adheswleaules (Romanet al, 1997)
which are central in the early stages of the atjgmetic process (Jargal, 1994). It
has been shown that the production of IL-6, as asglits systemic concentrations,
increase with adiposity (Mohamed-Adt al, 1997 (a)) and also decrease with weight

loss (Dandonat al, 1998; Bastarcet al, 2000). There was also a difference in
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amount of production from different adipose tissigpots, within vivo andin vitro
studies suggesting a greater contribution fromereicthan subcutaneous fat (Fretd
al., 1998, Fontanat al, 2007). Insulin resistance in obesity may be diyecaused
by increased IL-6 as this cytokine has been sh@ampair insulin signallingn vitro
(Hotamisligil et al, 1996). Subsequently, during sustained adipositgulin

resistance becomes a maladaptive consequencesifyobe

1.3.5 Leptin

Leptin has revolutionized the study of adiposeutissDiscovery of leptin, largely
produced by adipocytes, reclassified the adipasiéi as an endocrine organ. Leptin
is a 16 kDa peptide which has a cytokine-like streee (Zhanget al, 1994; Gauchest

al., 2003). Its receptor is a member of the gpl3B@sclacytokine receptor family
(Baumanret al, 1996). Consequently, leptin was occasionallyugeal with the more
traditional cytokines, such as IL-6 and TNFLeptin is encoded by thab gene and is
expressed predominantly in adipose tissue, in laiwa with the amount of fat
present in adipocytes, with the larger, more ligndjorged cells secreting more leptin
(Friedman & Halass, 1998). It has been shown teleavwole in a range of processes
including the regulation of appetite and energyesxjiture, glucose homeostasis, bone
formation, regulation of puberty and reproductimmmunity and inflammation (Rajala
& Scherer, 2003). It was present in the circulatama cerebrospinal fluid. It crosses
the blood-brain barrier and binds to receptordhienhtypothalamus, where it stimulates
anorexigenic peptides, and inhibits orexigenic joegst thus regulating food intake
(Ronti et al, 2006). Leptin also acts on skeletal muscle, pas; liver and adipose
tissue (Rajala & Scherer, 2003). Mice with leptab/ob) or leptin receptordb/db)
gene mutations were massively obese, infertile iasdlin resistant (Zhangt al,
1994; Fantuzzi, 2005). Similarly, in very rare Gasé human leptin deficiency due to
chromosomal mutations, individuals were morbidlyesd, hyperphagic and did not
undergo normal sexual maturation (Clementl, 1998; O’Rahillyet al, 2003). In
both cases, leptin administration led to dramatieight loss, improved insulin
sensitivity and resolution of hypogonadism. Leptiratment was, however, less
effective in the majority of obese patients becalgman obesity, in the main, is
associated with leptin resistance (Bakkel, 2004). It is unclear as to the cause of
this resistance and its molecular basis, but, st len suggested that it could be the

result of impaired leptin transport through thedaldorain barrier and/or signalling
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defects of the leptin receptor in the hypothalartfesrooqgiet al, 2002). Leptin is
involved in regulating many inflammatory and immum®cesses (Fantuzzi, 2005).
Plasma leptin levels are increased in diet indwt®sity (Liet al, 1997) and correlate
with BMI (Maffei et al, 1995) and percentage body fat (Considetel, 1996) as
well increasing with age. Leptin was expressedigniBcantly larger amounts in the
subcutaneous tissue compared to visceral depotebire et al, 1998). It also
resulted in inhibition of the action of insulin ariggogenesis, and stimulation of
lipolysis (Wanget al, 1999; Aprath-Husmanet al, 2001). The effect of leptin on
insulin is not clear, however. Some studies hawvsha correlation between leptin
and insulin resistance (Zimmet al, 1996; Girard, 1997), some have found have
found no relation (Mohamed-Aét al, 1997 (b)) and others have shown leptin to be
an anti-diabetic agent (Siviet al, 1997).

14 REGULATION OF ADIPOSE TISSUE DERIVED FACTORS

The molecular pathways behind the constitutiveas#eof these adipokines and their
regulation are poorly understood. These signaldymred by adipose tissue potentially
mediate adverse cardiovascular effects, modulaistgglandins/Interleukins release,
insulin resistance and endothelial NO bioavailapiClarke & Mohamed Ali, 2004).
Many adipokines are cytokines with ‘immunologicatigin; and cytokines in immune
cells are often regulated by the COX or NOS pathlswvayerefore these two pathways

are reviewed in greater detail in the followingtsats.

1.4.1 Prostaglandins and COX pathway

Prostaglandins are formed from arachidonic acicicBAidonic acid is released from
membrane phospholipids in response to various plogical and pathological
stimuli by the action of phospholipasgmvhich is followed by the actions of COX
and the respective synthases (Narunaal, 1999) (figure 1.3). COX-1 and COX-2
are its two closely related forms. COX-1 is predoamtly constitutively released and
is expressed throughout the body and providesindmtameostatic functions, such as
maintaining normal gastric mucosa, influencing fdl@od flow, and aiding in blood
clotting by abetting platelet aggregation (TuriniD&Bois, 2002). In contrast, COX-2
is the inducible form (Hla & Neilson, 1992) and éxpressed in response to
inflammatory and other physiologic stimuli and gtbviactors and is involved in the

production of those prostaglandins that mediat@ jpa&id support the inflammatory
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process. The two isoforms are different in theirimomacid sequence of the
arachidonic acid binding site and this differentleves for their selective inhibition
(Marnett & Kalgutkar, 1999). Release of prostandias from rat adipose tissue was
first noted in 1968 (Shaw & Ramwell, 1968). IL-6als0 produced by adipose tissue
and especially in obesity a significant portionsgtemic IL-6 may be adipose tissue
derived (Mohamed-Alet al, 1997 (a)). It may be that constitutive IL-6 rededrom
the expanded fat mass leads to its chronic elavatiothis condition. It has been
shown that the treatment of epithelial cells wittogtaglandink (PGE,) caused a
dose-dependent increase in IL-6 release (Tavadadil, 2001) and that both PGE
and carbacyclin, an prostacyclin analogue, incitade6 release from human
placenta (Turneet al, 2004) . In our group (unpublished results) ILédease in
primary human adipose tissue cell cultures waseas®d after treatment with PGE
PGk, PGD, and especially with carbacyclin, an IP receptosregf. Understanding
the molecular mechanisms regulating adipose ILeBesion could lead to dietary and
pharmacological strategies to modulate this cy®kim obesity associated

pathologies.
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Figure 1.4. The COX pathway: IL-6 release occurs through changes in the
COX/Prostaglandin axis. Various synthases conv&@HZPinto the corresponding
prostaglandins. PGEsignals via EP receptors and RGia IP receptors. IL-6
secretion is regulated via receptors that are nesliby elevation in cAMP (EP2, 4
and IP). PGIS: Prostacyclin synthase. P& ProstaglandinESynthase.
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1.4.2 NOS Pathway

1.4.2.1 NO

NO is synthesized from L-arginine by NOS. It ha<graicial role in endothelial
function and relaxationEndothelium-derived NO regulates arterial tone ulgio a
dilator action on vascular smooth muscle cellsd&gidemonstrating increased blood
pressure in animals lacking endothelial NOS prowdielence for a role of NO in the
regulation of arterial pressure (Huarg al, 1995). Endothelial dysfunction
understandably is an early abnormality in the pgénesis of atherosclerosis.
Alterations of the NOS pathway and impairment of-Né€pendent vasodilation has
been Ilinked to several well-known atherogenic ridlactors, including
hypercholesterolemia, hypertension, type 2 diabete®king, and ageing (Boget
al., 1996). Reduced NO and therefore endothelialwthyggtion can arise because of
low NO bioavailability, enhanced NO degradatioggered by high oxidative stress,
low availability of the substrate of NO synthaseariginine, or because of an increase
in the endogenous NO inhibitors such as asymmeélintethylarginine (ADMA).
Recently, increased focus has been on ADMA ancethee reports that the plasma

concentrations of ADMA are elevated in human disesiates.

1.4.2.2 Asymmetrical Dimethyl Arginine

This amino acid is structurally similar to L-argiei with which it competes as
substrate for NOS (Kielstein & Zoccali, 2009)he arginine analogues identified to
date include §-mono-methyl-L-arginine (L-NMMA), 1§, N®-di-methyl-L-arginine
(asymmetric  dimethyl-arginine; ADMA) and NG@GHdimethyl-L-arginine
(symmetric di-methyl-arginine; SDMA). The asymmedatly (L-NMMA and ADMA),
but not the symmetrically methylated arginine ras&l (SDMA), are competitive
inhibitors of the NOS enzymes (Leip&005. In pre-contracted endothelium-intact
rat aortic rings, ADMA has been shown to cause dtegendent increases in tone.
ADMA was able to raise blood pressure in guinea@mgd reduce resting forearm
blood flow. Thus, it was postulated that ADMA, whiwas identified as circulating in
human plasma at a concentration ten times greaerthat of naturally occurring L-
NMMA, might act as an important endogenous regulab the L-arginine/NO
pathway and/or arginine-handling enzymesvivo (Vallanceet al, 1992). Protein

methylation is a post-translational modificatiodgi®e, 1993; Alettaet al, 1998) and
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is catalysed by a family of enzymes termed proteginine methyltransferases
(PRMTSs). The genes encoding PRMTs have only beamed! in the last decade and
their cellular functions are only beginning to bedarstood. McDermott observed that
contrary to earlier belief (McDermott, 1976), ADM#as not fully excreted via urine
but was hydrolysed by an enzyme named ® N$-dimethylarginine
dimethylaminohydrolase (DDAH) (Ogavet al, 1989).DDAH hydrolyse ADMA and
L-NMMA, not SDMA, to give citrulline and dimethylamé or monomethylamine,
respectively.

ADMA is raised in a variety of conditions assocthisith high cardiovascular risk,
such as in familial hypercholesterolemia and esaleritypertension, and was
particularly evident in patients with end-stagealedisease (Vallancet al, 1992;
Zoccaliet al, 2001). Overall, ADMA is emerging as a cardiowdac risk marker of
primary importance (Zoccali, 2006) and as a po#dnérget for interventions aimed
at reducing atherosclerotic complicatiorSnly recently studies have looked at
ADMA in obesity. Eidet al. hasshown a close relationship between BMI and plasma
levels of ADMA and the L-arg/ADMA ratio, independeaf other metabolic risk
factors (Eidet al, 2004). Overweight and obese subjects had sogmifiy elevated
ADMA levels and lower L-arg/ADMA ratio compared l@an or normal individuals.

1.4.2.2.1 ADMA, Insulin and endothelial dysfunction

Obesity, hypertension, type 2 diabetes and dyslgnaa are all commonly associated
with reduced sensitivity to the metabolic actiorfsirsulin (Pinkneyet al, 1997;
Reaven, 1988). Although it is frequently assumed the increased insulin secretion
is a result of insulin resistance, there appearsb& some evidence that
hyperinsulinaemia may precede the developmentsoflim resistance, which can play
a role in the pathogenesis of obesity (Penicaiudl., 1989; Le Stunff & Bougneres,
1994; Rizzaet al, 1985; Sigalkt al, 1997).An association has been seen between
insulin resistance and raised serum ADMA and treatnwvith an insulin-sensitizing
drug, Rosiglitazone, enhanced insulin sensitivityd areduced plasma ADMA
concentrations (Stuhlingest al, 2002). It is now established that activationttod
PPARy, by thiazolidinediones, induces differentiationpogadipocytes into mature fat
cells leading to increased NEFA uptake and decdeptssma concentrations. This

was often accompanied by a reduction in plasmaogkiconcentrations and oxidative
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stress. The mechanism for thiazolidinedione’s ADM#&vering effect (Stuhlingeet
al., 2002), is not yet known. It could be mediaterbtigh a reduction in oxidative
stress, and/or increased DDAH activity and henagemsed ADMA degradation
(Chan & Chan, 2002). Reduced plasma ADMA levelsehalso been seen with
Metformin treatment in poorly controlled type 2 lokdic patients (Asaganet al.,
2002). Weight loss studies in insulin resistantsgbmdividuals have showplasma
ADMA concentrations decreased in conjunction witimprovement in insulin
sensitivity after weight loss. However this was pwetdent in insulin sensitive obese
subjects (Mclaughliret al, 2006). This and other published literature suggfest
insulin resistance is the cause of vascular dysimc(Ferranniniet al, 1987;
Reaven, 1988; Russeadt al, 1998; Pinkneyet al, 1997;Hsuelet al, 1997; Jin &
Bohlen, 1997). This hypothesis remains unprovestully on diet-induced obese rats
found markedly impaired arterial relaxation, mainlye to endothelial dysfunction
and these defects occurred in the absence of isgmifinsulin resistance suggesting

endothelial dysfunction precedes insulin resistdiaaleraliet al., 2001).

15 AIMS OF THE STUDY
The aim(s) of this study were to investigate tlymals from adipose tissue in morbid
obesity and explore some of the molecular mechanregulating adipokine secretion.
Specific aims were to investigate:
1) in a cross-sectional study of morbidly obese irdlrals undergoing surgery, the:
a) in vitro release of RANTES, MCP-1, adiponectin, IL-6 argtilg
b) site specific differences of adipokine secretioc)uding comparison of two
visceral depots; omental fat and the gastric fdt pa
2) components of the COX pathway and its role in ltelease from adipose tissue
3) components ofthe NOS pathway and its association with indideasulin

sensitivity
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CHAPTER 2: MATERIAL AND METHODS
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2.1 RECRUITMENT

Patients undergoing bariatric, reflux operationscbolecystectomy were recruited

from Mr Majid Hashemi’s surgical outpatient clinie identified from his operating

lists at the Whittington NHS Hospital Trudthe inclusion and exclusion criteria were

as shown below:

Subject Inclusion Criteria

* Adults aged >= 21 years

« Obese subjects with BMI >28 kg‘m

Subject Exclusion Criteria

» Current treatment with aspirin, NSAID’s, steroidgarfarin, ACE inhibitors,
statins or other agents known to affect prostagtaadcytokine synthesis

» Diabetes mellitus

» Coronary artery disease

» Connective tissue disease or other inflammatoryditimms likely to affect
cytokine levels

* Malignancy or other terminal iliness

» Severe uncontrolled hypertension

* Immunocompromised subjects

* Substance abuse or other causes or poor compliance

All patients undergoing bariatric surgery were orefl shrinkage diet for 2 weeks
prior to surgery and were advised to drink 2 litefrfluid daily. Patients were allowed
to have: cheese, egg, mayonnaise, butter, meat, segd, salad, vegetables, herbs,
stock cubes, lemon juice, artificial sweetners, el drinks. They were not allowed
to have: alcohol, biscuits, chocolates, cakes,ateréread, pasta, rice, potato, sugar,
pastry, pies, fruit juice, ice cream and tinnedpsolhe following foods were allowed
in limited amounts: 1/3 pint of milk/yoghurt, threertions of fruit; 1 slice of melon,
medium bowl of strawberries, orange, apple, smatidma, pear, peach, 100 g of
tinned fruit in natural juice and 1 portion of végleles (2 tablespoons); sweetcorn,
peas, green beans, kidney beans, baked beans.

The patients recruited from clinic had the studplaixed and an invitation letter and
information sheet provided to them. Patients m&nsin clinic, but planned to have

one of the above procedures, were sent an invitdéitter and information sheet by
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post. All patients were contacted after 48 hrspider to answer their queries and
obtain their decision with regards to joining tetsidy. The study had been approved

by the Moorfields and Whittington Ethical Committee

Schematic of study design

Screening Identification of suitable patients from the clirsind theatre list

Clinic/Telephone Explanation of study, answer questions and isséernation
sheet.

Operation day Consent was obtained.

Medical history questionnaire was completed
Anthropometric measurements were obtained

Fasted blood were taken

Intra-operatively, subcutaneous, omental and gadat pad
biopsies were taken.

Table 2.1: Schematic of study desigrThe recruitment, consent, measurements and
samples taken from patients

2.1.1 Medical history questionnaire

Preoperatively a questionnaire was completed, ldejapast medical history, drug
history, social history and family history of hedisease or diabetes history, whether

they had taken or were prescribed any medicatioantty.

2.1.2 Anthropometric measures

Random blood pressure and heart rate were meabyretectronic blood pressure
monitoring devices. Weight (in kg), height (in myaist circumference (in cm) and
hip circumference (in cm) were measured and thestitép ratio was calculated.
Waist and hip measurements were made by plasticsunag tape. BMI was
calculated by weight in kilograms divided by theuage of height in metres. Body
composition was measured by electrical bioimpedeartayzer (Biostat, Douglas,
U.K.). This devise measured the impedance or eesist to the flow of a safe and
low-level electric current through the body fluigsd estimated fat and lean mass and

body water as a percent of total body mass.
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2.1.3 Fasting blood samples

Fasting blood samples were used for measuremergefm lipid profile (total

cholesterol, LDL-cholesterol, HDL-cholesterol anglyvcerides), plasma glucose,
plasma insulin and adipokines. HOMA-R index wascualkated by the following

formula: Glucose (mmol/l) x Insulin (MU/l) / 22.5

2.1.4 Fat biopsy
A small sample (2-4gms) of adipose tissue was pbthfrom the subcutaneous tissue
of anterior abdominal wall and from two visceral $amples: Omental and Gastric fat

pad (figure 2.1), during the primary surgical prdaee under general anesthetic. In

some patients the gastric fat pad was not obtagnabl

Liver

Gastric Fat Pad

Stomach

Omental

Figure 2.1: Gastric Fat Pad (GFP).This fat depot is in proximity of the stomach
and macroscopically looks different from omental fa

2.2 RNA

2.2.1 RNA extraction

Fat tissue obtained from the biopsies was storédNiLater (Ambion, USA) and
kept at -20°C until RNA extraction and analysi®2 @ram of fat was ground in a
pestle and mortar while being kept frozen with iei,. The fat powder was placed
in a 1.5 ml eppendorf tube and RNA extracted whiin RNeasy kit (Qiagen, USA) as
per manufacturer’s instructions. First step of fhiecess was the addition of 1ml of
QIAzol lysis buffer to the ground tissue and thextunie was left sitting for 5 minutes
at room temperature. Then 200ul chloroform was dddégorously mixed by
vortexing, left standing for 3 minutes at room tewrgture and spun at 13000 rpm, for
15 minutes, at 4°C. The clear top layer was th@arseed and equal volume of 70%
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ethanol was added. The mixture was vortexed angetigd in the RNeasy Mini Spin
Column provided. The column was spun at 13000 rfun,15 seconds, at room
temperature. The flow through was discarded andbtiféers provided were next
added to the column as per protocol: first with g0@f RW1 buffer, followed twice
by 500 ul of RPE buffers. Each time the columnsengwun at 13,000 rpm for 15
seconds at room temperature and the flow througtadiled. Then 50ul of nuclease
free water was added to the column with a freslectbn tube. After a 2-minute spin,
at 13000 rpm, at room temperature, RNA was colteated stored at -80°. For RNA
extraction from stromavascular fraction or adipesyt10ul of nuclease free water
was used to achieve higher RNA concentrations.

2.2.2 cDNA synthesis

The concentration and purity of isolated RNA waseased by measuring the optical
density at 260nm (Ofgg) and 280 nm (ORyy). The Ultrospec 3000 analyser, an
UV/Visible spectrophotometer (Amersham pharmactadah, Uppsala, Sweden) was
calibrated with nuclease free water. 5 pl of RNAnpke was diluted in 55 pl of
nuclease free water. The diluted sample was treesfanto a crystal cuvette and
placed in the analyser, which calculated the ,§DD,go ratio and the RNA
concentration of the sample in pg/ml. The purityRd¥A preparation was assessed by
the ODeo/OD2go angratios of 1.4 to 1.8 were considered acceptablenpbss were
done in batches of ten, before the analyser waslierated.

cDNA was then synthesised from the RNA by usingrian Reverse Transcription
Reagents (Applied Biosciences, USA). Volume of Rheded for obtaining 0.5 pg
and the total reaction volume was calculated. Usegadtion volume was 25ul. Master
mix was made up with dNTP, RNAse inhibitor, andd@am oligonucleotide primers,
provided by the kit. Mixture was added up to thguieed volume with nuclease free
water. Reverse transcriptase buffer was added gitine last step. The mixture was
heated at the following steps: 48 °C for 30 secoAd€C for 2 minutes and 72 °C for
15 minutes. Samples were held at 4°C, the cDNAedtat - 20° if necessary prior to
PCR analysis.
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2.2.3 Real-time rt-PCR analysis

Specific primer sequences for Tag-man® rt-PCR amalyvere purchased from
Qiagen, USA. Primers were diluted to 10 uM conaian. The volume of primer
used was equivalent to 20 ng of template in eabk.t&or each primer, a mixture
containing forward primer, reverse primer and nastefree water was added to make
up a total reaction volume of 20 pl. Twenty pIS)fBR Green Master Mix (Applied
Biosciences, USA) was added to each tube. Sammes min in triplicate with 10 pl
total volume per well in 96-well rt-PCR plates. Feach rt-PCR reaction, 3-Actin was

used as the housekeeper gene.

2.2.4 ct calculations

Data were analysed according to Livak and Schnmtfge the relative quantification
of real time rt-PCR data (Livak & Schmittgen, 200This method known as 2,
calculates the relative changes in gene expresstmeen two or more samples, in
which one sample is nominated as baseline (orre&ti and all remaining samples

are expressed relative to this control.

2.3 PROTEIN

2.3.1 Protein extraction and Western Blot

Fat tissue obtained from biopsy was placed in R&&r and stored at -20°until
analysis. The tissue (0.2 gram) was ground, whaliead kept frozen with liquid N
and lysed in protein lysis buffer (1% Triton X-100js-HCL, PH 7.6, 150 mM Nacl)
supplemented with protease inhibitors at 100 (Boehringer Mannhein, Sussex,
U.K.). The homogenate was centrifuged at 13,000 apAdPC for 15 minutes and the
supernatant was recovered. The protein contenegtamated with a kit from BioRad,
U.K., and 25ug of total protein was separated for by SDS-PAGEetebphoresis with
a 12.5% resolving gel and 5% stacking gel. Gelsvidotted onto PVDF membranes
and blocked with 5% non-fat dried milk and probeghwpolyclonal antibodies
against human PGIS andtubulin. Polyclonal antibodies to PS5l were purchased
from Cayman Chemical (Ann Arbor, USA) and thosexttubulin, used as control,
were obtained from Sigma (Poole, U.K.). Secondanyibadies conjugated to
horseradish peroxidise were from Amersham Bios@enéntigen- antibody
complexes were detected by chemiluminescence withEEL kit (Amersham
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Biosciences, U.K.) and blots exposed to high pertorce chemiluminescence film

(Hyperfilm ECL, Amersham Biosciences).

2.3.2 Cytokine Protein Array

The assay was carried out as per manufacturetisiat®ns (Proteome Profiler Array,
Human Cytokine Array Panel A, R & D Systems, U.KCapture antibodies specific
to thirty six cytokines/chemokines (mentioned belavere spotted in duplicate on
nitrocellulose membranes. Each membrane was inedb&ir 1 hour at room
temperature with blocking buffer (provided by thig ¥ 895022); 35Qul of organ
culture supernatant were diluted in assay buffesViped by the kit, # 895876) to a
final volume of 1.5 ml and incubated with bufferntaining biotinylated detection
antibody for 1 hour at room temperature. The safaptdody mixture was then
incubated with the membrane on a rocking platfotrd 8C overnight. Following a
wash to remove unbound material, streptavidin-radssh peroxidase and
chemiluminescent detection reagents (substrateigedvby the kit) were added
sequentially. Membranes were exposed to X-ray fikmersham Hyperfiim ECL,
GE Healthcare, U.K.) for up to 3 min. Films werarsgced and quantified as pixel
density using Adobe Photoshop. Signals from thetmeg control spots (background
value) were subtracted from each spot. Positivérabapots were assigned as 100%
and other spots expressed relative to this. Spiits densities less than 10% of the
positive controls were considered negative.

The 36 cytokines were as follows:

Cb5a, GCSF, CXCL1, CD54, IL-1RA, IL-6, IL-8, IL-13-16, MCP-1, MIF, PAI-1,
IP-10, RANTES, CD154, GM-CSF, CCL1, IgNIL-1 a, IL-B, IL-2, IL-4, IL-5, IL-
10, IL-12 p70, IL-17, IL-17E, IL-23, IL-27, IL-32 CXCL-11, CCL-3, CCL-4,
CXCL-12, TNF+, soluble TREM-1.

24 STROMAVASCULAR FRACTION EXTRACTION

Fat tissue was cleaned from vessels, weighed ahdntu small pieces with fine
scissors, digested with 0.2% collagenase in a sgakater bath at 3, 100 rpm for

1 hr. The mixture was homogenized and the stroeltd were separated from mature
adipocytes by adding 2 ml of Di-isononyl phathalate centrifuging at 2060 rcf, for
15 minutes, at %€. The adipocytes were separated, frozen in dryaiwk stored at -

80°C. The supernatant was removed and 1ml of sdresm medium (Cell-gro,
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Hyclone, USA) was added to the pellet (stromavascirhction) and centrifuged at
2060 rcf, for 2 minutes, af’@. This process was repeated three times. Thet palle
re-suspended in Cell-gro for 1 hr. The volume ell-@ro used for re-suspension
depended on the size of the pellet. The samples thien frozen in dry ice and stored
at -80°C.
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2.5 ORGAN CULTURE BATH

2.5.1 Adipose tissue organ cultures

The adipose organ cultures were set up with 0.2ofjradipose tissue in 1 ml of
serum-free media (Cell-gro, Hyclone, USA), incublaiar 24 hours at 3T/5% CO2.
The explant supernatants were then stored at {8Dused to estimaia vitro release
of adipokines by ELISA.

2.5.2 Incubation with COX inhibitors

Adipose tissue from subcutaneous and omental deyts divided into seven 0.1gm
samples. Each tissue was incubated over 5 hrs &€/3% CQ with two
concentrations of non-selective COX inhibitors (#sp0.2 mM and 5.0 mM), two
COX-1 selective inhibitors (NS-398 0. and 1.0uM) and two selective COX-2
inhibitors (Sc-560 0.0uM and 1.0uM) as well as a control sample incubated with
only Cell-gro. Aspirin (acetylsalicylic acid) wadtained from Sigma (Poole, U.K.).
NS-398 and SC-560 were purchased from Alexis Catpor (Nottingham, U.K.).
Supernatant explants were then stored at -80°C.c€Heculture supernatants were
assayed for prostaglandins: P&GHd 6-keto PGle (a stable metabolite of P&}l

The prostaglandin concentrations were determinedguBrostaglandin E(PGE)
Biotrak Enzyme-immunoassay system and 6-keto-Rylastdin ko (6-keto PGEQ)

Enzyme-immunoassay Biotrak system (Amersham Biaseig Little Chalfont, U.K.).

2.6  ELISA

2.6.1 Glucose, lipids, C-reactive protein, prostaghdins,

Plasma glucose concentration was assayed with gguogidase reagent (Beckman,
CA, USA).

Serum triglycerides and total cholesterol were ys$awvith commercial reagents
(total-cholesterol: Boehringer-Mannhein, SussexK.Uand triglycerides: Roche
Diagnostics, Herts, U.K.). HDL-cholesterol was mead by the same method after
the low density lipoproteins were quantitativelyeg@pitated out by the addition of
phosphotungstic acid in the presence of magnesioms. iLDL-cholesterol was
calculated using the Friedwald formula (Friedewstldl, 1972).

C-Reactive Protein (CRP) was measured by a latearered immuno-turbidimetric
(agglutination) procedure. The turbidity of theig®@RP antibody-latex was measured,
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which related to the concentration of CRP. The itlitpp was measured
photometrically at 340nm. 3 ul of serum samples usesd. CRP was measured on
the Roche/Hitachi Modular PP analyser (leased 208y a Roche Tina-Quant CRP
(Latex) turbidemetric kit (CRPLX code 3002039). Aggime was 10 minutes, at
room temperature.

Glucose, lipids and CRP assays were performed bpdwd Wickens at Chemical
Pathology, Whittington Hospital (London, U.K.).

2.6.2 Cytokines

Plasma and explant supernatant levels of IL-6, RENT MCP-1, leptin and
adiponectin were measured by 2-site ELISAs (R &\yBt&ms, Oxon, U.K.). Insulin
ELISA kit was from Mercodia (Uppsala, Sweden). Hwumaplasma IL-6
concentrations were assayed with the high sertgifslilISA with a limit of detection
of 0.09pg/ml. All other ELISAs for the measuremeatsadipokine levels in culture
supernatants or plasma were normal sensitivity witar and intra-assay CVs less
than 10% (R & D Systems, Oxon, U.K.).

The following dilutions were necessary for assaypgsma and explant adipokine

levels:

Serum Explant
IL-6 Neat 1/200
MCP-1 1/5 1/50
Adiponectin 1/100 1/50
RANTES Neat Neat
Leptin 1/100 1/20
Insulin Neat -

Table 2.2: Dilution of sample prior to assay by ELBA

2.7 ADIPONECTIN (MULTIMERIC) EXTRACTION

Serum Multimeric Adiponectin was assayed with “Adpdiagnostic” ELISA kit
(Salem, NH). With this assay, total adiponectinaité\d), high-molecular (HMW-
Ad), middle-molecular (MMW-Ad), high-medium-moleeul (HMWMMW-Ad) and
low-molecular weight adiponectin (LMW-Ad) fractior®uld be assessed. Samples
were pre-treated with protease for measurement gifeaific adiponectin multimere

and levels were determined either directly or ieclly. Total-Ad, HMW-Ad and
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HMWMMW-Ad fractions were assayed directly. LMW-Adiles were obtained by
subtracting the combined concentration of MMW-Adl dadMW-Ad from the total
concentration. MMW-Ad values were obtained by safting HMW-Ad from the
concentration of HMWMMW-Ad.

2.8 PROSTAGLANDIN EXTRACTION FROM ADIPOSE TISSUE

Protein was extracted from adipose tissue as destabove (section 2.3.1). 10@f
protein was diluted with 2Q0 of methanol and made up to 1ml with distilledH
The sample was acidified to pH 3.5 with 1 N HCLp$®k® Vac 3cc (500mg) C18
cartridges (Waters, Elstree, U.K.) were preconddub by washing the column with
2ml methanol followed by 2ml ¥0. The sample was applied to the column, washed
with 5ml H,O, followed by 5 ml of Hexane (Fisher scientifieister, U.K.) and eluted
with 2ml of methyl formate. Methyl formate was ewvagted in speedvac at 4°C, over
2 hrs, with vacuum. The residue was reconstituteéd @:5ml of Cell-gro (Hyclone,
USA). Prostaglandins were assayed as specifiedeafsection 2.6.1)

2.9 ADMA EXTRACTION

ADMA extraction with High-Performance Liquid Chrotograpgy (HPLC) was
adapted from Vallancet al. (Vallanceet al, 1992). The elusion buffer was made
with 10% ammonia (Nk), 40% ddHO and 50% HPLC methanol.

Internal Standard:

To use L-NMMA as internal standard, 40l3f 100mM stock of L-NMMA stock

(Calbiochem, Damstadt, Germany) was added to pb%7 ddH,O to obtain a

concentration of 10,000 nd/ This was diluted with ddH20 t0100 mpd/and then to

10 ngll L-NMMA stock.

To use homoarginine as internal standard, 1ml di,@dwas added to 1 mg of
Homoarginine (MW 224.7, Sigma, U.K.) to obtain acst solution of 1mg/ml. This
was then diluted with dd}D to obtain a 0.1 mg/ml stock.

Standards for the HPLC machine

36.3ul of 100mM ADMA or SDMA (Calbiochem, Damstadt, Geany) was added to
63.7ul of ddH,O to obtain a 1Qug/ul concentration stock solution, which was diluted
to achieve 100, 10 and 1 pb/concentrations. Standards of ADMA and SDMA

calibrated to give 40, 20, 10, 5 and 1 ng on tHama. To obtain 40 ng on column,
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40ul of 10 ngll of ADMA and 4Qul of 10 ngfd SDMA were added, for 20 ng on
column, 2@l of 10 ngll of ADMA and 2Qul of 10 nglil SDMA, for 10 ng on column,
10ul of 10 ngfu of ADMA and 1Qul of 10 nglil SDMA, for 5 ng on column, 50 of

1 ngfl of ADMA and 5Qul of 1 ngftl SDMA and for 1 ng on column, f0of 1 ngu

of ADMA and 1Qul of 1 ngftl SDMA were added. All solutions were made up to
10Qul by adding the appropriate amount of g@H L-NMMA standard was made by
adding 2@l (the volume used as internal standard) of 1QINgNMMA with 80l of
ddH20 to add to 1Q0.

Homoarginine standard was made wiili Ghe volume used as internal standard) of
0.1mg/ml of homoarginine, with @6ddH20.

HPLC running buffers

Three buffers were used: Buffer A was made with 888 of ddHBO, 50 mls of 1M
potassium phosphate stock (MW 136, PH 6.9, Sigm&,)land 15 mls of 1.5%
acetronitrile for HPLC (VWR, Leister, U.K.). BuffeB was made with 45%
acetronitrile, 45% methanol for HPLC (VWR, LeisterK.) and 10% ddkD. Buffer

C was 5% methanol.

2.9.1 ADMA extraction from plasma

Plasma was centrifuged at 2000rpm, for 10 minweg°C. A volume of 20@l of
plasma was removed. @2i0of internal standard (10ng) L-NMMA and 78Qul of PBS
was added to the plasma to obtain a total volumindf Samples were loaded into a
labelled solid phase extraction (SPE) column (Wat@asis®, U.K.). Vacuum pump
was turned on (Fisher Scientific, Leistershire, J.lind the flow maintained at
1ml/min. The flow through was discarded and 1 mH&L (100mM) was added to
the column. Vacuum pump was once again turned a@haafiow of 1ml/min was
obtained. The flow through was discarded and 1nmmethanol (CHOH) was added
and flow through discarded as above. Next 1ml ofi@h buffer was added to the
column and flow through was collected in labelle® inl Eppendorf tubes. The
sample was placed on a heating block (80 °C) amdstivent was evaporated to
dryness under constant flow of nitrogen. The dertlact was redissolved in Ld0of
ddH,O and mixed well by vortexing. The sample was dkrged for 2 minutes at
13000 rpm at 4°C and gDwas transferred into a labelled flat bottom ing®&tetlab,

U.K) within a screw-top glass vial. The vial wasag@d and sample injected into a
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HPLC column (Agilent, Cheshire, U.K.), consisting a gradient pump, an

autosampler and a fluorescence detector and tloekayse was monitored.

2.9.2 ADMA extraction from adipose tissue

Adipose tissue (0.1 g) was ground with a pestle modtar with liquid nitrogen. It
was then lysed in protein lysis buffer (1% TritoAlBO, Tris-HCL, PH 7.6, 150 mM
Nacl) supplemented with protease inhibitors at 100 (Complete, Boehringer
Mannhein, U.K.). The Homogenate was centrifuged 3000 rpm at 4 °C, for 15
minutes and the supranatant were recoveredi I0ysate was mixed with 880 of
PBS and 20l of internal standard to make a total of 1ml. Tiext steps for ADMA

extraction were as done in plasma samples explabede in 2.9.1.

2.9.3 ADMA extraction from cell culture

Cell culture samples were centrifuged for 10 mi2@Q0 rpm at 4°C. 2Q0 of the cell
culture media was removedyl5of internal standard (0.1 mg/ml of homoarginine)
added and the total volume made up to 1ml withuf®5PBS. The next steps are as
in described in 2.9.1.

2.10 STATISTICS

Data were analysed using SPSS version 14 for Wisdmiftware (Statistical Package
for the Social Sciences, SPSS UK Ltd, Chertsey, JJBata in the text are expressed
as mean (SD) or median (IQR) and in figures as ameflQR) unless otherwise stated.
Comparisons were carried out 8judent’s-test or Wilcoxon for non parametric data.
Correlations were determined by Spearman’s Rhonifgignce was defined as
p<0.05.
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CHAPTER 3: RESULTS



3.1 PATIENT RECRUITMENT

A total of 31 patients were recruited (25 femalahéle). Of the 25 females only 1

subject was lean (Caucasian), 5 were Afro-Caribp2amere Caucasian with type 2
diabetes mellitus and 1 was non- diabetic Caucasiabetformin. Of the 6 males, 3

were lean (1Afro-Caribbean and 2 Caucasian) anéuc&sian with type 2 diabetes
mellitus. The studies outlined in the following Bens used these patients to
investigate various parameters including depot iiperelease and the effect of

systemic insulinaemia. However, the number of p#gien each of the studies and the

characteristics of these sub-sets are set outatepar

3.2 CROSS SECTIONAL STUDY OF ADIPOKINES

In this section the circulating and depot spectiease of five adipokines, namely
MCP-1, RANTES, adiponectin, IL-6 and leptin, wess@ssed in a cross-sectional
study of morbidly obese patients undergoing surgeng last two adipokines have
been extensively investigated in the past and warty used as reference molecules
here (Madanet al, 2009 (b), in press). However, none of theseddliies have been
previously assessed in two different abdominal tep@amely omental and gastric fat
pad.

3.2.1 Circulating adipokines

Circulating levels of the adipokines were measukéale, Afro-Caribbean, patients
who had type 2 diabetes mellitus or were on Metforamd lean patients were
excluded from the analysis in order to remove ffeceof known disease, sex and
race bias. From three patients no gastric fat pajoklp was obtained and they were
also excluded. Therefore out of the possible 3ieptt, 14 Caucasian females were
analysed in this section. Anthropometric and mdtalobaracteristics of this sub-set
of patients are shown in table 3.1.
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Patient’'s Parameter Value

Female / male 14/0
Age

(years) 44 (6.5)
BMI

(kg/nT)

Body Fat

(%)

Lean Mass

(%)

Diastolic blood pressure
(mmHg)

Total Cholesterol
(mmol/l)

HDL cholesterol
(mmol/1)

LDL cholesterol
(mmolll) 3(0:9)
Triglyceride

(mmol/1) 1(0.3)
Glucose
(mmol/l)
Insulin
(MU/)
Adiponectin
(pg/ml)
Leptin
(ng/ml)
RANTES
(ng/ml)
MCP-1
(pg/ml)

IL-6

(pg/ml)
CRP

(mgll)

46.4 (6.5)

53.4 (7.8)

47.3 (7.6)

84.6 (8.6)

4.6 (0.9)

1.2 (0.3)

5.2 (0.5)

7.8 (6.3-17.0)

4.9 (2.1- 11.0)

28.7 (19.1 —-38.6)

57.0 (35.1 — 67.0)

220.0 (170.0 — 240.0)

2.0 (1.0-3.0)

7.1(4.9-11.2)

Table 3.1: Anthropometric and metabolic characterisics of patients Data are
shown as mean (SD) or median (IQR).

Interestingly all these morbidly obese female imdlials, had normal glucose and
lipid profiles. However in almost two thirds of tpatients the normal glucose control
was achieved by high insulin levels. The systolaod pressure correlated positively
with triglycerides (r = 0.65, p = 0.02) and % bofdy (r = 0.61, p = 0.03) and
negatively with % lean mass (r = -0.61, p = 0.@dastolic blood pressure, similarly,
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directly related to % body fat (r = 0.55, p = 0.@s)d indirectly with % lean mass (r =
-0.55, p = 0.05) as well as with total cholestdrat -0.62, p = 0.03). Blood pressure
was not associated with glucose, insulin or BMI. dsiered bioimpedence was
indirectly related to the systolic (r = -0.55, @:65) and diastolic blood pressure (r = -
0.88, p = 0.000) but directly related to total @stérol (r = 0.54, p = 0.05) and LDL (r
=0.55, p =0.041).

In this morbidly obese group, plasma adipokinesnditicorrelate with age, indices of
obesity, glucose or insulin sensitivity. Total amhectin was negatively associated
with both systolic blood pressure (r = -0.62, p.623) and diastolic blood pressure (r
= - 0.52, p = 0.07). S8um RANTES inverselgorrelated with HDL-cholesterol (r = -

0.62, p = 0.02), serum IL-6 (r =-0.68, p = 0.0681 serum leptin levels (r = -0.67, p
= 0.01).CRP did not correlate with indices of obesity, gise, insulin or any of the

circulating adipokines.

3.2.2 Depot specific release; Subcutaneous, Omengald Gastric Fat Pad
Protein array was used as the first tool to anadyshe presence of 36 cytokines,
including RANTES and MCP-1 (figure 3.1).
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Figure 3.1: Protein array of cytokines from subcutameous, omental and gastric
fat pad depots.Thirty six cytokines were captured. Out of the floles36 cytokines,
13 cytokine were present in the human adiposedissth densities at least >10% of
positive control (PC). G-CSF, CXCL-1, IL-6, IL-8, GP-1, MIF, PAI-1 and
RANTES had densities50% of the positive control in at least one of dipose
tissue depots studied. G-CSF: Granulocyte Colonm8ating Factor, CXCL-1:
Chemokine (C-X-C motif) Ligand-1, IL-6: Interleuki, IL-8: Interleukin-8, MCP-1:
Monocyte Chemoattractant Protein, MIF: Macrophaggration Inhibitory Factor,
PAI-1: Plasminogen Activator Inhibitor-1, RANTES:efulated upon Activation,
Normal T cell Expressed and Secreted.
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Out of these 36 cytokines, 13 were present in thradn adipose tissue with densities
at least >10% of positive control and G-CSF, CXCILL16, IL-8, MCP-1, MIF, PAI-

1 and RANTES had densities0% of the positive control in at least one of the
adipose tissue depots studied. G-CSF, CD54 and FZS\Showed greater expression
in the gastric fat pad compared to either the stamaous or the omental depots (fig
3.1). To validate the protein array data using nguantitative techniques, the release
of some of the adipokines were analysed by ELI$Acdntrast to IL-6 and MCP-1,
RANTES was released in small amounts from the adigssue (table 3.2) and its
systemic levels were relatively high suggesting tdipose tissue is not the main
source of the release of RANTES. Therefore, althotigs clear that RANTES is
secreted from adipose tissue but it is not certdiather these levels are high enough

to act as a local chemoattractant.

Sub- Gastric Fat
Omental Plasma
cutaneous Pad

RANTES 0.03 0.04 0.1 57.0
(ng) (0.01 - 0.07) (0.02 - 0.09) (0.06 - 0.21) (35.1 — 67.0)
MCP-1 6.1 6.2 6.6 0.22
(ng) (2.6 — 9.5) (2.5-13.2) (3.9-8.6) (0.17 — 0.24)
Adiponectin 21.2 20.3 16.7 4929.1
(ng) (11.0 — 26.8) (10.2 - 28.7) (7.3-22.1) | (2055.8—10981.2
IL-6 2.3 2.4 6.2 0.002
(ng) (1.0-9.9) (0.5 —21.5) (1.0-11.7) (0.001-0.003)
Leptin 1.2 0.4 0.2 28.7
(ng) (0.2 -2.9) (0.1 - 0.6) (0.09 - 0.9) (19.1 -38.6)

Table 3.2: In vitro production rate of adipokines. Adipokine production is
calculated as ng per gm of adipose tissue per imoargan culture baths and ng per
ml in circulating levels. Data shown in Median ¥2R (n = 14).

RANTES was released in significantly higher amouper gm of tissue, from the
gastric fat pad compared to the omental (p = 0Odd3ubcutaneous (p = 0.01) depots
(figure 3.2). Subcutaneous leptin release was fignily higher compared to
omental depot (p = 0.05), but there was no diffeeelbetween either of these depots
and the gastric fat pad release. There was a trewdrds higher subcutaneous
adiponectin release compared to that from the igastr pad (p = 0.08) but did not
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reach significance. Neither MCP-1, nor IL-6 releagere significantly different

between the depots. Comparisons were made usirgpXdih rank test.
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Figure 3.2: Depot specific RANTES releascRANTES was released in significantly
higher amount from the Gastric Fat Pad (GFP) coatp&r subcutaneous (p = 0.01)
or omental (p = 0.03) depots. Comparisons were rogd&ilcoxon rank test.
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3.2.3 Chemokine interactions

Subcutaneous RANTES release correlated significavith that from omental tissue
(r = 0.54, p = 0.05). The release of RANTES fronthbthese depots correlated
significantly with omental MCP-1 (for subcutaned®ANTES r = 0.66, p = 0.02; for
omental RANTES r = 0.80, p = 0.001) and omentab I{fer subcutaneous RANTES
r=0.62, p = 0.02; for omental RANTES r = 0.55; p.04). There were no significant
correlations between the release of RANTES fromgahstric fat pad and the other
adipokines. Furthermore, subcutaneous MCP-1 releaselated with gastric fat pad
MCP-1 (r=0.74, p=0.01) and omental MCP-1 with orakfit-6 (r = 0.65, p = 0.02).
There were no associations between the releasayobfathe adipokines from the

organ bath and serum CRP.

In the next two sections, the study focused on pathways that may mediate
adipokine secretion and function, namely the COX B®S pathways. In section 3.2,
the in vitro inhibition of the components of the COX pathwayswavestigated;

namely the activity of PGS and PGIS and the secretion of the related
prostaglandins. In section 3.3 the generation oM#Dand the expression DDAH, as
components of the NOS pathway, as well as thegele&adiponectin and the effect

of insulin, were assessed.
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3.3 IL-6 AND COX PATHWAY

In this section the effect @ vitro inhibition of the COX pathway, with non-selective
and selective COX inhibitors, on the release of6llfrom different depots was

assessed in a subgroup of patients. Activities@h® and PGES were measured as
well as the protein expression in both subcutanemod omental depots. The
expression was then compared between the adipcaytethe stoma vascular fraction
of the adipose tissue.

In this group of morbidly obese female (patientrelsgeristics shown in table 3.1) no
significant difference was seen between the subeotzss and omental IL-6 release
(figure 3.3).
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Figure 3.3: Depot specific differences in IL-6 relase in human white adipose
tissue No significant difference between the two defatsl4). Graph shown as box
plot and data as medianQR. Comparisons were made by Wilcoxon Rank test.
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The effect of Aspirin at low dose (0.2 mM) and hidpse (5 mM) as well as NS-398
(COX-2 selective inhibitor) and SC-560 (COX-1 séhex inhibitor) at low dose
(0.02uM) and high dose (@M) on IL-6 release in human organ culture was &exes
in a subgroup of patients. IL-6 release from thiecstaneous depot was significantly
reduced by low dose aspirin but not by high-dogrias(n=5, p = 0.043, figure 3.4).
This effect was not seen in the omental depot. @abeous IL-6 release was reduced
by low (p = 0.08) and higher dose (p = 0.07) NS;3B8t, they did not reach
significance. No effect was seen in the omentalotlefC-560, contrary to that in
mouse adipose tissue had no significant effectLe® ilelease from subcutaneous or
omental depots at either dose (data not shown).
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Figure 3.4: The effect ofin vitro COX inhibition on IL-6 release from human
subcutaneous and omental white adipose tissuéspirin, a non-selective COX
inhibitor, significantly reduced subcutaneous Iltebease at the low dose only (p =
0.04). This was not seen in the omental depot. IG&gwwn as box plot and data as
mediant IQR (n = 5). Comparisons were made by WilcoxomiReest.
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Activities of PGS and PGES were measured as 6-keto R&Fstable prostacyclin
metabolite) and PGErelease respectively and expressed in ng of thstaglandin
released per gm of adipose tissue per hour. Tha® mo significant correlation
between IL-6 release and P&gEor PGJS activity in either subcutaneous (PSEr =
- 0.205, p = 0.74; PG%: r = 0.316, p = 0.541) or omental (PSEr = 0.316, p =
0.684; PGJS r = 0.632, p = 0.368) depot. However there wasifstant direct
correlation between subcutaneous f8nd omental PGE activity (r = 0.949, p =
0.014). PGJS activity was found to be higher in the omentglate (figure 3.5) but
Aspirin, COX-1 or COX-2 had no effect on BSlor PGES activity. All correlations

were performed by Spearman’s Rho.
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Figure 3.5: Comparison of subcutaneous and oment&8GE,S and PGLS activity.
6-keto PGRa (PGLS activity)is lower in subcutaneous compared to omental depots
(p = 0.043). No difference is seen in the IL-6 G@H? release between depots. Graph
shown as box plot and data as medialQR (n = 5). Comparisons were made by
Wilcoxon.
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In a subgroup of patients, the stromavascular ilacivas separated from adipose
tissue and PGS protein expression was investigated by Westerhablalysis. There
was higher PGB expression in the stromavascular fraction of dheental depots

compared to the subcutaneous stromavascular fra@igure 3.6).

a b
Adipose tissu SVF
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Figure 3.6: Western blot analysis for PG} synthase in: (a) human adipose tissue
(b) the enriched the stromavascular fraction (SVF)The depot specific difference
in PGLS expression is apparent in the SVF but not inrtteet adipose

tissue. Conditions: Primary antibody anti-human P&ynthase; 1:1000 dilution
overnight at 4C. Secondary ant-rabbit 1gG-horseradish peroxidasajugated
antibody at 1:3000 dilution for 2 h at room tempere. Film exposed for 10 minutes.
Molecular weight of PGB is 57 KDa.
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34 ADMA, DDAH, ADIPONECTIN AND THE EFFECT OF INSUL IN
Although all patients in this study group were nogtycaemic, this was achieved by
high insulin levels in some patients. Thereforedhme of this study was to investigate
the effect of insulin by assessing the differenoethe expression of DDAH, ADMA
and release of adiponectin between the normoireeniic and hyperinsulinaemic
groups, as well as comparing the subcutaneousraedtal depots.

In this section of the possible 31 patients 17 waralysed. In order to exclude the
effect of sex and race; 5 Afro-Caribbean femalmae, 2 patient with type 2 diabetes
and 1 obese patient on Metformin, were excludedail3eof the patients are in table
3.3.

Patient's Parameter Value
Female / Male 1710

ggez - 43.44 (7.87)
I(Bi(l\élllnﬁ 43.83 (10.14)
(I?)/oo;iy fat 52.57 (7.05)
I(_Oz?n mass 48.3 (7.7)
I(r':/lsllj}llgl 7.75 (7.13 - 15.03)
Total Cholestrol 4.55 (3.85-4.88)
(mmol/l)

Frr?rhoﬁn;nlestefol 1.2 (1.0 - 1.4)
I(-n?rll-q glf;l?lestem' 2.95 (2.3 -3.28)
(Tn? n;:c:zl)esterol 1.1(1.0-1.2)
Einlng/’I) 7.1(4.9-11.2)

Table 3.3: Anthropometric and metabolic characterisics of patients Data are

shown in mean +/- SD or median +/-IQR.

Systolic blood pressure positively correlated wBMI (p = 0.05, r = 0.48) and
glucose (r = 0.47, p = 0.05). Diastolic blood puss although not statistically
significant, was closely related to BMI (r = 0.48,= 0.08). Bioimpedence was
associated with total cholesterol (r = 0.5, p =40.Q.DL (r = 0.53, p = 0.03) and
percentage lean mass (r = 0.5, p = 0.04) but negdgtassociated with BMI (r = -0.71,
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p = 0.001), percentage body fat (r = -0.5, p =0&%] diastolic blood pressure (r = -
0.6, p = 0.02). Systemic CRP levels did not coteelaith insulin, glucose, blood

pressure or any indices of obesity.

3.4.1 ADMA

Plasma ADMA and SDMA were analysed and ADMA/SDMAigavas calculated.
Serum ADMA correlated with serum SDMA (r = 0.79, @900). Circulating ADMA
correlated negatively with triglyceride (r = -0.58= 0.03) and there was no
association with BMI or glucose. However there wadrend towards positive
correlation between circulating ADMA and insulin & 0.45, p = 0.061).
ADMA/SDMA ratio was directly associated with systoblood pressure (r = 0.53, p
= 0.03) and although closely related, it did natcte statistical significance with the
diastolic blood pressure (r = 0.46, p = 0.07).

ADMA extracted from subcutaneous and omental explavere successful in 13
patient. Explant ADMA release was significantly inéyg from the omental depot
compared to the subcutaneous (figure 3.7). Ex@@&WA extraction was completed
in 9 patients. Tissue ADMA and SDMA was only sustely extracted from adipose
tissue of six patients and no significant differesmiovere found between depots.
Insulin also positively correlated with subcutangetissue ADMA (r = 0.83, p = 0.04)
and subcutaneous tissue SDMA (r = 0.70, p = 0.0%) mearly associated with
omental tissue ADMA (r = 0.7, p = 0.08) and omeniséue SDMA (r = 0.7, p =
0.08). However insulin negatively correlated wittbsutaneous explant SDMA (r = -
0.89, p = 0.02). BMI was positively (r = 0.57, @45) and percentage lean mass was
negatively (r = -0.56, p = 0.05) associated witheatal explant ADMA. Systolic
blood pressure indirectly related to omental tisSVA (r = -0.83, p = 0.02) and
there was a close indirect, but not statisticaligngicant, association with
subcutaneous tissue ADMA (r = -0.78, p = 0.07). Hburrelated negatively with
subcutaneous explant ADMA (r = -0.56, p = 0.05) aoditively with subcutaneous
explant SDMA (r = 0.85, p = 0.04) depots. Triglyder negatively correlated with
omental tissue SDMA (r = -0.74, p = 0.06). Subcatars tissue SDMA correlated
negatively with cholesterol (r = 0.78, p = 0.04gdDL (r = 0.78, p = 0.04). CRP
was strongly related to subcutaneous tissue ADMA=(10.9, p = 0.03). All

correlations were by Spearman’s Rho.
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Figure 3.7: ADMA extraction from explants. Omental ADMA levels were
significantly higher than those from the subcutarsedepot (p = 0.025). Explants
were set up as 0.2gm of adipose tissue in 1 mlirgéro culture for 24 hrs. Graph
shown as box plot and data as medial®R (n = 13, 4 missing data). Comparisons
were made by Wilcoxon Rank test.
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3.4.2 DDAH expression
DDAH1 and DDAH2 primers were tested with dilutioeriges (figure 3.8). GAPDH

or/andp-actin were used as control.
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Figure 3.8: Dilution series a) Dilution series of DDAH2 b) Dilution series [®actin.
Dilutions used were: neat, one in two, one in fanod one in eight. Samples were
done in triplicate. Each colour represents onessef dilution.
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Figure 3.9: Amplification plot of DDAH1. Tag-man® rt-PCR amplification plot of
DDAH1. Samples were tested in triplicates. Ampdfion plot shows a close overlap

of the ct values of the triplicates.
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Omental DDAH1 expression was directly related tacestage lean mass (r = 0.54, p
= 0.04). There was no correlation between DDAHDBYAH2 expression and BMI,
blood pressure, serum glucose, insulin, lipids BPC

Not surprisingly there was a direct correlationwesn subcutaneous and omental;
Act DDAH1 (r = 0.69, p = 0.004) and this nearly teed significance with
subcutaneouact DDAH2 (r = 0.48, p = 0.06). There was no difface in expression
of DDAH1 or DDAH2 between subcutaneous and ometggbts (figure 3.10AAct

values were used as explained in section 2.2.4.
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Figure 3.10: Comparison between subcutaneous and emtal DDAHland 2.No
difference found between subcutaneous (Sc) and t@an@gm) DDAH1 & DDAH2
expressionFormula explained in section 2.2.4(n =15, 2 missing
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DDAH 2 was expressed in higher amount compared DA 1 in both depots
(figure 3.11).
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Figure 3.11: Comparison of DDAH1 and DDAH2 in subctaneous and omental
depots. There were significantly higher levels of DDAH2 cpaned to DDAHL1 in
both omental (p = 0.008) and subcutaneous (p =90.88pots. Graph shown as box
plot and data were median +/- IQR (n = 15). Conguars were made by Wilcoxon.
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There were no significant differences in the exgis of DDAH1 or DDAH2 from

the stromavascular fraction between depots eifhieere was higher expression of
DDAH2 compared to DDAHL1 in the stromavascular fiactof both subcutaneous (p
= 0.0046) and omental (p = 0.018) depots but nthhenwhole, unfractionated adipose

tissue of each depots (figure 3.12).
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Figure 3.12: Comparison of DDAH1 and DDAH2 expressin between adipose
tissue and stromavascular fraction of subcutaneousnd omental depots.

No depot specific differences were seen of DDAHID@AH?2 in adipose tissue or
the stromavascular fraction. There was higher esgioe of DDAH2 compared to
DDAH1 in the stromavascular fraction of both sulaoigous (p = 0.0046) and
omental (p = 0.018) depots but neither in subcutas@dipose tissue (p = 0.859), nor
in omental adipose tissue (p = 0.086). Graph shasvibox plot ofA ct values and
data as median +/- IQR (n = 9). Comparisons wergentg Wilcoxon.
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3.4.3 Adiponectin

In chapter 3.1.1 no correlations were found betwasgnof the adipokines, including
serum immunoreactive adiponectin, and insulin @ itdices of obesity, perhaps
because this is a morbidly obese population. Apadictin may circulate in different
multimeric structures, serum samples were re-andlysneasuring the total
adiponectin, as well as the levels of high moleculeight (HMW), medium
molecular weight (MMW), low molecular weight (LMWand HMW+MMW
isoforms.

There was a trend towards a negative correlatiotwdsn insulin and total
adiponectin (r = -0.47, p = 0.06), MMW (r = -0.42= 0.092) and LMW (r = -0.47,
p= 0.07). BMI also was negatively associated wittaltadiponectin (r = -0.52, p =
0.05), HMW (r = -0.52, p = 0.031), LMW (r = - 0.57,= 0.016) and MMW+HMW (r
= -0.48, p = 0.05). Serum total adiponectin wasitpaty associated with HDL-
cholesterol (r = 0.61, p = 0.01), HMW (r = 0.58709.02), MMW (r = 0.61, p = 0.02),
HMWMMW (r = 0.6, p = 0.01), but not with LMW.

Both systolic and diastolic blood pressures wergatieely associated with total
serum adiponectin (r = -0.53, p = 0.03; r = -0.0; 0.02), HMW (r = -0.67, p =
0.005; r = -0.62, p = 0.008), MMW (r = -0.50, p 08; r = -0.48, p = 0.05),
MMWHMW (r = -0.63, p = 0.001; r = -0.61, p = 0.0I)here was no correlation
between circulating adiponectin and CRP.

Adiponectin release in explants did not correlai \BMI, glucose or insulin levels.
However subcutaneous explant adiponectin showedostiye trend with total
adiponectin (r = 0.44, p = 0.09) and with HMW (1045, p = 0.07). Subcutaneous
and omental explant adiponectin were also closdited (r = 0.56, p = 0.02).

Correlation between ADMA, DDAH and adiponectin

Although neither the serum ADMA, nor SDMA correldtewith circulating
adiponectin levels, the ADMA/SDMA ratio was negati associated with total
adiponectin (r = -0.51, p = 0.04), HMW (r = -0.53= 0.03), LMW (r = - 0.60, p =
0.01), MMW+HMW (r = -0.50, p = 0.04) and MMW (r =0.44, p = 0.08). There
were no significant associations between serum ADBDMA or explant ADMA

release and adiponectin explant secretion froneedbpot.
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Depot ADMA release was not related to serum adiptimdevels but there was a
significant positive correlation between subcutarseS8DMA and total adiponectin (r
=0.94, p = 0.005), HMW (r = 0.94, p = 0.005and MMWW (r = 0.94, p = 0.005).
Subcutaneouact DDAH2 correlated negatively with serum ADMA (r-8.50, p =
0.05) and serum SDMA (r =-0.73, p = 0.001).

Subcutaneouact DDAH1 correlated with subcutaneous adiponedirels (r = 0.70,
p = 0.002), and with subcutaneonst DDAH2 (r = 0.49, p = 0.057) and omenait
DDAH1 (r = 0.69, p = 0.004). Omentatt DDAH1 and omentahct DDAH2 were
also closely related (r = 0.55, p = 0.0353t DDAH1 andAct DDAH2 from neither
depot was related to serum adiponectin levels. cdiirelations were made by

Spearman’s Rho.

3.4.4 Effect of insulinaemia on ADMA, DDAH and adipnectin

Patients were divided into two groups dependingtlaeir fasting systemic insulin
levels and data were compared (table 3.4). Cinoigatotal adiponectin, HMW,
MMW and HMWMMW levels were all significantly highén the normoinsulinaemic
group but depot specific release of adiponectin naisdifferent between the two
groups.

Both the adipose tissue content and release of ARMASDMA were only available
in 1 normoinsulinaemic patient and therefore analygs not possible. Other data
were available in 2 of normoinsulinaemic obese guasi and therefore all
comparisons below should be considered rathernpirediry. All comparisons were
made by independent t-test. Serum ADMA was lowegh&normoinsulinaemic group
(p = 0.046); mean [1.9(0.1) vs 1.7(0.55) uM/l}. Thewere no differences in
subcutaneous and omental DDAH 1 and DDAH 2 expoadsetween the groups.
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Normoinsulin- Hyperinsulin- P value
aemia aemia

Number 4 13
Age
(years) 43.75 (4.35) 42.9 (8.65) NS (0.9)
Sex All Female All Female
'(?,/Oo;jy Bl 52.78 (10.64) 51.37 (5.4) NS (0.8)
BMI
(kg/mP) 43.2 (16.1) 425 (9.7) NS (0.9)
Glucose
(mmoll) 4.6 (4.45 - 4.78) 5.3 (4.9 -5.8) 0.009
Insulin
MU/l 5.11 (4.4 — 5.43) 9.8 (7.6 -17) 0.023
Uialel Sl pEEet)y 7.0 (2.1-11.1) 3.21 (2.3 - 4.5) 0.031
(ng/ml)
bl e 3.3(0.7 - 6.1) 1.1 (0.69 — 1.96 0.03
(ng/ml)
MMW -Ad

1.43(0.48-2.5 0.83(0.6-1.14 0.03
(ug/mi) ( ) (
LMW -Ad

1.97 (0.9 -2.28 1.01 (0.75-1.64 NS (0.12
(ug/ml) ( ) ( (0.12)
ALY 28 5.05 (1.2 - 8.8) 2.02(1.3-2.96 0.03
(ng/ml)
Sc Adiponectin 31.97
(ng/mi/hn) (13.66 - 49.45) 21.1 (11.2 - 29.8) NS (0.12)
Om Adiponectin 23.1
(ng/mi/hr) (11.82 - 101.56) 19.4 (10.2 - 28.51 NS (0.89)

Table 3.4: Comparison of the circulating and tissuerelease of adiponectin in
normoinsulinaemic and hyperinsulinaemic individuals Insulin levels > 7.0 MU/I
were recorded as hyperinsulinaemia. Data are showrean (SD) of median (IQR).
Comparisons were made by independent T Test, equance assumed. HMW:
High Molecular Weight, LMW: Low Molecular Weight, MW: Medium Molecular

weight.
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Serum ADMA and adiponectin levels were analyse@5npatients, including male,
lean and diabetic patients but excluding the 6 Aferibbean individuals. As the
numbers were small adequate comparisons couldenotdale. However patients were
divided into the five groups shown in figure 3.D3assess any interesting trends that
may later be followed up in greater number of paeSerum ADMA levels seemed
comparable and elevated in the obese individualktindr normoinsulinaemic or
hyperinsulinaemic, compared to lean individualgc@ating ADMA was also lower
in the obese normoinsulinaemic and hyperinsulinaesubjects on Metformin

compared to obese subjects not on Metformin (figuia).

Plasma adiponectin was, as expected, higher ileimlecompared to the obese hyper-
insulinaemic patients. Patients on Metformin haévated plasma adiponectin

compared to their counterparts not on Metformiguife 3.14).
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Figure 3.13: Comparison of serum ADMA in lean, norneinsulinaemic obese and
hyperinsulinaemic obese and diabetic on Metformin @d obese
normoinsulinaemic on Metformin. Although comparison test were not performed,
because of small number and sex miss match, bumsADMA in lean and diabetic
patients on Metformin seems to be lower. The obegenoinsulinaemic patient on
Metformin had a lower serum ADMA compared to patemot on Metformin. Graph
shown as box plot and data as median +/- IQR. Obhesmoinsulinaemic n=2 (All
female), Obese hyperinsulinaemic n=16 (14F/2M),nL.ea3 (1F/2M), Diabetics on
Metformin (n=3, 2F/1M), Obese normoinsulinaemichatformin (n=1, F).
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Figure 3.14: Comparison of serum adiponectin in lea normoinsulinaemic obese
and hyperinsulinaemic obese and diabetic individual Although comparison test
were not performed, because of small number andrsex match. However, serum
adiponectin in diabetic patients on Metformin sed¢mbe higher compared to obese
hyperinsulinaemic patients not on Metformin. Thisaymbe the case for obese
normoinsulinaemic on Metformin as well compared th® same group not on
Metformin. Graph shown as box plot and data as amedi/- IQR. Obese
normoinsulinaemic n=2 (All female), Obese hyperimaemic n=16 (14F/2M), Lean
n=3 (1F/2M), Diabetics on Metformin (n=3, 2F/1M)p€&se normoinsulinaemic on
Metformin (n=1, F).
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CHAPTER 4: DISCUSSION
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4.1 ADIPOKINES

Several proinflammatory cytokines and chemokinesjuding RANTES, MCP-1,
adiponectin, leptin and IL-6, were releaseditro from the subcutaneous abdominal
and two visceral depots studied: the omental fat #we gastric fat pad. However,
there were significant differences only in RANTE&tion between the different
adipose tissue depots studied in this populatianarbidly obese patients undergoing
surgery. These subjects secreted significantlytgreanounts of RANTES from their
gastric fat pad than from adipose tissue of abdahsnbcutaneous or omental origin.
Wu et al. reported higher expression of RANTES visceral compared with
subcutaneous adipose tissue of morbidly obeseans (Wuwet al., 2007). However,
this study is the first to compare two visceral atsp the gastric fat pad and the
omental. Previous studies have assumed all visdepadts were similar.

The gastric fat pad lies in close anatomical pratyirto the stomach, sitting in the
angle of His. This depot is highly vascularised andy become thickened in
morbidly obese subjects and it is thought thatretsection may prevent obstruction
after gastric banding (Ren & Fielding, 2003; Saekal 2007). The increased release
of RANTES from the gastric fat pad may be due tmalgegulation by gastrointestinal
factors. The close association between omentalsabdutaneous RANTES, but not
with that from the gastric fat pad, may also imghat this depot is independently
regulated. These differences in RANTES secretiamvéen visceral adipose tissue
depots could be explained by possible variatiorthénproportions of the components
that make up each tissue depot, with particulgsaeisto the stromavascular fraction,
which accounts for the majority of chemokine antbkine release (Clemest al,
2004). It could be that different depots are margcsptible to the inflammatory cell
infiltration seen in obesity or conversely that olmve a greater tendency for the
adipocyte fraction to undergo greater hypertrophgrefore causing greater release of
chemokines, depending on which cell is respondimetheir secretion. This would
further enhance our understanding of the ‘apple @eat’ affect of obesity and may
provide some evidence to suggest that the increasedf co-morbidity associated
with visceral fat may be refined to the type ofcésal depot involved. It has been
reported that IL-6 and MCP-1 are predominantly etk by the stromavascular cells
(Trujillo & Scherer, 2006) and it is likely thatehsame could apply for RANTES,

since it is has long been recognized as being duptoof immune cells. Although
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adipose tissue is known to express a constanthgasing number of chemokines and
cytokines; however, not all of these are activebcreted into the circulation
(Mohamed-Aliet al 1997 (a)). Systemic levels of RANTES were apprately 100-
fold higher than those being released from anyhefadipose tissue depots studied.
Therefore, it would be reasonable to suggest thatewadipose tissue is able to
produce this chemokine, its contribution to systefavels may be less significant.
Other cells or tissues within the body, such asllscand other immune cells, are
likely to be more potent producers of RANTES, tlhgreontributing significantly to
circulating levels. This was further confirmed byagk of association between its
circulating levels and indices of obesity. In castr IL-6 production from the
subcutaneous (Mohamed-Adit al 1997 (a)), as well as from the visceral depot
(Fontanaet al, 2007), contributes significantly to the systericulation, with the
potential to have endocrine effects on various msgaspecially in obesity. We have
also shown thein vitro release of RANTES from the epicardial and thoracic
subcutaneous adipose tissue depots in individuatkergoing cardiac surgery for
valve replacement and without coronary artery dise@adaniet al 2009 (a), in
press). In this group the RANTES release from egdiahadipose tissue, but not the
thoracic subcutaneous, correlates positively witlll Band is enhanced in obese
individuals. So while epicardial RANTES is relaténl obesity, neither systemic
RANTES nor its release from the subcutaneous aedabidominal visceral adipose
tissues are good markers of adiposity. The sigmfiheterogeneity in the release of
RANTES from the various depots suggests differéntieegulation by
autocrine/paracrine factors. Given that in othdi pepulations RANTES affects
intracellular pathways that are central to adipedyiology (Zhanget al 2002), it
would be interesting in the future to evaluate adgtissue as a target, rather than as
a source, of RANTES.

The two pathways involved in mediation of the storeof these adipokines namely;

COX and NOS, were then investigated further andugised in the following sections.

4.2 COXPATHWAY
In this morbidly obese, female group of patienter¢hwere no depot specific
differences in the release of IL-6. The vitro pharmacological inhibition of COX

with low dose aspirin, a non-selective COX inhibjtosignificantly reduced
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subcutaneous IL-6 release, but this was not appatdmngher doses or in the omental
depots. COX-1 selective inhibitors had no effectlbi® release from either depot.
However there was a trend towards reduced IL-6asgleby COX-2 selective
inhibitors in subcutaneous but not the omental tepBxperiments performed on
mice in our group (Ogstoat al, 2008) found that the treatment of murine adipose
tissue in organ cultures with aspirin resulted sigmnificant reduction of IL-6 release
which was dose dependent in both subcutaneousaratigl depots. COX-2 selective
inhibitor also brought about a significant redustio IL-6 release from both depots
but this did not appear to be dose-dependent, twéhmaximal effect observed at the
lower dose. This difference between human and raurgsults may be due to
problems with storage of the inhibitors used, asetkperiments with the human tissue
were carried out a few years after the murine erparts but using aliquots of the
same inhibitors. The relatively small number ofi@ails used in this study (n=5) could
have influenced results as well. Therefore thesali® need to be confirmed both
using new reagents and in a larger cohort.

Endogenous PG$ and PGE secretions were unrelated to IL-6 secretion in &om
tissue; however this was not the case in mice @gst al, 2008). Experiments in
mice revealed greater PGSl protein and activity in gonadal compared to
subcutaneous adipose tissue. In human tissueSP&dtivity, but not its protein
expression, was found to be higher in the omergpbts. However, in a subgroup of
patients, in whom fractionated adipose tissue wasmilable the omental
stromavascular fraction showed higher fE5kxpression compared to that of the
subcutaneous depot. No depot specific differencare wpparent for PGE activity.
The effect of ingested aspirin on the adipose éissunice using ultra-low doses was
investigated (Cyrugt al, 2002). Low dose aspirin significantly reducettuiating
IL-6 in vivo in mice. Specific inhibition of COX-i vitro also reduced adipose IL-6
and abolished the differences seen between sulsmtarand gonadal adipose tissue
in mice. Even at these doses aspirin inhibitedréiease of 6-keto-PGé and IL-6,
though not PGE from murine white adipose tissue. Given that bGMX isoforms
are constitutively expressed, it seems that intib&ie, as in endothelial and smooth
muscle cells (Schildknecldt al, 2004), PGJ synthesis is more coupled to COX-2
activity and drives the IL-6 secretion. Furthermodepot-specific differences in
expression and activity of P€d may explain the greater release of IL-6 from a@len

adipose tissue.
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Dietary and pharmacological interventions that Iowe activity of COX mediated
PGLS in adipose tissue are therefore likely to leadlaal inhibition of IL-6
production. The novel observations of the suscéyilbf the adipose tissue COX/PG
pathway to ASA inhibition, as well as the fat deppéecific expression of P&3 and
production of PGl has important implications not only for the cohtwblL-6 release,
but perhaps also for other important P@gulated functions in adipose tissue, such
as adipogenesig\ilhaud, 1999) and local adipose tissue blood flow. Thevance of
this pathway needs further clarification in humdipase tissue.

4.3 NOS PATHWAY

Serum ADMA, an endogenous NO inhibitor, levels hagen shown to be elevated in
several clinical syndromes associated with insutgsistance and increased
cardiovascular disease risk (Vallance 2001; Kieistt al, 1999; Zavaronget al,
1999), including obesity (Eicet al 2004). In this study ADMA levels were
determined in the serum, organ culture of adipssei¢ and whole adipose tissue, of
both subcutaneous and omental depots, in morbidgs® females. Serum ADMA
was positively associated with insulin but not wiglucose and the ADMA/SDMA
ratio was proportional to systolic blood pressyperhaps suggesting endothelial
dysfunction.

Hypercholesterolemia is thought to directly reducBAP activity resulting in
ADMA accumulation (Chan & Chan, 2002). Howeven, ¢ontrast to published
literature GStuhlingeret al, 2002), there was aegative correlation between serum
ADMA and triglyceride. The median serum ADMA in shinorbidly obese group was
1.84uM/l (1.03 — 2.06). Schulzet al. analyzed 500 healthy subjects, aged 19 to 75
years, with the aim of determining a reference edr ADMA and reported a mean
concentration of 0.68mol/l (= 0.2). In the Athero Gene Study on 1758igras with
subclinical coronary artery disease but withouteaurrent cardiovascular event
reported a median serum ADMA value of Qué®l/l (Schnabekt al, 2005). In the
present study, although statistical comparison cconbt be made accurately,
circulating ADMA seemed lower in the lean individsat 0.75uM/l (0.65 — 0.8).
This is in keeping with report by Kryzanowsé&tal, showing elevated ADMA levels
in morbidly obese subjects compared to normal weigtividuals, and a significant
reduction in systemic ADMA, along with improvementseveral components of the

metabolic syndrome, following gastroplasty (Kryzasskaet al, 2004).
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No depot specific differences in tissue ADMA wasmiastrated here. However
ADMA extraction from explants in thirteen obeseigats showed higher levels being
generated from the omental compared to the subeotsn depot. The direct
associations of omental ADMA release and BMI sutgeslink between visceral
obesity and endothelial dysfunction. Higher omerA&IMA levels could reflect
lower activity or expression of the catalysing eneg, DDAH, or higher synthetic
enzymes, PRMTSs, in this depot. Published result® ltanfirmed the expression of
the whole gene set that codes for the enzymati¢esysresponsible for the
biosynthesis and degradation of ADMA in the humalipase tissue; PRMT1-6,
DDAH1 and 2 and all forms of NOS (Spatb al, 2007). This is the only published
study comparing subcutaneous and omental ADMA selealthough tissue was
obtained only from two healthy patients. Authorpaed higher DDAH2 in visceral
adipose tissue and higher DDAHL1 in the subcutanéepst (Spotet al, 2007). In
our study, although DDAH2 was expressed in higmownts compared to DDAH1
in both depots but there was no depot specifiedsfice for DDAH1 or DDAH2. In
order to assess whether the expression of DDAHectdl the stromavascular
components of this tissue, in a subgroup of patiém¢ stromavascular fraction was
separated from adipose tissue. DDAH expression fadipocytes was not obtained
due to poor RNA vyields but DDAH2 was found to bghar compared to DDAHL1, in
the stromavascular fraction of both depots and agan no difference was seen
between depots. We did not compare the expres§iBRMTs between depots in this
study but this would be interesting to evaluatéhm future. Spotet al reported over
expression of PRMT6 in the visceral adipose tisbue higher PRMT1-4 in the
subcutaneous depot. Experiments on mice in our pgrimwnd higher PRMT3
expression in gonadal adipose tissue compared ® dhbcutaneous depot
(unpublished results).

Insulin-induced vasorelaxation in both humans amdials has been attributed to its
ability to stimulate endothelium-dependent NO gatien (Scherreret al, 1994,
Bertugliaet al, 1998). Reduced sensitivity to the metabolic andi of insulin and
impaired NO mediated vasorelaxation has been demaded in obesity, type 2
diabetes, hypertension and dyslipidaemia (Pinlataat, 1997; Reaven, 1988).

In a small subgroup of patients obese normoinsetme and hyperinsuliaemic
patients both had raised circulating ADMA (figurd3). The raised ADMA, used as

an index of endothelial dysfunction, was associatéth insulin resistance in the
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obese hyperinsulinaemic patients but not in theseb®rmoinsulinaemic group. The
reason the later “fat and fit” group do not developulin resistance is not entirely
understood. McLaughliet al found serum ADMA to be higher in insulin resigtan
obese women compared to their equally obese bulinnsensitive counterparts. They
reported serum ADMA decreased after weight lossy anl the former group
(McLaughlin et al, 2006). The same group had treated healthy madsistant
individuals with Rosiglitazone, an insulin-sensiig drug, and showed enhanced
insulin sensitivity and reduced plasma ADMA concatidns (Stuhlingeet al, 2002),
concluding that insulin resistance is a potentiadrator of ADMA concentrations.
However work by Naderaliet al showed severely reduced insulin-induced
vasorelaxation in diet induced fed rat but coneditn-dependent relaxation by
insulin (Naderaliet al, 2001) suggesting that endothelial dysfunctiomes prior to
insulin resistance. A randomized placebo contradiedly on 70 non-diabetic patients
with metabolic syndrome demonstrated an independasgociation between
improvement in flow-mediated dilation and reductom ADMA in patients on
Rosiglitazone (Wanget al, 2006). In our study the obese normoinsulinaeamd
hyperinsulinaemic patients on Metformin had lowecudating ADMA compared to
their counterparts not on Metformin. Metformin hbsen reported to decrease
circulating ADMA both as monotherapy and as addif@rapy to sulphonylurea in
poorly controlled type 2 diabetic patients (Asagatmal, 2002). The modes of action
of insulin sensitizing drugs are not well understoMetformin may directly act on
adipose tissue and enhance adiponectin releaseh iinen inhibits ADMA release
from the liver or it may have separate effects dip@se tissue and liver (figure 4.1).
Other studies looked at endothelial vasodilatonction and had reported an inverse
relationship between ADMA and endothelial functionthe hypertensive (Perticone
et d., 2005) and hypercholestrolaemic patients (Bageal, 1998). Weight loss has
also shown to improve endothelial-dependent vaabdil in obese individuals
(Sasakiet al.,2002; Ziccardiet al, 2002). Interestingly adiponectin has been shown
to reduce ADMA accumulation in human cultured ehebal cells (Eidet al,, 2007).
Serum adiponectin, an insulin sensitizing adipokimeas lower in the obese
hyperinsulinaemic group compared to obese normbireamic individuals and
circulating levels seemed to be higher in both gsowhen on Metformin. Plasma
adiponectin have been reported to be higher aftetfdvmin treatment in obese

patients with polycyctic ovary syndrome (Jakubowskal., 2008). Adiponectin acts
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through two receptors, AdipoR1 and AdipoR2. It ought that a decreased
expression of these receptors could contributensolin resistance and diabetes. A
study on Zucker diabetic rat found that Metformmuced the expression of these
receptors in liver muscle and adipose tissue (Metaal, 2008).

93



Metformin

b)

- TAdiponectin

‘ —» vADMA

Figure 4.1: Proposal of the mechanism of action dfletformin.

Metformin may act by a) inducing adiponectin seoretfrom adipose tissue which
then has inhibitory effect on ADMA release from theer and on adiponectin
receptors. b) having direct inhibitory effect oveli ADMA synthesis and release. AT:
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The debate on whether insulin resistance is theltres the cause of endothelial
dysfunction is not clear. Future longitudinal segdland myography of vessels from
the adipose tissue may provide a clearer explamé&iothis.Given the pivotal role of
ADMA in determining NO bioavailability and the laggrray of conditions associated
with high ADMA concentrations, pharmacological m&tion of circulating ADMA
could lead to novel therapies for preventing cardszular disease in insulin resistant
or high risk subjectdf endothelial dysfunction occurs prior to insutesistance, and
elevations in serum ADMA represent a reversibleoabmality that contributes to the
increased cardiovascular riskDMA modulation may be beneficial in preventing

obesity associated cardiovascular dysfunctionsalin sensitive individuals.

4.4 LIMITATIONS OF RECRUITMENT

Two main limitations of this study were encountededing recruitment phase. While
setting up the protocol it was decided that obegeepts would be recruited from the
patient group undergoing bariatric surgery and l#sn patients would be a group
undergoing reflux surgery. It was anticipated th&tobese and 15 lean individuals
would be enrolled by the end of the recruitmentiquerfor this study. However
majority of the patients in the later group had BEB (kgm?) and therefore were
considered obese. Out of the total of 31 patiestsuited only 4 were lean by WHO
criteria. This meant that there were not enough [eatients to be used as the control
group for this study. In order to address this sfadl, ethical approval was obtained
to include patients undergoing laparoscopic chatmtomy. However after
recruitment for few months it was evident that tipisup of patients were also mainly
obese.

The second limitation to this study became evidaidway during the recruitment
period. This was the predominance of female, opesients. Of the total 31 patients
recruited, only 6 were male, of whom only 2 weresd# This meant that male obese
individuals were not represented appropriately #redefore they had to be omitted
from the study to avoid sex bias. The same appbedfro-Caribbean individuals,

who were excluded from all analysis.
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4.5 LIMITATIONS IN ACQUIRING SAMPLES
Gastric fat pad biopsies were, at times, technjadilificult or the sample not large
enough. In patients undergoing laparoscopic chstecyomy the field of operation

was away from the gastric fat pad and thereforpdies were not safe.

46  CONCLUSIONS

It is well proven that there are differences in fireduction/release of adipokines
between the subcutaneous and visceral depots aoerai adiposity is directly linked
to cardiovascular risk factors. However in thisdgtwve showed that there is also a
difference in the release of at least one adipoKRANTES) between different
visceral depots which may suggest paracrine l@abfs mediating their release.

IL-6 and ADMA, an endogenous nitric oxide inhibitanight also explain the link
between obesity, type 2 diabetes mellitus and caedicular disease. P£Sl seems to
be more coupled to IL-6 production in omental adgtissue and ADMA release was
higher from the omental depot. Modulation of thesBpokines may reduce the

cardiovascular risks associated with obesity.
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