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1 Introduction

1.1 Obesity

Obesity is becoming a key and rapidly growing pulblkealth problem in adults and children
(Hotamisligil, 2006). Its prevalence is increasmgrldwide with epidemic levels having been
reached in Western industrialized societies (Vaal@®aal., 2006). Obesity is defined as an
excess gain in white adipose tissue (WAT) whichraases the risk of developing a number
of medical problems, ranging from features of thetaholic syndrome to sleep apnoea,
structural problems with joints and malignancie(@i et al., 2006). Several methods are
available for measuring the degree of obesity Img ¢commonest and simplest way for
classification is the worldwide accepted body masex (BMI) which is defined as the
weight in kilograms divided by the square of théghein metres (kg/R). According to the
World Health Organisation (WHO), the normal weigdmige falls between a BMI of 18.5 and
24.9. An individual is regarded as being underweifjthe BMI is < 18.5 kg/rfy overweight

if the BMI is > 25 kg/nf, obese if it is> 30 kg/nf and morbidly obese if the BMI is 40
kg/n? (http://www.who.int/nut/#obs). A BMI between 22afid 25 kg/rhis associated with
the highest life expectancy in both sexes, whiletatity of individuals with a BMI between
20 to 22.4 kg/rhis even higher than in individuals with a BMI bewn 25 and 27.4 kgfin
whereas a BME 30kg/nf not only increases the risk of several diseasamaitically, but
also the risk of death (Whitlodadt al., 2009). Since the BMI alone is not a good indicdébo
the health risk assessment in overweight and obeésaduals, the estimation of the adipose
tissue distribution is extremely important (Eisednd Hauner, 2006; Hauner, 2009;
Manolopouloset al., 2010). In practice, the waist circumference isasueed because the
abdominal type of obesity (“apple-shaped”)eispeciallylinked to a high cardiovascular and
metabolic risk. The risk is heightened for waistlicircumferences over 92 cm for men and over
80 cm for women and significantly heightened foiistlane circumferences over 102 cm for men
and over 92 cm for women (Hauner, 2007). In conhtrasgluteofemoral body fat distribution
(“pear-shaped”), may be associated witlpratective lipid and glucose profile, as well as a
decrease in cardiovascular and metabolic risk (Négroulos et al., 2010). However,
independent of the type of body fae risk for concomitant diseases is increased vahBNl| of

30 kg/nt or more is reached (Skurk and Hauner, 2008 rise in obesity can be explained by
the growing trend of physical inactivity, coupledttwa high calorie intake of easily available
and highly palatable energy-rich foods. Suscejiybib obesity is thought to be genetically
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dependent throughout the population by a factofemiifg between 30 % and 70 % in
individuals (Berthoud, 2002; Lyon and Hirschhor@03). Such a wide range makes it
difficult to generalise susceptibility due to fatsuch as diet and lifestyle unless the genetic
susceptibility can be more accurately determinadafo individual or group (Baskiet al.,
2005; Weyert al., 1999). Nevertheless, onlyfew obesity cases are attributed to a rare single
genetic cause (Berthoud, 2002; O'Rahilly, 200%herefore, the development of obesity
involves the interplay of a large number of susidgptgenes with obesigenic environmental
factors.

1.1.1 Prevalence of obesity

The most recent figures available for Germany iaichat 66 % of men and 51 % of women
are either overweight or obese. One individualiwe has a BMI equal or above 30 kg/m
(Nationale Verzehrsstudie Il, 2008; http://www.wesse-ich.de/). According to the National
Health and Nutrition Examination Survey 33 % of #ukilt Americans are overweight, 34 %
are obese and almost 6 % are morbidly obese (mtpw.cdc.gov/obesity/data/index.html).
Additionally, the prevalence of childhood obesgyincreasing at alarming rates. Referring to
the International Obesity TaskForce report arouddd of the children aged 5-17 years in
Europe are overweight and 5 % are obese. For Améhnie figures are worse, with about 25
% of the children being overweight and about 8 % inde obese
(http://www.iotf.org/childhoodobesity.asp). Bearimg mind, that weight, BMI and waist
circumference which are used to define obesity inoatly rise with increasing age in both
sexes (Nationale Verzehrsstudie I, 2008; http:Mnwwas-esse-ich.de/), health care costs for
obesity associated diseases will foreseeable isereather. As yet, the annual expenditure of
the German health care system for the treatmeabesity’s comorbidities, primarily type 2
diabetes, is estimated to be about 13 billion edifainer, 2006) clearly a serious economic

strain.

1.1.2 Obesity-associated diseases

The metabolic syndrome is a cluster of medical rdiss which increase the risk of
developing cardiovascular disease (CVD). Dependingthe definition, obesity or central
obesity may be one component out of three of thleviong criteria: glucose intolerance

(impaired glucose tolerance, impaired fasting gdyom or diabetes), dyslipidaemia

2.



(depressed high-density lipoprotein [HDL] cholesteand/or elevated blood triacyglycerols
[TAG]), hypertension, insulin resistance and midlbaaninuria (Albertiet al., 2006; Zimmet

et al., 2005). According to the US National Health Statifkeport, the prevalence of the
metabolic syndrome among adults 20 years of ageabnge is 34 % on average when the
National Cholesterol Education Program/Adult TreantmPanel 11l (NCEP/ATP IlI) criteria
are applied and increases with the age but evere miwikingly with rising BMI (Ervin,
2009). For Germany no appropriate studies are aailbut the prevalence is assumed to be
around 25 % or 18 % when estimated by the WHO oERTP Il criteria, respectively
(Wirth, 2007).

Type 2 Diabetes is generally a combined disturbafigesulin secretion by the pancreas and
the inability of the tissues in the body, mainly sole, adipose tissue and liver, to respond
appropriately to insulin, the latter being the phoemt feature if the individual is obese
(Hauner, 2007). Obesity and increased abdominaligitibution are the greatest risk factors
for developing type 2 diabetes, other factors idelgenetic predisposition, age, hypertension,
dyslipidaemia, glucose intolerance during pregnaacyl physical inactivity. The main
complications of type 2 diabetes are micro- and romugiopathies and neuropathies. It is
estimated that around 5 million individuals in Gamy, equivalent to 5-6 % of the
population, have a diagnosed type 2 diabetes (Ha@087) causing the health care system
enormous costs as addressed in chapter 1.1.1

Endothelial dysfunction of the micro- and macrovdature (see chapter 1.2.4.1) is central to
the development of CVD (Krenta al., 2009; Singhal, 2005) which is strongly associated
with obesity (Whitlocket al., 2009). According to a recently published metahas which
included 57 prospective studies, ischemic hearadiss, stroke and other vascular diseases
are the most common cause of premature death seqimople (Whitloclet al., 2009).

Obesity also appears to be associated with anasecemortality from cancer, with a higher
incidence of certain cancers, including the colare; (post menopausal) breast,
endometrium, kidney, pancreas and oesophagus (dowleand Caswell, 2009). Obesity is
also linked to orthopaedic problems, respiratorsedses (Molavet al., 2006) and renal
disorders (Nguyen and Hsu, 2007; Wahba and Mak7)200



1.1.3 Obesity as an inflammatory state

Obesity is associated with a state of chronic loadg inflammation which possibly provides
a connection between obesity, insulin resistana# the other aspects of the metabolic
syndrome (Trayhurn and Wood, 2004). More precigiiig, state of low-grade inflammation
also contributes to the micro- and macrovasculadothelial dysfunction and vascular
remodelling (Hotamisligil, 2006; Singer and Grandg#07; Van Gaadt al., 2006); leading to
hypertension, atherosclerosis and microvasculamptioations (Nguyen and Hsu, 2007; Van
Gaalet al., 2006). Changes in the microcirculation might elsera cause of the development
of insulin resistance and the metabolic syndrome(Mgpergeret al., 2007). The systemic
inflammation, involves the elevated circulationinflammatory cytokines and acute phase
proteins such as C-reactive protein (CRP), intéite(iL) 6, plasminogen activator inhibitor-
1 (PAI-1), P-selectin, vascular cell adhesion molled (VCAM-1) and fibrinogen (Van Gaal
et al., 2006). Their source has been suggested to bdeséheand also WAT (Van Gaat al.,
2006), since WAT expansion is linked to increasaekls of several adipokines e.g. IL-6 and
PAI-1 within the tissue (Wellen and HotamisligiD@5). Many adipokines may act locally in
WAT, but others, typically leptin and adiponectilsareach the circulation and thus, it is
suggested that some adipokines contribute to take stf the systemic chronic low-grade
inflammation (Molaviet al., 2006; Trayhurn, 2005).

The question of the origin of inflammation in oltgss not clear but four main mechanisms
are discussed which are likely to increase the ymbah of proinflammatory molecules in
WAT; hypoxia, endoplasmatic reticulum (ER) stressidative stress and immune cell
accumulation (Bourlier and Bouloumie, 2009; Hotdigik 2006; Trayhurn and Wood, 2004;
Wellen and Hotamisligil, 2005).

Hypoxia is likely to occur in expanding WAT, whicppears to lead to an inflammatory
response in adipocytes to increase blood flow @ndufate angiogenesis (Trayhurn and
Wood, 2004; Ye, 2009) as addressed in chapter.10bésity also generates conditions that
increase the demand on the ER, especially in WA tdutissue remodelling and metabolic
turnover. As result ER stress may occur leadinthéoactivation of inflammatory pathways
including the stress-activated phospho-kinasegicNierminale Kinase (SAPK/JNK) and
Nuclear factor kappa B (MB) pathways (Wellen and Hotamisligil, 2005). Reletvéor the
initiation of inflammation in obesity may be alsxidative stress. ROS (radical oxygen
species) produced by adipose tissue endothelihlnzébchondria due to hyperglycaemic
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conditions could result in oxidative damage and abavation of inflammatory signalling
pathways. Activated and/or damaged endothelialscdlen may enforce immune cell
attraction in WAT. Additionally, hyperglycaemia maiso increase ROS production in
adipocytes leading to a further enhanced produaioproinflammatory adipokines (Wellen
and Hotamisligil, 2005). Finally, once immune caticumulation has occurred in WAT this
further may amplify cytokine production, secretgditmmune cells and other cells present in
WAT (Bourlier and Bouloumie, 2009; Wellen and Hotsligil, 2005).

1.2  Adipose Tissue

1.2.1 Adipose tissue function

Adipose tissue in the bodies of women and men ohabweight generally consists of 20 to
30 % and 12 to 20 % respectively, of their totadypweight (Klaus, 2001). Whole adipose is
categorized in three different types according hHeirt location and function: 1) WAT, 2)
brown adipose tissue (BAT) which plays an essemt#d in thermogenesis, especially in
rodents, and 3) bone marrow fat which serves anotimgyr things as energy reservoir (Klaus,
2001). In the following the focus lies on WAT, ssn humans, it quantitatively plays the
most important role (Tanzi and Fare, 2009). WATnhishe first place an energy reservoir and
essential for energy homeostasis. During periodaafsurplus, glucose and fatty acids (FA)
are taken up by adipocytes and converted intoytrggides for storagde novo FA synthesis
appears to play only a minor role in humans duéh&r habitual high fat intake (Loffler,
1998). The term lipogenesis encompasses the pexest fatty acid synthesis and
triglyceride synthesis. During periods of fuel deption, the TAG are broken down by the
adipocytes into FA and glycerol and released imt® ¢irculation; this process is termed
lipolysis (Boschmann, 2001). WAT is also an impottandocrine and secretory organ as
discussed in chapter 1.2.2 and necessary for meethamd thermal insulation (Klaus, 2001).
For desert and marine mammals WAT may be, in addib its property as energy reservoir
important as source of metabolic water (Klaus, 2001



1.2.2 WAT secretory function

WAT has been recognized as a critical secretoramreeleasing a wide range of molecules.
The main groups of these molecules with examplegpagsented in figure 1, some of them
will be addressed in detail in the following. NotgbFA are quantitatively the primary
released substance from WAT, which are producemgltine lipolysis of TAG.

Figure 1 Secretory products of white adipose tissue

Acute phase proteins
Haptoglobin, MT, SAA

hormones TNF-a, IL-4, IL-6, IL-8,

adiponectin, leptin \ / MIF, MCP-1, RANTES, SDF-1a.

Energy homeostasis T Cytokines and chemokines

\"-kﬁq""-ﬁ &
Eicosanoids (- 7 Haemostatic and
Wi e Wy g # A
PGD;, PGE;, PG, mm— ‘*? NN haemodynamic factors
a7 g & TF, PAI-1, angiotensinogen

Proteins of / \ Growth factors

linid metabolism TGF-B, VEGF, IGF-1, NGF
LPL, adipsin, ZAG

Fatty acids, cholesterol,
steorid hormones

White adipose tissue secretes a wide range ofriaetith the majority being synthesized de novo and
only some molecules being converted from precunsolecules. This figure represents a number of
selected molecules secreted by WAT. MT, metallatain; SAA, serum amyloid A; TNk; tumour
necrosis factor, IL, interleukin; MIF, macrophage migratory inhitwy factor; MCP-1, monocyte
chemoattractant protein-1; RANTES, regulated upastivation, normally T-expressed, and
presumably secreted; SDI:1 stromal cell-derived factor 1 alpha; TF, tisswectér; PAI-1,
plasminogen activator inhibitor-1; TGF-R3, transforghgrowth factor 3; VEGF, vascular endothelial
growth factor; IGF-1, insulin-like growth factor-NGF, nerve growth factor; LPL, lipoprotein lipase;
ZAG, zincu2-glycoprotein; PG, prostaglandin (Bing and Trayhu2009; Fischer-Posovszl al.,
2007; Kintscheet al., 2008; Peeraullgt al., 2004; Skurlet al., 2009; Trayhurn, 2005).



1.2.2.1 Leptin

The gene of leptin was discovered by positionahiclg in mice (Zhangt al., 1994). Leptin

is a 16 kDa, cytokine-like hormone and is primasicreted by WAT but its expression is
also found in other organs (Trayhurn and Beatt@)12. In obesity leptin expression is
elevated and strongly correlates with body fat nf@sayhurnet al., 2001). Leptin is a key
regulatory protein in energy balance, being alsolved in haematopoiesis, reproduction, the
immune system and angiogenesis (Beltowski, 2008yfurn and Beattie, 2001). In obesity,
when circulating leptin levels are high, it mayaatontribute to endothelial dysfunction and
atherosclerosis (Beltowski, 2006). Leptin promodesiothelial cell proliferation, migration
and the formation of fenestrated capillaries anckgplates vascular endothelial growth factor
(VEGF) expression (Beltowski, 2006; Christiaens &fjden, 2009). Its role in endothelial
cell activation in the context of leukocyte infdtron is discussed controversially in the
literature (Curatt al., 2004; Skiltonet al., 2005). Leptin has several receptors belonging to
the obese receptor (Ob-R) family. In endothelidlscieptin signals via the Ob-Rb receptor
leading in the activation of the janus kinase sigrensducer and activator of transcription
(JAK/STAT) pathway (Sierra-Honigmanet al., 1998; Suganameét al., 2004). Leptin
expression is upregulated by insulin, glucocortspitumor necrosis factor alpha (T Miy-
and oestrogens and is suppressed by noradrenalihadrenaline. The sympathetic nervous
system which innervates WAT plays an important rialdeptin regulation (Bartness and
Bamshad, 1998; Trayhustal., 2001; Wabitsclet al., 1996).

1.2.2.2 Adiponectin

Adiponectin is an abundant circulating proteinmainly secreted by mature adipocytes and
exists in several distinct forms (Whiteheadl., 2006). Its expression is decreased in obesity
and even further reduced in insulin resistance tgpd 2 diabetes (Christiaens and Lijnen,
2009). There also exists a sexual dimorphism in dnsn with women having higher
adiponectin plasma levels then men (Nishizaval., 2002). Besides its important role in
metabolism (Yamauchet al., 2002) it has anti-inflammatory properties and raggs
beneficial effects in the vasculature vivo and in vitro (Goldstein and Scalia, 2004).
Adiponectin may function pro- and anti-angiogenh(istiaens and Lijnen, 2009). It is
downregulated by glucocorticoids, TNF-IL-6 andp-adrenoceptor agonists and upregulated

by peroxisome proliferators-activated receptor gamn(PPAR) agonists, e.qg.
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thiazolidindiones (Fasshauer and Paschke, 2003poAdctin signals via the adiponectin
receptors 1 and 2 (AdipoR1 and AdipoR2) (Whitehetaad., 2006).

1.2.2.31L-6

IL-6 is a cytokine which is produced by many cefheés and also by those of WAT. It is
important in the regulation of inflammatory proaesgJones, 2005) but it also plays a role in
carbohydrate and lipid metabolism (Glund and Kro@k08). In obesity and insulin
resistance, II-6 plasma levels and WAT II-6 expiassare increased (Kirat al., 2009) and
thus, it can contribute to the state of chronic-lgnade inflammation. II-6 is downregulated
by glucocorticoids and upregulated by insulin, T&Fand (B-adrenoreceptor agonists
(Fasshauer and Paschke, 2003). Its signalling giatezl via a tyrosine kinase associated
receptor involving the JAK/STAT pathway (Kiet al., 2009).

1.2.2.4 Vascular endothelial growth factor (VEGF)

VEGF is necessary for vasculogenesis and angiogedasng development and postnatal
e.g. during pregnancy, wound healing and pathoplogic conditions, including cancer,
rheumatoid arthritis and cardiovascular disease. ddmplexity of the VEGF family and its
receptors allows a broad range of biological actiont only in endothelial cells but also
many other cell types (Ferrara and Davis-Smyth,719Bhe VEGF family consists of VEGF-
A, VEGF-B, VEGF-C, VEGF-D and VEGF-F and placentawgh factor (PIGF) and its
receptors VEGFR-1 (Flt-1), VEGFR-2 (KDR/Flk-1) aw&GFR-3 (Flt-4) and belong to the
family of receptor tyrosine kinases (Ferratal., 2003; Zachary and Gliki, 2001). VEGF-A
is the most abundant form and VEGFR-2 appearsap @lmajor role in endothelial VEGF
signalling. VEGF is produced by many cell typesgluding endothelial cells, vascular
smooth muscle cells, epithelial cells, preadipogyed adipocytes (Faet al., 2004; Ferrara
and Davis-Smyth, 1997; Ferraeqal., 2003). VEGF is extremely important for endothelia
cell survival or anti-apoptotic signalling, proliggion, migration, nitric oxide (NO) and
prostacyclin (PGJ) induction and vascular permeability (Zachary &iki, 2001). VEGF
expression is regulated by hypoxia, several cyexinncluding IL-1 and IL-6 and cell
differentiation and transformation (Ferrara and iB&myth, 1997).



1.2.2.5 Chemokines

Obesity is connected with an increased level aftiafing immune cells in WAT (Kintscher
et al., 2008; Weisbergt al., 2003), the latter being also source of a rangehemokines such
as monocyte chemoattractant protein-1 (MCP-1) (Baith Madan, 2005), CCL5, also called
RANTES (regulated upon activation, normally T-exgz@d and presumably secreted; Skurk
et al., 2009), 1I-8 (Fain and Madan, 2005) and stronadlderived factor 1 alpha (SDFal
(Kintscheret al., 2008). The production of inflammatory chemokimegurs in response to
inflammatory cytokines, including II-1, TNF and enterons and bacterial toxins in most
tissues and immigrating leukocytes with the aimetzruit leukocytes to inflamed and infected

tissues (Baggiolini, 2001).

1.2.3 WAT morphology

WAT depots are distributed throughout the body ead be roughly categorized as visceral
and subcutaneous. Small quantities can also bedfadthin and around organs and blood
vessels (Cinti, 2005). WAT is not homogeneous, elaih displays depot and sex-specific
metabolic properties and is subject to differenti@liral and endocrine regulation. Body fat
distribution generally differs between men and woragen at comparable body fat content.
Women tend to depot subcutaneous adipose tissine igluteo-femoral area whereas men in
the abdominal region and normally also have laegeounts of visceral fat mass than women
(Boschmann, 2001).

Mature adipocytes represent about 50% of the tmtthicontent of WAT (Hausman, 1985)
and store the TAG which in turn constitute up to%5of tissue weight (Trayhuret al.,
2006). The remaining stromal vascular fraction csiasof many cell types, including
preadipocytes, fibroblasts, endothelial cells, pges, blood and endothelial cells, diverse
precursor cells and immune cells, such as macra@shamd T-lymphocytes. Increased
immune cell infiltration occurs in obesity (Cin001; Rausclet al., 2007; Weisbergt al.,
2003) as discussed in chapter 1.2.7. All cells éflWare involved in autocrine, paracrine and
endocrine processes and cross-talks (Hauner, 28@5heir differential contribution to the
total pool of adipokines is not clear (Antuna-Peettal., 2008; Fairet al., 2008; Fairet al.,
2004; Weisbergt al., 2003). Adipose tissue is highly vascularized (skapter 1.2.5) and
innervated by the sympathetic (Cinti, 2001) andgassympathetic (Kreier and Buijs, 2007)

nervous system.
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White adipocytes have a diameter ranging from 1050 pm which is due to the ability of
the cells to accumulate different amounts of TAG isingle vacuole. The nucleus is located
peripherally in white adipocytes which also hawesleell-developed mitochondria compared
with brown adipocytes (Cinti, 2001; Cinti, 2009).

1.2.4 WAT growth and vasculature

1.2.4.1 Blood vessels, endothelial cells and endothelial glyinction

Blood vessels are very heterogeneous in archiectnd function but can be roughly
categorized as macrovascular and microvasculard (A2003; Aird, 2007; Aird, 2007;
Steinbeck, 2002). The inner lining of the circutgt@ystem consists of a single layer of
endothelial cells adhering to the basal lamina wiaiee the gatekeeper between the blood and
tissues. In the large blood vessels of the macowature, the endothelial cells are
surrounded by vascular smooth muscle cells followed third layer, the adventitia which
consists of connective tissue and elastic eleméntontrast, microvascular endothelial cells,
the cells of the capillaries, in general resideaobasal lamina and are only supported by
sparsely distributed pericytes. Microvascular ehdlil cells are either of the continuous, the
fenestrated or sinusoidal type, exert organ-speeaiftivities and are necessary for gas and
nutrient exchange (Randadt al., 1997). Overall, resting endothelial cells haverfonain
functions: they maintain blood fluidity, regulateodd flow, control vessel wall permeability
and quiesce circulating leukocytes. Endothelialfulystion describes the situation when
endothelial cells fail to appropriately perform amiythese basal functions, although this term
is often used to describe only the failure of aslezndothelial cells to produce sufficient of
the vasorelaxant NO (Pober and Sessa, 2007). lamibtt endothelial cells can be activated
by stimuli from the environment such as inflammgtonediators leading to a series of
changes in the cells which enables them to offeewa repertoire of activities and receptors
which are further adapted during transition fromutacto chronic inflammation. Upon
activation, the blood flow and the vascular leakag@lasma proteins may be elevated and
the endothelial cells control the recruitment afikiecytes into the underlying tissue (see
chapter 1.2.7.1). This process generally occurshe microvascular beds in tissues, an
exception is found in atherosclerosis where morescytansmigrate over the macrovascular

aortic wall following initial lipoprotein entrapmém the subendothelial matrix. Additionally,
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upon activation, the microvascular endothelialscalle subject to angiogenesis in wounding
or inflammatory processes (Kula al., 2005; Pober and Sessa, 2007; van Hinsbergh, 2001;
Zimmermanet al., 1999).

1.2.4.2 WAT growth

WAT growth requires continuous remodelling of thaseular network, mainly the
microvasculature, which is then subject to neovias@ation and/or remodelling of existing
capillaries (Christiaens and Lijnen, 2009). WAT daarease either due to hypertrophy of
existing adipocytes or hyperplasia where the nunolb@dipocytes is increased (Schling and
Loffler, 2002). The determining factors of fat massadults are not completely understood
but increased lipid storage due to hypertrophy apgpt be most important (Bjorntorp, 1974;
Hirsch and Batchelor, 1976). In contrast, hypeiplend the determination of adipocyte
number appear to occur during childhood (Knidtel., 1979; Spaldingt al., 2008), since in
adults the adipocyte number remains unchangedan &nd obese individuals even after
marked weight loss which had been stable for twarget the time of the measurements
(Spaldinget al., 2008). Nevertheless, if it comes to massive @mes in body weight and
adipocytes have reached a critical siagyerplasia also appears to occur (Hirsch and B&ich
1976) which is achieved by inducing adipogenesighis process undifferentiated fibroblast-
like preadipocytes which are found in adipose @salong with pluripotent precursor cells
that can be induced to follow the path of adiposd bneage, differentiate to mature
adipocytes (Gregoire, 2001). Adipogenesis also stgiklace in normal weight individuals
since adipose tissue is a plastic organ with amalmarnover of adipocytes of approximately
10 % (Spaldingt al., 2008).

1.2.4.3 Adipogenesis

Some of the key features of adipogenic differemtmmtcan be summarized as follows.
Adipogenesis is a complex and tightly controlledgass which is accompanied by dramatic
changes in the extracellular matrix (ECM). For cension of preadipocytes into adipocytes
clonal expansion is necessary which is the re-esitigrowth-arrested preadipocytes into the
cell cycle and the progression through at leastdglibcycle divisions. At early differentiation

CCAAT-enhancer binding proteins (C/EBPpand & are expressed and important to stop

clonal expansion and increase the expression of R§yPAPPAR/2 heterodimerizes with
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retinoic X receptors (RXR) and activates C/EBRhich exerts positive feedback on PR2ZR
until both transcription factors reach maximum lsvas differentiation proceeds. This is
paralleled by declining levels of C/EBPand 6. PPAR2 and C/EBR coordinate the
activation of many late and terminally expressediegein the adipocyte differentiation
process e.g. aP2, GLUT-4 and phosphoenolpyruvatsxgkinase (PEPCK). Additionally,
the insulin receptor number and sensitivity incesagnd adipokines such as adiponectin are
expressed. Sterol responsive element binding prdiei also called adipocyte determination
and differentiation factor 1 (ADD1/SREBP1) can m&se the transcriptional activity of
PPARy while Forkhead box C2 (FOXC2) can enhance thesiagctof C/EBRx, PPARy, and
ADD1/SREBP1 (Farmer, 2006; Gregoire, 2001; Gregeiral., 1998; Reecet al., 1977;
Reedet al., 1981; Rosen and Spiegelman, 2000; Vetlet., 2002).

1.2.4.4 WAT vasculature

Organ function is critically dependent on tissuefys@on. In organ growth this is generally
associated with a compensatory increase in vassulaply (angiogenesis), otherwise this
may lead to organ dysfunction as e.g. in cardiapgehyophy with arterial hypertension
(Tomaneket al., 1986). Angiogenesis is tightly regulated redudimg likelihood of different
pathologies including rheumatoid arthritis and @igdbretinopathy (Koch, 2003).

WAT is generally well vascularized but depot diffieces (Bjorntorp, 1996; Crandatl al.,
1997) and differences within the tissue have bdmeiwed (Gersh and Still, 1945; Rutkowski
et al., 2009). This may be due to specific depot-dependelhreplication rate as shown for
rat endothelial cells (Hausman and Richardson, P00#erall, subcutaneous WAT is less
vascularized than visceral WAT (Bjorntorp, 1996§iditionally, variation from individual to
individual and age dependency in angiogenic pakergilikely, e.g. aging and diabetes in
obese mice impaired the neovascular potential gfosd-derived stromal cells (El-Ftesti
al., 2009).
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1.2.5 WAT blood flow

Adipose tissue blood flow varies between speciepots and during different metabolic
conditions and is regulated via the nervous systearmones, exercise and diet (Crana#ll
al., 1997). For example, subcutaneous WAT resting dblftmv expressed as ml per 100 g
tissue per minute varies extremely in dogs (3 tanlP rats (5 to 40 ml), rabbits (1.37 to 22
ml) and humans (0.5 to 8.63 ml) (Di Girolartcal., 1971; Larsemt al., 1966). Additionally,

in humans total adipose tissue blood flow is eledan the obese, reflecting the increased
total adipose mass (Lesser and Deutsch, 1967)h®mwther hand, the blood flow per unit
weight of adipose tissue in humans (Adaehsl., 2005; Lesser and Deutsch, 1967) and in
dogs (Di Girolamcet al., 1971) is reduced with increasing fat mass. Anlaqtion for these
observations is given in the following. In humammderate gain weight is mainly achieved
by hypertrophy of adipocytes (Bjorntorp, 1974; ldivsand Batchelor, 1976)(see chapter
1.2.4.2) and thus, it appears as if depots comtgilairger fat cells contain fewer fat cells per
unit of wet weightIn vivo experiments in dogs (Di Girolame al., 1971), humans (Jansson
et al., 1992) and other species (Crandahl., 1997) show that when the blood flow is related
to the number of adipocytes, the blood flow pel isalelatively constant, irrespectively of fat
cell size. In humans the blood flow is 20-30 pleein (Blaaket al., 1995). These results are
supported by the observation that each adipocypeap to be in contact with at least one
capillary in rats (Gersh and Still, 1945). Altogeththis explains the great variety of WAT
resting blood flow between species and why, in eledividuals, the blood flow per unit

weight of adipose tissue is decreased.
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1.2.6 WAT hypoxia

A lack of oxygen availability, a state which is ledl hypoxia, leads to several adaptation
processes in an organism. At cellular level, tHfecaéd cells counteract with adapting their
energy metabolism by switching to anaerobic glysshand induce mechanisms in order to
prevent cell death and to induce vascular supply. (@ngiogenesis) (Brahimi-Horet al.,
2007; Semenza, 2002). The key transcription fagtgolved in the transmission of the
hypoxic response is the hypoxia-inducible trans@ipfactor 1 (HIF-1) (Brahimi-Horn and
Pouyssegur, 2009) which is composed of one of thedHdsubunits (HIF-&x HIF-2a and
HIF-3a) and HIF-B. HIF-1B is constitutively expressed but not regulated Rygen. In
contrast, HIF-&1, being the most prominent member of thesubunits is constitutively
expressed and degraded at the same time. Upon iayjhexprotein is stabilized and the gene
expression is increased. Hlle-rhas an oxygen-dependent degradation domain wbiatains
two regulatory proline residues which are under mmda hydroxylated by prolyl
hydroxylase domain-containing enzymes (PHD) 1 t@Hs allows binding of von Hippel-
Lindau tumor suppressor protein (pVHL) which forers E3-ubiquitin ligase complex with
co-factors which allows for subsequent poly-ubimaition and degradation of HIFaln the
proteasome. When oxygen and of'Fare missing, the PHDs become inactive and HiF-1
protein accumulates (Brahimi-Hoenal., 2007; Brahimi-Horn and Pouyssegur, 2009). HIF-1
activates a series of genes, ranging from moledog@sy involved in cell proliferation, cell
survival, angiogenesis, vascular tone, cell admpsigtoskeletal structure and extracellular
matrix metabolism to energy metabolism (Semenza)3R0 Notably, HIF-1 is also
alternatively regulated by heat shock proteinspkiyies, growth factors and oncogenes. For
example, TNFa has been found to accumulate and activate HIF#BhBi-Horn and
Pouyssegur, 2009; Hellwig-Burget al., 2005). Therefore, HIF-1 may be upregulated in
many biological situations in tissues but not doehypoxia and so conclusions should be

drawn carefully.

Hypoxia occurs in normal physiology (e.g. developtnef tissues and exercise) but also in
pathophysiology (e.g. tumours and wound healinggaldo occurs in the interstitial stromal
areas of WAT, especially in obese mice as measwiidin vivo oxygen sensor techniques
and pimonidazole stainings (Rausethal., 2007; Yeet al., 2007; Yinet al., 2009). An

explanation may be that the increasing diametefabtells during adipose tissue growth,

despite constant vascularization per adipocytendathet al., 1997), may exceed the oxygen
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diffusion limit of 100 pm (Carmeliet and Jain, 2Q0®xauschet al., 2007). Additionally, it is
conceivable that the decreased WAT vascularizgtemweight may especially decrease the
oxygen availability of the other homing cells in WAocated more than 100 pum away from
the next capillary, since their vascular supplyesp not to be cell number dependent. It is
not known whether the observed hypoxia is inteenittor chronic. Supporting evidence for
hypoxia in human WAT is an increased HI&-Expression in adipose tissue of obese
individuals which decreases after surgery-inducedykt loss (Cancellet al., 2005) bearing

in mind that this could be also due to other meidmas than hypoxia. HIF€dl protein
expression was also found to be enhanced in hygaxican adipocytes (Wareg al., 2007)
and the specific role of hypoxia in the inductionHiF-1a in adipose tissue was shown in
mice (Yeet al., 2007). The glucose uptake is increased in hypbximan adipocytes vitro

by increased GLUT-1 expression. This is due toeased demand of glucose because the
occurring glycolysis during hypoxia produces ledsrsine triphosphate (ATP) per glucose
molecule (Woodet al., 2007). Adipogenesis appears to be regulated lygerx sensitive
mechanisms and preadipocyte differentiation ishiiad under hypoxia (Carriegt al., 2004;

Lin et al., 2006; Macfarlane, 1997; Swierst al., 2004; Yunet al., 2002). Additionally,
children possessing cyanotic heart disease haclated less body fat (Baum and Stern,
1977). Rats exposed to hypoxia significantly sight (Tanakaet al., 1997). Importantly,
human microvascular endothelial cells sustain hupr@adipocyte viability under hypoxia
(Fryeet al., 2005). It has been proposed, that hypoxia may teaan inflammatory response
in adipocytes to increase the blood flow and stateulangiogenesis (Trayhurn and Wood,
2004). Severe hypoxia leads to a proinflammatospease in human and murine adipocytes
in vitro (Trayhurnet al., 2008; Wanget al., 2007; Ye, 2009). Examples of the upregulated
target genes and proteins include VEGF, leptin,-PAmigration inhibitory factor (MIF).
Concurrently, adiponectin expression appears tddvenregulated. A first direct relationship
between hypoxia and insulin resistance has beewrsho vitro for murine and human
adipocytes where the autophosporylation of thelimseceptor was impaired upon hypoxia
exposure which was quickly reversed, after onlyrdi reoxygenation (Regazzett al.,
2009). Additionally, hypoxia may play a role in pdcyte death which preferentially occurs
in WAT of obese mice and humans and is positivelyaelated with adipocyte hypertrophy in
contrast to lean mice and humans where adipocy&hds seldom. In WAT the dead
adipocytes are surrounded by macrophages whichthelgdorm so-called crown-like
structures (Cintet al., 2005; Surmi and Hasty, 2008).
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1.2.7 WAT immune cell infiltration

Many cell types reside in WAT, including immune Isebuch as T-lymphocytes and
macrophages with their number being increased @s@lmice (Weisberg al., 2003; Xuet

al., 2003) and humans (Cance#bal., 2006; Curatt al., 2006). It has been suggested that
especially the macrophages in WAT induce insulinsistance by promoting a
proinflammatory environment (Surmi and Hasty, 20083 yet, it is neither clear what
initiates the increased immune cell infiltrationrnihe sequence in which the different
immune cell types appear in WAT. Severe hypertraphgdipocytes, being mostly connected
with fatty acid flux, hypoxia (see chapter 1.2.@4ipocyte cell death, increased leptin
secretion (see chapter 1.2.2.1) and endotheligudgson (1.2.4.1) may be all contributing
factors (Surmi and Hasty, 2008).

There is evidence, that ahead of monocyte infilimainto WAT, recruitment of neutrophils
(Elgazar-Carmoret al., 2008) and T-lymphocytes (Kintschetral., 2008) occurs. One study
in mouse WAT showed that neutrophil recruitmenhsrantly precedes monocyte infiltration
as it is also known from several other inflammatdiseases. An important chemoattractant
for neutrophils is IL-18 which is also expressedvBT (Elgazar-Carmomet al., 2008; Skurk

et al., 2005). The expression of RANTES and its rece@@GR5 is increased in WAT of
obese mice and has been attributed for the padllelevated number of CD3T-
lymphocytes (Rauscét al., 2007; Wuet al., 2007). Similar observations were made in WAT
of obese individuals, where RANTES and CCR5 genpression correlated with gene
expression of macrophage markers (Wual., 2007). Other chemoattractants for the
recruitment of T-lymphocytes besides RANTES, arePML; interferon-inducible protein 10
(IP-10) and SDF-4, known to be secreted by several cell types, tholy preadipocytes and
adipocytes (Kintschest al., 2008).

The number of T-lymphocytes in WAT correlates witle waist circumference of type 2
diabetes patients. Additionally, it was shown irmause model of high fat diet induced
obesity, that T-lymphocyte infiltration precede® thccumulation of macrophages in WAT
during the development of insulin resistance (Kihts et al., 2008). At one stage during
WAT growth monocytes infiltrate the tissue and @iffntiate to macrophages producing
further cytokines such as TNF-and IL-1 (Mosser, 2003), which are very potent
proinflammatory activators of endothelial cells t#dbaueret al., 1993), adipocytes (Wang
and Trayhurn, 2006) and other cell types. Addititynan in vitro co-culture study between
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macrophages and adipocytes showed that the magephdFa release interferes with
adipocyte insulin signalling and induces fatty aljmblysis (Suganamet al., 2005). These

mechanisms altogether may result in a positivelfaekl loop and are visualized in figure 2.

Monocyte recruitment may be initiated by an actdatendothelium and adipocytes,
preadipocytes and other cells residing in WAT, mi@adg chemoattractants such as MCP-1
and IL-8 (Fain and Madan, 2005; Fanal., 2004; Gerszteet al., 1999). Additionally, T-
lymphocytes secrete IFMwhich in turn may stimulate other cell types, saslpreadipocytes
to increase their MCP-1 secretion and activaterotiedls, including endothelial cells and
macrophages. Staining of human WAT showed thatrthprity of the T-lymphocytes were
CD4', the subset of lymphocytes producing IFXKintscher et al., 2008).

Macrophages can be distinguished in M1- classicatiyivated - and M2- alternatively
activated - subpopulations, as well as intermedytes having M1 and M2 characteristics
and are found in WAT (Bourliegt al., 2008; Lumengt al., 2007; Zeydaet al., 2007). M1
macrophages are induced by inflammatory agents paagocytotic activity, predominantly
secrete pro-inflammatory cytokines and are impdriarthe initiation of inflammation. M2
macrophages were induced by IL-4 and IL-13 andeseqoredominantly anti-inflammatory
cytokines having a reparative and remodelling fiamcby promoting the formation of new
blood vessels and are important in terminatingamfihatory process (Bourliet al., 2008;
Mosser, 2003). In WAT of lean mice the M2 polarizethcrophages appear to play a
dominant role while in WAT of obese mice the M1 g@@ded macrophages take over
(Lumeng et al., 2007). In human WAT the macrophage populationeapp to be of the
intermediate type, having both M1 and M2 charasties. The M1 characteristics may be
important in order to phagocytose dead adipocytes explain the crown-like structures
found in WAT (Cintiet al., 2005), while the M2 characteristics may contrgbtd repair and
remodelling of WAT during expansion. Interestingbhagocytosis of a dead cell can induce
an M2 phenotype in macrophages (Kintsaiea., 2008).
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Figure 2 Monocyte infiltration into white adiposetissue
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1.2.7.1 Mechanisms of leukocyte infiltration in tissues — Etravasation

The endothelium as the interface between circidablood and immune cells and adipose
tissue plays an interactive role in these infilbatand inflammatory processes (Pober and
Sessa, 2007). In this context, the MAPK and JAkhpalys mediating extracellular signals
and the intracellular signal-regulated transcriptiactors STAT, NKB and AP-1 play
important roles (Hoefen and Berk, 2002; Kukd@l., 2005; Pober and Sessa, 2007).

Interaction between leukocytes and the endothedlillining occurs in great complexity in
physiologic and pathophysiologic conditions. Duringflammation the microvascular
endothelial cells tightly control the recruitment ukocytes, including lymphocytes,
monocytes and neutrophils into the underlying Bissa process being termed extravasation
(Randall et al., 1997) which consists of leukocyte rolling, actiwa, slow rolling,
arrest/adhesion, adhesion strengthening, intralaingrawling, paracellular and transcellular
migration, and migration through the basement mambr(Leyet al., 2007). The series of
complex molecular and cellular interactions invalva this process is given schematically

together with the known key molecules involved acle step in figure 3.

Activation of microvascular endothelial cells viatent inducers such as TNFK-IL-1 and
interferon gamma (IFN) results in the presentation of a range of adhepimteins and
chemokines at their luminal surface. The rollingeafkocytes is mediated via selectins, with
P-selectin (CD62P) and E-selectin (CD62E) beingtnmportant and expressed at the cell
surface of endothelial cells which interact withyagiprotein ligands e.g. P-selectin
glycoprotein ligand 1 (PSGL1) being expressed omoat all leukocytes and Sialyl-LeWis
being constitutively expressed on granulocytes moaocytes and activated b-lymphocytes
and T-helper 1 (Th1) lymphocytes.

The rolling allows close contact between leukocyaed endothelium, the latter presenting
chemokines e.g. MCP-1, IL-8, IL-6 and RANTES oretlthemotactic compounds at the
luminal surface; either released by the endotheé#is themselves, transported by them from
their abluminal site or generated by proteolytigaglage in activated mast cells and platelets,
and delivered to endothelial cells through ciranfat microparticles or exocytosis of
intracellular granules. These chemokines activdte teukocytes which involves the
conformational change of integrins also called Neattble receptors” which are then
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presented at the cells surface with high-affinitytegrins also participate in rolling but
especially mediate leukocyte arrest and firm adiregether in the presence of chemokines.
Depending on the leukocyte subset and the typaddtéelial cells, different combinations of
adhesion molecules, cytokines and chemokines acessary for rolling, adhesion and
transendothelial migration.

Figure 3 The leukocyte adhesion cascade

LFA1-ICAM1

VLA4-VCAM1 -
opr-integrin-MADCAM1
PECAM1
Selectins K SRC kinases CD99
PSGL1 Selectin PI3K MAC1 JAMs ICAM1
VLA4 signalling Chemokines VAV1, VAV2, VAV3 ICAM1 ESAM PECAM1?
| Activation J
Capture Paracellular and transcellular
\ transmigration
Rolling Slow Arrest Adhesion [ ]

rolling strenthening, Intravascular

_ € A Paracellular
- spreading crawling )
PN Transcellular

Endothelial cells éwémf\" ;k:,/.\\ﬁ ‘i‘}{\ﬁ!}

Basement membrane N

Adopted from Leyet al., 2007

The leukocyte adhesion cascade consists of theafiolfy steps: capture, rolling, slow rolling, adloesi
strengthening and spreading, intravascular craywhng paracellular and transcellular transmigration
Key molecules involved in each step are indicatedaoxes. CD99, cluster of differentiation 99;
ESAM, endothelial cell-selective adhesion molecl@M1, intercellular adhesion molecule 1; JAM,
junctional adhesion molecule; LFAL, lymphocyte fumig-associated antigen 1 (also knowrnaf2-
integrin); MAC1, macrophage antigen 1, MADCAM1, mogal vascular addressin cell-adhesion
molecule 1; PSGL1, P-selectin glycoprotein ligandPECAM1, platelet/endothelial-cell adhesion
molecule 1; PI3K, phosphoinositide 3-kinase; SR@akes, sarcoma kinase; VAV, vav guanine
nucleotide exchange factor; VCAM1, vascular celieglon molecule 1; VLA4, very late antigen 4
(also known ag4p1-integrin).

Well studied integrins are, 3, integrin also called lymphocyte function-assodaaatigen 1
(LFA-1) and CD11a-CD18q4pB; integrin, also known as very late antigen 4 (VLA&hd
CD49d-CD29 andamf: integrin, also known as macrophage antigen 1 (MACand
CD11b/CD18. The leukocyte integrins then bind tenumoglobulin superfamily members,
typically intercellular adhesion molecule 1 (ICAM-CD54) and vascular cell adhesion
molecule 1 (VCAM-1; CD106) which are expressed kyivated endothelial cells finally
leading to leukocyte arrest.
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LFA-1, expressed by monocytes, macrophages, T-lpeyths and granulocytes and dentric
cells and MAC-1 expressed by monocytes, macrophagdsgranulocytes bind to ICAM-1
while VLA-4 is expressed on most leukocytes andlbito VCAM-1. Adhesion strengthening
occurs by so-called outside-in signalling througitegrins where the integrins mediate
intracellular signals which regulate several callulfunctions such as cell motility,
proliferation and apoptosis. This is followed byKecyte crawling mediated via MAC-
1/ICAM-1 interactions, where in postcapillary veesil monocytes and neutrophils crawl
inside blood vessels in order to find preferregéssivf transmigration/diapedesis. Although,
leukocytes have to pass the endothelial cells, tbetlal cell basement membrane and
pericytes, transmigration is connected with min@ruption of the complex morphology of
vessel walls. Transmigration preferentially occwim the paracellular but also the
transcellular route as showmvivo andin vitro, the latter especially if crawling is impaired.
The series of molecules involved in transmigraaoa presented in figure 2. In the tissue the
leukocytes migrate along a chemokine gradient dinéilsite of inflammation is reached and
monocytes differentiate to macrophages (Imhof andrand-Lions, 2004; Lewt al., 2007;
Lim et al., 2003; Middletoret al., 2002; Vestweber, 2000).

ICAM-1 is the most extensive studied molecule &f t&@AM family which consists of five
members. ICAM-1 spans the cell membrane and cantashort cytoplasmic tail. It has five
Ig-like domains, the first domain being responsibleLFA-1 and the third domain for MAC-

1 binding. Besides its important role in leukocwtafficking it also participates in signal
transduction across cell membranes. Ligand bindingy result in the activation of
transcription factors, increased production of kytes, cell membrane protein expression,
ROS and cell proliferation (Hubbard and RothledQ@). ICAM-1 is expressed constitutively
at low levels on endothelial and other cells. Stahan of endothelial cells with TN¥, IL-

1, IFN-y, hydrogen peroxide @#D,) and lipopolysaccharide (LPS) either alone or in
combination leads to a strong upregulation of ICAMts expression is regulated mainly via
protein kinase C (PKC), the mitogen-activated protkinases (MAPK) extracellular-
regulated kinases (ERK), SAPK/JNK and p38, the BYT and the NKB intracellular
signal transduction pathways. The major nucleamstaption factors for the activation of
ICAM-1 expression are activator protein 1 (AP-1FKB, C/EBP, E-twenty six (Ets), STAT
and Spl. IFNy is the traditionally classic molecule which indsd€AM-1 gene expression
via the JAK/STAT pathway (Roebuck and Finnegan,2)99
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1.2.8 Study of adipose tissue and adipocytes

The study of WAT physiologyn vivo is generally conducted in animal models (Garoétlo

al., 1996; Rayner, 2001) but also in humans by udmgmicrodialysis technique, adipose
tissue vein cannulation, and measurement of bldmd by ***Xenon washout and stable
isotope tracers (Summers, 200&). vivo experiments allow observing the full integrated
physiological response to a stimulus. Consequerddtain investigations, such as the

response to fasting, can only be performed usiregdnimals.

Much of our knowledge of complex vivo phenomena are based on studies performed in
simplified in vitro model systems under controlled conditions (Kethal., 1999). In order to
study the effects of different ascendancies oratsdl cells under defined conditions and to
get insights how distinct cell types under diffdrémlogical circumstances such as WAT
expansion interact and how they contribute to tle®l pf pro-inflammatory and anti-
inflammatory moleculesn vitro studies are indispensable (Farmer, 2006).

The study of WAT and adipocyt@s vitro is performed by culturing tissue extracts (Faid an
Madan, 2005) and primary mature adipocytes (RodlEl64), primary preadipocytes
(Hauneret al., 2001) or immortilized preadipocyte cell lines @ptet al., 1989; Green and

Meuth, 1974; Rodrigueet al., 2004), respectively.

Primary mature adipocyte culture is considered éathie most true-to-lifén vitro system,
since the adipocytes are derived directly from acdoHowever, the separation process of
mature adipocytes from the freshly dissected WATct§agenase digestion (Rodbell, 1964)
is also stressful, e.g. leading to an increasenftdmmatory adipokine expression (Eisete
al., 2005; Ruaret al., 2003). In addition, the life span of these calémited from hours to

several days.

The conversion of preadipocytes into adipocytedtro is achieved by exposing the cultured
preadipocytes to a mixture of molecules which ideluinsulin, glucocorticoids,
isobutylmethylxanthine (IBMX) (Gregoiret al., 1998)andthiazolidinediones (Hausmaal.,
2008). IGF-1, rather than insulin is the physiodadiinducer of adipocyte differentiation
(Gregoire et al., 1998; Smithet al., 1988). However, in cell culture experiments gatgr
unphysiologically high concentrations of insulirearsed to activate the IGF-1 receptor, due to
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insulins low binding affinity for this receptor wihi is expressed in high numbers on
preadipocytes in contrast to a small number oflingeceptors which begin to increase only after
induction of differentiation (Gregoiret al., 1998; Reedtt al., 1977; Reectt al., 1981; Smithet

al., 1988). IBMX functions via intracellular cAMP levatcumulation and increases together with
glucocorticoids C/EBRE- expression which is required for subsequent PPARpression
(Gregoireet al., 1998; Wiper-Bergerost al., 2007) whereas thiazolidinediones function asadire
high-affinity ligands and activators of PPARHausmaret al., 2008).

Primary preadipocytes are obtained from the straastular fraction of collagenase-digested
WAT (Hauneret al., 2001). They are then taken into culture condgiand differentiated into
adipocytes. These cells can be passaged severad twithout loosing their capacity of
adipocyte differentiation (Skurkt al., 2007) before they stop proliferating. In contrake
human Simpson-Golabi-Behmel syndrome (SGBS) celairst which consists of
unmanipulated stromal vascular cells derived frodTWof an infant with the SGBS, can be
passaged over several months and by the same @&mairr their capacity for adipocyte
differentiation (Wabitsclet al., 2001).

Clonal cell lines are widely used in the study dfpacytes (Cheret al., 1989; Green and
Meuth, 1974; Rodrigueet al., 2004). They provide a homogeneous cell populadiat can
be ideally passaged indefinitely. In practice theeg easier to use than primary cells.
However, in contrast to primary cells, the distafroen their original source is greater and
they have changed at least some properties dubet@menetic changes which allow for
immortality (Masters, 2002). Murine clonal preadigte lines which derive from embryonic
mouse fibroblasts are 3T3-L1 (Green and Meuth, 1@l 3T3-F422A cells (Cheet al.,
1989). A new human clonal cell culture system heenldescribed using multipotent adipose-
derived stem cells (hMADS) (Rodriguetzal., 2004).
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1.2.9 Study of endothelial cellsn vitro

Important findings on endothelial cell function cerftomin vitro experiments by culturing
either microvascular or macrovascular endothel&lscderived from a variety of organs
(Bouiset al., 2001; Hillyer and Male, 2005) including WAT (Curet al., 2004). As primary
endothelial cells often human umbilical vein ened#i cells (HUVECS) (Gimbrone, 1976)
and human aortic endothelial cells (HAEC) are ud@ishnaswamyet al., 1999). The best
characterized vascular endothelial cell lines a&/804 (Takahashet al., 1990), EA.hy926
(Edgell et al., 1983) and human microvascular endothelial cell$({MEC-1) (Adeset al.,
1992). The behaviour of endothelial cells stronglgpends on their vascular origin.
HUVECS, ECV304 and EA.hy926 are used for the stofdgnacrovascular endothelial cells
and HMEC-1, simian-virus-human cerebromicrovasceladothelial cells (SV-HCEC) and
human telomerase reverse transcriptase — humanatlenicrovascular endothelial cells
(hTERT-HDMEC) for the study of microvascular endsdial cells (Bouiset al., 2001).
HMEC-1 cells have been derived from human foreskingransfection with large T antigens
of simian-virus 40 (SV40) (Aded al., 1992). They have morphological, phenotypical and
functional characteristics of microvascular endthecells (Bouis et al., 2001). A
comparison between HMEC-1, ECV304 and EA.hy926 watfard to induced expression and
surface antigens in the context with leukocytes taaalsmigration found HMEC-1 to be most
similar to the primary endothelium (Lidingt@hal., 1999). It was found that for investigating
microvascular endothelial cells HMEC-1 and hTERTMIEC are the most appropriate
models (Bouist al., 2001).
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1.2.10 Study of cross-talk between cell types

Coculture experiments are commonly conducted tdystioe molecular and cellular cross-talk
between distinct cell types vitro. There are three types of coculture techniquesrites
and named as ‘coculture’ in the literature: firstpculture using transwell plates, here cells
in two different compartments separated from eattierovia a membrane share the same
medium. Secondly, coculture where cell types atei@d on the same surface or in a three-
dimensional matrix which allows direct cell-celltenactions besides sharing the same
medium. Thirdly, indirect coculture where the aallture medium of cells of a distinct cell
type, called conditioned medium (CM), is used imstate other cells, e.g. cells of another
cell type (Armbrust and Rohl, 2008; Latergaal., 1990; Lumenget al., 2007). Since in
coculture experiments both cell types either havehare the same medium or the CM of one
cell type is used to stimulate the other, it iserkpentally of importance to use or develop a
cell culture medium which is suitable for both dgftes.

To increase the knowledge in WAT biology it is inf@mt to understand how distinct cell
types under different biological conditions suchVEAT expansion interact and how they
contribute to the pool of pro-inflammatory and anflammatory molecules. The role of
distinct cell types in orchestrating WAT immune |cefiltration is not clear (Surmi and
Hasty, 2008) but the contribution of other celleégpeside adipocytes is likely, representing
50 % of the total cell content (Hausman, 1985)hmcontext of immunological mechanisms,
preadipocytes are of special interest due to thbility of displaying a macrophagic or
endothelial potential according to their environm@Dasteillaet al., 2005). Transcriptome
profiling demonstrated a closer relationship betwgeeadipocytes and macrophages than
between preadipocytes and adipocytes and the coorenf preadipocytes into macrophages
has been shown to be efficient and rapid (Chareegt., 2003). Proliferating preadipocytes
also develop phagocytotic activity towards micramgms (Cousiret al., 1999; Villenaet

al., 2001).

An informativein vitro technique for studying the interactions betweedoémelial cells and
immune cells in infiltration processes are adhesissays (Kielyet al., 1999). In these assays
the firm binding of leukocytes to the endothelisobserved. The degree of adhesion varies
with the magnitude of the activation of either gr@othelial cells, the leukocytes or both cell
types (Leyet al., 2007). Human monocyte-endothelial cell-cell adhress studied commonly

-25-



by using human primary monocytes (Cueatl., 2004), peripheral blood mononuclear cells
(PBMC) (Mills et al., 2006), the human histiocytic lymphoma cell ling987 cells)
(Sundstrom and Nilsson, 1976) or the human acuteonwic leukaemia cell line (THP-1
cells) (Tsuchiyaet al., 1980) as sources of monocytes.

PBMC consist of a mixture of blood cells havingoamd nucleus, including lymphocytes and
monocytes. PBMC are generally isolated from whdd@d by the hydrophilic polysaccharide
ficoll which separates blood to its cellular componeiitise buffy coat, consisting of
monocytes and lymphocytes, is generated underea tdyplasma (Roitét al., 2006).

U937 cells are derived from the histiocytic lymplorof a 37 year old male patient
(Sundstrom and Nilsson, 1976). These cells hava bg&ensively characterized and are used
to study monocytic behaviour, including the diffetiation to macrophages (Harris and
Ralph, 1985).

As yet, two papers have been published analyziegetfect of conditioned medium (CM)
from mature adipocytes isolated from adipose tissme monocyte-endothelial cell-cell
adhesion. The study by Curatt al., 2004 investigated the increased macrophage
accumulation in WAT of obese people. In the stug\Kbalischet al., 2007 the influence of
CM from mature adipocytes on macrovascular endathegll function was analysed in the
context of obesity and atherosclerosis. In contrde impact of adipocytes differentiated
from preadipocytesn vitro on endothelial cell activation has not been sulidie far. The
studies mentioned above neglected the role of greagtes in the context of the molecular
and cellular cross-talk with endothelial cells amttlerlying molecular signalling pathways
have only been sparsely investigated.

Overall, the nature of the preadipocyte and adipedgrived factors and the cellular and
molecular cross-talk which mediate endothelial vatton and promote the infiltration
processes of immune cells into adipose tissueaher poorly understood. Therefore, it will
be important to apply differemnh vitro coculture systems between preadipocytes, adip®cyte
and endothelial cells and cell biological, molecudad biochemical methods in order to
dissect the differential gene expression and seargiattern of preadipocytes and adipocytes
and their impact on endothelial cell function. Thisould also give new insights into the
mechanisms of endothelial cell activation and dysfion which occurs in WAT or other
organs in the course of obesity and its relatedrdess.
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1.3  Aim of the study

Obesity is associated with a state of chronic loadg inflammation which is thought to
contribute strongly to the development of featwkthe metabolic syndrome. A hallmark of
inflammation is the infiltration of immune cellsduas macrophages and T-lymphocytes into
inflamed tissue. Obesity is connected with an iaseel number of immune cells, especially
macrophages, in white adipose tissue (WAT) in husnand mice. The microvascular
endothelium as the interface between adipose tssdeirculating immune cells in the blood
plays an interactive role in these infiltration pesses. Endothelial cell activation, which is a
change in phenotype and/or function in endothel&ls in response to stimuli from the
environment, is a prerequisite for controlling teeruitment of leukocytes into the underlying
tissue. It is a regulated event in physiologic wacresponses which can lead if dysregulated
under pathophysiologic conditions, to endotheliall cdysfunction. The mature and
hypertrophic adipocytes are generally consideredogéothe major adipogenic cell type
secreting proinflammatory cytokines in WAT. In caast, the proinflammatory capacity of
preadipocytes and their impact under different dgadal conditions on endothelial cell
activation has been widely neglected in the re$efetd so far. Therefore, the overall aim of
this study was to gain new insights into the caHluhteractions and molecular mechanisms
and to identify factors involved in this cross-talkpreadipocytes, adipocytes and endothelial
cells.

The primary experimental aim of this study was s$tablish a human coculture system and
sensitive assays in order to mimic the processesiomed aboven vitro. This was achieved
by establishing a co-culture system between theitoned medium (CM) of human primary
SGBS preadipocytes/adipocytes and human microwasemdothelial cells, HMEC-1 cells
and measuring endothelial cell activation by momeogndothelial cell-cell adhesion. The
interactions were studied using the following meltdocell culture of HMEC-1 cells, SGBS
cells, U937 cells and primary mature adipocytesnoogte endothelial cell-cell adhesion
assay, cell surface ELISAs, proliferation assayi3As and multiplex bead-based Luminex®
assays, reverse transcriptase-polymerase chaitiorea(RT-PCR) and quantitative real time
PCR (gRT-PCR), Western blotting, inhibitor expermse functional analysis, and

peptidomic analysis.

-27-



Use of these techniques should allow the analydiseofollowing:

1. adipokine expression and secretion of SGBS jpeages and adipocytes
under different biological conditions e.g. normoaiad hypoxia

2. the impact of CM from non-stimulated and stineidh SGBS preadipocytes
and adipocytes, mimicking different biological c@mhs, on endothelial cell
function by investigating monocyte-endothelial a=ll adhesion, endothelial
cell proliferation and signalling pathways

3. functional analysis of mediators in the CM oéadipocytes and adipocytes
responsible for changes in monocyte-endothelidlasgl adhesion

4, the effect of CM from different-sized primary tmige adipocytes on monocyte-
endothelial cell-cell adhesion

5. detection of candidate peptides in the CM oBS&ells, possibly involved in
the molecular cross-talk between preadipocytepoagies and microvascular

endothelial cells, by a peptidomics approach.
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2 Materials and Methods

2.1 Cell Culture

2.1.1 Primary cell culture and size fractionation of human mature
adipocytes

2.1.1.1 Reagents

Dulbecco's Modified Eagle Medium: nutrient mixtiel2 (DMEM/F12; Invitrogen)
MCDB 131 (Invitrogen)

Bovine serum albumin (BSA; Sigma-Aldrich)

Collagenase 250U/mg (Biochrom)

Krebs-Ringer phosphate (KRP) buffer
- 154 mM NacCl (Sigma-Aldrich)
- 154 mM KCI (Sigma-Aldrich)
- 11 mM CaC{ (Merck KgaA)
- 154 mM MgSQ (Sigma-Aldrich)
- 100 mM NaHPOy (Sigma-Aldrich)
- adjustment to pH 7.4, sterile filtration

2.1.1.2 Theoretical Background and Method

For theoretical background information refer toptlea 1.2.8. Adipose tissue was obtained
from healthy patients undergoing elective plastiogsry or abdominal surgery after having
obtained informed consent. There was no selecborBMI, age or gender. The tissue was
collected under sterile conditions and stored inHMAF12 medium and was immediately
transported to the laboratory. Mature adipocytesewsolated according to the protocol by
Rodbell (Rodbell, 1964) with the following modifttans on the day of surgery: connective
tissue and blood vessels were excised. The rengaWAT was minced into small pieces.
Collagenase digestion of WAT was performed in KR#fdy containing 4 % BSA and 100
U/ml collagenase at 37 °C for not more than 1 ha shaking water bath (80 rpm). Floating
cells were aspirated and filtered twice, first tlgh a 2 mm and next through a 250 pm mesh.
The cells in the flow-through were washed threeeinwith KRP buffer containing 0.1 %

BSA and were finally collected by aspiration of thash solution.
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Separation of adipocytes by size was achieveddigtibn as described recently (Sketlal .,
2007). Briefly, 10 ml of isolated adipocytes werantsferred to a 100 ml separating funnel
filled with 50 ml KRP buffer containing 0.1 % BSAhe cell-buffer suspension was gently
mixed by inversion and cells were allowed to fle@at60 sec before 35 ml of the suspension,
containing the small cells, was collected. Nextn'd3KRP buffer containing 0.1 % BSA was
added to the remaining suspension in the separatmgel followed by mixing as described
above. The adipocytes of medium size were remoyeallbwing them to float for 45 sec and
30 sec, respectively, and 35 ml of suspension wsaled and then refilled with buffer after
each step. The remaining large adipocytes in th® KRffer containing 0.1 % BSA in the
separating funnel were collected. The protocolsewagproved by the ethical committee of
the Technische Universitat Minchen.

The cell diameters of 100 cells from the originainple and both fractions were determined
by light microscopy in order to calculate the fatl count, volume and cell surface area. The
conditioned medium (CM) was generated by culturingnl of cells in 5 ml MCDB 131
medium at 37 °C for 16 hrs in an incubator withuaniidified atmosphere of 5 % G@nd 95

% air. The cell volume (V) and the cell surfaceaaf@) were calculated from the cell

diameter (d) using the formulas V = 1t and A =rd?, respectively.

2.1.2 SGBS cell culture

2.1.2.1 Reagents

Proliferation medium
- DMEM/F12 (Invitrogen) supplemented with:
- 100 U/ml penicillin 100 pg/ml streptomycin (Innoigen)
- 33 uM biotin (Roth)
- 17 uM D-pantothenat (Sigma-Aldrich)
- 10 % fetal calf serum (FCS; Invitrogen)

Adipose medium
- 1/3:2/3 mixture of DMEM/F12 and MCDB 131 (Invigen) supplemented with:
- 100 U/ml penicillin 100 pg/ml streptomycin
- 11 puM biotin
- 6 UM D-pantothenat
- 66 nM insulin (Sigma-Aldrich)
- 1 nM triiodothyronine (F; Sigma-Aldrich)
- 100 nM hydrocortisone (Sigma-Aldrich)
- 10 pg/ml transferrin (Sigma-Aldrich)
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Induction medium
- Adipose medium supplemented with:
- 2 UM rosiglitazone (Cayman)
- 25 nM dexamethasone (Sigma-Aldrich)
- 0.5 mM Isobutylmethylxanthine (IBMX; Serva)

MCDB 131 (Invitrogen)

Phosphate buffered saline (PBS) w/d'Gad Md"* (Sigma-Aldrich)
- 1 tablet PBS per 200 ml dB vyields
10 mM phosphate buffer
2.7 mM KCL
0.137 M NacCl
- adjustment to pH 7.4, sterile filtration

Trypsin/EDTA solution (PAA)
- PBS w/o C& and Md"*
- 0.5 mg/ml trypsin
- 0.75 mM ethylenediaminetetraacetic acid (EDTA)

2.1.2.2 Theoretical Background and Method

For theoretical background information refer toptiea 1.2.8. Preadipocytes from the SGBS
cell strain (Wabitschet al., 2001), kindly obtained from Prof. Wabitsch (Ddpaent of
Pediatrics and Adolescent Medicine, University dmUJUIm, Germany) were cultured as
described recently (Mackt al., 2009). In detail: SGBS cells were cultured at°87in an
incubator with a humidified atmosphere of 5 % C&hd 95 % air. In experiments with
hypoxia the cells were cultured at 37 °C in an bator with a humified atmosphere of 1 %
02, 5% CQ and 94 % Mor 4 % Q, 5 % CQ and 91 % N respectively (Hypoxia
workstation, InVivo O2 400, IUL Instruments).

SGBS preadipocytes were proliferated in prolifenatmedium. Subconfluent cells were split
by washing once with PBS and treatment with tryfgddT A solution at 37 °C for 5 min. The
reaction was stopped by adding proliferation meditihee cells were plated at the following
densities: 10.000 cells per well of a 6-well celltare plate and 600 cells per well of a 96-
well cell culture plate. The scheme of the celtuxd strategy is shown in figure 10.

To obtain differentiated adipocytes, confluent pipacytes were washed 3 times with PBS
and induced with induction medium (d0). Preadipesyerving as uninduced controls were
cultured in adipose medium. After 4 days of indmetof differentiation (d4), the media of all
cells were replaced with adipose medium and ths wedre fed twice per week for additional
10 days (d14). Adipocyte differentiation was deabdt only in cell cultures that were initially
supplemented with adipogenic differentiation indscginduction medium). This was
observed in 80 % or more of all cells. To obtain @¥m SGBS cells without any additional
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supplements the cell culture conditions were stifrem adipose medium to MCDB 131
medium after 14 days of differentiation. Dependorgthe experimental conditions, MCDB
131 medium was changed to fresh medium at day 15)(a&nd the cells were kept under
normoxic or hypoxic conditions for 24 hrs (d16)were stimulated with TN (d16). The
corresponding supernatants representing the CM) (@&6e centrifuged at 1000 g for 5 min
and passed through a 0.25 um nylon filter. CM a@efifrom hypoxic cells were reoxygenated
for at least 15 minutes and not more than 1 hrGm® tubes under the cell culture hood.
Then, CM were either used directly or concentrdted coculture experiments, or were
immediately frozen in liquid nitrogen and stored& °C.

For concentrating the CM, ultrafiltration centritldilter devices (Amicon Ultra centrifugal
filter device) were applied. The procedure was iedrrout according to the manual
instructions. Molecules larger than 5 kDa accunadan the concentrate and the medium was
exchanged by fresh MCDB 131 medium in order to nesmany remaining molecules of less
than 5 kDa. The permeate contained the non-coratedtmolecules of less than 5 kDa.

2.1.3 HMEC-1 cell culture

2.1.3.1 Reagents

HMEC-1 medium
- MCDB 131 (Invitrogen) supplemented with:
- 100 U/ml penicillin, 100 pg/ml streptomycin (Itnagen)
- 10 % FCS (Invitrogen)
- 2 mM L-glutamine (Invitrogen)
- 10 ng/ml epidermal growth factor (EGF; Immunog)ol
- 2.8 uM hydocortisone (Sigma-Aldrich)

MCDB 131 (Invitrogen)

PBS w/o C&" and Md" (Sigma-Aldrich)
- 1 tablet PBS per 200 ml dB yields
10 mM phosphate buffer
2.7 mM KCL
0.137 M NacCl
- adjustment to pH 7.4, sterile filtration

Trypsin/ EDTA solution (PAA)
- PBS w/o C& and Md¢"*
- 0.5 mg/ml trypsin
-0.75 mM EDTA
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2.1.3.2 Theoretical Background and Method

For theoretical background information refer tomtlea 1.2.9. HMEC-1 cells (Adest al.,
1992; Bouiset al., 2001), obtained from the Centers for Disease @b@ind Prevention,
Atlanta, USA, were cultured as has been reporteendiere (BelAibaet al., 2007; Macket
al., 2009). In detail: HMEC-1 cells were proliferatedHMEC-1 medium and only used up to
passage 30 in order to maintain their phenotypéo#relial characteristics. Cell splitting was
performed at subconfluency by one PBS washing ateptrypsinisation at 37 °C for 5 min.
The reaction was stopped with HMEC-1 medium. THEks egere either plated on 6 cm dishes,
6-well cell culture plates or 96-well cell cultupdates at cell densities ranging between 1 x
10° cells per ml and 1 x fOcells per ml. Generally, the experiments were qenéd with
confluent HMEC-1 cells. Ahead of experiments, HMECells were starved in MCDB 131
medium overnight (14-16 hrs). In all experimente tells were cultured at 37 °C in an
incubator with a humidified atmosphere of 5 %G@0d 95 % air.

2.1.4 U937 cell culture

2.1.4.1 Reagents

U937 medium
- Roswell Park Memorial Institute 1640 medium (RPMKO; Invitrogen) supplemented
with:
- 100 U/ml penicillin, 100 pg/ml streptomycin (Itnagen)
- 10 % FCS (Invitrogen)

2.1.4.2 Theoretical Background and Method

The U937 cell line was derived from malignant celigained from the pleural effusion of a
patient with histiocytic lymphoma (Sundstrom andskbn, 1976). U937 cells display many
monocytic characteristics and can differentiatentcrophages by a series of stimuli (Harris
and Ralph, 1985). Monocytic U937 cells, supplied Bgimut Laumen (Department of
Nutritional Medicine, Technische Universitat Munah&reising, Germany) were cultured as
has been published elsewhere (Matkal., 2009). In detail: U937 suspension cells were
cultured in U937 medium. Cell passaging was peréatioy centrifugation at 200 g for 5 min.
The supernatant was discarded and the cells weuspended in U937 medium at densities
between 5 x 1Dper ml and 5 x 10cells per ml and subcultured. For experiments,ceie
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number was adjusted to 5 x °1@ells per ml one day before the experiments. In al
experiments the cells were cultured at 37 °C inmnanbator with a humidified atmosphere of
5% CQ and 95 % air.

2.1.5 Coculture between CM of SGBS cells and HMEC-1 cells

For detailed information of the coculture strategyer to chapter 3.1.6. Starved HMEC-1
cells were treated under serum-free conditions MBDB 131 medium (control), MCDB
131 medium supplemented with TNFE-IL-6, VEGF, leptin or cocultured with fresh and
concentrated CM of SGBS cells or CM of human primarature adipocytes for different
time periods. In inhibitor experiments, HMEC-1 sellere pretreated with JNK inhibitor I,
SB-203580, PD-98059, or JAK inhibitor 1 for 45 mbefore the coculture with CM
supplemented with the corresponding inhibitor & #ppropriate concentration. When IL-6
inhibitor experiments were performed, the CM wereinzubated with 5 mg/ml monoclonal
anti-human IL-6 antibody or the corresponding imogiobulin G1 (IgQ) isotype control for
15 min. For blockade of TNE-activity, the CM were preincubated for 10 min wighbrel®
(Traceyet al., 2008), a soluble TNE-receptor antagonist.

2.1.6 Coculture and monocyte-endothelial cell-cell adhesn assay

2.1.6.1 Theoretical Background

In various inflammatory processes, leukocytes agherand subsequently migrate across
locally activated endothelial lining to form exudsat In order to study these monocyte
endothelial cell interactions, a monolayer adhesiesayin vitro under static conditions is
useful to characterize the adhesion-stimulatorynbibitory properties of substances acting
on either the leukocyte or endothelial cell. Mor@oJigand-receptor interactions involved in
leukocyte adhesion can be analysed (Kighal., 1999). In this assay the monocytes were
labelled with the fluorogenic dy€alcein green AM (De Clercket al., 1994).Calcein green

AM passes as nonfluorescent molecule through themeetibrane of viable cells. Inside the
cell, it is hydrolysed by intracellular esterase®ducing a negatively charged green
fluorescent calcein that is retained in the cytepiaThus, the degree Ghlcein green AM
labelled monocytes adhering to treated and comndothelial cells can be determined by
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comparing the fluorescence data. The fluorescamaeases linearly after cell lysis with cell
numbers ranging between 30 and 3000 U937 cellsvpktiof a 96-well cell culture plate (see
chapter 7.5.1) and without lysis with cell numbexsging between 200 and 16 200 Hela cells
per well of a 96-well cell culture plate (ManualalCein AM cell viability assay kit, catalog
number: 30026, Biotium, Inc. [Hayward, USA]).

2.1.6.2 Reagents

PBS w/o C&" and Md" (Sigma-Aldrich)
- 1 tablet PBS per 200 ml dB vyields
10 mM phosphate buffer
2.7 mM KCL
0.137 M NacCl
- adjustment to pH 7.4, sterile filtration

Calcein green AM stock solution
- 1ImM Calcein green AM (Invitrogen) in dimethyl sulfoxide (DMSO; Sigma-gkich)

Lysis buffer
- 50 mM Tris-HCL (Sigma-Aldrich)
- 0.1 % sodium dodecylsulfate (SDS; Sigma-AldrichyiH,O
- adjustment to pH 8.2 to 8.4

2.1.6.3 Method

Monocyte-endothelial cell-cell adhesion between HBME and U937 cells was carried out as
described elsewhere (Komgal., 2004) with the following modifications (Mac# al., 2009;
Seebach, 2006): the assays were performed in 96eletulture plates. Confluent HMEC-1
cells were treated with 100 pl MCDB 131 medium ¢eoly, MCDB 131 supplemented with
TNF-a, IL-6, VEGF or leptin, fresh/concentrated CM of B cells or CM of human
primary mature adipocytes for 6 hrs. For the adivesissay U937 cells were washed twice
with PBS, then loaded witBalcein green AM (5 pM per 5 x 1®cells) at 37 °C for 30 min
and again washed twice with MCDB 131 to remove aodlular Calcein green AM. Next,
after 6 hrs treatment HMEC-1 cells were washedawwith MCDB 131 medium, and 2.5 x
10° Calcein green AM labeled U937 cells per well were added to HMECelscand
incubated at 37 °C for 1 hr. Non-adherend U937 mgtas were removed by washing four
times with PBS. The remaining cells in the well e@rcubated in lysis buffer at 37 °C in the
dark for 5 min. Lysed cells were centrifuged at @%0for 5 min, and the fluorescence of the

supernatants was measured at 494 and 517 nm usspgctrometer (Varioskan multiwell
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photo- and fluorometer, Thermo Scientific). HMEG:zélls and unlabeled U937 cells were
used as blanks. Samples were analysed at leastrimdplicates. An example for the analysis
of the monocyte-endothelial cell-cell adhesion dsigiven in chapter 7.5.2.

2.2  Cell surface expression analysis by cell-ELISA

2.2.1 Theoretical Background

Leukocyte adhesion to endothelial cells lining tresculature is mediated by a series of
adhesion molecules such as ICAM-1 and VCAM-1 (kewl., 2007). The cell-ELISA is a
technique to study cell surface antigens undeewfit stimulations (Morandiret al., 2001).
Therefore, an antigen is detected on live or figetls using the ELISA principals (chapter
2.6.1.1). Comparitive studies showed that the EEISA technique can be as sensitive and
specific as flow cytometry (Grunowt al., 1994; Ogincet al., 2003).

2.2.2 Reagents

PBS with C&" and Md¢*
- 1 tablet PBS per 200 ml dB (Sigma-Aldrich)
- 0.84 mM MgCl; (Merck KGaA)
- 0.72 mM CaCl (Merck KGaA)
- adjustment to pH 7.4, sterile filtration

4 % paraformaldehyde (PFA; Sigma-Aldrich) in PB$w&&* and Md™,
adjustment to pH 7.4

Washing buffer
- PBS with C&" and Md¢*
- 0.5 % Tween 20 (v/v; Sigma-Aldrich)

Blocking buffer
- PBS with C&" and Md¢*
- 1 % BSA (Sigma-Aldrich)
- 30 % donkey serum (Chemicon International)

Goat anti-human ICAM-1 antibody (R&D Systems)

Goat anti human VCAM-1 antibody (R&D Systems)

horeseradish peroxidase (HRP)-conjugated donkeygaat antibody (Dianova)
tetramethylbenzidine (TMB; Sigma Aldrich)

1 M H,SO, (Serva)
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2.2.3 Method

The cell-ELISA assay was carried out as descrideeldere (Aminet al., 2006; Shiojima
and Walsh, 2002; Zhet al., 2003) with the following modifications (Mack al., 2009): the
experiments were conducted in 96-well cell cultptates. Confluent HMEC-1 cells were
stimulated with MCDB 131 medium (control), TNE-1L-6, VEGF, leptin, fresh CM of
SGBS cells or CM of human primary mature adipocjoe$ hrs. The cells were washed with
cold PBS supplemented with Kfgand C&" (PBS + Mg/Ca) and then fixed with 4% PFA at 4
°C for 10 min. After two PBS + Mg/Ca washing steihe cells were incubated with blocking
buffer at RT for 1h and then exposed to goat amtidin ICAM-1 or VCAM-1 antibody
(1:200 dilution in blocking buffer) at RT for 1 hext, the cells were rinsed twice and then
washed three times with washing buffer for 5 milofwed by incubation with HRP-
conjugated donkey anti-goat antibody (1:5000 dlutin blocking buffer) at RT for 30 min.
After the cells were rinsed twice and washed thirees with washing buffer for 5 min, 200
pnl TMB per well was added as substrate. The reaatias stopped after 15 min with 50 pl
1M H,SQO,. The absorbance was measured at 450 nm and 69Q0smm a spectrometer
(Varioskan multiwell photo- and fluorometer, Theri@oientific). The data were normalized
to the blank controls, where at least two wellshwiiNF-a treated HMEC-1 cells were
incubated without the first antibody (ICAM-1 or VGAL antibody). Initial experiments with
isotype-matched control antibodies did not detewt-specific binding from the secondary
antibody. Samples were analysed at least in dublicBhe analysis of the cell-ELISA data
was similar to the approach used for the monocytisthelial cell-cell adhesion data (see
chapter 7.5.2).
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2.3  Proliferation assay

2.3.1 Theoretical Background

5-bromo-2-deoxyuridine (BrdU) is used for the datec of cell proliferation by assessing
DNA synthesis. BrdU is a synthetic nucleotide, armalague of thymidine and can be
incorporated into newly synthesized DNA of replingtcells during the S-phase. Using a
specific antibody against BrdU, allows detectionreplicating cells (Schuttet al., 1987;
Schutteet al., 1987) with the ELISA technique (chapter 2.6.1.1)

2.3.2 Reagents

Cell Proliferation ELISA; BrdU (colorimetric; Roche
1 M H,SO, (Serva)

2.3.3 Method

DNA synthesis was assessed by BrdU-labelling adegrisb the manufacturer’s instructions.
In brief, HMEC-1 cells were seeded in 96-well agllture plates at a density of 1500 cells
per well and exposed to different media or factesugh as MCDB 131 (control), MCDB 131
containing IL-6, leptin or VEGF and CM, all supplented with 1% FCS. After 48 hrs, BrdU
was added at a final concentration of 10 uM foihd$ Incorporated BrdU was detected with
HRP-conjugated anti-BrdU antibody using TMB as &sstate. The reaction was stopped
with 1M H,SO; and the absorbance was measured at 450 nm andn®9@sing a
spectrometer (Varioskan multiwell photo- and flumeder, Thermo Scientific). At least three

wells were incubated without the first antibodydB) and served as blank controls.
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2.4 RNA extraction, DNAse | treatment and RNA integrity check

2.4.1 Reagents

Trizol® (Invitrogen)

Chloroform (Roth)

Isopropanol (Roth)

75 % Ethanol (Roth)

Nuclease-free water (Sigma-Aldrich)
DNA-free™ kit (kit containing DNAse |; Ambion)

Reagents for agarose gel electrophoresis
- sample buffer [40 % glycerol (Merck KGaA), 60 %H,O, 0.01 % bromphenol blue
(Merck KGaA)]
- agarose (Sigma-Aldrich)
- 0.5x TBE [45 mM Tris (Roche), 4 mM boric acid (M& KGaA), 1 mM EDTA (Merck
KGaA), adjustment to pH 8]
- 0.5 pg/ml EtBr (Sigma-Aldrich)

2.4.2 Theoretical Background and Method

RNA isolation using Trizol® is based on the guamidm thiocyanate-phenol-chloroform
extraction method (Chomczynski and Sacchi, 198 Gn@zynski and Sacchi, 2006). It is a
liquid-liquid extraction technique and allows istrtg RNA, protein and DNA from the same
sample. Total RNA was isolated from the cells udimg Trizol® protocol according to the
manufacturer’s instructions with the following mbcktions: for RNA extraction from cells,
the media of 2 wells from a 6-well cell culture telavere aspirated and 1 ml of Trizol®
added. In order to maximize the cell homogenisatibe Trizol®-cell mixture was triturated
12 times using a 1 ml syringe with a 23 gauge reelhis was followed by incubation with
200 pl chloroform and centrifugation at 12000 ¢t&€ for 15 min, leading to the formation
of three layers: aqueous, interphase and phenel.afjneous layer containing the RNA was
transferred to a new tube and incubated with 5@fpisopropanol. After centrifugation at
12000 g at 4°C for 10 min the RNA in the supernaisitikely to contain less contaminating
DNA. Next, 450 pl isopropanol was added to the sugd@nt in order to precipitate the RNA.
After centrifugation at 12000 g at 4 °C for 10 rthre RNA pellet was washed with 1 ml 75 %
ethanol in order to remove salts. The RNA pelles w#n dissolved in nuclease-free water
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and subjected to DNAse | treatment (Vanecko andkdwski, 1961) according to the
manufacturer’s instructions in order to minimizéteoninating DNA in the sample.

RNA samples were quantitated by spectrophotomet?6@ nm using the Beer-Lambert law
(Beer, 1852). The 260 to 280 nm absorbance rat® hedween 1.7 and 1.9. RNA integrity
was analysed by agarose gel electrophoresis dfRiNA and visualization of the 18S and
28S ribosomal RNA (rRNA) bands. Briefly, 0.8 ug total RNA was loaded onto a 1 %
agarose gel containing 0.5 pg/ml ethidium bromie3() and 0.5x tris-borate-EDTA (TBE)
buffer. For RNA detection a UV transilluminator wased and the results recorded using a
digital camera (INTAS UV Systeme, Intas Sciencedmg@ Instruments) Distinct bands for
28S and 18S rRNA forming about a 2:1 ratio of stegnntensities were observed.
Additionally, the RNA integrity of some samples waenfirmed by analysis with the
Bioanalyser from Agilent Technologies. The RNA bntiey Number (RIN) was then between
9 and 10. The highest RIN which can be achievdd i€&Schroedeet al., 2006).

2.5 Reverse transcription (RT), polymerase chain reactin (PCR)
and quantitative real-time PCR (QRT-PCR)

2.5.1 Theoretical background

RT-PCR and gRT-PCR are powerful and sensitive tigcles to detect gene expression. In
the reverse transcription step the enzyme reveassdriptase (Baltimore, 1995) extends an
oligonucleotide primer hybridized to a single-sttad (ss) RNA or DNA template in the
presence of deoxynucleotide triphosphates (ANTRgjyzing a complementary DNA strand.
These DNA strands are referred to as cDNA whicfurither used as template for the PCR.
During this process, one complementary DNA (cDNA)interest is amplified using gene-
specific primers, dNTPs and the DNA Taq polymerd&-PCR is used for qualitative and
gRT-PCR for both qualitative and quantitative datecof gene expression.

In general, the PCR process (Klepgieal., 1971; Mullis, 1990) begins with a denaturation
phase at 94 °C followed by 15 to 40 amplificatioycles and in the gRT-PCR process
(Giulietti et al., 2001; VanGuilderet al., 2008) by 40 amplification cycles. Each cycle
consists of three steps: denaturation, annealidgeatension. Denaturation at 94 °C results in
the dissociation of double-stranded (ds) DNA iiDNA. The annealing temperaturex}Tis
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primer specific depending on primer length and @&@tent. The duration of the extension
step increases with amplicon size, but is usudllyo260 s.

The PCR process is characterized by three phagpenential, linear and plateau. In the
exponential phase the amplicon ideally doublesyeggcle, the reaction is very specific and
precise. In the linear phase, the reaction comgsnsave been consumed and products start

to degradate until finally, the plateau phase a&hed where the reaction has stopped.

PCR products are analysed at the endpoint of thetiom by subjecting them to an agarose
gel electrophoresis. For visualisation, EtBr inédaites into the DNA and fluorescence under
UV light. In contrast, in gRT-PCR experiments tloewmulation of the amplicon is detected
during the reaction. The data for the quantitaimalyses are aquired from the exponential
phase of the reaction. Four different chemistries available for gqRT-PCR — TagMan®,
Molecular Beacons, Scorpions® and SYBR® Green. ThgMan® and SYBR® Green

chemistries were used in this work.

2.5.1.1 SYBR® Green

SYBR® Green intercalates into dsDNA and upon ekoita emits light. Thus, the
fluorescence increases with PCR product accumaulatla contrast to the TagMan®
chemistry, SYBR® Green also binds to primer dimansl other dsDNA unspecific PCR
products, leading to enhanced fluorescent sigids. problem can be minimized with well
designed primers and the performance of a meltimgecanalysis at the end of the reaction
where the dissociation-characteristics of doublarsted DNA during heating are
investigated. The DNA is slowly heated from 60 836 °C. dsDNA products are dissociated
at a specific temperature, depending on their dttangth, GC content and complementarity.
Intercalated dye is released in parallel, leadm@ tdecrease in fluorescence. The specific
PCR products can be distinguished from the unwahtedroducts by their higher melting
temperature (Giulietet al., 2001; VanGuildeet al., 2008).
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2.5.1.2 TagMan®

TagMan® probes are oligonucleotides which havei@réscent reporter dye attached to the 5'
end and a quencher coupled to the 3' end. The mityxof both molecules prevents the
detection of a fluorescent signal from the probaqNlian® probes are designed to hybridize
to the internal region of the PCR product. The Ppatymerase has also a 5'-3'-exonuklease-
activity. During PCR, the 5'- nuclease activitytloé polymerase cleaves the probe. This leads
to the decoupling of the fluorescent and quenchiodecules and consequently, to increasing
fluorescence with each cycle, proportional to th@ant of probe cleavage (Giuliett al.,
2001; VanGuildeet al., 2008).

2.5.1.3 Primer design

Two different primer design strategies were followéirstly, the DNA-sequence of one
primer of the primer pair spanned an intron/exonrutary of the specific gene of interest.
Thus, the primers will anneal only to the cDNA dygized from the spliced mRNAs, but not
to cDNA from unspliced RNA or genomic DNA. Secondlige primers flanked at least one
intron. If the intron(s) are large enough only awgms of the cDNA should be formed.
Otherwise, the products amplified from the cDNAIMaké smaller than those amplified from

genomic DNA. Thus, they can be distinguished bg.siz

252 RT

2.5.2.1 Reagents

High capacity cDNA reverse transcripase kit (Apgplig&osystems)

2.5.2.2 Method

For cDNA synthesis, 1 pg of total RNA was reversangcribed using random primers,
according to the manufacturer's instructions. Gusitwithout reverse transcriptase were

carried out to exclude the possibility of DNA comiaation. Subsequently, a PCR reaction

-42 -



using primers specific for humdiactin was performed in order to control the susadshe
RT.

2.5.3 PCR

2.5.3.1 Reagents

HotStarTaq DNA Polymerase kit (Qiagen)

Reagents for agarose gel electrophoresis
- sample buffer [40 % glycerol (Merck KGaA), 60 %HO, 0.01 % bromphenol blue
(Merck KGaA)]
- agarose (Sigma-Aldrich)
- 0.5x TBE [45 mM Tris (Roche), 4 mM boric acid (M& KGaA), 1 mM EDTA (Merck
KGaA), adjustment to pH 8]
- 0.5 pg/ml EtBr (Sigma-Aldrich)

Primer (Eurofins MWG, see appendix)

2.5.3.2 Method

PCR analysis was carried out in 20 ul reactionagusDNA equivalents of 20 ng of RNA.
The reactions were carried out according to theufaaturer’'s instructions. Detection of
MRNA for the humar-actin served as endogenous reference gene exprdesiHMEC-1
cells and PBMCs. The PCR amplification parametezse one intitial 15-min denaturation
step followed by 26 [§-actin) or 35 cycles (gp130, IL-@R Ob-Rb and VEGFR-2) of
denaturation, annealing, and elongation (95 °ClL#os, specific X for 30 s, and 72 °C for 30
S, respectively) and a final step at 72 °C for 10.m

Finally, sample buffer was added to each sampler ga loading onto a 1 % agarose gel
containing 0.5 pg/ml EtBr and 0.5x TBE as buffeor [etection of PCR products a UV
transilluminator was used and the results recordsidg a digital camera (INTAS UV

Systeme, Intas Science Imaging Instruments).
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2.5.4 QRT-PCR

2.5.4.1 Reagents

TagMan® Universal PCR Master Mix, No Amp Erase UMpplied Biosystems)
SYBR® Green PCR Master Mix (Applied Biosystems)

TagMan® Primer and Probes (Applied Biosystems aggreendix)

Primer for qRT-PCRs with SYBR® Green (Eurofins MW&ge appendix)

2.5.4.2 Method

Quantitative real-time PCRs were carried out ipuR@actions using cDNA equivalents of 20
ng of RNA. Reagents for qRT-PCR and the ABI 770§useice detection system were used
according the the manufacturer's instructions. tRSA and the mRNA of the gene for
glyceraldehydes-3-phosphate dehydrogenase (GAPBiREd as endogenous reference for
SGBS cells and HMEC-1 cells. Samples were analgsédelast in duplicate using one initial
activation-step at 95 °C for 10 min, and, subsetiyedO cycles of denaturation, annealing
and elongation (95 °C for 30 s, 60 °C for 30 s,°@for 45 s, respectively). This was
followed by melting curve analysis when SYBR® Grees used (95 °C for 15 s, 60 °C for
15 s, gradual heating to 95 °C within 20 min, 95f6C15 s)

For guantitation of qRT-PCR data, tBA\Ct method (Livak and Schmittgen, 2001) was
employed where the expression of the target genmimalized to the expression of the
endogenous reference gene and compared with tihessign of the untreated controls.
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2.6  Measurement of adipokines in CM

2.6.1 Theoretical Background

Adipokine concentrations were measured in the CMshagdwich ELISAs (Engvall and
Perlmann, 1971; Lequin, 2005; Van Weemen and Sehd@71) and multiplex bead-based
Luminex® assays (Elshal and McCoy, 2006; Horan ¥®¥iteeless, 1977; Morgaet al.,
2004). Both methods are highly sensitive, spe@fid rapid immunochemical tests used to

detect molecules that have antigenic propertiesgiven sample.

2.6.1.1 ELISA

The sandwich ELISA measures the amount of antigetwden two layers of antibodies
therefore two different antibodies (capture antipadd detection/primary antibody) are used.
They are specific for the same antigen, but bindifferent antigenic sites. First, the capture
antibody is bound to an ELISA microplate surfates s followed by a blocking step in order
to prevent non-specific binding. Next, the antigemtaining sample is added to the plate.
The antigen binds to the capture antibody and isatilized. Extensive washing steps
remove the unbound constituent parts of the san\#dat, the detection or primary antibody
binds to the captured antigen and a “sandwich’orsnéd. Washing removes the excess of
unbound primary antibody. An enzyme-linked secoypdantibody (e.g. HRP-linked
secondary antibody) is added which binds speclfiaaily to the Fc-region of the detection
antibody. A final washing step removes excess untiosecondary antibody. A suitable
substrate (e.g. TMB) is applied which is convefbgdhe enzyme into a colour or fluorescent

signal. Next, the absorbance or fluorescence isured.
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2.6.1.2 Multiplex bead-based Luminex® assays

This technology is used to simultaneously detecteted proteins or signal transduction
molecules within a single sample and applies thecyple of a sandwich ELISA. In contrast
to the ELISA, the capture antibody is attacheddtysiyrene beads and not to a microplate
well. The beads are internally dyed with differeatios of two spectrally distinct fluorophores
(red and near-infrared). Such, they can be distatnga from each other (Prolettal., 2003).
The detection of cytokine-bound beads is achievath whycoerythrin (PE)-labelled
streptavidin which binds to the biotinylated dei@ctantibodies.

2.6.2 Reagents

ELISA kits for adiponectin (R&D Systems), leptin&R Systems), MCP-1 (eBioscience),
PAI-1 (Technoclone), and IL-6 (eBioscience)

Bio-plex cytokine reagents (Bio-Rad)

Bio-plex cytokine assays for IL-8, VEGF 121 and 168Fa, IL-1a, IL-13, IFNy, RANTES,
IL-4, IP-10 and SDF-4 (Bio-Rad)

2.6.3 Method

Adiponectin, leptin, MCP-1, PAI-1, and IL-6 were aseired in the CM by ELISA, with the
detection limits of 3,9 ng/ml, 15,6 pg/ml, 62,5 md)/ 3,8 ng/ml and 12,5 pg/ml, respectively.
The assays were performed according to the manuést instructions. The protein
concentrations for IL-8, VEGF 121 and 165, T&\FL-1a, IL-13, IFNy, RANTES, IL-4, IP-

10 and SDF-a in the CM were measured by a multiplex bead-bassdinex® assay. The
detection limits were depending on the analyte\anéed between 1 and 10 pg /ml. The assay
was performed according to the manufacture’s iosbns. The data of the CM were

normalized to the total protein content of the esponding cells.
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2.7 Protein determination

2.7.1 Bicinchoninic acid (BCA) method

2.7.1.1 Reagents

BCA Protein Assay Kit including BSA protein standdPierce)

2.7.1.2 Theoretical Background and Method

The BCA method (Smitkt al., 1985) is based on the Biuret method where & ©n forms a
complex with a peptide bond in alkaline solutiordds then reduced to a Cion. The
extinction of this violet complex can be measured #ghe protein concentration calculated
according to the Beer-Lambert law (Beer, 1852). Séesitivity of the Biuret reaction can be
increased in the presence of BCA. Two moleculeB®@A chelate a single Cliion, forming
a purple water-soluble complex which strongly alolight at 562 nm. Protein detection
ranges between 0.5 pg/ml and 2 mg/ml. The assayaraied out in 96-well microplates and
protein detection was performed according to thaufacturer’s instructions. BSA was used

for the protein standard curve.

2.7.2 Modified Bradford method

2.7.2.1 Theoretical Background

This method is based on the Bradford proceduredfBrd, 1976), but is carried out in 96-
well microplates. It relies on the ability of Cooss&® Brilliant Blue G-250 to shift its
absorbance maximum in an acidic solution from 465to 595 nm when protein binding
occurs. More precisely, Coomassie® Brilliant Blue2&D primarily binds to arginine and to

less extend to other aromatic and basic aminorasidues.
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2.7.2.2 Reagents

Modified Bradford buffer stock
-11.5 % HPO, (Serva)
- 4.75 % ethanol (Roth)
- 0.005 % Coomassie® Brilliant Blue G-250 (Merck &&

Modified Bradford buffer
- Modified Bradford buffer stock
- 7 ul 10 M NaOH (Sigma-Aldrich)/ml Biorad buffetogk

BSA protein standard solutions ranging from 0.8 {og/ul (Pierce)

2.7.2.3 Method

The assay was carried out in 96-well microplateg! BSA standard or sample was pipetted
at least in duplicate into the appropriate wellexty 250 ul of fresh Modified Bradford buffer
was added. The plate was placed for at RT 20 mira @haking platform. Finally, the
absorbance was measured at 595 nm using a spetgrofarioskan multiwell photo- and

fluorometer, Thermo Scientific)

2.7.3 Amido Black method

2.7.3.1 Reagents

Amido Black staining solution
- 0.1 % Amido Black 10B (Merck KGaA)
- 40 % methanol (Roth)
- 40 % acetic acid (Roth)
- 20 % HO

Amido Black decoulourizer
- 50 % methanol
-50 % HO

BSA protein standard ranging from 0.5 pg to 4 pigr{a-Aldrich)

2.7.3.2 Theoretical Background and Method

Amido Black 10B is a diazo dye which is traditidgalsed to stain precipitated total protein
on a membrane (Schaffner and Weissmann, 1973)., Hengdo Black 10B was used to
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control and estimate the protein content of sampleigh were dissolved in sample-buffer
prior loading onto a SDS-polyacrylamid-gel. Therefoa polyvinylidene difluoride (PVDF)
membrane was equilibrated in methanol. Next, 1fiB®A standard or sample were dotted
on the membrane. When the membrane had dried,sitswhjected to Amido Black staining
solution for 2 min. Unspecific staining of the meiabe was removed by Amido Black
decoulourizer. The comparison of the staining isitees between the samples and the
standards by eye allowed estimating the proteitesrdrof the samples.

2.8  SDS-Polyacrylamidgelelectrophoresis (SDS-PAGE) and
Western blot analysis

2.8.1 Theoretical Background

The Western blot technique (Burnette, 1981; Ecked Kartenbeck, 1997; Towbet al.,
1979) is used for specific protein detection invaeg sample of tissue, homogenate or extract.
The proteins are separated by SDS-PAGE, transféorexd membrane and finally detected
using antibodies. In the loading buffer, the pnageare initially denatured using heat, SDS
and mercaptoethanol. SDS destroys hydrogen bordidadrophobic and ionic interactions
and mercaptoethanol reduces disulfide bonds; thusgtraightened primary structure of the
proteins results. After the breakdown of secondstryctures, SDS binds to the proteins
leading to an attachment of 1.4 g of SDS per 1 grofein; thus, there is an equal proportion
of mass to charge. The samples are then subjezt8®$-PAGE. By using this process the
proteins separate according to their sizes.

The negatively charged proteins are transferrech ftbe gel to a nitrocellulose or PVDF
membrane by electroblotting (Burnette, 1981; Eclartl Kartenbeck, 1997). A specific
primary antibody is then used which recognizesiitsgen on the proteins on the blot. Next a
secondary antibody binds to the constant regioh ¢Fthe bound primary antibody. The Fc
of the secondary antibody is labelled with HRP.the presence of 10, and alkaline
conditions HRP oxidizes cyclic diacylhydrazidessisas luminol which is then in an excited
state. This chemiluminescent reaction emits ligkd mmaximum emission of 428 nm for up to
one hour and can be detected by exposure of thebraee to a blue-light sensitive
autoradiography film.
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2.8.2 Reagents

Radioimmunoprecipitation assay buffer (RIPA-buffer)
- 50 mM tris-HCI pH 7.4 (Sigma-Aldrich)
- 1 % nonyl enoxyl-polyethoxylethanol (NP-40; Sigkrich)
- 0.25 % SDS (Sigma-Aldrich)
- 150 mM NacCl (Sigma-Aldrich)
-1 mM EDTA (Merck KGaA)
- 1 mM phenylmethanesulfonyl-fluoride (PMSF; Siglakich)
- 1 mM dithiothreitol (DTT; Omni Life Science)
- 10 mM NaF (Sigma-Aldrich)
- 1 tablet/10 ml Complete Mini (Roche)
- 1 tablet/10 ml PhosStop (Roche)

5 x Loading buffer
- 300 mM Tris-HCL pH 6.8
- 5% SDS
- 40 % glycerol (Merck KGaA)
-0.05 MDTT
-2.5mM EDTA
- 0.01 % bromphenol blue (Merck KGaA)

DS PAGE:

Running gel
- 7.5-10 % acrylamide (Roth)
- 375 mM Tris-HCl pH 8.8
- 1% SDS
- 1 % Ammonium persulfate (APS; Sigma-Aldrich)
- 0.04 % (v/v) tetramethyl-ethylenediamine (TEMBRnth)

Stacking gel
- 5 % acrylamide
- 125 mM Tris-HCI pH 6.8
- 1% SDS
-0.75 % APS
- 0.1 % (v/v) TEMED
- 0.005 % bromphenol blue

10x Running buffer (pH 8.3)
- 250 mM Tris (Roche)
- 2 M glycin (Merck KGaA)
-1 % SDS

Transfer:

Transfer buffer anode 1 (pH 10.4)
-0.3 Mtris
- 20 % (v/v) methanol (Roth)

Transfer buffer anode 2 (pH 10.4)
- 25 mM tris
- 20 % (v/v) methanol
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Transfer buffer cathode 1 (pH 9.4)
- 25 mM tris
- 40 mM aminocaproic acid (Merck KGaA)
- 20 % (v/v) methanol

Hybond P PVDF transfer membrane (GE Healthcare)

1 x TBST washing buffer
- 20 mM tris-HCI pH 7.2
- 140 mM NacCl (Sigma-Aldrich)
- 0.1 % Tween 20 (Sigma-Aldrich)

Ponceau S solution
- 0.5 % Ponceau S (Sigma-Aldrich) in 1 % acetid &Bioth)

ECL advance blocking reagent (GE Healthcare)
ECL advance solution A and B (GE Healthcare)
Antibodies (see appendix)

2.8.3 Method

Whole cell lysates were prepared from HMEC-1 c&8IGBS cells and human PBMC. PBMC
were obtained from whole blood of healthy indivitiyacollected in BD Vacutainer cell
preparation tubes containing sodium heparin as m@iccagulant, and were processed
according to the instruction from BD Biosciencesr whole cell lysates, cells were lysed in
ice-cold RIPA-buffer containing protease and phasgbe inhibitors for protein extraction.
After centrifugation at 12,000 g at 4 °C for 5 ntir@ supernatants containing the total soluble
proteins were dissolved in loading buffer and he@ite95 °C for 5 min according to Laemmli
(Laemmli, 1970). Next, the protein samples wereassied by SDS-PAGE. SDS-PAGE was
performed by using generally 20 pg protein samplé acrylamide stacking gels, 7.5-10 %
acrylamide running gels and 1x running buffer. Neite proteins were semi-dry
electroblotted onto a PVDF-membrane, using the adedanode 2-, and cathode 1- transfer
buffers. Next, the membranes were stained with Eaun& solution in order to assure protein
transfer to the membrane and to visualize equakprdoad of the samples. The next steps
were carried out according to the manual instrustiof the ECL-Advanced System. Briefly,
after a blocking step at RT for 1h, the membranesvincubated with the primary antibody
at 4 °C overnight. After extensive washing with TBShe membrane was incubated with
HRP-conjugated secondary antibody at RT for 1h #mh again washed with TBST.
Immunoreactive bands were visualised with the ECdvafced solutions A and B.
Densitometric scanning was performed to quantifye timtensities of the bands
(ImageQuantTL, Amersham Biosciences).
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2.9 Methods to monitor adipocyte differentiation

2.9.1 Glycerinphosphate dehydrogenase (GPDH) assay

2.9.1.1 Theoretical Background

GPDH is an enzyme which catalyzes the reversibéetien between dihydroxyacetone
phosphate and glycerol 3-phosphate with nicotinemicadenine dinucleotide
(NADH+H*/NAD™) as coenzyme. GPDH activity rapidly increases ugiferentiation of
preadipocytes into adipocytes. Consequently, GPDiVity is used as major indicator for
this process (Skurkt al., 2006; Van Harmelest al., 2004). NADH+H has its maxima of
adsorption at 260 nm and 340 nm and NAidly at 260 nm. A decrease in NADH*
accompanied by a decrease in adsorption at 34Bmmoe the amount of dihydroxyacetone
phosphate is proportional to the amount of condertéADH+H" the turnover of
dihydroxyacetone phosphate can be indirectly measusing the Beer-Lambert law.

2.9.1.2 Reagents

GPDH harvest buffer
- 0.05 M tris-HCI pH 7.4 (Roche)
-1 mM EDTA (Sigma-Aldrich)
- 1 mM mercaptoethanol (Sigma-Aldrich)

GPDH reaction buffer
- 0.12 M triethanolamin-HCI pH 7.5 (Sigma-Aldrich)
-3 mM EDTA
- 1.4 mM nicotinamidadenindinucleotide (NADH; SigiA#&drich)
- 0.6 mM mercaptoethanol

2.4 mM dihydroxyacetone phosphate (DHAP; Sigma-iglgr
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2.9.1.3 Method

GPDH activity was determined as described elsewliéfise and Green, 1979) with the
following modifications: SGBS preadipocytes at dagnd day 16 and adipocytes at day 16
after induction of differentiation were detachedG@fDH harvest buffer on ice with a cell
scraper and sonicated. After centrifugation at @0 @ at 4 °C for 10 min, GPDH activity was
determined in the supernatants by measuring the B¥ consumption. Therefore, the cell
lysate (150 pl for preadipocytes and 10 ul for adypes) was mixed with water (280 ul for
preadipocytes and 420 ul for adipocytes) and 66RIDH reaction buffer. The reaction was
initiated by adding 5 ul DHAP. The absorption ab 3¥n was determined at 25 °C for 5 min
using a spectral photometer. GPDH mU/ml was caledldrom the linear NADH+H
consumption related to the protein content (mgbhthe cell extracts which was determined
by the Modified Bradford Assay.

2.9.2 Oil Red O/Haematoxylin staining

2.9.2.1 Theoretical Background

Oil Red O is a diazo lipophilic dye and stains melutriglycerides and lipids deep red. This
dye has been successfully used to monitor the rdiffe@ation process of adipocytes
(Fukumoto and Fujimoto, 2002; Jaisvehll., 2000). Metal-haematein complexes, heamatein
being oxidized haematoxylin, stain cell nuclei bpding to basophilic structures such as
nucleic acids (Romeis and Bdck, 1989).

2.9.2.2 Reagents

PBS with C&" and Md¢*
- 1 tablet PBS per 200 ml d8, sterile filtration (Sigma-Aldrich)
- 0.84 mM MgCl; (Merck KGaA)
- 0.72 mM CaCl (Merck KGaA)

4 % PFA (Sigma-Aldrich) in PBS with €aand Md"*
0.3 % Oil Red O (Sigma-Aldrich) in isopropanol (Rptfiltered
Mayer's Hematoxylin solution (ready to use; MercRdd)
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2.9.2.3 Method

The Oil Red O stain method was performed as destrddsewhere (Lillie and Ashburn,
1943) and with the following modifications: SGBSIgavere washed twice with PBS, fixed
with 4 % PFA for 10 min and washed again twice viRBS. Next, the cells were incubated
with Oil Red O for 1h on a shaking platform. Théme cells were washed twice with water.
Haematoxylin was added and the cells incubate® fom on a shaking platform. The stained

cells were then repeatedly washed with hot watdrexamined under a microscope.

2.9.3 Nile Red

2.9.3.1 Theoretical Background

Nile Red is a hydrophobic, fluorogenic stain whiolay be used with live or fixed cells for
the detection of intracellular lipid droplets (Gnepanet al., 1985). The dye also interacts
with other hydrophobic structures and its fluoreseeis strongly influenced by the polarity
of its environment (Sackett and Wolff, 1987).

2.9.3.2 Reagents

PBS with C&" and Md¢*
- 1 tablet PBS per 200 ml dB, sterile filtration (Sigma Aldrich)
- 0.84 mM MgCl; (Merck KGaA)
- 0.72 mM CaCl (Merck KGaA)

4 % PFA (Sigma Aldrich) in PBS with €aand Md*

Nile Red stock solution
- 1 mg/ml Nile Red (Invitrogen) in DMSO (Roth)

Nile Red working solution
- 1 pg/ml Nile Red in PBS

2.9.3.3 Method

This method was carried out as described elsew(iBiler et al., 2009) and with the
following modifications. SGBS cells were washedcevwith PBS, fixed with 4 % PFA for
10 min, washed again twice with PBS and incubatil 80 % isopropanol for 3-5 min. This
was followed by incubation with the Nile Red worigolution for 60 min. Next, the cells

were washed twice with PBS. The cells were examunader the microscopelyéresecence
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microscope DMIL and camera DC300, Leica Microsystemlternatively, the Nile Red stained
SGBS cells were exposed to 100 % isopropanol fanibbin order to dissolve the bound dye
for quantification of the degree of adipocyte diffistiation. The fluorescence was measured
at 550 nm and 638 nm using a spectrometer (Vanoshkaltiwell photo- and fluorometer,
Thermo Scientific). In these experiments, undiffti@ed control cells were measured in
parallel in order to determine the degree of un$pedinding of Nile Red to other

hydrophobic cell structures. The data were corcefdethis background fluorescence.

2.10 Peptidomics

2.10.1 Theoretical Background and Method

Peptidomics is defined as the systematic, compsen qualitative and quantitative
multiplex analysis of endogenous peptides in aodgichl sample at a defined time point and
location. These peptides are either intact smalleawdes (hormones, cytokines, growth
factors) or represent degradation products of pretdue to proteolytic cleavage (Schudte
al., 2005; Zuchtet al., 2005). With the method as described elsewheveldBet al., 2005;
Zucht et al., 2005), molecules with sizes between 1 kDa to D& kan be detected. The
peptidomic analysis of CM derived from SGBS preadytes and adipocytes was performed
by the company Digilab BioVisioN (Hannover, Germanffor sample collection, SGBS
adipocytes and control preadipocytes were washed waith 4 ml MCDB 131 w/o phenol red
medium (PAN Biotech) and fed with 1 ml MCDB 131 wgbenol red medium per well of a
6-well cell culture plate at day 15 after inductiohdifferentiation. 24 hrs later, the medium
was harvested and centrifuged at 1000 g at 4 °CL@omin and filtered through a 0.2 pm
filter. Next, 100 pl of the medium were removed footein concentration analysis. To the
remaining medium 5 pl/ml 30% HCL was added. Themasmwere snap frozen in liquid
nitrogen and stored at -80 °C until shipment. Tén@sles were “blinded” before being sent to
the company with the following coding (#): #1: anyte-CM derived of cells under
normoxia, #3: adipocyte-CM derived of cells under®dl hypoxia, #4: preadipocyte-CM
derived of cells under normoxia, #6: preadipocyM-Qerived of cells under 1 % hypoxia.
For the peptidomic-analysis, the complexity of s#aenples was reduced by the extraction of
peptides and separation by liquid chromatographkayophilicity into 96 fractions using an
4-40 % (v/v) acetonitrile gradient on a conventiceaerse phase column. Each fraction was
then subjected to mass spectrometry using the ABDO4MALDI TOF-TOF mass
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spectrometer. After mass spectrometry data praowgstie data of each sample was
transferred into an “in house’-database which aleatained information on the peptide
display of WAT supernatants. The liquid chromat@imaand mass spectrometry data were
visualized as 2D peptide displays containing thermation of the mass to charge ratio of the
peptides on the horizontal axis, the elution peo®6 fractions, separated by hydrophilicity)
on the vertical axis and the signal intensity sh@sncolour. An overview of the process is
given in figure 4. As quality control each samplaswspiked with a mixture of standard
peptides to monitor the sample processing. Inraxebtain the 2D peptide display, the data
were pre-processed which involved a baseline cooreprocedure and a mass to charge ratio
of the peptide-recalibration of the mass spectromdata.

Unfortunately the company went bankrupt and the pdanmanalysis, including peptide
sequencing, was delayed and finally stopped. Homwetvevas possible to receive data of a
few “in silico annotated” peptides. This means ttia profile (defined mass and defined
fraction number) of candidate peptides is matchetthe profile of already identified peptides
using the database. This database also contaifiednation on peptides found in CM of
human WAT. Since the identity of these annotategtigges is only a prediction, their
biochemical identification must be confirmed in tlespective material such as CM by a
preparative approach and peptide sequencing attit@ted peptide spot. Further techniques
to detect the candidate peptides in the CM or secaf proteolytic cleavage products of
proteins are Western blot and other immuno teclesgsuch as sensitive ELISAs or
radioimmunoassays (RIA). The expression of the gemeoding the peptides or proteins can
be analysed in the RNA of the corresponding SGBIS bg qRT-PCR.

2.11 Statistical analysis

Results were obtained by at least three indeperedgreriments if not stated otherwise. All
data are presented as means + SE. Statistical cmmps between two groups were analysed
by Student’d-test and between several groups by one-way asabfsvariance (ANOVA)
followed by Student-Newman-Keutstest. Probability values of P < 0.05 were consder
statistically significant. For data analysis themputer programs different versions of
Microsoft Excel, SPSS 11 and GraphPad Prism 4 wsed.

-56 -



sdnoib
[eluswiiadxa
J0 uostredwo)

>m_o_m_n_ mc;o_mn_ _m_ucmgmt_o
:uonisodwod apndad
ul sabueyo oloads-aseasiq

i _
|0 L
L:o_ooncmb_mcmuc_c_#_m_mcv_mmfoco_@méoo

A -y el a e B

L

Overview of the peptide profiling process.

suonoel) 96 JO - =
Keidsiq apndad - gl -
uonnjosai ybiH E

uonoel) auo Jo wnnoads SN-IATVIN
:Anawonoads ssep

Figure 4

SAIATTLILNDLITINALIOW

@ o %
8

auun coo_g m:mm; jo b8
uonoeaxa apndad oioads-sjdwes

e —
™

e _: E?Aﬁhq ' -
'_ _s. ____:‘ :
| kg
| I

uonesedss D1dH
:uoieuonoel) oiydeisborewoiyd

A e

The picture was taken from the Digilab BioVisiohboet from 30 May 2008

-57-



- 58 -



3 Results

3.1 Culture conditions of SGBS cells and HMEC-1 cells

3.1.1 Introduction

In order to study the cross-talk between humandypeaytes/adipocytes and microvascular
endothelial cells an appropriate coculture systed to be established. SGBS cells were
found to be suitable to study human preadipocytesaaipocytes (Wabitsadt al., 2001) and
HMEC-1 cells to study human microvascular endo#telells (Ade<t al., 1992; Bouist al.,
2001). The indirect coculture strategy was choshare/the CM of SGBS cells was used to
stimulate HMEC-1 cells. The initial experiments wgrerformed to establish a cell culturing
strategy which is suitable for both, endotheliallscand preadipocytes/adipocytes. In this
respect, the following situation for SGBS and HMEells had to be considered. The basal
medium of HMEC-1 cells is MCDB- 131 which contahsnM glucose. In contrast, the basal
medium of SGBS cells, which is DMEM/F12 containsr@bl glucose. Moreover, the media
have different compositions of amino acids, vitasnand salts (Table 1). It is important to
note that high glucose levels lead to endotheltafuthctionin vitro andin vivo causing there
micro- and macrovascular complications (Bak&keal., 2009; Salameht al., 1997; Stenina,
2005; Varmaet al., 2005). Moreover, high glucose concentrations eaingpairment of
insulin stimulated glucose uptakdisturbance of the insulin signalling pathway agtbkine
secretion pattern of adipocytes at lgastitro (Lin et al., 2005; Renstroret al., 2007).
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Table 1 Comparison of the components of DMEM/F12 ahMCDB 131 medium
DMEM/F12 |MCDB 131 DMEM/F12 |MCDB 131
Components Components
Amino acids Inorganic salts
Ammonium
Glycine 250 uM 30.67 uM metavanadate NavVO3 3nM 4.9 nM
Ammonium molybdate
L-Alanine 50 uM 30.34 uM ((NH4)6M07024-4H20) / 3nM
Calcium chloride (CaCl2)
L-Arginine hydrochloride 699.05 uM 299.53 u (anhyd.) 1.05 mM 1.6 mM
L-Asparagine-H20 50 uM 100 uM Cupric sulfate (CuSO4-5H20) 5nM 4.8 nM
L-Aspartic acid 50 uM 100 uM Ferric nitrate (Fe(NO3)3"9H20)| 124 nM /
L-Cysteine hydrochloride-H2( 99.77 uM / Ferric sulfate (FeSO4-7H20) 1.5 uM 1.02 uM
L-Cystine 2HCI 99.97 uM 198.86 uM | Magnesium chloride (anhyd.) 301.47 uM /
Magnesium sulfate (MgSO4)
L-Glutamic acid 50 pM 29.93 uM (anhyd.) 0.41 mM 10.02 mM
L-Histidine hydrochloride-
H20 149.91 uyM 200 uM Manganese sulfate (MnSO4-H20) / 1.2nM
L-Isoleucine 415.8 yM 503.82 uM | Nickelous chloride NiCI2 6H20 | / 0.3nM
L-Leucine 450.76 uM 1000 uM Potassium chloride (KCI) 4.16 mM 3.97 mM
L-Lysine hydrochloride 498.63 uM 994.54 uN1 | Selenious acid H2SeO3 / 29.5nM
L-Methionine 115.71 uyM 100.67 uM | Sodium bicarbonate (NaHCO3 29.02 mM 14 mM
L-Phenylalanine 215.03 uM 200 uM Sodium chloride (NaCl) 120.61 mM 110.86 m
Sodium phosphate dibasic
L-Proline 150 uM 100 uM (Na2HPO4) (anhyd.) 0.5 mM 0.5 mM
Sodium phosphate monobasic
L-Serine 250 uM 304.76 uM| | (NaH2PO4-H20) 452.9 yM /
Sodium meta silicate Na2SiO3
L-Threonine 449.16 uM 100.84 pM | 9H20 / 9.86 pM
L-Tryptophan 44.22 yM 20.1 uyM Zinc sulfate (ZnS04-7H20) 3000 nM 1nM
L-Tyrosine / 100 uM Sodium selenite 29 nM /
L-Tyrosine disodium salt
dihydrate 213.76 pM / Other Components
L-Valine 451.71 yM 1000 uM Adenine / 1uM
Vitamins D-Glucose (Dextrose) 25 mM 5 mM
Ascorbic acid phosphate 8.63 uM / Ethanolamine 19.48 uM /
Biotin 14 nM 29.9 nM Hypoxanthine Na 15 uM /
Choline chloride 64.14 uM 100 uM Linoleic acid 150 nM /
D-Calcium pantothenate 4.7 uM 25.16 uyM | Lipoic acid 510 nM 10.2 nM
Folic acid 6.01 uM / Phenol red 21.52 uM 32.94 uM
Folinic acid calcium salt / 1.17 uM Putrescine 2HCI 503 nM 1.2nM
Niacinamide 16.56 uM 50 uM Sodium pyruvate 1mM 1mM
Pyridoxine hydrochloride 9.71 uM 10.2 uM Thymidine 1508 nM 99.2 nM
Riboflavin 582 nM 10.1 nM
Thiamine hydrochloride 6.44 uM 10.09 uM
Vitamin B12 502 nM 10 nM
i-Inositol 70 uM 40 uM




3.1.2 HMEC-1 cell proliferation using different basal meda

Firstly, HMEC-1 cell proliferation was examined nigidifferent mixtures of MCDB 131 and
DMEM/F12 as basal media. Using light microscopyg(ife 5A) and BrdU analysis (Figure
5B) a cell growth decrease of HMEC-1 cells, morphgladianges and cell death were
observed with increasing amounts of DMEM/F12 asbagedium. Thus, it was necessary to
proliferate the HMEC-1 cells according to the stmadprotocol using MCDB 131 as basal

medium.

3.1.3 SGBS proliferation using different basal media

As for HMEC-1 cells, SGBS cells were proliferateddifferent mixtures of MCDB 131 and
DMEM/F12 as basal media. Microscopy (Figui @nd BrdU (Figure B) analysis showed a
decrease of SGBS cell growth with increasing cottaéinns of MCDB 131 as basal medium.
Moreover, the differentiation rate of SGBS cells swanpaired when the cells were
proliferated in medium containing MCDB 131 as bamatium (observed data) and so SGBS
cells were proliferated in the traditional mediuantaining DMEM/F12 as basal medium.

3.1.4 Differentiation capacity of SGBS cells using diffeent basal media

In contrast, differentiation of SGBS cells in a tape of 2/3 MCDB 131 and 1/3 DMEM/F12
did not affect the differentiation capacity of SGB&Is when those were proliferated ahead in
the traditional proliferation medium containing DME12 as basal medium. This was
examined by microscopy (Figureé& andB) and measuring Nile Red fluorescence (Figure
7C) and GPDH activity (Figure ). Consequently, the SGBS cells were differentiated
later experiments in the above mentioned ratio asfab media mixture with a final glucose
concentration of 11.6 mM. For 3T3-L1 cells it haeh shown before that the differentiation
capacity of preadipocytes to adipocytes does notedse when lower glucose concentrations
then 25 mM are used (Gagnon and Sorisky, 1998). edewy the morphology of the
adipocytes appeared to change. A greater numismal lipid droplets could be observed by
microscopy using 5 mM glucose versus big lipid detgpusing 25 mM glucose (data not
shown). This trend was also found in this experitakesetup (FiguresA andB).
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Figure 5 HMEC-1 cell proliferation
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Figure 5

HMEC-1 cells were proliferated in HMEC-1 mediumpasitive control §) or in different cell culture
media mixtures containing 10 % FCB-f{. The media mixtures were as follows: MCDB 131
medium,c: MCDB 131/ DMEM/F12 medium, ratio 3:4: MCDB 131/ DMEM/F12 medium, ratio
1:2, e MCDB 131/ DMEM/F12 medium, ratio 1:3 arfd DMEM/F12 medium. Phase contrast
microscopy &) and BrdU incorporation as proliferation assBy \Were used for examination. For the
analysis of the experiments Bithe obtained fluorescence data from the positivetrol @) were
considered as 100 %. Results are means + SE (23).05, **P<0.01.
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Figure 6 SGBS cell proliferation
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Figure 6

SGBS cells were proliferated in different cell cuét media mixtures containing 10 % FGEe). The
media mixtures were as followa: DMEM/F12 medium (positive controlly: DMEM/F12/MCDB

131 medium, ratio 3:1¢: DMEM/F12:MCDB 131 medium, ratio 1:2): DMEM/F12:MCDB 131
medium, ratio 1:3e: MCDB 131 medium. Phase contrast microscodyand BrdU incorporation as
proliferation assayB) were used for examination. For the analysis & éxperiments irB the
obtained fluorescence data from the positive cofowere considered as 100 %. Results are means
+ SE (n=3). *P<0.01, **P<0.001.
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Figure 7 SGBS cell differentiation capacity using ferent basal media

o

[+]

Q

c

(]

@

5
33X 60
——
ki
o
2
z

120

(%)
—
NBO®O
(=N =l == -]

GPDH activity

o

Figure 7

SGBS cells were examined after 16 days post-indnabf differentiation. Cells fed post-induction
using as basal medium either DMEM/FH} ¢r MCDB 131/DMEM/F12, ratio 3:1bj. Fluorescence
(A) and phase contrasB)( microscopy visualized the Nile Red stained cellfie degree of
differentiation was assessed quantitatively by IRkl fluorescenceC) and GPDH activity D). For

the analysis of the experiments @ and D, the obtained fluorescence data or GPDH activity
respectively, from the conditicamwere considered as 100 %. Results are means =&k (
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3.1.5 Differentiation time course of SGBS cells

The efficient differentiation of SGBS cells cultdren a basal medium mixture of 2/3 MCDB
131 and 1/3 DMEM/F12 is shown in a differentiatiime course (Figure 8). The confluent
preadipocytes at day 0 (Figuré&)8were induced to differentiate from preadipocyie®
adipocytes by the addition of induction medium.d&y 4 (Figure B) the preadipocytes had
started to develop into adipocytes, showing firghs of lipid accumulation. To visualize the
lipid cells were specifically stained with Oil R€2 Lipid droplets appeared as red coloured
dots in the cells under the microscope. By dayiguife &) the accumulation of small lipid
droplets within the cells was universal. The adypes continued to increase lipid
accumulation and the size of lipid droplets (Figu8® andE) reaching a maximum around
day 14 to 16 (FigureR§ at which point the lipid droplets were most pranced. At that time,

adipocyte differentiation was observed>i80 % of the cells.

3.1.6 Coculture between SGBS and HMEC-1 cells

In this study the indirect coculture approach wassen by using CM from SGBS cells to
stimulate starved HMEC-1 cells (Figure 9). “Stag/ircells means to deprive them of FCS
and other additives to force the cells to entersdomme cell cycle phase, namely, thepBase.
Moreover, pre-activated cells may decrease theellef activation. Thus, the cells may be
more sensible and react more homogeneously onlstHMEC-1 cells are generally starved
ahead of experiments (BelAiba al., 2007; Sapett al., 2006; Wanget al., 2004). Since
HMEC-1 cells need MCDB 131 as basal medium it waxsessary that the SGBS-CM used in
the coculture experiments with HMEC-1 cells waseda®n MCDB 131. SGBS cell
differentiation was performed in serum-free 2/3 MED31 and 1/3 DMEM/F12 as basal
medium mixture. Therefore, a last adaptation sbe[BGBS cells before CM were taken, was
necessary. In order to exclude stress effects diSS€lls when changing the basal medium,
they were cultured for several hours in MCDB 131dmm before the medium was changed
again and left for generally 24 hours on the SGBEs d¢o generate the CM. Changing the
media did not effect negatively the cell cultureséheme of the cell culture strategy is shown
in figure 10 Since differentiating SGBS cells are cultured cwvgeriod of 14 days in medium

containing insulin, hydrocortisol, T3 and transiierrcontrol preadipocytes were cultured in
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parallel but were not induced to differentiate. Tharacterisation of these cells is shown in

chapter 3.2.4 and 3.2.3.

Figure 8 SGBS cell differentiation time course

Figure 8
Phase contrast microscopy of SGBS cells prior tludtion of differentiation (day 04), and post-

induction on day 4R), day 8 C), day 10 D), day 12 E) and day 16K) stained with Oil Red O (red)
and haematoxylin (blue).
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Figure 9 HMEC-1 cell culture

Figure 9
HMEC-1 cells were proliferated in HMEC-1 medium.eRonfluent cells at approximately 40 %

confluence 4), 70 % confluence B) and confluence Q) were visualized by phase contrast
microscopy. The confluent HMEC-1 cells display tigpical endothelial phenotype with clear and
defined cell borders (cobblestone appearance).
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Figure 10 Scheme of the cell culture strategy
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SGBS cells were seeded at low densities until postluence occurred 10 days later. Next, the cells
were exposed to induction medium and the contreagipocytes were exposed to adipose medium
(d0). After four days (d4) the medium was change@dipose medium until day 14 post-induction
(d14). For adaptation, the cells were exposed filasn 14 to day 15 to MCDB 131 medium. In order
to generate conditioned media (CM), the cells warkured from day 15 to day 16 for 24 hrs in
MCDB 131 medium. The CM were either used for anslgs for treatment of starved HMEC-1 cells.
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3.2  Gene expression and cytokine secretion of SGBS pd#pocytes
and adipocytes

3.2.1 Introduction

For further characterization and in order to getrenmsights into the secretory capacity of
SGBS cells, adipokine-mRNAs and -proteins at déffertimes and under different conditions
were measured. Therefore, the analysis was focasethe following adipokines: leptin,
adiponectin, PAI-1, IL-6, VEGF, MCP-1, IL-8, RANTESDF14, IL-4, IL-1qa, IL-13, TNF-

o and IFNy. Leptin and adiponectin (see chapters 1.2.2.11a2@.2) are typically secreted
by WAT and reach the blood stream. PAI-1 (Alesd dohan-Vague, 2006) is involved in
vascular haemostasis and IL-6 (see chapter 1.2i2.8)flammatory processes. VEGF is
important in vascular remodelling (see chapter2142. MCP-1, IL-8, RANTES, SDFelare
chemoattractants (see chapter 1.2.2.5). IL-4 hasirdlammatory features but can act in
concert with TNFet and IL-1 as endothelial cell activator (Petzelvaatel., 1993). IL-1 and
TNF-a are potent pro-inflammatory proteins and activaibendothelial cells (see chapter
1.2.7.1). Detailed information about the conductexperiments and fold-changes are
presented in the corresponding figure legends.

3.2.2 Cytokine expression and secretion of SGBS preadipgies and
adipocytes

The measurements of selected adipokines using dER-ELISAs and multiplex bead-based
Luminex® assays, revealed that the mRNA expressamaor protein secretions of PAI-1,
IL-6, VEGF and the chemoattractants MCP-1, IL-&(fe 1) and SDF-&1 (Figure 1B)
were significantly higher in preadipocytes thanaidipocytes. The mRNA for RANTES
(Figure 11) was slightly stronger expressed at mRNA levehdipocytes compared with
preadipocytes whereas at protein level it was thy@osite. However, both observations were
not statistically significant. In order to elucidatvhether classical endothelial cell activators
besides VEGF were expressed or secreted by preatigsoand adipocytes a selected panel of
molecules including TN, IL-1, IFN-y (Figure 12) and II-4 (Figure 11) was analysed4IL-
(Figure 11) protein secretion was higher in preadypes as compared with adipocytes. b.-1

gene expression in preadipocytes was robust afleamrfiplification cycles by gRT-PCR
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compared with weak signals for adipocytes. Howewatrprotein level IL-&t was at the
detection limit. In contrast, ILfgene expression was measured after 25 amplificatioles

in adipocytes versus 31 cycles in preadipocytesfofAs$L-1a, IL-1[3 protein was also at the
detection limit. TNFe gene expression was weak in preadipocytes (aftery8les) and not
observed in adipocytes. Moreover, in the supertsitaipreadipocytes and adipocytes TNF-
o and also IFNy protein were at the detection limit. As expectadiponectin, an adipocyte
marker, was measured at high levels at mRNA (&fecycles, data not shown) and at protein
level in adipocytes (220 ng/ml), but not in preadiptes (Figure 1B). Interestingly, leptin
expression was detected, not only in adipocytesal®o in subconfluent preadipocytes. An
increase in leptin expression was observed in genfl preadipocytes (data not shown), as
reported previously for primary preadipocytes (Siset al., 2005).

3.2.3 Adipokine secretion of SGBS cells cultured in theqgsence and in
the absence of hormones and antibiotics

Analyses using specific ELISAs for PAI-1, IL-6 aMICP-1 were performed in order to get
insights into the cytokine secretion of SGBS celldtured from day 14 to day 16 either
according to the standard protocol in adipose nmadiun according to the protocol used to
generate the CM for coculture experiments. Adiposedium contains hydrocortisone,
insulin, T3 and Pen/Strep. Insulin and other hormones are krnimwchange the cytokine
secretion pattern of several cell types, includidgpocytes (Fain and Madan, 2005; Wabitsch
et al., 1996). For coculture experiments, CM of SGBSscelkprived of hydrocortisone-,
insulin-, T3- and Pen/Strep were used (see chapter 3.1.6)pidbtein concentrations of the
three obesity relevant cytokines PAI-1, IL-6 and RAC were measured in these CM and
compared with the CM of SGBS cells cultured in adg medium in the presence of the
above mentioned hormones and antibiotics (Figune RAI-1 secretion did not change in
preadipocytes and adipocytes. Interestingly, ILe@rstion increased in preadipocytes and
adipocytes when the cells were deprived of thecetéd hormones and antibiotics, although
this effect was not statistically significant févetadipocytes. Moreover, MCP-1 secretion was
significantly elevated in adipocytes when cultured medium lacking hormones and
antibiotics. The opposite trend was observed fer ghreadipocytes but was not statistically
significant. It is important to note, that the apglcell culture protocols affected the cells in
their behaviour of cytokine secretion. As a consege and in order to allow a comparison
between preadipocytes and adipocytes in gene esipregytokine secretion and the effect of
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their CM on endothelial cell activation, the prgamtiytes were always cultured in parallel in

the same media as the adipocytes, except for thetion to differentiate.

3.2.4 Comparison of the morphology, GPDH activity and adbokine
secretion in SGBS preadipocytes at confluence andter 16 days
culture period

Since confluent preadipocytes (Pd0) were cultumedahother 16 days (Pd16) in the same
media as differentiating adipocytes except thay twere not induced to differentiate (see
chapter 3.1.6 and 3.2.3), it was investigated wdretfifferences in morphology, GPDH
activity and cytokine secretion between PdO and6Paldcurred. Therefore, phase contrast
microscopy was performed (FiguresAldnd B) and GPDH activity (Figure 12 and the
adipokines PAI-1, IL-6 and MCP-1 (Figure DY measured by specific ELISAs. Small
morphology changes between day 0O and day 16 peadgs were observed. Nevertheless,
the preadipocytes kept the image of fibroblaske-ktells over the culture period (FigureAl4
andB). Generally, no lipid accumulation was found whishin agreement with the GPDH
results (Figure 1@). PAI-1 and II-6 protein release (Figurell4 was higher in the confluent
preadipocytes (Pd0) in comparison with 16 days quudgluent preadipocytes (Pd16). For
MCP-1 release (Figure D4), no changes were observed.
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Comparison of the preadipocyte and adipgte gene expression and
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A: adipokine mRNA levels were quantified by gRT-PQRI adipocyte (Ad) values are presented as
relative expression compared with values of theresponding preadipocytes (Pd). Adipokine
concentrations in conditioned media (CM) were qifi@dt by specific ELISAs or bead-based
Luminex assays. The relative differences betweervéttues for mRNA and protein of Pd and Ad are
8- and 4.1-fold for PAI-1, 6-fold and 6-fold for 4&, 2.5- and 3-fold for VEGF, 4.5- and 5.5-fold for
MCP-1, 20- and 8.9-fold for IL-8. No differencesr fRANTES were observedB: a 140-fold
difference was measured for SDE&-Iprotein and for IL-4 a 2.6-fold difference. Adipsmin
concentration of 220 ng/ml was measured for Ad-Chemeas adiponectin was not detectable in Pd.

Results are means + SE (n=4). *P<0.05, *P<0.01P%0.001.
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Figure 12 Overview of the preadipocyte and adipocgt gene expression and protein
secretion of Il-1a, IL-1f3, TNF-a and IFN-y
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Figure 12

Adipokine mRNA levels were quantified by gRT-PCRdaare presented as relative expression
compared with values of the corresponding preadigsc(Pd). The relative increase of Ib-in Pd

vs. adipocytes (Ad) was 18-fold. In contrast, IBAkas increased in Ad compared with Pd by 53-fold.
Adipokine concentrations in conditioned media weguantified by bead-based Luminex assays with
detection limits below 10 pg/ml. Results are mea&& (n=4). *P<0.05, **P<0.001.
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Figure 13  Adipokine release of SGBS cells cultureoh the presence and absence of
hormones and antibiotics
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Figure 13

SGBS preadipocytes (Pd) and adipocytes (Ad) welteired from day 15 to day 16 for 24 hrs in
MCDB 131 medium lacking (Pd, Ad) or containing (PdAd+) 66 nM insulin, 100 mM
hydrocortisone, 10 pg/ml T3, 100 U/ml penicillindah00 pg/ml streptomycin. PAI-1, 1I-6 and MCP-1
were measured in the CM by specific ELISAs. Rettilifferences for IL-6 are 1.3-fold for Pd vs.
Pd+ and for MCP-1 1.7-fold for Ad vs. Ad+. Resudte means + SE (n=4). n.s. means statistically not
significant. *P<0.05.
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Figure 14 Comparison of the GPDH activity and adip&ine secretion in SGBS
preadipocytes at day 0 and 16 days culture period
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Figure 14

SGBS cells were cultured until confluence (PdO) #oash kept for 16 days in adipose medium (Pd16).
Phase contrast microscopy was used to visualiz§dihd Pd16H) cells. The GPDH values of Pd0
and Pd16 cellsQ) are illustrated in comparison to differentiateglls (Ad16). Protein secretion by
PdO and Pd16 cells was measured using specific ALf8r PAI-1, IL-6 and MCP-1[). Relative
differences for the secretion by PdO compared Ritti6 are 2.2-fold for PAI-1 and 3-fold for IL-6.
Results are means + SE (n=4). n.s. means stalligtica significant. **P<0.01, **P<0.001.
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3.3 Impact of preadipocyte- and adipocyte-CM on HMEC-1cell
activation and signalling pathways

3.3.1 Introduction

In order to investigate the impact of SGBS preacdyp® and adipocyte-CM on endothelial
cell function, RNA and protein expression analyisctional assays and signalling pathway
experiments were conducted. The endothelium semgethe interface between circulating
blood immune cells and adipose tissue and playsnaaractive role in infiltration and
inflammatory processes of immune cells. Therefoae,monocyte-endothelial cell-cell
adhesion assay was used as main cell biologicdloata system for endothelial activation,
which is a change in phenotype or function in ehdldl cells in response to stimuli from the
environment (Zimmermamt al., 1999). In addition to the monocyte-endotheliall-cell
adhesion assay, an ICAM-1 cell surface ELISA wasseh to characterize this process at the
molecular level. The SGBS preadipocytes and adigscyvere subjected to different
biologically relevant physiologic/pathophysiologionditions, including normoxia, hypoxia
and TNFa treatment and their CM were tested as mentionedeal=inally, the impact of
CM of mature adipocytes with different sizes isethfrom human WAT was analysed on
endothelial cell activation. Note, correspondintpimation about the experiments and fold-
changes are presented in the figure legends.

3.3.2 Establishment of a monocyte-endothelial cell-celldhesion assay
and ICAM-1 and VCAM-1 cell surface ELISA

In order to analyse the impact of SGBS-CM on enel@h cell activation, a monocyte
endothelial cell-cell adhesion assay and an ICABRH VCAM-1 cell surface ELISA were
developed as described in chapter 2.1.6 and 2.@oBtopic analysis dfalcein green AM
stained U937 monocytes and of U937 monocytes aathéad HMEC-1 cells is shown in
figures 1A andB, respectively. ICAM-1 and VCAM-1 are known to maidi the leukocyte-
endothelial cell-cell adhesion. Stimulation of etiddial cells with TNFa is known to
induce ICAM-1 and VCAM-1 cell surface expressiordan promote leukocyte adhesion
(Johnston and Butcher, 2002; Welgeral., 1995). Therefore, to test TNF-stimulation as
positive control, HMEC-1 cells were treated witHfelient TNFa concentrations before

applied to the assays. The levels of monocytic U8Bdothelial cell-cell adhesion (Figure
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16A) and ICAM-1 (Figure 1B) and VCAM-1 (Figure 16) protein expressions increased
with increasing TNFa concentrations. Since stimulation of HMEC-1 celishv25 ng/ml of
TNF-a led to a robust maximum in monocyte adhesion,dbigcentration was used in further

experiments as positive control.

Figure 15 U937 monocyte-HMEC-1 cell adhesion

Figure 15
Monocytes were stained witialcein green AM and visualized using fluorescence microscofy (

Endothelial cells were treated with 25 ng/ml ThiFer 6 hrs before the monocyte-endothelial cell-cel
adhesion assay was performed and phase contrastsoopy used for visualizatiorBY, U937
monocytes (see arrows) adhere to the confluenttieeli@ cells B).
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Figure 16 Effect of TNF-a on microvascular endothelial cells
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Figure 16

HMEC-1 cells were treated with different concentmag of TNFea. Subsequently U937 monocyte-
endothelial cell-cell adhesio®) and ICAM-1 B) and VCAM-1 () cell surface expression were
analysed. Results are means = SE (n=2).
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3.3.3 Impact of SGBS preadipocyte- and adipocyte-CM on eatothelial
ICAM-1 cell surface expression and monocyte-endotfial cell-cell
adhesion

To determine the functional impact of CM from SG&3%Is on endothelial cell activation, the
adhesion of U937 cells to HMEC-1 cells stimulatétiex with CM or control medium was
measured. In addition, ICAM-1 and VCAM-1 endothel@ell surface expression was
analysed. The adhesion of U937 cells was subsligntiecreased after preadipocyte-CM
treatment compared with control medium whereasr adtbpocyte-CM treatment, only a
modest increase in adhesion was observed, whictstatistically not significant. In contrast,
TNF-a-stimulated HMEC-1 cells showed a high level of eslon (Figure 1XK). In order to
rule out the possibility, that adipocyte-CM did raattivate endothelial cells because of the
long differentiation periode (16 days of culturtje same experiments were performed with
CM of adipocytes cultured for only 7 days in adgpasedium (less mature adipocytes). No
significant differences in endothelial cell actieat between these two types of Ad-CM were
observed (data not shown). Concordantly with th&fdhesion experiments, endothelial
ICAM-1 expression was significantly upregulatedeafstimulation with preadipocyte-CM
and TNFea but not with adipocyte-CM (Figure BJ. However, VCAM-1 cell surface
expression was neither increased on HMEC-1 celies afimulation with preadipocyte- nor
adipocyte-CM (data not shown) in contrast to in¢idmawith TNFa (Figure 1&). Since the
CM mediated monocyte adhesion was independent ;AM<C cell surface expression this
protein was not further investigated. Next, the aghdlial expression of MCP-1 and IL-8
operating as strong activators of monocytes andortapt for adhesion was assessed
(Gerszteret al., 1999). For preadipocyte-CM and adipocyte-CM akedrincrease of gene
expression for both target genes was measuredrésSdiC andD).
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Figure 17

Figure 17

HMEC-1 cells were treated with control medium ($tdreadipocyte-conditioned medium (Pd-CM)
and adipocyte-CM (Ad-CM) and subsequently analyedhe adhesion of U937 cells to HMEC-
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1(A), ICAM-1 cell surface expressioB), and the gene expression of the monocytic actigall -3
(C) and MCP-1D). 25 ng/ml TNFe was used as a positive control (TdFMonocyte adhesiorA]

and ICAM-1 @) increased 1.8- and 1.4-fold after treatment WithCM and 1.2- and 1.1-fold (n.s.)
with Ad-CM, respectively, compared with the Ctedtment. Monocyte adhesion and ICAM-1
differences between the treatments with CM were aridl 1.3-fold, respectivelyC and D: Gene
expression levels of IL-8Q) and MCP-1D) increased in HMEC-1 after treatment with Pd-CMl an
Ad-CM 3- and 2.8-fold vs. 3.2- and 3.4-fold, redpely, compared with the Ctrl. Results are means

+ SE (#3). n.s. means statistically not significant . *F3&) **P<0.01, ***P<0.001.
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3.3.4 Impact of concentrated SGBS-CM on monocyte-endothial cell-cell
adhesion

To determine whether the concentration of CM byafiltration lead to an increase in
monocyte adhesion and whether the exerted effemtdd cbe attributed to low or high
molecular substances further analysis was perfor(reglure 18). 13x concentrated CM of
both preadipocytes and adipocytes, containing amyjecules of more than 5 kDa led to an
increase in monocyte adhesion. During the concemtr@rocess protein or protein activity
was lost as can be seen for the Tlfpositive control. 2.5 ng/ml TNBE-was concentrated
10x to achieve presumably a final concentratio®hg/ml. When compared with fresh 25
ng/ml TNF-, the monocyte adhesion is decreased. The uncoatehtCM, only containing
molecules of less than 5 kDa, had negligible effemt monocyte adhesion (Figure 18).
Consequently, the exerted effects by the CM amdliko be attributed to molecules secreted
by SGBS cells of more than 5 kDa which justifiesusing on the analysis of cytokines in the
CM of SGBS cells. However, effects of moleculesest than 5 KDa on monocytes adhesion
can not be ruled out, since they may act in congitht molecules of more than 5 kDa.
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Figure 18 Impact of concentrated SGBS-CM on monocgtendothelial cell-cell

adhesion
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Figure 18

HMEC-1 cells were treated with medium (Ctrl), pripadyte-conditioned medium (Pd-CM) and
adipocyte-CM (Ad-CM) and 10x concentrated (conc) ,@Mly containing molecules >5kDa (Pd-CM
conc, Ad-CM conc) and CM containing only molecud&kDa (permeate; Pd-CM permeate, Ad-CM
permeate). 25 ng/ml TNE&-(TNF-0) was used as positive control. 2.5 ng/ml Tikvas used in the
CM-concentrating procedure to test the efficientyhes technique (TNFx 2.5 10x conc and TNE-
permeate). Subsequently, the monocyte adhesiory agaa performed. The relative increase in
monocyte adhesion after stimulation with Pd-CM weréfold, with Pd-CM conc 2.4-fold, with Ad-
CM 1.2-fold (n.s.) and with Ad-CM conc 2.1-fold, ropared with the Ctrl-treatment. TNF-
o exposurded to a 5.4-fold and with TNB-2.5 10x conc 3.7-fold elevation. The permeatettneats
showed only baseline levels in monocyte adhesioonddyte adhesion differences between Pd-CM
and Pd-CM conc were 40 % and between Ad-CM and Rdednc 75 %, respectively. Differences
between TNFa and TNFe 2.5 10x conc were 45 %. Results are means + SB).(m.s. means
statistically not significant. *P<0.05, *P<0.01*<0.001.
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3.3.5 Impact of TNF-a treated SGBS cells on monocyte endothelial cell-
cell adhesion

TNF-a is expressed primarily by macrophages in WAT, aperate as negative regulator of
fat storage and induces its own THFgene expression in adipocytes (Haueteal., 1995;
Neelset al., 2006). To examine the direct influence of TFen the endothelial activation
capacity of SGBS cells in the absence of macroghage other paracrine or juxtacrine
disturbances, adipokine expression of TiHeated SGBS cells and the impact of their CM
on monocyte-endothelial cell-cell adhesion wereesssd. TNF-stimulation induced a
robust TNFee mRNA expression in preadipocytes and adipocytegi(E 1R). Fresh CM of
TNF-a-stimulated SGBS cells substantially induced the3Uell adhesion to HMEC-1
(Figure 1®B). To rule out that exogenous TNF-remaining in the CM after TNE-
stimulation was functional, MCDB 131 medium in tabsence of cells without and with
TNF-a was kept in the incubator in parallel with SGB3scas control media and then used
in the adhesion assay. For these control medig, lkadeline levels of adhesion were detected.
To test whether CM of TNB-induced SGBS cells contained functional Tbifactivity, CM
were pre-incubated with the potent TFantagonist Enbrél (Traceyet al., 2008) or mock-
pre-incubated before stimulating HMEC-1. The usatrELl concentration of 200 ng/ml was
sufficient to achieve a maximum of blocking effiety in the monocyte adhesion assay
(Figure 19C). Enbrél-pre-treatment significantly decreased the moneceyothelial cell-
cell adhesion to 50% and 28% of the levels achiewdith CM of TNF-a-stimulated
preadipocytes and adipocytes, respectively (Fig9®). In order to support these data, total
and phosphorylateckBa were analysed in HMEC-1 cells (FigureE)&ince TNFe exerted
effects in endothelial cells have been shown tonbdiated via the MB-signalling pathway
(Weberet al., 1995). kba phosphorylation was increased in HMEC-1 cellsratfiteatment
with CM of TNF-a exposed SGBS cells and abrogated when these CK preincubated

with Enbrel], although not to baseline levels. For tokBd the opposite was observed.
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Figure 19 Effects of TNFa-stimulated preadipocytes and adipocytes on

microvascular endothelial cell activation
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Figure 19

A: TNF-a gene expression of preadipocytes (Pd) and adipedytd) was assessed after treatment
with either medium (Pd, Ad) or 25 ng/ml TNF{Pd TNFe&, Ad TNF-a ) for 24 hrs. TNFa gene
expression was 46+19- and 66+38-fold in TiiffreatedPd and Ad, respectively, compared with
untreated Pd. No TNBE-was detectable in untreated Ad. The conditionedian€CM) were used for
stimulating HMEC-1 cells. Subsequently, the adhesibU937 cells to HMEC-1 cell8{D) and total

(t-) and (p-) phosphorylatedBa in HMEC-1 cells E) using Western blotting, was assessed. To rule
out that the exogenous TNFremaining in the CM after TNE-stimulation was functional, MCDB-
131 medium without (Ctrl) and with 25 ng/ml TNF{Ctrl TNF-a) were kept in the incubator at 37
°C for 24 hrs as control medium and then used énatthesion assa @ndD) or for Western blot
analysis E). For these control media only baseline levelsadhesion and t- and pBa were
detectedB: In contrast, monocyte adhesion to HMEC-1 incrdéalsé&-fold with Pd-CM, 1.2-fold (n.s.)
with Ad-CM, 4.1-fold with CM of TNFe-treated Pd (Pd TN#—CM) and 4.7-fold with CM of TNF-
o-treated Ad (Ad-TNBE-CM). Fresh TNFa added to MCBD-131 medium at 25 ng/ml was used as a
positive control (TNE; 5.3-fold increase). The enhancement in monocgtesion with CM derived
from TNF-a-treated Pd and Ad were 2.5- and 3.9-fold, respelgti C: TNF-a (25 ng/ml) exerted
monocyte-endothelial cell-cell adhesion was blockeihg several concentrations of the TWF-
receptor blocker Enbril. D: For blockade of TNFractivity, CM from TNFe-induced SGBS cells
and control media were preincubated with 200 ndZnmibrel] (Pd TNFx+E-CM, Ad TNFa+E-CM,
Ctrl+E), a soluble TNFx receptor antagonist, at 37 °C for 10 min befoissating HMEC-1.
Monocyte adhesion was induced 4.3- and 2.2-foleérafteatment with Pd TNFCM and Pd
TNFo+E-CM, respectively, when compared with the Ctrbridcyte adhesion was induced 4.9- and
1.4-fold after treatment with Ad TNFCM and Ad TNR+E-CM, respectively, compared with the
Ctrl. The Enbréll-treatment of CM from Pd and Ad decreased the myteocadhesion 2.0- and 3.6-
fold, respectivelyE: signals for p#Ba were strong in HMEC-1 cells after treatment with NFa-

CM and Ad TNFE:-CM and decreased after treatment with Pd &aNE-CM and Ad TNE+E-CM,
respectively. The opposite is shown fokBt. B-actin served as loading control. ResultsApB and

D are means + SE (n=3) and f@rand E (n=2). n.s. means statistically not significant€r05,
**P<0.01, **P<0.001.
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3.3.6 Impact of hypoxia on adipokine gene expression angecretion of
SGBS cells and analysis of their CM on endotheliaell activation

Since WAT mass expansion can generate a hypoxicogment (see chapter 1.2.6) it is of
interest to find out how the different cell typas WAT react to hypoxia and how this
influences their cross-talkn vitro experiments are important to get valuable insights
these complex interactions. Thus, CM of SGBS @e{[sosed to normoxia, moderate (4% O
and/or severe hypoxia (1%,0Owere used for comparative studies applying eraathcell
proliferation and monocyte-endothelial cell-cell hadion assays and adipokines
measurements. CM of hypoxia-treated preadipocytes adipocytes increased the cell
proliferation of HMEC-1 at similar rates (Figure A0 Monocyte-endothelial cell-cell
adhesion was enhanced with preadipocyte-CM andfisgntly induced with adipocyte-CM
compared with CM of normoxic SGBS cells (FigureBROImportantly, CM of hypoxic
adipocytes significantly induced the endotheliaANI-1 cell surface expression, whereas CM
of hypoxic preadipocytes did not further reinfortee already high endothelial ICAM-1
expression induced by CM of normoxic preadipocy(Egure 2@). A gradual and
pronounced upregulation of the hypoxia-sensitiandcription factor HIF-@ (see chapter
1.2.6) was measured to similar amount for preadisscand adipocytes under hypoxia
demonstrating the impact of hypoxia on SGBS céligyre 2M@). Adipokine gene expression
and secretion of preadipocytes and adipocytes udtideaind 1% hypoxia were analysed using
gRT-PCR and specific ELISAs or bead-based Luminas®ays. An overview of the results
shown in Figure 21 is given in Table 2. For adipekisecretion of preadipocytes and
adipocytes under 4% hypoxia, an increase of VE@ptid, PAI-1 and IL-6 in CM was
measured which was strongly enhanced under 1% kgygbigure 2R). The corresponding
gene expression data for VEGF and leptin are ieeagent with the protein secretion data. In
contrast, gene expression for PAI-1 and IL-6 inseelain SGBS cells under hypoxia but did
not change with the degree of hypoxia (Figur&)2 Adiponectin secretion in adipocytes was
not altered by hypoxia, although at mRNA level ardase was observed (FigureA21For
MCP-1, an upregulation of secretion was observegtr@adipocytes whereas at mRNA level
no significant changes were found (FigurdRln adipocytes a decrease of MCP-1 secretion
was measured under 1% hypoxia (FigureB)2ivhich is in agreement with the gene
expression data. A similar secretion pattern waenked for IL-8, although the IL-8 increase
in preadipocytes and the decrease in adipocytegrub® hypoxia was not statistically
significant (Figure 2B). Moreover, RANTES secretion of preadipocytes adibocytes
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increased under 4 % hypoxia and was strongly emshimcpreadipocytes under 1 % hypoxia
whereas in adipocytes only baseline levels werervbd (Figure 2B). At gene expression
level no significant differences were observed (Fég2B). IL-4 known as endothelial cell
co-activator together with IL-1 and TN¥-(Petzelbaueret al., 1993) was significantly
increased in preadipocyte-CM and adipocyte-CM under® hypoxia (Figure ZA).
Interestingly, SDFIx showed a trend towards enhancement in CM of ppeaglies exposed
to hypoxia (Figure 2B) however, these results were not statisticallyificant. The proteins
of the cytokines IL-1, TNFx and IFNy were measured at detection limit (FigureC21ln
contrast, at mMRNA level Ild increased in adipocytes exposed to 1 % hypoxid&-@iNjene
expression was elevated in preadipocytes underhy@oxia whereas under 1 % hypoxia no

change was observed.
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Figure 20 Effects of hypoxia on HIF-1x protein in preadipocytes and adipocytes and
their CM on microvascular endothelial cell activaton

>

12a
10+
S
[

1.5=

E Kokok

1.4+ §
\
N
D

=
w
1

(fold)

e

BrdU incorporation
(fold)
(R

1.1
2=

=

(=]
-
-

ICAM-1 cell surface protein (7)

w
O
»7

60! —_—
50 = *

. :-§ :
d5 | N

v
Oé\ Oé CJ@ CJ@ CJ@
&’ T
Q >
[

B-actin

HIF-1a/B-actin
(fold)

Monocyte adhesion
(% of positive control)

O R N W bH OO
*

& 6§\° 6,gg\“
< < v v

Figure 20

Preadipocytes (Pd) and adipocytes (Ad) were expdsedormoxia and hypoxia. Subsequently,
HMEC-1 cells were treated with control medium (L tdonditioned media (CM) of normoxic cells
(Pd-CM, Ad-CM), and reoxygenated CM derived fromBS5cells under 4 % hypoxia (Pd 4%-CM,
Ad 4%-CM). Endothelial cell proliferationAj, adhesion of U937 monocytes to HMECH) @nd
ICAM-1 cell surface expressio) on HMEC-1 and HIF-a protein in SGBS celld)) was assessed.
A: proliferation was increased after treatment ViAthCM of normoxic vs. hypoxic cells 4- and 9.3-
fold and after treatment with Ad-CM of normoxic Jsypoxic cells 5.5- and 10-fold, respectively,
when compared with the Ctrl. The proliferation diffnce between the treatments with CM of
normoxic and hypoxic Pd and Ad was 2.3- and 1.8;foéspectively. As positive control HMEC-1
were treated with MCDB 131 medium containing 10 @SEB: measured monocyte adhesion of
TNF-a-treatment (25 ng/ml) of HMEC-1 was considered 89 % monocyte adhesion (positive
control). Correspondingly, monocyte adhesion for@M of normoxic and hypoxic cells was 28 %
and 43 % and for Ad-CM of normoxic and hypoxic €0 % and 33 %, respectively. Monocyte
adhesion of the control medium was 13 %. Monocgtesaion differences between the treatment with
CM of normoxic and hypoxic Pd and Ad were 1.5-3-fold.C: the increase of ICAM-1 expression
after treatment with Pd-CM of normoxic and hyporglls was 1.4-fold. Ad-CM of normoxic and
hypoxic cells increased ICAM-1 1.1- (n.s.) and fofgh, respectively. ICAM-1 levels differed between
the treatments with Ad-CM of normoxic and hypoxals by 15 %. D): the response of Pd and Ad to
hypoxia was confirmed by measuring HIE-firotein. SGBS cells were kept under normoxia aftl 4
(Pd 4%, Ad 4%) and 1 % hypoxia (Pd 1%, Ad 1%) fdnrd. Western blot analysis was performed
using antibodies against HIFxland -actin. For the analysis of the experiments, thatgin HIF-
la/B-actin ratio of Pd was considered as 1. Ht#Btactin ratio was 2.8-fold higher in Pd compared
with Ad under normoxia. Under 4 % and 1 % hypoxie, ratio was 2.2- and 4.4-fold increased in Pd
and 1.8- and 4.8-fold in Ad, respectively, when paned with baseline levels of Pd. Results are
means + SE (n=4). n.s. means statistically not ifsegmt. *P<0.05, **P<0.01, **P<0.001.
Representative blots are shown.
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Table 2

Impact of hypoxia on adipokine gene expregn and protein secretion of
preadipocytes and adipocytes

Preadipocyte Adipocyte
RNA Protein RNA Protein
4% 1% 4% 1% 4% 1% 4% 1%
VEGF 1.7x1 2.8x 1 1.5x 1 5.3x 1 1.7x 1 3.9x 1 1.7x 1 2.7x 1
Leptin 181 7.4x 1 2.3x 1 9.8x 1 3.5x 1 24x 1 3.5x 1 24x 1
PAI-1 1.2x 1 1.5x 1 1.5x 1 5.3x 1 2.1x1 1.5x 1 1.5x 1 2.7x1
(n.s) (n.s) (n.s.)
IL-6 2x 1 1.6x 1 1.5x 1 3.6x 1 2.3x 1 2.4x1 1.6x 1 2.3x 1
. . b
Adiponectin - - - - 0.4x | 0.4x | Chggge no change
MCP-1 0.35x | | 0.23x | | 1.16x 1 | 1.45x 1 | 0.4x] 0.6x | 0.2x | 0.35 |
(n.s.) (n.s.) (n.s) (n.s.)
IL-8 0.48x | | 0.34x | | nochange 2x 1 1.3x 1 1.3x 1 no 0.5x |
change
(n.s.) (n.s.) (n.s.) (ns.) (n.s.) (n.s.)
RANTES nochange | nochange | 1 36x1 3x 1 nochange | (55x| | 1.48x1 | 1.15x 1
(n.s.) (n.s)
IL-4 mef:;tlred mef:;tlred 17x1 4.4x1 mef:;tlred mef:;tlred Lax1 1.8x 1
(n.s.) (n.s.)
SDF1-a mef:;tlred mef:;tlred 1.3x 1 2.3x 1 mef:;tlred mef:;tlred ) )
(n.s) (n.s.)
IL-1a nochange |1 4x 1 - - 0.4x | 2x 1 - -
(n.s.) (n.s.)
IL']-B 1.4x T 1.8x T _ _ no change no change _ _
(n.s.) (n.s.)
TNF-a 2.3x 7 no change - - - - - -
IFN Y mef:;tlred mef:;tl red ) ) mef:;tl red mef:;tl red ) )

Preadipocytes (Pd) and adipocytes (Ad) were kepteumormoxia, 4 % hypoxia (4%) and 1 %
hypoxia (1%) for 24 hrs. Their adipokine mRNA exgsiens and protein concentrations in the
corresponding conditioned media were quantifiedg®-PCR and specific ELISAs or bead-based
Luminex assays, respectively. The analysed molsoue: VEGF, leptin, PAI-1, IL-6, adiponectin,
MCP-1, IL-8, RANTES, IL-4, SDFI, IL-1a, IL-13, TNF-a and IFNy. The values for SGBS cells
under 4 % and 1 % hypoxia are presented as relRfi& and protein release in x-fold (x) compared
with values of corresponding Pd and Ad under noiie@hich were set to the value of 1. Results are
means = SE (n=4). n.s. means statistically notifsigmt. **P<0.01, ***P<0.001.
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Figure 21 B Impact of hypoxia on adipokine mRNA expession and protein secretion
of preadipocytes and adipocytes
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Figure 21 C Impact of hypoxia on adipokine mRNA expession and protein secretion
of preadipocytes and adipocytes
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Figure 21

Preadipocytes (Pd) and adipocytes (Ad) were kepteumormoxia, 4 % hypoxia (4%) and 1 %
hypoxia (1%) for 24 hrs. Their adipokine mRNA exgsiens and protein concentrations in the
corresponding conditioned media were quantifiedq®-PCR and specific ELISAs or bead-based
Luminex assays, respectively. The analysed molsoue: VEGF, leptin, PAI-1, IL-6, adiponectin,
MCP-1, IL-8, RANTES, IL-4, SDF, IL-1a, IL-13, TNF-a and IFNy. The values for SGBS cells
under 4 % and 1 % hypoxia are presented as relRfi& and protein release in x-fold (x) compared
with values of corresponding Pd and Ad under noiie@hich were set to the value of 1. Results are
means = SE (n=4). n.s. means statistically notifgggmt. *P<0.05, *P<0.01, **P<0.001.
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3.3.7 Impact of SGBS preadipocyte- and adipocyte-CM on etothelial
cell signalling pathways

To further evaluate the signalling pathways acadatipon CM-treatment of HMEC-1 cells
and involved in CM-induced expression of MCP-1,8land ICAM-1, different signalling
molecules were evaluated. On the basis of theimpters, the regulation of these genes can
occur through the stimulation of multiple pathwagsch as the NKkB, AP-1 or the
JAK/STAT pathway (Roebuckt al., 1999; Roebuck and Finnegan, 1999). Therefore tot
and specifically phosphorylated forms @Bla, RelA, p38MAPK, ERK 1/2, SAPK/JINK, c-
Jun, STAT-3 and STAT-1 were analysed at appropriate intervals by Western blot
analysis (Figs. 22 to 24). These time intervalsengetermined with control and stimulated
HMEC-1 ahead of the shown experiments (Figures-R2Figures 23, C, E andG; Figures
24A and C) Interestingly, the phosphorylation status wB&t (Figure 2E), RelA (Figure
22F) and the level of totakBa (Figure 2E) did not change after CM-stimulation in HMEC-
1 cells. In contrast, the phosphorylations of RelAd kBa increased and totakBa
decreased in HMEC-1 cells treated with TNFserving as positive control (Figure@R The
ratios of phosphorylated forms to total specifiotpin of endothelial SAP/INK (Figure BB
p38 MAPK (Figure 2B), ERK1/2 (Figure 2B), c-Jun (Figure 23), STAT-1 (Figure 2B)
and STAT-3 (Figure 23) were substantially elevated after stimulatiorhvateadipocyte-CM
and adipocyte-CM. Note, the measured increase d?P/B¥K, ERK1/2 and c-Jun after
stimulation with adipocyte-CM was not statisticadignificant. For SAPK/INK, STAT-1 and
STAT-3, the differences in phosphorylation betwgesadipocyte and adipocyte-CM treated
HMEC-1 cells was statistically significant.
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Figure 22 Impact of CM from SG

signalling pathway

BS cells on microvasdar endothelial cell NFKB

Figure 22

HMEC-1 cells were treated with control medium (LtrTNF-0 at indicated concentrations,
preadipocyte-conditioned medium (Pd-CM) and adipe€&M (Ad-CM) for different time-points.
Western blot analysis was performed using antitsodgainst the total (t-) and/or phosphorylated (p-)
F andG) andp-actin B, C andD). A andB: a time course
treatment v@ghng/ml TNFe was performedC andD: a
time course was conducted for HMEC-1 cells afteatiment with Pd-CM was conductdglandF:
HMEC-1 cells were treated for 5 min with Pd-CM ahd-CM. G: HMEC-1 cells were treated for 5
min with different concentrations of TNir- For the analysis of these experiments, protenelée

forms of kBa (A, C, E, G) and RelAB, D,
was conducted for HMEC-1 cells after

pReIA, — —
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min 0 5 10 30 60 mn 0 2 5 10 30 60
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under Ctrl-conditions were considered as 1. Resuéisneans + SE (n=3).
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Figure 23 Impact of CM from SGBS cells on microvaadar endothelial cell MAPK
and c-Jun signalling
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Figure 23

HMEC-1 cells were treated with control medium (Etdreadipocyte-conditioned medium (Pd-CM)
and adipocyte-CM (Ad-CM) for different intervals. édtern blot analysis was performed using
antibodies againg-actin A, C, E andG) serving as loading control, the phosphorylatedl §pd total
(t-) forms of SAPK/INK A andB), p38MAPK (C andD), ERK1/2 € andF) and c-Jun®@ andH).

For all p-molecules a time course in HMEC-1 cefteratreatment with Pd-CM was performed C,

E andG). For the gquantitative detection of SAPK/INB) p38MAPK O) and ERK1/2 ) HMEC-1
were treated with CM for 10 min and for detectidncalun (H) for 30 minB, D, F andH: protein
levels under Ctrl-conditions were considered aBtospho/total protein increased 6.8- and 3-fold for
SAPK/INK @), 2.4- and 2-fold for p38MAPKL), 3- and 2-fold (n.s.) for ERK1/F) and 2.6- and
2.1-fold (n.s.) for c-JunH) after treatment with Pd-CM and Ad-CM when complavéth the Ctrl.
The differences for the phospho/total protein ragbween the treatments with CM were 2.3-fold for
SAP/JINK, 1.2-fold for p38MAPK (n.s.), 1.5-fold fd&ERK1/2 (n.s.) and 1.2-fold for c-Jun (n.s.).

Results are means + SE (n=3). n.s. means stalligtnca significant .*P<0.05 Representative blots a
shown.

Figure 24 Impact of CM from SGBS cells on microvaadar endothelial cell STAT

signalling
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Figure 24

HMEC-1 cells were treated with control medium (Etdreadipocyte-conditioned medium (Pd-CM)
and adipocyte-CM (Ad-CM) for different time-pointg/estern blot analysis was performed using
antibodies againgi-actin (A andC) serving as loading control, the phosphorylatedl §od total (t-)
forms of STAT-1 A andB) and STAT-3 C andD). For both p-molecules a time course in HMEC-1
cells after treatment with Pd-CM was performédaidC). For the quantitative detection of STAT-1
(B) and STAT-3 D) HMEC-1 were treated with CM for 30 min (arbitamntis shown). The
differences for the phospho/total protein ratiowestn the treatments with CM were 6.7-fold for
STAT-3 and 3.1-fold for STAT-1. Results are meanSE (n=3). *P<0.05, *P<0.01, **P<0.001.
Representative blots are shown.
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3.3.8 The role of endothelial signalling pathways on monzyte endothelial
cell-cell adhesion and ICAM-1 protein expression

To determine the role of the above mentioned simgalpathways in the monocyte
endothelial cell-cell adhesion and ICAM-1 protexpeession, HMEC-1 cells pre-treated with
JNK inhibitor 1I, SB203580 (p38 MAPK inhibitor), FAB059 (MEK1 inhibitor) or JAK
inhibitor | and stimulated with preadipocyte-CM the presence of the corresponding
inhibitors were examined. A low and a high doseaxth inhibitor was applied. Preadipocyte-
CM significantly increased monocyte adhesion an8iNIE1 cell surface protein expression of
HMEC-1 cells whereas in the presence of JNK inbibit these effects were suppressed to
baseline levels (Figures A5and B). Concordantly, the CM mediated SAPK/INK
phosphorylation decreased dose dependently, supgpahe efficacy of the inhibitor (Figure
25C). In contrast, application of PD98059 (Figure®ZmdE) and SB203580 (Figures @5
andH) had no significant effect on the increase of noyt® adhesion or ICAM-1 cell surface
protein of preadipocyte-CM treated HMEC-1 cells.eTéfficacy of the inhibitor PD98059
was confirmed by its ability to decrease preadip@€yM mediated ERK1/2 phosphorylation
(Figure 2%). SB203580 hinders the activity but not the adiora of p38 MAPK and
therefore, no phosphorylation experiments are shigdumaret al., 1999). The JAK inhibitor

| (Figures 25 andJ) significantly inhibited the increase of monocgéhesion and ICAM-1
cell surface expression by preadipocyte-CM to tames extent as the JNK inhibitor I
(Figures 2B andB). Since STAT-1 and STAT-3 are mediators of JAKnrsijng (Murray,
2007) and activated upon stimulation of HMEC-1 selith preadipocyte-CM, the effect of
JAK inhibitor | on STAT-1 and STAT-3 activation Bi/estern blot analysis was assessed.
Stimulation of HMEC-1 cells with CM resulted in abust phosphorylation of STAT-1 and
STAT-3, whereas the blockade with JAK inhibitorffeetively abrogated the phosphorylation
of STAT-1 and STAT-3 (Figure 29.
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Figure 25 Blockade of signalling pathways in HMEC-Xells by specific inhibitors
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Figure 25

HMEC-1 cells were preincubated with indicated canicaions of JNK inhibitor Il (JNK), SB203580

a p38MAPK inhibitor (SB), PD98059 a MEK1 inhibit¢PD) and JAK inhibitor | (P6) for 45 min.
After stimulation with control medium (Ctrl), preadcyte-conditioned medium (Pd-CM) and Pd-CM
supplemented with the corresponding inhibitorsndicated concentrations, monocyte adhesion assay
(A, D, Gandl), ICAM-1 cell surface ELISAB, E, H andJ) and Western blot analysis fBractin C,

F andK) and the phosphorylated forms (p-) of SAPK/INE, (ERK1/2 €), STAT1 and STAT3G®)
were performed. Results are means + SB)rP<0.05, **P<0.001. Representative blots arevh.
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3.4  Functional analysis of factors in CM mediating endthelial cell
activation

3.4.1 Introduction

To get initial insights into the mediators in prgeaxtyte-CM and adipocyte-CMhich induce
the STAT-1/3 dependent endothelial ICAM-1 expressamd monocyte-endothelial cell-cell
adhesion, the functional analysis was focussedhenatdipokines IL-6, leptin and VEGF
known to signal via the STAT-pathways (Bartetlial., 2000; Jiret al., 2003; Korpelainemt
al., 1999; Niet al., 2004; Paret al., 2007; Wincewiczt al., 2007; Yahatat al., 2003). First,
the gene expression of the receptors which maiglasfor these cytokines in HMEC-1 cells
were analysed and the expression of the IL-6 recegitprotein level was investigated. Next,
function-neutralizing antibodies specific for thebose mentioned adipokines and
corresponding isotype-matched control antibodiesewesed in proliferation, ICAM-1 cell
surface ELISA, monocyte-endothelial cell-cell adbesand STAT-1/3 phosphorylations
assays. Note, corresponding information about tkperments and fold-changes are
presented in the figure legends.

3.4.2 Gene and protein expression of the obese receptoOl§-R) b,
VEGFR-2, gp130 and IL-6 receptor (IL-6R)a in HMEC-1 cells

3.4.2.1 Ob-Rb gene expression

The leptin receptor gene encodes five alternatigphiced variants. They are named Ob-Ra,
Ob-RDb, Ob-Rc, Ob-Rd and Ob-Re. Only the Ob-Rb hdsng cytoplasmic region which
contains several motifs which are required for aignansduction. Upon leptin binding, the
Ob-Rb signals e.g. via the JAK/STAT pathway (Friecinand Halaas, 1998; Schwaetzl.,
2000). The Ob-Rb is found on many cell types inclgcendothelial cells (Quehenberggr
al., 2002). By RT-PCR experiments with total RNA, aRP@roduct specific for Ob-Rb in
HMEC-1 cells was observed after 35 and less amptibn cycles (185-bp; Figure 2b
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3.4.2.2 VEGFR-2 gene expression

The VEGF ligand and VEGF receptor biology is comp(see chapter 1.2.2.4). However,
VEGF65 belonging to the VEGF-A family is the most abundaonform and according tim
vitro studies the most biologically active form. Additaly, VEGFR2; and VEGH,s also
belonging to the VEGF-A family are biologically a& in endothelial cells. The VEGF
proteins measured in the SGBS-CM were VEGBND VEGHgs. The members of the VEGF-
A family bind to VEGFR-1 and VEGFR-2 which both tegj to the family of tyrosine kinase
receptors. VEGFR-2 (Oht al., 2002) is described to be the most functional atediof
endothelial VEGF signalling (Zachary and Gliki, 200In contrast, it is uncertain if VEGFR-
1 has a biological important function in endothetalls. VEGFR-2 gene expression was
detected in HMEC-1 cells by RT-PCR experiments gisimtal RNA, specific primers for
VEGFR-2 and 35 and less amplification cycles (7p3figure 2@).

3.4.2.3 gpl30 and IL-6 Rx gene and protein expression

The cellular IL-6R complex basically consists ofetl80 kDA ligand (IL-6) binding
glycoprotein IL-6Rx and the 130 kDa glycoprotein (gp130) involved ignal transduction.
The gp130 protein is ubiquitously expressed on roedittypes including endothelial cells,
whereas the IL-6R subunit is cell type-specifically expressed. A rbeame-bound form of
IL-6Ra of approx. 80 kDa and soluble isoforms of IL6RSIL-6Ra) of approximately 55
kDa can be generated due to differential mMRNA-smlicand/or limited proteolysis (Rose-
Johnet al., 2006). Since there is a discrepancy in thedlitee about the presence of the IL-
6Ra on endothelial cells, especially on HUVECs (Moeéual., 1997; Romanet al., 1997;
Watsonet al., 1996; Waxmaret al., 2003), the expression of the IL-6 receptor sutisunithe
microvascular endothelial cells, HMEC-1, used iis 8tudy was assessed. PBMC, known to
express IL-6R (Jablonskaet al., 1999) were used as positive control. By RT-PCR
experiments with total RNA, robust amounts of PGReuoicts specific for the gp130-mRNA
(253-bp; Figure 28) and the 80 kDa IL-6& mRNA (350 bp; Figure 28) in both PBMC
and HMEC-1 cells were observed. In contrast, rasieall amounts of PCR-product specific
for the soluble IL-6R mRNA-splice variant in PBMC and HMEC-1 cells (26p: Figure
26B) were detected3-actin served as housekeeper gene (281 bp, &y 26
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For immunoblot experiments, total protein lysatesrf HMEC-1 cells and PBMC and human
IL-6Ra-specific antibody recognizing the membrane-bo@@kDa) and soluble isoforms of
IL-6Ra (50 to 60 kDa) were used~or the 80 kDa IL-6R protein, the signal in PBMC was
stronger compared with the signals for the 80 kD&Ra in HMEC-1 cells and the 55 kDa
soluble IL-6Rx protein in PBMC and HMEC-1 cells (Figure 26 It is known that the

soluble IL-6Rx after binding IL-6 is able to bind to the gp13Msnit on the cell surface
forming a functional IL-6 receptor complex (Roséxd@t al., 2006). Therefore, our gene
expression data for the gp130 and k-subunits (Figures 26andB) and the membrane-
bound and soluble isoforms of the IL-@Rrotein (Figure 2B) indicate the presence of
functional IL-6 receptor complexes on HMEC-1 cellsd the generation of ILe6isoforms

by alternative splicing and/or shedding of the meanb-bound IL-6R.
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Figure 26 Expression analysis of leptin receptor b(Ob-Rb), VEGF receptor 2
(VEGFR-2), IL-6 receptor-a (IL-6Ra) and gp130 in HMEC-1 cells and/or
peripheral blood mononuclear cells (PBMC)
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A, B, C andD: robust PCR-products are shown for mRNAs encoéiingdb-Rb (arrow 185 bpA),
VEGFR-2 (arrow 793 bpB), gp130 (arrow 253 bpf) and membrane bound IL-6Rarrow 350 bp;
D). The PCR-product for the IL-GRsplice-variant coding for the soluble IL-6Rarrow 256 bpD)

in HMEC-1 cells and PBMC (positive control) is wedk as reference gene f@ andD [B-actin
(arrow 281 bp) is shown. 50 bp-DNA ladder (laddegs used to determine the size of the PCR
products.F: immunoblot analysis of IL-6& (80 kDa) and soluble IL-6R (sIL-@R 55kDa) in protein
lysates of HMEC-1 cells and PBMCs (positive contrdhe applied IL-6R detecting antibody
specific for both forms of IL-6R generates signals with the expected sizes foB@héa IL-6Rx and
55 kDa sIL-6Rx protein. The signals for the 80 kDa IL-@Rare stronger compared with the faint
signals for the 55 kDa slIL-GR B-actin served as loading control. Representativ@unoblots are
shown (n=4).
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3.4.3 Functional analysis of factors in CM mediating endthelial ICAM-1
expression and monocyte endothelial cell-cell adhes

First, the effects of recombinant proteins for ILi€ptin and VEGIss added separately to
serum-free HMEC-1 cell cultures were assessedILlF6y a robust and significant increase in
monocyte endothelial cell-cell adhesion and ICAMbtein cell surface expression was
observed at a IL-6 concentration of 1 ng/ml. Irtlier experiments 10 ng/ml of IL-6 was used
as positive control since this concentration walficsent to induce stable and rather high
levels of monocyte adhesion (FigureA?To HMEC-1 cells and ICAM-1 cell surface protein
(Figure 2B) on HMEC-1 cells. In the presence of a functiomraizing anti-human IL-6
antibody, the IL-6 effect on monocyte adhesion #DAM-1 expression was significantly
blocked (Figures 28, B, E andF). For VEGHegs and leptin, no consistent significant effects
on ICAM-1 protein expression and monocyte endodhelell-cell adhesion were detectable
(data not shown). However, in endothelial cell peohtion assays performed in parallel, both
adipokines VEGEks and leptin and also IL-6 increased HMEC-1 cell lifgmation as
expected already at concentrations of 1 ng/ml ef rigspective cytokine (Figures 2&)
demonstrating their biofunctionality. Since lepand VEGHss did not appear to play an
important role in triggering HMEC-1 cells for entietial cell-monocyte adhesion and ICAM-
1 expression, further analysis was focussed orfuihetion of IL-6 in CM. As illustrated in
Figures 2@ andB, the increase of monocyte adhesion and ICAM-1gwodf HMEC-1 cells
stimulated with CM of normoxic preadipocytes in firesence or absence of isotype-matched
control antibody was significantly suppressed i fresence of the IL-6 antagonist.
Treatment of HMEC-1 cells with CM of normoxic adgyes in the presence of IL-6
antagonist had no effect on ICAM-1 protein but Hig increased monocyte adhesion,
although this effect is not statistically signifitavithin the adipocyte-CM group. To exclude
the possibility that basal IL-6 secretion of HMEQ@4dlls already exerted effects on monocyte
adhesion (Figure Z and ICAM-1 cells surface expression (Figurd®®untreated HMEC-

1 cells were stimulated with the IL-6 antagonisttloe corresponding isotype control alone.
No significant changes were observed. TreatmeriMEC-1 cells with CM from hypoxic
preadipocytes or adipocytes containing the IL-6aganist, further decreased monocyte
adhesion (Figure 9 and ICAM-1 expression (Figure EPsignificantly, with the exception
that the inhibitory effect of preadipocyte-CM onARM-1 expression was slightly less

compared with the normoxic situation.
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Figure 27 Impact of IL-6 on monocyte adhesion to ashICAM-1 cell surface protein
expression of HMEC-1 cells
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Figure 27

HMEC-1 cells were treated with control medium (Cahd different concentrations of recombinant
IL-6. Subsequently, monocyte adhesié) and cell surface expression of ICAMB) (was assessed.
A: The increase in monocyte adhesion upon IL-6 itneat was 1.8-fold for 1 ng/ml, 2.3-fold for 10
and 25 ng/ml and 2.2-fold for 50 ng/ml, when conggamwith the Ctrl-treatmentB: ICAM-1
expression was elevated upon IL-6 exposure by fb6for 1 ng/ml, 1.5-fold for 10 ng/, 1.4-fold for
25 ng/ml and 1.5 fold for 50 ng/ml when comparethvthe Ctrl-treatment. Results are means + SE
(n=4). *P<0.05, *P<0.01.
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Figure 28 Proliferation analysis of HMEC-1 cells afer treatment with recombinant
proteins for VEGF s, leptin and I1L-6
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Figure 28

HMEC-1 cells were incubated in the presence ofrobmiedium (Ctrl) and different concentrations of
VEGF6s (A), leptin B8) and IL-6 C) for 48 hrs. Additionally, BrdU was added for thext 16 hrs.
Representative data for 2 independent experimeatsrewn.
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6 in CM from namoxic and hypoxic SGBS cells

on monocyte adhesion to and ICAM-1 cell surface exgssion of HMEC-1

Functional analysis of IL
cells

Figure 29
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Figure 29

Control media (Ctrl) and conditioned media (CM)rrgreadipocytes (Pd) and adipocytes (Ad)
exposed to normoxia were preincubated either withlgbnl function-neutralizing anti-IL-6 antibody
as IL-6 inhibitor (IL-6 Inh) or with 5 pg/ml of theorresponding IgG1 isotype-matched control
antibody (Iso) for 15 min and subsequently usedtimulate HMEC-1 cells. HMEC-1 cells were
treated with Ctrl, CM of Pd (Pd-CM) and Ad (Ad-CMJirl and CM of cells pre-incubated with IL-6
inhibitor (Ctrl+IL-6 Inh, Pd-CM+IL-6 Inh, Ad-CM+IL6 Inh) and Ctrl and CM of cells pre-incubated
with the isotype-matched control antibody (Ctrl+Iga-CM+Iso, Ad-CM+lIso0). Likewise, HMEC-1
cells were treated with reoxygenated CM derivedhftb% hypoxic Pd (Pd 4%-CM) and Ad (Ad 4%-
CM), CM of hypoxic cells pre-incubated with IL-6hitbitor (Pd 4% CM+IL-6 Inh, Ad 4%-CM+IL-6
Inh) and CM of hypoxic cells pre-incubated with tlsetype-matched control antibody (Pd 4%-
CM+lso, Ad 4%-CM+lIso). HMEC-1 cells treated with h@/ml IL-6 added to Ctrl medium (IL-6) or
in combination with 5 pg/ml IL-6 inhibitor (IL-6+H6 Inh) were used to control the IL-6 blocking
efficiency of the IL-6 inhibitor. Monocyte-endotlwedl cell-cell adhesionA, C andE) and ICAM-1
cells surface expression of HMEC-1 celis D andF) were determined. The data are presented as x-
fold of the Ctrl-treatmentsA: Treatment of HMEC-1 cells with Pd-CM+IL-6 Inh deased monocyte
adhesion by 26 % and 24 % compared with the Pd-@d/Pal-CM+1so. For Ad-CM+IL6 Inh, a slight
increase in monocyte adhesion was observed, althahig effect was not significant between the Ad-
CM group memberd®: Treatment of HMEC-1 cells with Pd-CM+IL-6 Inh deased ICAM-1 protein
expression by 19 % and 22 % compared with the Pd#®l Pd-CM+Iso. No differences were
observed for the Ad-CM groug andD: Exposure of IL-6 Inh or Iso alone had no sigmifit effects
on monocyte adhesion or ICAM-1 cells surface proeipressionE: Treatment of HMEC-1 cells
with Pd 4%-CM+IL-6 Inh further decreased monocytiesion by 45 % and 43 % compared with
HMEC-1 cells stimulated with Pd 4%-CM and Pd 4%-0&bt For HMEC-1 cells treated with Ad
4%-CM a decrease of monocyte adhesion by 21 % etsrdinedF: As for normoxic CM, ICAM-1
protein expression on HMEC-1 cells dereased by 1dnét12 % after treatment with Pd 4%-CM+IL-
6 Inh compared with the treatment with Pd 4%-CMs.jnand Pd 4%-CM+lso, respectively. In
contrast to normoxic Ad-CM, treatment of HMEC-1 lwiAd 4%-CM+IL-6 Inh decreased endothelial
ICAM-1 protein expression by 14 % compared withghmulation of HMEC-1 cells with Ad 4%-CM
and Ad 4%-CM+lso. Results are means + SE (n=6).means statistically not significant. *P<0.05,
**P<0.01, **P<0.001.
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3.4.4 Impact of IL-6 in SGBS-CM on phosphorylations of STAT1/3 in
HMEC-1 cells

The IL-6 blockade strategy was applied in ordedétermine the functional role of IL-6 on
the phophorylations of STAT-1/3 in HMEC-1 cells.rd%j a time-course for STAT-1/3
phosphorylations using 10 ng/ml IL-6 was perfornredrder to choose the right time interval
for the experiments (Figure AR At 30 minutes post-treatment of HMEC-1 cells hwit_-6

the signals for STAT-1/3 phosphorylations were ragest as it was also for the treatment with
CM, therefore, in further experiments this time wesed for stimulations with IL-6. The
phosphorylation intensity of STAT-1 and STAT-3 wamind to be IL-6 concentration
dependent. For STAT-1 and STAT-3 a phosphorylaiticnease was detectable at least up to
IL-6 concentrations of 310 pg/ml and 39 pg/ml IL-fgspectively (Figure ). In
comparison, SGBS preadipocytes secrete IL-6 oragee400 pg/ml and adipocytes 40 pg/ml
(Figure 11). Therefore, these IL-6 concentrations in the S&B&are high enough to exert
effects on STAT-1/3 phosphorylations. StimulatidriHMEC-1 cells with 10 ng IL-6 for 30
min increased phosphorylations of STAT-1 4.6-fdlig(res 3A andC) and STAT-3 5 to 6-
fold (Figures 3B andD) compared to the stimulation of HMEC-1 cells watdntrol medium.

In the presence of 5ug/ml IL-6 inhibitor, STAT-1darfsTAT-3 phosphorylations were
abolished to almost baseline levels (Figures-B). Next, we treated HMEC-1 cells with
preadipocyte-CM containing IL-6 inhibitor and na&tit a decrease of STAT-1
phosphorylation by 2.4- and 2.3-fold (FigureA3dand STAT-3 phosphorylation by 2.6-fold
(Figure 3B) when compared to HMEC-1 stimulated with preadype<¢_M in the presence
or absence of isotype-matched control antibodypeaetsvely. Treatment of HMEC-1 cells
with adipocyte-CM containing IL-6 inhibitor also cfeased STAT-1 phosphorylation 1.5-
and 1.4-fold (Figure 34) and STAT-3 phosphorylation 1.6-fold (FigureB}lcompared to
HMEC-1 cells stimulated with adipocyte-CM in theepence and absence, respectively, of
isotype-matched control antibody.

Similar phosphorylations levels of STAT-1 (FiguréC3 and STAT-3 (Figure 3) were
observed for analogue experiments with CM of hypoRGBS cells. For the monocyte
adhesion and ICAM-1 cell surface experiments, lanBagonist treatment alone of HMEC-1
cells exerted no effects (FiguresGandD) and neither did the corresponding isotype control
(data not shown).
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Figure 30 Impact of IL-6 dependent on incubationitme and concentration on the
phosphorylations of STAT-1 and STAT-3 in HMEC-1 cdb
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Figure 30
HMEC-1 cells were treated for indicated time intdsv with 10 ng/ml of recombinant IL-6.

Subsequently, the proteins were analysed for tlsgtorylations of STAT-1, STAT-3 arfétactin,
serving as loading referencA)( Next, HMEC-1 cells were treated with indicatezhcentrations of
recombinant IL-6 for 30 min. The protein was anatyss described for BJ. Representative blots
are shown (n=2).

- 111 -



Functional analysis of IL-6 in CM from normoxic and hypoxic SGBS cells

on STAT-1 and STAT-3 phosphorylations in HMEC-1 cdk

Figure 31

<

(pioy)

] 1 L] 1 ) L
© W T ™ N 1_M
(p1o}) H
|ej03joydsoyd a

t-STAT1

yu| g-T+ND-PY
oS|+WO-PY
WO-PV

yu| 9-11+IND-Pd
OS|+IND-Pd
Wo-Pd

yu| g-11+9-1
ol

(%)

yul - TI+WO-PY
OSI+IND-PY
WO-PY .
yul 9-T+NO-Pd ¥
0SI+ND-Pd
Wo-Pd

yul g-T1+9-TI

ol

PL)

|
*

*

x ﬂw
*_*

*“

*

*

_m_l_______:_________ I
|l

L
O O T MO N

(p1oy)
(] |ejoyoydsoyd

¥

*
*

*kk

| «

:
:

*k*k

¥
*

| «
I

© B T O N -
(p10y)
Q |eroyoydsoyd

p-STAT3

p-STAT1

Tyr705
t-STAT3

Tyr701
t-STAT1

yu| 9-T1+ND-%¥ PV
OS|+IND-%Y PV
WD-%¥ PV

yul 8-T1+ND-%¥ Pd
0S|+ D% Pd
ND-%¥ Pd

yuj g-T1+9-1I

9l

yuj g-1+H30

1439

Yu| 91+ IND-%F PV
0S|+ ND-%¥ PV
WND-%¥ PV

Yu 9-T1+IND-%¥ Pd
OS1+ND-%¥ Pd
WD-%¥ Pd

yup 9-1+9-T1

91l

yu| 9-I+3D

9

-112 -



Figure 31

Control media (Ctrl) and conditioned media (CM)rrgreadipocytes (Pd) and adipocytes (Ad)
exposed to normoxia were preincubated either withlgbnl function-neutralizing anti-IL-6 antibody
as IL-6 inhibitor (IL-6 Inh) or with 5 pg/ml of theorresponding IgG1 isotype-matched control
antibody (Iso) for 15 min and subsequently usedtimulate HMEC-1 cells. HMEC-1 cells were
treated with Ctrl, CM of Pd (Pd-CM) and Ad (Ad-CMJirl and CM of cells pre-incubated with IL-6
inhibitor (Ctrl+IL-6 Inh, Pd-CM+IL-6 Inh, Ad-CM+IL6 Inh) and Ctrl and CM of cells pre-incubated
with the isotype-matched control antibody (Ctrl+Iga-CM+Iso, Ad-CM+lIso0). Likewise, HMEC-1
cells were treated with reoxygenated CM derivedhftb% hypoxic Pd (Pd 4%-CM) and Ad (Ad 4%-
CM), CM of hypoxic cells pre-incubated with IL-6hitbitor (Pd 4% CM+IL-6 Inh, Ad 4%-CM+IL-6
Inh) and CM of hypoxic cells pre-incubated with tlsetype-matched control antibody (Pd 4%-
CM+lso, Ad 4%-CM+lIso). HMEC-1 cells treated with h@/ml IL-6 added to Ctrl medium (IL-6) or
in combination with 5 pg/ml IL-6 inhibitor (IL-6+H6 Inh) were used to control the IL-6 blocking
efficiency of the IL-6 inhibitor. Total (t-) and pBphorylated (p-) STAT-1 and STAT-3 in HMEC-1
cells were determined by Western blot analysis. @héa are presented as x-fold of the Citrl-
treatments. A and B: Stimulation of HMEC-1 cells with 10 ng IL-6 forO3min (IL-6) increased
phosphorylations of STAT-1 4.6-fold and STAT-3 @old compared with the stimulation of HMEC-1
cells with control medium (Ctrl). In the presendeSpg/ml IL-6 inhibitor (IL-6+IL-6 Inh) STAT-1
and STAT-3 phosphorylations were abolished to atrbaseline levels. Treatment of HMEC-1 cells
with Pd-CM+IL-6 Inh decreased STAT-1 phosphorylatiby 2.4- and 2.3-fold and STAT-3
phosphorylation by 2.6-fold when compared with stienulation of HMEC-1 cells with Pd-CM and
Pd-CM+lso, respectively. Treatment of HMEC-1 celith Ad CM+IL-6 Inh also decreased STAT-1
phosphorylation 1.5- and 1.4-fold and STAT-3 phasplation 1.6-fold compared with HMEC-1 cells
stimulated with Ad-CM and Ad-CM+Iso, respectiveyandD: Stimulation of HMEC-1 cells with 10
ng IL-6 for 30 min (IL-6) increased phosphorylagoof STAT-1 4.6-fold and STAT-3 5.2-fold
compared with the stimulation of HMEC-1 cells witbntrol medium (Ctrl). In the presence of 5
pg/ml IL-6 inhibitor (IL-6+IL-6 Inh) STAT-1 and STA-3 phosphorylations were abolished to almost
baseline levels. Treatment of HMEC-1 cells with B&-CM+IL-6 Inh decreased STAT-1
phosphorylation by 2.5- and 2.9-fold and STAT-3 ggfwrylation by 1.8-fold when compared with
the stimulation of HMEC-1 cells with Pd-CM and PM€&lso, respectively. Treatment of HMEC-1
cells with Ad CM+IL-6 Inh also decreased STAT-1 ppborylation 1.5- and 1.4-fold (both n.s.) and
STAT-3 phosphorylation 1.3-fold compared with HMHECeells stimulated with Ad-CM and Ad-
CM+lso, respectively. Results are means + SE (n+3). means statistically not significant. *P<0.05,
**pP<0.01, **P<0.001.
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3.5 Impact of CM derived from different-sized human primary
mature adipocytes on HMEC-1 cell activation

In WAT adipocytes of various cell sizes exist. besity the size and/or number of adipocytes
increases (see chapter 1.2.4.2). A positive cdivelaf secretion has been shown for several
cytokines, including leptin, 1I-6, IL-8 and MCP-1itv increasing fat cell size (Skue al.,
2007). In contrast, another study found that thetfon of small adipocytes was consistently
associated with inflammatory gene expression, iaddpntly of BMI and insulin resistance
(McLaughlinet al., 2009). Therefore, the role of adipocyte size ndoghelial cell activation

in the context of adipocyte/endothelial cross-talRVAT was analysed. Mature adipocytes,
consisting of various cell sizes (entirety of adip@s), were isolated from human WAT by
collagenase digestion. These adipocytes were #earated by flotation in order to obtain a
fraction with small and a fraction with large adgytes. The fraction containing adipocytes
with medium size was discarded due to technicadaes HMEC-1 cells were treated with
CM derived from the entirety of adipocytes (averalgmeter: 113 pum), small adipocytes
(average diameter: 95 um) and large adipocytesgdgeediameter: 130 um), respectively.
Subsequently, monocyte-endothelial cell-cell adiregFigures 32, C andE) and ICAM-1
cell surface expression (FiguresB3D andF) assays were performed. The corresponding
data were normalized to adipocyte cell volume (Fegu32A and B), adipocyte cell surface
area (Figures 32 andD) and adipocyte cell count (FiguresE3andF). The absolute cell
count for the entirety of adipocytes was 1.2 £4@.8 x 18 per ml, for small adipocytes 1.9
x 10 + 4.1 x 18 per ml and for large adipocytes 8.5 X #1.7 x 18 per ml. The data
normalized to adipocyte cell volume are equal te ton-normalized data since for CM
generation 1 ml of the entirety of adipocytes ortlué respective adipocyte fraction was
cultured in 5 ml medium, respectively. The datanmalized to adipocyte cell volume reveal
that monocyte adhesion and ICAM-1 cell surface espion increased after treatment with
CM of the entirety of adipocytes, small and larggacytes (Figures 32andB). However,
there was a tendency towards a greater increaskeeirassays when HMEC-1 cells were
treated with the CM of the entirety of adipocytermalization of the data to adipocyte cell
surface area yielded similar results, althougheffifiect exerted on monocyte-endothelial cell-
cell adhesion by CM of small adipocytes was notistteally significant anymore (Figures
32C and D). When the data were normalized to adipocyte ceiint, neither monocyte
adhesion (Figure ) to nor ICAM-1 expression (Figure BR of HMEC-1 cells was
significant after treatment with CM of small adigtes, in contrast to treatment with the
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entirety of adipocytes and large adipocytes. Moeepthe differences between the treatments
with CM of all and small adipocytes were for botlssays statistically significant.
Additionally, monocyte-endothelial cell-cell adhasidifferences between treatments with
CM of small and large adipocytes were significant.

Figure 32 Impact of human primary mature adipocytes of different size on
endothelial cell activation
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Figure 32

The conditioned media (CM) of the entirety of hung@imary mature adipocytes (all adipo), small
mature adipocytes (small adipo) and large matuipoagites (large adipo) were used to stimulate
HMEC-1 cells. The CM was generated by culturingllofrcells in 5 ml MCDB 131 medium for 16h.
Subsequently, monocyte adhesidn€ andE) to and ICAM-1 cell surface expressids D andF) of
HMEC-1 cells was assessed. Data are presented af the positive control TN~ A and B:
Monocyte adhesion was 24 %, 18 % and 19 % forsaiall and large adipo, respectively. ICAM-1
expression was 38 %, 28 % and 22 % for all, snmadllarge adipo, respectivelg.andD: The values
for monocyte adhesion and ICAM-1 shownAnand B, were normalized to the cell surface area.
Monocyte adhesion was 28 %, 18 % (n.s.) and 24 &femlCAM-1 45 %, 28 % and 28 % for all,
small and large adipo, respectively.andF: The values shown iA andB were normalized to the
adipocyte cell count. Monocyte adhesion was 409801(n.s.) and 44 % and for ICAM-1 61 %, 28 %
(n.s.) and 50 % for all, small and large adipopeesively. Results are means + SE (n=4). n.s. means
statistically not significant. *P<0.05, **P<0.01.
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3.6  Peptidomics analysis of SGBS cell supernatants

3.6.1 Introduction

In order to generate and analyse the peptide satatofile of SGBS cells and possibly find
new secretion products which might be involved hie molecular and cellular cross-talk
between preadipocytes, adipocytes and endothedid, the peptidomic technology was
applied. The CM of normoxic and 1 % hypoxic SGB®aulipocytes and adipocytes were
collected for analysis. The peptides were extraetadl separated by liquid chromatography
into 96 fractions by hydrophility which were theabgected to mass spectrometry. The data
were visualized as a 2D peptide display. For dedaiformation refer to chapter 2.10.

3.6.2 Analysis of markers for cell lyses in CM of preadipcytes and
adipocytes

As one of the quality controls of the peptidomickeology used, the supernatants were tested
for peptides from intracellular structures. Themaunts reflect the degree of cell lysis before
or during supernatant sampling. If the amounts lagh, the data evaluated may not be
representative and may generate false-positive falsg-negative results. In this setting
shotgun sequenced peptides from the supernatdwinadn adipose tissue as cell lysis marker
were used. These contain peptide fragments fromctieplasm, nucleus, lipid droplets,
caveolae and membrane proteins. Table 3 gives enview of the used cell lyses marker and
the number of peptide fractions analysed. In figBBethe data for these markers in SGBS
preadipocyte- and adipocyte-CM were visualized. Mgignal intensities between 10 and 20
are considered near the baseline noise accordinghéocompany Digilab BioVisioN
(Hannover, Germany). It indicates that the amodrthe measured markers for cell lyses is
extremely low and mitigates in favour of the celltare procedure. There were no significant
differences in cell leakage observed for any of tmarker-groups between SGBS
preadipocyte- and adipocyte-CM.

In contrast, the values of the peptide markersédirlyses in supernatants from primary cells,
especially from mature adipocytes cultured in DMEMZ medium, had signal intensities

above 20 and were significantly higher when compavigh SGBS-CM (data not shown).
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3.6.3 Putative peptides with different expressions in SG8 preadipocytes
and adipocytes

The data shown in this section are limited, sirfee data were generated by the company
Digilab BioVisioN (Hannover, Germany) which wentsolvent. However, at least it was
possible to obtain the data for eight in silico @tiated peptides which are visualized in figure
34. An overview of these peptides is shown in tdble

The samples were blinded before sending to the aagnwith the following coding (#): #1:
adipocyte-CM derived of cells under normoxia, #®ipacyte-CM derived of cells under 1 %
hypoxia, #4: preadipocyte-CM derived of cells undermoxia, #6: preadipocyte-CM derived
of cells under 1 % hypoxia. It appeared that in &2 peptide display strong signal
differences occurred between the #1/3 (n=4) an@ @#6) for perilipin (PLIN), chemokine,
CC motif, ligand 14 (CCL14), GRO protein, alpha @/, IL-8, Secretogranin Il (SCG2),
Secretogranin V (7B2) and Progranulin (GRN). Sipeeilipin is an important protein in fat
cell biology it was not unexpected that the sigfatdwo perilipin fragments were stronger in
the CM of adipocytes (#1/3) compared with preadypes (#4/6). However, the signal
intensities for perilipin in adipocyte-CM were belocritical values which would have
indicated increased cell lysis. Signals for a fragtrof IL-8 were more pronounced in the CM
of preadipocytes (#4/6) versus adipocytes (#1/8)s Ts in concordance with the data which
had been generated before using gqRT-PCR and EL¢8Aniques (see chapter 3.2.2). The
band intensities for the fragments of GROA, CCL3$LG2 and 7B2 were also stronger in
preadipocyte-CM (#4/6) compared with adipocyte-CWIL/B). In contrast, signals for
fragments of GRN were more pronounced in adipoGNe{#1/3) versus preadipocyte-CM
(#4/6). Due to a limited number of analysed samgles #1 (n=2) and #3 (n=2) and the #4
(n=3) and #6 (n=3) were combined for data analy@Biferences within the groups (#1 versus

#3 and #4 versus #6) were not investigated.
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Table 3 Overview of markers used for assessing tlextent of cell lyses in CM of

SGBS cells
Protein name Localization Number of
estimated
peptide
fragments
Polymerase | transcript release factor Caveolae 4
Actin, cytoplasmic 1 Cytoplasm 2
Vimentin Lipid droplet 11
Perilipin Lipid droplet 6
Transmembrane BAX inhibitor motif-containing protdirf Membrane protein 1
Cytochrom b5 Mitochondrium 1
La-related protein 1 Nucleus 6

The list gives an overview of the markers usedy tipeneral location within the cell and the
corresponding number of estimated peptides.

Figure 33 Evaluation of the extent of cell lysis Here and during supernatant

sampling
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Figure 33

Markers for cell leakage were analysed in the dmmid media (CM) of SGBS preadipocytes and
adipocytes. Therefore, sequenced peptides whicle wealuated before from the supernatant of
human adipose tissue were used. A mean signakitydretween 10 and 20 is near the baseline noise.
Values around this level infer that the contenintfacellular peptides in the CM is very low. Resul
are means + SE (n=6 for preadipocytes and n=4dipioaytes).
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Figure 34 Visualization of putative peptides idenfied by the peptidomic-technology
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Figure 34

In the background a 2D peptide display is showre ¥axis is highlighted in green and represents the
mass to charge ratio of peptides. The y-axis ishllgbted in orange and represents the 96
chromatographic fractions where the hydrophobiicityeases from the top to the bottom. The regions
for the presented “in silico” annotated peptidesrfrthe 2D peptide display are shown separately
enlarged in boxes. The name and the detected aagitb region of the peptide candidates are
presented in boxes with arrows pointing to the eespe regions on the 2D peptide display. The
conditions 1 and 3 (adipocyte-conditioned mediayeweompared with the conditions 4 and 6
(preadipocyte-conditioned media). The picture ve&en from the Digilab BioVisioN report from 18
Nov 2008 and slightly modified.
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Table 4 Overview of putative peptide candidates id#ified by the peptidomic-
technology
Names Fragment/fraction Upregulated
under condition
Perilipin; PLIN PLIN (11-23)/ 1land3
F039.1512.5 (adipocyte-CM)
PLIN (458-493)
F050.3577.5
Chemokine, CC motif, ligand 14; CCL14 CCL14 (20-93)/ 4 and 6
Alternativetitles, symbols F063.8673.5 (preadipocyte-
Small inducible cytokine A, subfamily A, member 14; CM)
SCYAl14
New CC chemokine 2; NCC2
hemofiltrate CC chemokine 1; HCC1
GRO protein, alpha; GROA GROA (35-107)/ 4 and 6
Alternativetitles, symbols F063.7861.5 (preadipocyte-
chemokine, CXC motif, ligand 1; CXCL1, CM)
GRO1 oncogene; GRO1
small inducible cytokine subfamily B, memberl; SCIYB
Melanoma growth stimulatory activity, alpha; MGSA
KC chemokine, mouse, homolog of
Interleukin-8; IL-8 IL-8 (80-99)/ 4 and 6
Alternative titles; symbols F076.2457.5 (preadipocyte-
Small inducible cytokine subfamily B, member 8; S&8Y CM)
Monocyte-derived neutrophil chemotactic factor
neutrophil-activating peptide 1; NAP1
Granulocyte chemotactic protein 1; GCP1
chemokine, CXC motif, ligand 8; CXCL8
Secretogranin Il; SCG2 SCG2 (529-566)/ 4 and 6
Alternative titles; symbols F078. 155.5 (preadipocyte-
Chromogranin C; CHGC CM)
Secretoneurin, included; SN, included
Secretogranin V 7B2 (181-211)/ 4 and 6
Alternative titles; symbols F050.3594.5 (preadipocyte-
Pituitary polypeptide 7B2; P7B2 CM)
Secretory granule neuroendocrine protein 1; SGNE1
Granulin precursor, GRN GRN (281-337)/ 1land 3
Alternative titles; symbols F045.6174.5 (adipocyte-CM)
Progranulin; PGRN
Epithelin precursor proepithelin; PEPI
Granulin-epithelin precursor; GEP
PC cell-derived growth factor; PCDGF
Acrogranin glycoprotein, 88-KD; GP88
Granulins, included
Epithelins, included

This table gives an overview of the candidate plestiand their symbols, the analysed fragment-
regions (amino-acid region of the candidate pepjidend under which condition the candidate
peptides were upregulated. The conditions 1 aradip@cyte-conditioned media) were compared with
the conditions 4 and 6 (preadipocyte-conditionediaje
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3.6.4 Validation of putative peptide candidates

After the identification of putative peptide candlies (“in silico annotated” peptides) using
the peptidomic technology, | focussed on the tipegatides progranulin, secretogranin Il and
secretogranin V which up to that time, to my knalge had not been described in the
literature as adipokines.

3.6.4.1 Progranulin

Progranulin is a 68.5 kDa cysteine-rich protein aadreted in a highly glycosylated, 90 kDa
form. It is expressed in many tissues, particularlgpithelial and hematopoietic cells and is
found in human plasma. Its function is complex différent in various organs and the central
nervous system, e.g. it operates in wound heakspanses and modulates inflammatory
events. (Eriksen and Mackenzie, 2008; He and Bate@@03). For further description refer
to chapter 4.7.

In SGBS cells, gene expression of progranulin wiggtsy higher in normoxic SGBS
adipocytes versus preadipocytes (Figuréd)3a9nterestingly, the gene expression signals
appeared very early, around 20 cycles which iggnintensity comparable to adiponectin
MRNA, considered to be the most abundant adipokihereover, progranulin was also
detected in the CM of preadipocytes and adipoaysesg the ELISA technique (Figure Bp
However, in contrast to the prediction of the ilicei annotated peptide analysis, progranulin
protein was found in greater amounts in the norm@deadipocyte-CM compared with
adipocyte-CM. Notably, the amount of progranulintire CM of both, preadipocytes and

adipocytes was in the ng- range which is comparhigliger than many other cytokines.

3.6.4.2 Secretogranin I

Secretogranin Il is an extremely hydrophilic andlecprotein with a molecular weight of 67.

5 kDa. It is distributed throughout the endocrimel mervous system where it is localized in
large dense core vesicles (Fischer-Collstial., 1995). Secretogranin Il can be cleaved
proteolytically and is found in human plasma (Stbielrget al., 2008).

Processing of this protein yields proteins of intediate size and small peptides. The best
characterized product is secretoneurin which hasogecular weight of 21 kDa. It is a
chemoattractant for monocytes, eosinophils and thedlal cells. It promotes proliferation

and angiogenesis and inhibits apoptosis in endo#helells. Its angiogenic potential has been
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said to be comparable to that of VEGF (Eggeal., 1994; Fischer-Colbriet al., 2005;
Kahleret al., 2002). For further description refer to chaptét. 4

Gene expression of secretogranin Il was found inmoaic SGBS preadipocytes and
adipocytes. The mRNA expression was more pronouinctte preadipocytes compared with
adipocytes (Figure 5. So far, at mRNA level this is in line with theegliction of the in
silico annotated peptide analysis.

3.6.4.3 Secretogranin V

Secretogranin V also known as pituitary polypepii@2 is a 21 kDa protein. Its expression is
restricted to neurons and endocrine cells. Segetoin V is found in human plasma
(Stridsberget al., 2008). Analysis of its genetic variations showed link to obesity and
common forms of type 2 diabetes, although, it wasctuded, that some genetic variants
might worsen glucose intolerance and insulin rass in the background of severe and early
onset obesity (Bouatia-Nagt al., 2007). For further description refer to chaptét. 4

In SGBS cells, secretogranin V. mRNA was found irthbanormoxic preadipocytes and
adipocytes. Interestingly, gene expression wasenighthe preadipocytes versus adipocytes
(Figure 3®) which is in concordance with the prediction oé tin silico annotated peptide

analysis.
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Figure 35 Validation of putative candidate peptidesdentified by the peptidomic-

technology

S 209 ., s 4 e

< 5 121

E 1.5+ 5~ 104

EZ 1. £E &

=&t 22 6

3 0.5 8~ 4

2 2

S 0.0ekdey a 0-

& 5 D >
Q v Q v

® ®

i>’ *kk i>’ *kk

< 1.0+ < 1.0+

o 0.8+ o 0.8+

= =

= 5 0.6 > 5 0.6

c O

£ € 0.44 £ € 0.4

LU ©

> 0.2+ > 0.2 i

8 o

o 0.04— ® 0.0+

(&) (&)

& SR & SR

Figure 35

The mRNA quantities of the “in silico” annotatedppides progranulin/), secretogranin 11§) and
secretogranin VI§) was assessed in normoxic SGBS preadipocytesafitiadipocytes (Ad) by qRT-
PCR. The Ad values are presented as relative esipresompared with values of the corresponding
Pd @, C andD). Progranulin protein was measured in the cond#tibmedia of normoxic Ad and Pd
using a specific ELISAR). A andB: Progranulin mRNA expression was 40 % higher invad Pd,
whereas the protein was 3.7 fold higher in Pd coegavith Ad. C: Secretogranin II mRNA
expression was 2.6 fold higher in Pd vs. BdSecretogranin V gene expression was elevatefblsl 7

in Pd compared with Ad. Results are means + SE)(r#B8<0.01, **P<0.001.
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4 Discussion

4.1 Introduction

Since the discovery of leptin (Zhamgal., 1994) the perspectives on the role of WAT have
changed dramatically. Besides its role as importaetrgy reservoir it is a complex secretory
and endocrine organ (Hauner, 2005). When WAT magmrels, several inflammatory
molecules are found at higher amounts within teeue (Wellen and Hotamisligil, 2005). It is
suggested that some of these adipokines contributéhe state of chronic low-grade
inflammation which contributes to insulin resistarand endothelial cell activation, the latter
if dysregulated leading to micro- and macrovasceladothelial cell dysfunction (Kuldet

al., 2005; Molaviet al., 2006; Trayhurn, 2005). WAT consists of many ¢tgtles including
adipocytes, preadipocytes, fibroblasts, endotheéis and immune cells which differentially
contribute to the pool of adipokines and are inedliin autocrine, paracrine and endocrine
processes and cross-talks (Antuna-Puental., 2008; Fainet al., 2008; Fainet al., 2004;
Hauner, 2005; Weisberg al., 2003). Obesity is connected with an increased baunof
macrophages and other immune cells in WAT (Weiskes)., 2003; Wuet al., 2007). The
endothelium as the interface between circulatiogdlimmune cells and adipose tissue plays
an interactive role in these infiltration and imflenatory processes (Pober and Sessa, 2007).

The overall aim of this study was to identify fast@and elucidate the cellular interactions and
the molecular mechanisms involved in the cross-taflkpreadipocytes, adipocytes and
endothelial cells. In order to mimic these proceaseitro |

1. established a coculture system between SGBS calI$IMEC-1 cells,

2. analysed adipokine expression and secretion of S@B&dipocytes and adipocytes
under normoxia, hypoxia and TNf-stimulation by gRT-PCR, ELISA and multiplex
bead-based Luminex® assay,

3. analysed the impact of CM from stimulated SGBSsceti microvascular endothelial
cell function by investigating monocyte-endothetall-cell adhesion, endothelial cell
proliferation and signalling pathways,

4. performed functional analysis of mediators in thé &f preadipocytes and adipocytes
responsible for the increased monocyte-endothediiicell adhesion,
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5. analysed the impact of CM from different-sized @i mature adipocytes on
monocyte-endothelial cell-cell adhesion and

6. detected new candidates in SGBS cells which mighinbolved in the molecular
cross-talk between preadipocytes, adipocytes amdomascular endothelial cells by
using the peptidomics technology, quantitative JRIR and ELISA.

Major findings mentioned in this study have beeespnted at congresses (see curriculum
vitae) and were published in American Journal ofydtilogy — Endocrinology and
Metabolism (Macket al., 2009) and in Hormone and Metabolic Research (Sktral.,
20009).

The results of this study show that preadipocytesipced higher levels of pro-inflammatory
cytokines compared with adipocytes leading to dmel@l activation in coculture as
demonstrated in the functional assays. Exposur@GBS preadipocytes and adipocytes to
hypoxia and TNFx enhanced and induced, respectively, endothelill asivation in
coculture. Additionally, endothelial cells were @lactivated by CM of primary mature
adipocytes independently of their size. The charaation of the underlying molecular
mechanisms of the observed endothelial cell aaindbund the MAPK pathway members,
c-Jun as important element of the AP-1 complex@hAT-1/-3 to be involved, whereas the
NF-kB pathway was not activated. It was shown that gneadipocyte-CM-induced
monocyte-endothelial cell-cell adhesion and ICAMz4ll surface protein expression on
HMEC-1 was JNK and JAK-1/STAT-1/3 pathway dependénirthermore, the functional
studies of CM-derived factors revealed IL-6 as @iater in CM from normoxic and hypoxic
preadipocytes and hypoxic adipocytes. It was demmatesl that IL-6 operates on
microvascular endothelial cells by increasing mgte@ndothelial cell interactions via the
STAT-1/3 pathway. Finally, the characterizationtlod IL-6 receptor signalling complex on
HMEC-1 cells supported the finding that IL-6 actsaam important mediator of the molecular
cross-talk between preadipocytes, adipocytes awsdowascular endothelial cells. Using the
peptidomics technology, gRT-PCR and ELISA three m@amdidates in SGBS cells were
revealed, progranulin and secretogranin |l and etegranin V. Progranulin and
secretogranin Il could be both involved in the srtak between preadipocytes, adipocytes
and microvascular endothelial cells and are pogsiblv adipokines.
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4.2 Coculture between SGBS cells and HMEC-1 cells

In the first part of the study an vitro coculture system was established using primary SGB
CM to stimulate HMEC-1 cells. This was a valualdeltfor investigating the molecular and
cellular cross-talk between human microvascular odrelial cells, preadipocytes and
adipocytes. As yet, only two reports are publishedlyzing the effects of CM from mature
adipocytes isolated from adipose tissue on endatlealls (Curatt al., 2004; Kralisclet al.,
2007). Important to note, the impact of adipocytéferentiated from preadipocyteés vitro
has not been analysed in this context and theestudentioned (Cura&t al., 2004, Kralischet
al., 2007) neglected the role of preadipocytes indbmetext of cross-talk with endothelial
cells. Considering the importance of the specyficf microvascular endothelial cells in the
trafficking of monocytes and T-lymphocytes in tiesu the use of HMEC-1 cells as
microvascular endothelial cells is more suitable $budying this cross-talk than using
macrovascular endothelial cells like HUVECS as mpbby Kralischet al., 2007. Using
SGBS and HMEC-1 cells allows high reproducibilityresults and makes the scheduling of
experiments easier which is very difficult usingnpary cells due to the following reasons:
1. primary cells are derived from different donorscleahaving a unique genetic
background and individual life style,
2. the ratios between adipocyte cell size in WAT ehegeneous in each donor,
3. WAT sampling is not uniformly conducted, the cotest WAT region is generally not
consistent and different techniques are applied and
4. the scheduling of experiments is difficult, espigiaf coculture experiments are
performed since all involved cell types have tadmedy for use immediately.
The analysis of the impact of fresh CM from cultuir8 GBS cells exposed to different
treatments such as TNFand hypoxia on HMEC-1 cells in the study presemtext avoids
confounding variables possibly caused by
1. secondary effects if defrosted CM are used andiigctthanges may have occurred
due to freeze-thaw cycles,
2. serum, antibiotics, high glucose levels or othedin® components and
3. other cell types as in the tissue or as they manane with isolated primary cells.
In contrast, in the studies by Custtal., 2004 and Kralisclet al., 2007 defrosted CM were
used in the coculture experiments. In the reporChyatet al., 2004 the CM were derived
from mature adipocytes cultured in the presenc@5ofinits per ml-thrombin. Thrombin
exerts essential effects in the coagulation casaadecan bind to protease-activated receptors

on various cells where the corresponding intratallsignalling leads to increased production

- 127 -



of pro-inflammatory cytokines and chemokines (L&@,10; Tsopanoglou and Maragoudakis,
2009). In the study by Kraliscét al., 2007 the CM were derived from mature adipocytes
cultured in the presence of 10 % FCS and 15 mMoglec

Importantly, SGBS and HMEC-1 cells are particulssiyitable for transfection (BelAibet

al., 2007; Laumenet al., 2008) which for example would be helpful in arsahg the
importance of signalling pathways. The results mleih by this coculture system with CM

give valuable directions for future experimentsdwatimary cells and experimentsvivo.

4.3  Adipokine expression of SGBS preadipocytes and adipytes
under normoxia and hypoxia

The reports on the differential contribution oflagpes in WAT to the pool of adipokines are
heterogeneous (Antuna-Puemteal., 2008; Fainet al., 2008; Fainet al., 2004; Weisbergt

al., 2003). In this study, initially the gene expressand secretion of several adipokines in
SGBS preadipocytes and adipocytes under normoaicins, hormone- and antibiotic-free

conditions with 5 mM glucose in the medium were lgsed by qRT-PCRs, ELISAs and

bead-based Luminex® assays.

Adiponectin as a late marker for adipocyte difféi@ion (Schereret al., 1995) was not
expressed by preadipocytes, supporting their ppeagie status. In contrast, the adipokines
IL-4, IL-6, IL-8, MCP-1, VEGF, PAI-1, RANTES and $Bla were significantly stronger
expressed by preadipocytes compared with adipacytesse findings are overall in line with
other studies demonstrating a pro-inflammatory esgion pattern for preadipocytes mostly
derived from stromal-vascular fractions of adiptissues (Bruuret al., 2004; Chungt al.,
2006; Fain and Madan, 2005; Fatnal., 2004; Fairet al., 2009) but also for cell lines like
3T3-L1 cells (Harkingt al., 2004; Poulain-Godefroy and Froguel, 2007) and duprimary
cells (Crandalkt al., 2000; Kintschekt al., 2008; Wangget al., 2005). The results for VEGF
differ slightly from observations in the literatundnere its secretion by human WAT has been
accredited mainly to the non-fat cells (Fatral., 2004) but no significant changes between
VEGF secretion of preadipocytes and adipocytes wbserved in human (Faet al., 2004)
and rat (Micket al., 2002) primary cell cultures which could be dudliiberent applied cell
culture protocols. The strong pro-inflammatory euder of preadipocytes versus adipocytes
may reflect the close relationship between preaditgs and macrophages (Charrieral.,
2003; Cousinet al., 1999). The conversion of preadipocytes into malcages has been
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demonstrated to be efficient and rapid and trapgmme profiling also showed a closer
relationship between preadipocytes and macrophdbgas between preadipocytes and
adipocytes (Charrieret al., 2003). Interestingly, proliferating preadipocytaiso develop
phagocytotic activity towards microorganisms (Cawsial., 1999; Villenaet al., 2001).

With regard to the coculture experiments, the tgbipro-inflammatory endothelial cell
activators TNFa, IL-1 and IFNy were analysed (Hubbard and Rothlein, 2000; Madgk a
Pober, 2001; Petzelbauett al., 1993). TNFa mRNA expression was detectable in
preadipocytes but not in adipocytes whereas, atejprdevel it was not found in either. The
literature on TNFa expression by adipocytes is controversial (Fatiral., 2004; Poulain-
Godefroy and Froguel, 2007; Schlesingeral., 2006). Interestingly, isolation of primary
adipocytes from canine and mouse fat pads was iagsdcwith an induction of gene
expression (Eiselet al., 2005; Ruaret al., 2003) and protein secretion (Rugiral., 2003) of
inflammatory molecules such as TNFedue to the collagenase treatment of the cellss Thi
might explain the finding of TN in some primary cell culture systems.

IFN-y was not secreted by SGBS cells and was also @nghbdetectable in untreated human
primary differentiated adipocytes (Schlesingeal., 2006). IL-Ix and IL-13 gene expression
but not protein secretion was measured in SGBS.dallhuman WAT IL-& protein was not
found whereas protein of ILBLhas been found in amounts around 6 pg/mg (JugeyAeib
al., 2003) with the secretion mainly attributed to tien-fat cells (Fairet al., 2004). In our
laboratory IL-1 was hardly detectable in maturepadytes and differentiated preadipocytes
(Thomas Skurk, Department of Nutritional MedicinBgechnische Universitdt Mdnchen,

Freising, Germany; unpublished data).

In order to allow a comparison between preadipacyged adipocytes regarding gene
expression, cytokine secretion and the effect eirt&@M on endothelial cell activation, the
confluent preadipocytes (Pd0) were cultured fortlaeo 16 days (Pd16) in parallel to
differentiating adipocytes in the same media, ekdepthe induction to differentiate. The
preadipocytes kept the image of fibroblastic-likedlscover the culture period but PAI-1 and
II-6 protein release was higher in the PdO in comgpa with the Pd16 whereas the MCP-1
release remained unchanged. Thus, it can be oditthge the 16 days of preadipocyte culture
period was the reason for their observed strongrdl@mmatory character since the opposite
was shown. Secondly, the cell culture protocollfitsath the present hormones might
decrease the expression of some inflammatory athpsekpossibly also in adipocytes.
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However, these hormones are necessary to maint@inpeomote lipid accumulation in

adipocytes after they have been induced to diftexen

Since increased adipose tissue mass is associdtededuced tissue perfusion (see chapter
1.2.6) in humans (Adane al., 2005) and in mice (Hosogetial., 2007; Rauschkt al., 2007;

Ye et al., 2007) and tissue function is critically dependemisufficient tissue perfusion it is of
interest how expression changes under hypoxia drat the consequences might be in the
cross-talk with endothelial cells. The oxygen rgiressure in air is 159 mm Hg which is
equivalent to 21 % oxygen. Studies have shown, ribatal tissues are perfused with 20 to
70 mm Hg oxygen, equivalent to 2.5 % to 9.2 % oxygdereas for example solid tumours,
joints with rheumatoid arthritis and ischemic pégpal limbs of patients with diabetes are
perfused with less then 10 mm Hg oxygen, equivakeiess then 1.3 % oxygen (Levesal.,
1999). Cell culture experiments are normally perfed with 21 % oxygen in the gas mixture
which does not reflect the real biological situatand therefore should be ideally conducted
under “cell type specific’ oxygen conditions. WAT lean mice is perfused by 4.6-6.5%
oxygen and has been shown to be decreased to driyt@® 3.3 % in WAT of obese mice
(Hosogaiet al., 2007; Rausclet al., 2007; Yeet al., 2007). Severe hypoxia might occur
particularly in the tip regions as has been shoamnfiouse epididimal WAT (Chet al.,
2007). In that study several tissues, including, WVAVAT tip, heart, kidney, brain, liver,
lung and hypoxic and non-hypoxic areas of lung icarma were stained with Hydroxyprobe-
1. WAT showed 30% less staining than the hypox®aaof the tumour. In contrast the
staining of the tip WAT region was increased 3dfalhen compared with the hypoxic area of
the tumour. These data allow speculation that imes@reas of WAT, the oxygen supply
might be even lower than 2 %. Therefore, experisi@ith SGBS cells under moderate and
severe hypoxia, with 4 % and 1 % oxygen in the mgagure, respectively, were conducted
and compared with the standard normoxic situatdin% oxygen).

HIF-1 (see chapter 1.2.6) is the key transcripfaetor involved in the transmission of the
hypoxic response (Brahimi-Horn and Pouyssegur, d0% composed of one of the Ht~
subunits and HIF{1 Hypoxia stabilizes HIF-d protein, which is otherwise degraded by an
ubiquitin-dependent proteasome. In this study, HiFwas upregulated upon hypoxia
exposure in a dose-dependent manner to compaedés lin preadipocytes and adipocytes,
serving as quality control that the hypoxia expemts were carried out appropriately.
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Upon 4 % hypoxia mainly modest changes in secretienre examined for both preadipocytes
and adipocytes. In contrast, 1 % hypoxia stronglyamced the release of VEGF, leptin, PAI-
1, IL-6 and IL-4 in preadipocytes. In comparisdme secretion from hypoxic adipocytes was
less significant achieving approximately one-hdlfttee enhancements. Interestingly, it has
been found for 3T3-L1 and human primary cells thegadipocytes have a stronger pro-
inflammatory response to LPS treatment than adigscyChunget al., 2006; Poulain-
Godefroy and Froguel, 2007). In the literature VE@dhe expression in mouse 3T3-F442A
adipocytes was not effected by exposure to 5 % Xigp@olmedeet al., 2003) whereas at 1
% hypoxia treatment VEGF gene expression and praecretion was increased in mouse
and human systems in preadipocytes (Wetrg., 2008), stromal vascular cells (Rehn&in
al., 2004) and differentiated adipocytes (Wah@l., 2007; Yeet al., 2007). These data point
towards an important role of VEGF under hypoxia expanding WAT to promote
neovascularization as described for other tissmdstamours (Bishop-Bailey, 2009). Leptin
gene expression did not change in 3T3-F442A adigsayxposed to 5 % hypoxia, (Lolmede
et al.,, 2003) whereas protein release by human PAZ-6oatlips increased 3-fold after
treatment with 6% hypoxia exposure (Grosfedd al., 2002) and in primary human
differentiated adipocyte elevation of gene expssvas 27-fold and of protein expression 4-
fold with 1 % hypoxia exposure (Wamgal., 2007). A substantial increase in leptin gene and
protein expression by preadipocytes upon hypoxmauwation was also found by another
study using human primary preadipocytes (Wahgl., 2008). Interestingly, one study also
reported an increased leptin secretion by preagitpsaipon treatment with TNFand IL-13
(Simons et al., 2005). Therefore, it appears that preadipocytas also contribute
considerably to the pool of leptin in WAT, giveraztimstances like hypoxia and/or TNi-
and IL-1 secreting macrophages in the neighbourhdbé additional leptin secretion by
preadipocytes may be necessary in order to stimukes development of new blood vessels
during WAT expansion in concert with VEGF to alleywpropriate oxygenation of the tissue.

In this study, IL-4 secretion increased upon hypoxieatment in preadipocytes and
adipocytes. This has been also observed for hureaphgral mononuclear cells (Naldini and
Carraro, 1999; Naldinet al., 1997). IL-4 acts proangiogenic in the lung unéigpoxic
conditions (Yamaji-Kegaret al., 2009), has the ability to suppress macrophaget@xic
activity and exerts inhibitory effects on the e)gmien and/or release of proinflammatory
cytokines, including TNF, 1I-1, 1I-6 and IL-8 (Opal and DePalo, 2000). Béoel effects

were found with the administration of human recamabit IL-4 in an experimental model on
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hypoxia-induced lung injury (Ozturkt al., 2006) and also hypoxia-induced gastric and
intestinal injury (Ozturket al., 2005). Therefore, IL-4 in the context of WAT loyia may
protect the cells from hypoxia-inducing adverseetfs and contribute to WAT angiogenesis.

In this study, PAI-1 and IL-6 gene expression ayibkine secretion increased in adipocytes
after hypoxia treatment. This is in line with oth&udies, where PAI-1 gene and protein
expression was elevated 7-fold and 6-fold, respelsti in mouse 3T3-L1 cells (Chest al.,
2006) and gene expression was elevated in primanah differentiated adipocytes upon 1 %
hypoxia treatment (Wang al., 2007). IL-6 gene expression and protein secratioreased
after 1 % hypoxia treatment in mouse (Regazzttsl., 2009; Yeet al., 2007) and human
(Wanget al., 2007) cell culture. PAI-1 and IL-6 elevation upmypoxia may not primarily be
an inflammatory response, but rather of adaptiteressince both molecules are known to be
also involved in the development of the vasculatey by promoting angiogenesis (Fan
al., 2008; Zagorska and Dulak, 2004). Interestingljyemeas measurements in the study
showed a significant hypoxia-sensitive upregulatafinlL-6 and PAI-1 in preadipocytes
Wanget al., 2008 did not. In most cell types PAI-1 gene tagon is under the control of
HIF-1la and elevated upon hypoxic stimulus (Zagorska amdal) 2004). IL-6 is also
increased under hypoxia in several cell types ttdependency on HIFalis not clear
(Semenza, 2003). The differences in this expresstiaty compared with the study by Wang
et al., 2008, could be due to the fact that differentirees of human preadipocytes and
adipocytes were used and that these may reacteatitfg under hypoxia. However, it may be
more likely that the obvious clear differences e tcell culture protocols applied are the
explanation. In chapter 3.2.3 where adipokine smeereof SGBS cells cultured in the
presence and in the absence of hormones and aicSbibad been compared, it was
demonstrated that the cell culture protocol itadfiécted the cells and changed IL-6 secretion
in preadipocytes and MCP-1 secretion in adipocytesthe report by Wangt al., 2008
preadipocytes were cultured in DMEM/F12, containiig% FCS, 100 U/ml penicillin, 100
ug/ml streptomycin and 0.2png/ml amphotericin. In contrast, in this study serinee
medium without antibiotics was used. In additionCBB 131 medium served as basal
medium, which contains 5 mM glucose compared wilMBD/F12 which contains 25 mM
glucose used in the study by Waat@l., 2008. Moreover, observations in this study iated
that the HIF-&x protein level under normoxia was already elevatedreadipocytes if 10%

FCS was present in the medium. After FCS-depletioa,HIF-Ix protein content decreased
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(data not shown). It is tempting to speculate, fraadipocytes with low basal HIFxlevel
might be more responsive to hypoxia, leading téedktial cytokine secretion.

In this context, it is interesting that in the hy@o experiments by Wangt al., 2007,
normoxic adipocytes showed a lower level of HiF-tompared with the preadipocytes
cultured in 10% FCS. This might be an explanatidnywWanget al., 2007 measured an
increase of IL-6 and PAI-1 in adipocytes under hgr@obut not in preadipocytes. Therefore,
using the same cell culture medium would be ths fitep to resolve this issue in the future.

It is important to note that hypoxia was not alwagsompanied by a strong upregulation of
adipokines, but for example the chemokines MCP-#l #n8 decreased in hypoxic
adipocytes and only moderately increased in preagies. RANTES secretion was enhanced
in preadipocytes after hypoxia exposure, whereaadipocytes a small increase was only
observed with 4 % hypoxia but not with 1% hypoxmatment. In the literature MCP-1 gene
expression was increased 2.8-fold in mouse 3T3difozytes (Okadat al., 2008) whereas

in human primary differentiated adipocytes no alten after exposure to 1 % hypoxia
(Wanget al., 2007) was observed.

The secretion of chemotattractants such as MCP-lothgr hypoxic cell types is also
controversial (Boscat al., 2004; Galindoet al., 2001; Hohensinneet al., 2006). IL-8
expression is generally elevated upon hypoxic dtimumacrophages and other cell types
(Hirani et al., 2001; Karakurunet al., 1994; Rydbergt al., 2003; Scannell, 1996) whereas
RANTES expression was either reduced or not regdlat human macrophages exposed to
hypoxia (Bosccet al., 2004; Hiraniet al., 2001; Turneet al., 1999).

In the following, a possible explanation why adipies do not change or even decrease their
chemoattractant secretion upon hypoxia exposune@tro is given considering reports that
pre-exposure of human epithelial cells and humasho#helial cells to hypoxia increased
transmigration of human blood polymorphonuclearkéeytes (Colgaret al., 1996) and
human monocytes (Kalet al., 1996), respectively, allowing for recruitmentimimune cells.
On the other hand, macrophage chemotactic migrdtioimg hypoxia within tissues has been
reported to be inhibited (Bosaa al., 2008; Grimshaw and Balkwill, 2001; Turnet al.,
1999). These observations together may explain h@erophages accumulate in areas of
necrosis or inflammation. For human and mouse WATas been demonstrated that over 90
% of the WAT macrophages are localized to necraiiipocytes (Cintiet al., 2005).
Macrophages may migrate along a chemotactic gradietii an area of hypoxia is reached

where they are rapidly inhibited from progressiagHer in order to phagocyte cell debris and
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also have a role in extracellular matrix remodglliand angiogenesis (Grimshaw and
Balkwill, 2001). It has been shown vitro, that chemotaxis via chemoattractants such as
MCP-1, RANTES and macrophage inflammatory proteialdha (MIP-Ir) (Turneret al.,
1999) is abrogated under hypoxic conditions andefbee may explain why adipocytes even
decrease the secretion of MCP-1 and IL-8 underreekgpoxia. Since preadipocytes and
adipocytes react completely different in chemoattmat secretion upon hypoxia exposure and
intensity this may indicate a highly sensitive aedulated cell type-specific response and
cell-cell cross-talk within the tissue in orderaxwhestrate differential immune cell infiltration
and distribution.

Since adiponectin is reduced in plasma of obeswithdhls and is an antidiabetic protein
(Sprangeret al., 2003), it was of interest to analyse the inflleo¢ hypoxia on adiponectin
secretion by adipocytes. Interestingly, the roladipocyte-specific secretion of adiponectin
did not significantly change under hypoxia. Thisni€ontrast to five studies, all performed in
mouse 3T3-L1 adipocytes (Chehal., 2006; Hosogaet al., 2007; Magalangt al., 2009;
Nakagawaet al., 2008; Yeet al., 2007) where a decrease of adiponectin in resptmse
hypoxia was observed. In this respect, it appdaas ddipocytes differentiated from mouse
3T3-L1 preadipocytes, which have been derived fembryonic mesenchymal cells, are
more responsive than human SGBS adipocytes as ins#ds study and primary human
adipocytes in the report by Wang al., 2007 which were both differentiated from
preadipocytes of postnatal adipose tissues. Indiidy, a small but significant decrease of
adiponectin mRNA under hypoxia was measured buthmnges for adiponectin secretion
were observed. The results by Waegal., 2007 indicate similar results: only a slight
decrease of 15 % of adiponectin secretion undehypbxia compared with normoxia was
reported. Altogether, the effect of hypoxia on téveel of human adiponectin protein in cell
culture seems to be rather small in comparisorméodata generated in mouse 3T3-L1 cells
which show a substantial decrease. It remains tellogidated whether hypoxia results in a
reduction of adiponectin secretion by human adipegin vivo and if so, whether the
reduction would be sufficient to decrease adipdneptasma levels and thus impact on

insulin sensitivity.

Regarding the endothelial cell activators IL-1, TdFand IFNy no induction of secretion
upon hypoxia exposure was measured in this studygeke expression level, TNF-

increased in preadipocytes under only 4 % hypoxposure whereas no TN¥-was
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detectable in adipocytes. This is in concordandd wie literature in human differentiated
adipocytes (Wangt al., 2007) and in contrast to a 1.6-fold increase iouse primary
adipocytes (Yeet al., 2007). In other cell types TNé-regulation upon hypoxic stimulus is
discussed controversially (Gerlaehal., 1993; Hiraniet al., 2001; Leeper-Woodford and
Detmer, 1999; Scannell, 1996). llrlgene expression was elevated around 2-fold in
adipocytes upon 1 % hypoxia but not upon 4 % hypaexiposure and was unchanged in
preadipocytes, whereas Il31lgene expression was not changed at all. In mouseary
adipocytes, IL-1 gene expression increased 2-fibdd they had been exposed to 1 % hypoxia
(Ye et al., 2007) whereas in 3T3-L1 cells Il31secretion was unchanged (Regazzstdl.,
2009). In macrophages Il-1 expression upon hypaxiuli is discussed controversially
(Gerlachet al., 1993; Kogeet al., 1992; Scannell, 1996) as is also If¥Nxpression (Acosta-
Iborraet al., 2009; Boscat al., 2004).

In summary, the strong pro-inflammatory endothetiall activators Il-1, TNF¢ and IFNy
are not or in negligible amounts produced by preacites and adipocytes under normoxia
and hypoxia and their secretion may under thesledical situations be limited to immune
cells in WAT. This may be important since macrogsagan promote neovascularization in a
hypoxic environment by producing VEGF, FGF, PDGH also TNFe which is both
proinflammatory and either pro-or anti-angiogeniad acritically depending on the dose
applied (Lewiset al., 1999).

4.4  Endothelial cell activation by CM of normoxic, hypoaic and
TNF-a treated SGBS cells and different-sized primary maitre
adipocytes

In this study the overall strongly pro-inflammatarigserved character of CM derived from
normoxic preadipocytes was confirmed by the inaezsthe monocyte-endothelial cell-cell
adhesion, whereas adipocyte-CM showed baselindslevarthermore, the endothelial cell
expression analysis clearly showed that preadigeCyl and adipocyte-CM significantly

induced the mRNA for the chemokines IL-8 and MCRvhereas the upregulation of ICAM-

1 cell surface expression occurred only with preaciyte-CM. This suggests that adipocyte-
CM can increase the expression of these chemokimats,other functionally important

molecules during endothelial cell activation, sashICAM-1 (see chapter 1.2.7.1) are not
upregulated and may explain the weak monocyte-é&edlat cell-cell adhesion observed for
adipocyte-CM. However, the expression pattern oip@ytes changed upon hypoxic
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conditions leading to a significant increase ofrsex pro-inflammatory adipokines and
monocyte adhesion accompanied by upregulated ICAddqiression. Monocyte adhesion
also further increased upon treatment with CM qddxic preadipocytes but was not followed
by ICAM-1 expression, suggesting another molecorlachanism involved, e.g. triggering the
presentation of chemoattractants at the endothedithlsurface. For isoprotanes it has been
shown that they upregulate monocyte-endothelial-aedl adhesion independent of the
classical adhesion proteins (Kunetral., 2005). The increase of monocyte-endothelial cell-
cell adhesion after treatment with CM of hypoxicEs5cells matches with findings in the
literature where pre-exposure of human epithelallscand human endothelial cells to
hypoxia increased transmigration of human blood/iporphonuclear leukocytes (Colgan
al., 1996) and human monocytes (Kadtaal., 1996), respectively. Thus, the recruitment of
immune cells during hypoxia could be increased aadether with observations in
macrophages where chemotactic migration during Xigpovithin tissues was inhibited
(Bosco et al., 2008; Grimshaw and Balkwill, 2001; Turnet al., 1999) explain how

macrophages accumulate in areas of necrosis amnfiation (see also chapter 4.3).

In addition, the capacity of preadipocyte-CM anghadyte-CM for endothelial cell activation
was characterized additionally by their strong effen endothelial cell proliferation.
Treatment of HMEC-1 cells with CM of SGBS cells egpd to 4 % hypoxia achieved
endothelial proliferation values comparable with gositive control and they were not further
enhanced or decreased with CM of SGBS cells exptsdd% hypoxia (data not shown).
This suggests that moderate hypoxia is sufficienpfeadipocytes and adipocytes to release a
potent mixture of activators for endothelial cetbiiferation, possibly VEGF and leptin as
shown in chapter 3.4.3 and reported in the liteeaf{Eerraraet al., 2003; Parlet al., 2001), in
order to achieve a maximum in endothelial cell i®cdtion as necessary step for

neovascularization.

Moreover, it was found that TNé&-stimulated preadipocytes and adipocytes upregi ke
endogenous TNEB- mMRNA expression and TNé&-activity in CM which exerted a marked
increase in monoctyte adhesion. Since the spebifickade of TNFa activity by the
antagonist Enbrél (Traceyet al., 2008) reduced the adhesion more than 65%, but not
completely, it can be concluded that TNFdependent and TN&-independent cell-cell

interactions occurred and, besides the TiNREctivity, other adipokines that may act in
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concert have been induced. Potential candidatesomaynong the molecules identified in the

gene expression analysis of TF{reated SGBS cells by (Deb al., 2006).

Overall, the strong impact of preadipocyte-CM corepavith the adipocyte-CM on HMEC-1
cells can be explained by the generally less pilarmmmatory secretion activity of adipocytes.
Further, it is proposed that adiponectin in adipegyM decreases monocyte adhesion and
endothelial ICAM-1 as described for TNFstimulated HUVEC (Ouchet al., 1999) since
gene expressions of the adiponectin receptors A&dipand AdipoR2 was also detected in
HMEC-1 cells (data not shown).

The interesting and still open questions remain:
1. can the observed strong potency of preadipocytessecrete proinflammatory
cytokines be translated to WAT, and if so
2. how is this profinflammatory potency of preadipaes/in WAT, where preadipocytes
and adipocytes exist in the neighbourhood of othell types, controlled in

physiological and pathological situations?

In order to dissect the differential influence affetent-sized primary mature adipocytes
isolated from human WAT on endothelial cell actiwat mature adipocytes were separated
by size and their CM were tested in the monocytn#relial cell-cell adhesion and ICAM-1
cell surface expression assays. In the literathieret is some evidence that a positive
correlation exists between proinflammatory adipekirand increasing adipocyte cell size
(Skurk et al., 2007) whereas there is also reported the opp@diteaughlin et al., 2009).
This study found that CM of the entirety of primanyman mature adipocytes increased
monocyte-endothelial cell-cell adhesion and ICAMxpression as described in other reports
(Curatet al., 2004; Kralischet al., 2007). Additionally, the CM of large adipocyteshanced
monocyte-endothelial cell-cell adhesion and ICAMedpression. These results and those
obtained from the CM of the entirety of adipocytesiained from the statistical point of view
throughout unchanged when the data of the assaysneemalized to adipocyte cell volume,
adipocyte cell count and adipocyte cell surfaceaahe contrast, whereas the CM of small
adipocytes normalized to adipocyte cell volume eased monocyte-endothelial cell-cell
adhesion, no significant elevation was found whendata of the assays were normalized to
adipocyte cell count and adipocyte cell surfacea.adeditionally, ICAM-1 expression on

HMEC-1 cells after treatment with CM of small adigtes was enhanced when the data were
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normalized to adipocyte cell volume and adipocyhk surface area but not if normalized to
adipocyte cell count. The results show, that the @Mnature adipocytes independently of
their cell size can activate endothelial cells. &tdweless, depending on the data
normalization the CM derived from small adipocyteay have the least potential to activate
endothelial cells which would support the resulgsSkurk et al., 2007 who showed that the
fraction containing the small adipocytes secreesd proinflammatory adipokines than large
adipocytes. These conclusions are limited sincentirenalized data may not be real. This
technical problem could be solved in future expents by generating the CM in three
different ways: firstly, incubate equal volumesanlipocytes per defined volumes of medium,;
secondly, incubate equal cell numbers of adipocpsdefined volumes of medium; and
thirdly, incubate adipocytes with equal cell suefarea per defined volumes of medium.
Overall, it appears as if the CM of the entiretyadipocytes exerted the strongest effects on
endothelial cell activation independently of thermalization, although not statistically
significant. Possibly, the secretion products o #ntirety of different-sized adipocytes
together generate the most potent CM for endotheéii activation by contributing with
differential molecule secretion. Since the mediured adipocytes were not analysed
separately due to technical reasons but were praséime entirety of adipocytes, these cells

may also have contributed to these observations.

These results raise the question why CM of untceatature adipocytes from WAT,
depending on data normalization, increase monoeytithelial cell-cell adhesion and
ICAM-1 cell surface expression whereas untreatdfitréntiated adipocytes derived from
SGBS preadipocytes do not. Most likely these aretduechnical reasons. Firstly, the CM of
mature adipocytes can be easily “concentrated”daygusmall volumes of cell culture media
and rather large volumes of mature adipocytes mirast to differentiated adipocytes where
the concentration procedure is time and biologroaterial consuming (see chapter 2.1.2).
Secondly, the mature adipocytes may secrete mooeinflammatory and other stress
molecules than the differentiated adipocytes dueheo collagenase treatment as reported
elsewhere (Eiselet al., 2005; Ruaret al., 2003). Thirdly, it should be taken in accountttha
the primary adipocytes in WAT are in continuoudutat cross-talk including immune cells,
and in expanding WAT, these are exposed to hypdtiarefore, primary adipocytes may be

preactivated independently of the collagenase piuree
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In this study, a direct comparison between theliegenerated from coculture experiments
with CM of SGBS adipocytes and those obtained femoulture experiments using CM of
primary mature adipocytes can not be made. To tigads the differences between coculture
experiments using CM of SGBS cells and primary meaadipocytes in more detall, future
experiments have to be performed at the same daycelh culture plate in order to get a

direct data comparison.

A further question is whether the results obtaifredn coculture experiments using CM of
SGBS preadipocytes and adipocytes would chandmiif tlata were normalized to either the
protein content or the cell count of preadipocyind adipocytes, respectively, or the protein
content of the CM. Therefore, at least four indejeen experiments were performed where
the CM of SGBS cells were used to test for end@heell activation and the corresponding
SGBS cells were analysed for their protein conbnthe Modified Bradford assay and their
cell count by staining the cells with Hoechst 333#thydrochloride, trihydrate (data not
shown). No significant changes were observed afvemalizing the results of the monocyte-
endothelial cell-cell adhesion assay or ICAM-1 egsion ELISA to the protein content or
cell count of SGBS preadipocytes and adipocytespadtively (data not shown). The protein
content of preadipocyte-CM and adipocyte-CM was almilar as analysed by the company
Digilab BioVisioN (Hannover, Germany; data not simwrT herefore, it can be ruled out that
a different cell count or protein content of pregamiytes or adipocytes, respectively, created
unequal conditions for the generation of CM or ffedent protein content of the CM caused

the significant differences observed between Cidreadipocytes and adipocytes.
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4.5  Molecular mechanisms of endothelial cells activatedy CM of
SGBS cells

To understand the underlying molecular mechanisirendothelial cell activation, different
signalling pathways in endothelial cells involvedhe regulation of ICAM-1, IL-8 and MCP-
1 were investigated. The results indicate that gipeecyte-CM and adipocyte-CM activate
p38MAPK, SAPK/INK and ERK1/2 in endothelial celBverall, less activity for adipocyte-
CM was observed. Additionally, the transcriptiontta c-Jun was more strongly activated in
HMEC-1 cells treated with preadipocyte-CM compateadipocyte-CM. Moreover, a strong
activation of STAT-1 and STAT-3 was detected foggutipocyte-CM which exerted stronger
phosphorylations compared to adipocyte-CM.

The performed inhibitor experiments suggest, th,Jwhich phosphorylates members of
the AP-1 transcription family including c-Jun, Jurdhd ATF-2 (Hesst al., 2004) is
indispensable for monocyte adhesion and ICAM-1 sgiface protein expression induced by
preadipocyte-CM. Furthermore, the blockade of JAd&alling in HMEC-1 with the specific
JAK inhibitor | and subsequent inhibition of the AIT1/3 phosphorylation revealed that this
pathway and factors are functionally important the induction of ICAM-1 cell surface
protein expression and monocyte-endothelial cdllacthesion of HMEC-1 cells treated with
preadipocyte-CM.

Surprisingly, the NF«B pathway was not involved in the induced endo#helell activation
upon treatment with CM of normoxic and hypoxic @abt shown) SGBS cells. In contrast,
stimulation of HMEC-1 cells with TN at low concentration activated the KB-pathway

in the positive control suggesting that this patyhwa inducible in HMEC-1 cells, but not
involved in the induction of ICAM-1 by CM, excepthen CM of TNFe stimulated SGBS
cells was used. It is likely that the KB pathway was then involved in the endothelial cell
activation, since the Ik phosphorylation was increased in HMEC-1 cellsrafteatment
with CM of TNF-a exposed SGBS cells and abrogated when these Cl preincubated
with Enbrel® whereas, for total I[kiBthe opposite was shown. This concept is suppdiyed
the literature where TNB-mediates endothelial cell activation via thexBlfpathway (Weber

et al., 1995). Further experiments with inhibitors wohtel necessary for clarification.
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STAT-1 which is classically activated in responseéRN-y (Jarugeet al., 2004) was strongly
phosphorylated in HMEC-1 cells stimulated by prpadyte-CM. However, a substantial
functional involvement of IFN+in CM as a pro-inflammatory key-activator of erusium
(Ozakiet al., 1999) can be ruled out because IFiNas not detectable. Instead of, IL-6,
VEGF and leptin which are known to stimulate the&KIBT AT pathways and are present in
considerable amounts in CM, are good candidatestréorsducing signals important for
endothelial cell activation (Jiet al., 2003; Niet al., 2004; Paret al., 2007; Wincewiczt al.,
2007; Yahataet al., 2003). With respect to the apparently uninducddkB pathway in
HMEC-1 cells stimulated by CM of normoxic and hypofdata not shown) SGBS cells, it is
reasonable to speculate that the upregulationeofémes for ICAM-1, MCP-1 and IL-8 might
have occurred through increased c-Jun-mediated Afd STAT-binding activities at
functional sites of their promoter regions (Roebackli Finnegan, 1999). Since the separate
blockade of the JNK and JAK pathways with specifithibitors resulted in the
downregulation of ICAM-1 cell surface expressiondamonocyte-endothelial cell-cell
adhesion, it is possible that both pathways areomapt to coordinate ICAM-1 cell surface
expression and functional monocyte-endothelial-cell adhesion in this coculture system.
Future experiments with electrophoretic mobilityftsassays (EMSA) (Fried and Crothers,
1981; Garner and Revzin, 1981) would be useful donfirmation of the transcription
factor/DNA interactions.
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4.6  Functional analysis of mediators in the CM of SGBScells
responsible for endothelial cell activation

In this study, functional studies with function-t&lizing antibodies were performed in order
to get first insights into CM-derived factors whiotediate the observed increase in ICAM-1
expression and monocyte-endothelial cell-cell amdmes For leptin and VEGF, no
experimental support could be found that they amportant in this process, which is also
controversially discussed in the literature (Cwgtadl., 2004; Kimet al., 2001; Skiltoret al.,
2005; Zhang and Issekutz, 2002). Interestingly6 lwas identified as an important mediator
in CM inducing increased endothelial STAT-1/3 pHuspylations, ICAM-1 expression and
monocyte adhesion to HMEC-1 cells treated with GM6 blockade in CM substantially
suppressed STAT-1/3 phosphorylations, monocytetértlal cell-cell adhesion and ICAM-1
expression. STAT-1/3-blockade in HMEC-1 cells alksgnificantly decreased monocyte
endothelial cell-cell adhesion and ICAM-1 expressi®his study consequently shows that
the IL-6 effect is primarily transduced by the etiddial STAT-1/3 signalling pathway as
described in other systems (&iral., 2003; Niet al., 2004; Paret al., 2007; Wincewiczt al.,
2007). However, the effect of IL-6 blockade hadosger effects on STAT1/3
phosphorylations compared with the smaller effectsnonocyte adhesion and ICAM-1 cell
surface expression. The results suggest that tkadjpocyte-CM induced increase in
monocyte adhesion and ICAM-1 expression in HMEGCellscs not only mediated by IL-6
but also by other factors present in the CM. Altflothe CM-mediated phosphorylations of
STAT1/3 are largely IL-6 dependent as shown by lindtibitor suppression, there are other
mediators than IL-6 and STAT1/3 which can increBlSAM-1 expression and monocyte
endothelial cell adhesion. Since also the JNK-pathwas also identified to operate in the
CM-induced monocyte adhesion and ICAM-1 cell swfaxpression in these inhibitor
experiments (see chapter 3.3.8), the JNK-pathwaydcbe a further functional pathway in
this cross-talk.

Finally, the important finding of this study thaetIL-6Rx/gpl30 receptor signalling complex

is expressed on HMEC-1 cells, suggests that IL-6ndoto IL-6 receptor complexes on
microvascular endothelial cells allows IL-6 sigihadl and transsignalling in an autocrine and
paracrine fashion (Rose-Jolet al., 2006). This finding integrates IL-6 derived from
perivascular preadipocytes and adipocyte as a nmagahiator in the complex molecular and
cellular cross-talk of endothelial cells in adiposesue especially in the context of IL-6
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signalling and transsignalling of soluble IL-6 rptm's from lymphocytes and monocytes as
described in other biological situations (Madnal., 2001; Rose-Johat al., 2006). In this
context, the differential activation of inducibleamscription factors by adipokines may
provide an important mechanism which can lead ® éRpression of particular cell-cell
adhesion molecules and chemokines in a cell typeip and stimulus-specific fashion.
These regulatory mechanisms could critically infice the site-specific recruitment of
distinct leukocyte subsets during the inflammat@sgponse.

4.7  Peptidomics analysis of SGBS cell supernatants

One of the major aims of this study was to esthbbs experimental basis for the
characterisation of the secretion profile of SGESscusing the described coculture system
and the peptidomic technology in order to find festing and new candidate peptides
possibly involved in the molecular and cellular s3-dalk between preadipocytes, adipocytes
and endothelial cells. The described data are donisince the analyses could be not
completed by the company Digilab Biovision due neoilvency. Therefore, the data which
were available are restricted to the analysis Witlsilico annotation” algorithm, in order to
match the peptides in the samples to already ithtand sequenced peptides. This means
that these putative candidate peptides could natddated and sequenced. Furthermore, new
hits of the mass spectrometry analysis could nanhbt&ched with already identified peptides
and thus, their identity remains unknown. Nevedksg] for the putative candidates perilipin,
CCL14, GROA, II-8, secretogranin Il and V and prauslin differential signal intensities
between preadipocytes and adipocytes were obsefgeexpected, perilipin fragment signal
intensity was found in adipocytes and not in preadytes but functions as a quality control,
since the samples were “blinded” before sent tactiapany. 1I-8 signal intensity was higher
in preadipocytes compared with adipocytes. This @eagirmed by the data already generated
using the gRT-PCR and ELISA techniques, giving cnfce in possibly existing differences
for the other “in silico annotated candidates”. &sging on secretogranin Il, V and
progranulin, their gene expression was confirmedjBY-PCR and for progranulin, protein
secretion in SGBS preadipocytes and adipocytes detected using ELISA. At that time, to
the best of my knowledge, these molecules had et bescribed as adipokines. Strikingly, a
strong progranulin secretion by SGBS preadipocgtes adipocytes was detected in the ng-
range in CM which is higher compared with many ottyokines. In the following time of
this study, Younet al., 2009 reported that progranulin mRNA was foundcamparable
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amounts in human mature adipocytes and stromalulascells, with higher amounts of
protein being found in visceral versus subcutandddd using the gRT-PCR and Western
blot techniques, respectively. Progranulin serumceatrations were found to correlate with
the BMI and macrophage infiltration in omental WATThe degree of chemotaxis mediated by
progranulin was comparable to that of MCP-1 (Yeual., 2009). Overall, progranulin plays
important and complex roles in tumorigenesis (@ngl., 2006), development (Eriksen and
Mackenzie, 2008), neurogenesis (Bateman and Benk@@®9) and several inflammatory
events, especially wound repair (He and Batema@3;2Beet al., 2003), both suppressing
inflammation and also being the source of cleavagelucts named granulins which exert
opposing effects allowing for differential regutati (Heet al., 2003; Kojimaet al., 2009).
Importantly, progranulin promotes neovascularizatio vivo with similarities to VEGF and
induces proliferation, migration and formation @&pdlary-like tubule structures of human
dermal microvascular endothelial cells (Bteal., 2003). Therefore, progranulin, like VEGF
and leptin (Hausman and Richardson, 2004) may plag an important role in WAT
vascularization. Having the capacity to activatedaghelial cells with regard to
neovascularization it is conceivable that progrienig also involved in the regulation of
endothelial cell adhesion molecules and endotheldl interactions with immune cells.
Experiments with human recombinant progranulin grayranulin inhibition in CM would be
useful in gaining new insights into its role ingldoculture system and in the context of the
molecular and cellular cross-talk between preadifgs; adipocytes and endothelial cells in
WAT.

Another candidate peptide found by the peptidoraadhhology was secretogranin Il and its
gene expression was detected in SGBS cells withehidevels having been observed in
preadipocytes than adipocytes. This molecule igribiiged throughout the endocrine and
nervous system. It generates the molecule secragionga proteolytical cleavage (Kahlet
al., 1999; Kahleret al., 2002) which can be induced under pathologicaldd@mms and
hypoxia and has been proposed to play a role inirttlection of neo-vascularization in
ischemic diseases (Fischer-Colbee al., 2005). Secretoneurin is a chemoattractant for
monocytes (Kahleet al., 1999; Kahlert al., 2002) and acts as direct angiogenic cytokme
vitro andin vivo (Kirchmair et al., 2004), its potency being comparable to VEGF (kasc
Colbrie et al., 2005). Secretoneurin impairs endothelial barfigrction via the JNK and
ERK1/2 pathways (Yaret al., 2006) and could possibly be involved in endotietell
interactions with immune cells. It is also highlpg@gogenic and an activator of the JNK
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pathway (Fischer-Colbriet al., 2005) which is besides the JAK/STAT pathway iis th
coculture system responsible for increased ICAMgiression of and monocyte adhesion to
HMEC-1 cells. Thus, secretogranin Il may be a vstgresting candidate to investigate in the
cross-talk between the cell types in WAT, providleat protein expression is also detected in
SGBS cells and WAT.

Finally, gene expression of the peptide candidateetogranin V in SGBS cells was similar
to that of secretogranin Il. Secretogranin V isresged by neurons and endocrine cells and is
a chaperon for proprotein convertase-2 (PC2). P&@shito convert large inactive precursor
molecules to generate smaller bioactive moleculesperates within secretory pathways and
is essential in the maturation of several typesnembrane-bound and secreted molecules
(Mbikay et al., 2001). Secretogranin V-null mice had no demobstr&#C2 activity. They
were deficient in processing islet hormones and played hypoglycemia,
hyperproinsulinemia and hypoglucagonemia. The rhiad increased circulating levels of
adrenocorticotropic hormone (ACTH) and corticosterowith adrenocortical expansion.
Secretogranin V-null mice died before 9 weeks o¥ese Cushing syndrome. Thus,
Secretogranin V is required for PC2 activation &lsb functions in the regulation of pituitary
hormone secretion (Westplslal., 1999). If protein expression of secretogranim\5GBS
cells was confirmed using the ELISA or Western Ithniques this molecule may play an

important role in the process and regulation obkite secretion.

Overall, the peptidomics analysis was and will beywseful for identifying new and known
candidates in biological samples and to dissectomribution of pro-inflammatory and anti-
inflammatory molecules by distinct cell types in WADespite the above mentioned
limitations, the analysis with “in silico annotatibalgorithm delivered valuable results which
when confirmed via gene and protein expression yaigalare interesting for future

experiments in WAT biology.
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4.8 Concluding comments and perspectives

Taken together, this vitro study shows that preadipocytes have the poteduatiabntribute
considerably to the total pool of adipokines, andlhwespect to the close vicinity of
preadipocytes to endothelial cells, they may opeaatpotent activators of endothelial cells in
WAT and probably also in an endocrine fashion. €hedfects can be promoted in
preadipocytes and induced in adipocytes by TN&Ad hypoxia and mediated by IL-6 in a
manner similar to what may occur in the neighboacthof macrophages in expanding WAT.
STAT1/3 and SAPK/INK were found to be importantypls in the activation of endothelial
cells.

The finding that IL-6 in CM from preadipocytes adigocytes can operate as activator of
microvascular endothelial cells point to a new gatlexplaining how IL-6 signalling and/or
transsignalling via IL-6/soluble IL-6 receptor coees may act on the microvasculature in
adipose tissue. In the case of pathophysiologeal$, this may lead to chronic low-grade
inflammation and endothelial cell dysfunction. Téfere, it will be of great importance to
study the expression profiles of preadipocytes aigocytes at the cellular level in WA
gtu, and to identify the factors and mechanisms wtlachivate or counteract their pro-

inflammatory potency.

In futurein vitro coculture studies using CM of preadipocytes angaaytes, the specific
blockade of adipokines in CM or the correspondidg@kine receptors on endothelial cells
may be useful to further dissect the differentiahdtions of adipokines during leukocyte-
endothelial cell-cell adhesion and transmigratiéor example, knockdown experiments for
AdipoR1 and AdipoR2 on endothelial cells will be pomtant to analyse the role of
adiponectin in adipocyte-CM. Adiponectin and itgrsilling in endothelial cells may be
possibly responsible for the observed weak endathe¢ll activation by neutralizing the
actions of other pro-inflammatory adipokines. Frample, it has been reported that ThF-
induced monocyte-endothelial cell-cell adhesion barattenuated by adiponectin (Ouehi
al., 1999).

Transcriptome and peptidome/secretome analysegwmithote the expression and secretion

profiling of preadipocytes and adipocytes, withstbtudy contributing by the demonstration
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of progranulin, secretogranin Il and secretograhirSecretogranin Il may represent a new

adipokine with angiogenic properties and reguldtgtypoxia.

In order to gain insights into the full integratedlecular and cellular cross-talk between the
different cell types in adipose tissua,vivo imaging studies if applicated in adipose tissue
will be very informative. Use of the stimulated ssion depletion (STEDmicroscopy
(Lauterbachet al., 2010) in these experiments may allow the obsenvaif real-time events
at molecular level. As yein vivo imaging showed that leukocyte-endothelial cekiiattions
were increased in the microcirculation of adipdssue of obese mice and were normalized
by administrating an ICAM-1 antibody (Nishimuet al., 2008). It would be interesting to
investigate in this experimental setup whetherléluocyte-endothelial cell interactions are
reduced in obese endothelial cell-specific gp13@ckmout mice (Yacaet al., 2005) compared
with control wild-type mice. It would be also impant to know whether macrophage
clustering in adipose tissue was the same in olegedeficient mice (Di Gregorict al.,
2004; Savalest al., 2009) compared with control wild-type mice. Instbontext the analysis
of endothelial cell-specific knockout mice for redmt signalling pathway members [e.qg.
STAT1, STAT3 (Kanoet al., 2003), SAPK/INK] would allow gaining insights ant
underlying signalling pathways vivo. Precedingn vitro studies aimed at supporting and
complementing the already examined underlying dliggamechanisms in endothelial cells
stimulated with CM of preadipocytes and adipocyggosed for instance to hypoxia would
be necessary.

Altogether, this study should contribute to a bratitederstanding of the molecular and cellular
cross-talkk and underlying mechanisms in WAT regoudptthe balance between pro-
inflammatory and anti-inflammatory factors and is$sensitivity in the etiology of obesity,
the metabolic syndrome and diabetes.
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5 Summary

Obesity is associated with a state of chronic loadg inflammation. Immune cells
accumulate in white adipose tissue (WAT) and trecwkar endothelium plays an interactive
role in these infiltration and inflammatory processin humans the underlying molecular and
cellular mechanisms are incompletely understoodtudaand hypertrophic adipocytes are
considered as the major adipogenic cell type siegrg@ro-inflammatory cytokines in WAT.
In contrast, the investigation of the pro-inflamorgtcapacity of preadipocytes and their role

in endothelial cell activation have been neglettedate.

In this study, the pro-inflammatory expression ardretion of normoxia, hypoxia and TNF-
o-treated human preadipocytes and adipocytes (SGHS) @and their impact and that of
different-sized primary mature adipocytes on hummaecrovascular endothelial cell (HMEC-

1) activation was examined in order to gain newgims into this molecular and cellular

cross-talk. Furthermore, in order to identify negcretion products of SGBS cells possibly
involved in this cross-talk, the peptidomic tectogyl was applied.

It was found that HMEC-1 stimulated with conditionmedia (CM) from preadipocytes, but
not adipocytes, increased endothelial ICAM-1 expices of and monocyte adhesion to
HMEC-1 cells. After hypoxia and TNE&-stimulation of SGBS cells, adipocyte-CM induced
and preadipocyte-CM enhanced the monocyte adhési6iMEC-1 cells. Concordantly, the
expression of pro-inflammatory adipokines, measurgdjRT-PCR, ELISA and multiplex
bead-based Luminex® assays, was considerably highareadipocytes than in adipocytes.
CM up-regulated the phosphorylation of three MAP#&thways, STAT-1/3 and c-Jun in
HMEC-1 cells whereas the NEB pathway was not affected. Inhibitor experimeritsveed
that monocyte-endothelial cell-cell adhesion andogimelial ICAM-1 expression was JNK
and JAK-1/STAT-1/3 pathway dependent and IL-6 iitbibexperiments revealed IL-6 as a
major mediator in CM increasing monocyte-endothe&l&l-cell adhesion via the STAT-1/3
pathway. The IL-6R/gpl30 receptor signalling complex was detected on HME¢lls. CM

of mature adipocytes, independently of their sizexe able to increase monocyte-endothelial
cell-cell adhesion and ICAM-1 expression. Peptidoamalysis using “in silico annotation”
algorithm and gene expression analysis identifiedgganulin, secretogranin 1l and
secretogranin V as new factors being expresseddBSXells. Progranulin was found to be a
new adipokine as demonstrated in CM of SGBS ceyisEhISA. These findings were
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supported afterwards by data published by anotheupydescribing progranulin protein
expression in human WAT by Western blot. Furthealyses are necessary to confirm

secretogranin Il and V as new secretory productseddipocytes and adipocytes in WAT.

Altogether, thisstudy shows that preadipocytes rather than adipsayhn operate as potent
activators of endothelial cells. This can be enkdnin preadipocytes and induced in
adipocytes by TNFx and hypoxia in a manner similar to what may odouWAT in the

etiology of obesity. Secretogranin Il may be areiiasting candidate in the cross-talk of

preadipocytes/adipocytes and endothelial cellstduts angiogenic properties and regulation
by hypoxia.
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7 Appendix

7.1 List of abbreviations

7B2 Secretogranin V

ACTH Adrenocorticotropic hormone

Ad Adipocyte

ADD1 Adipocyte determination and differentiatiorctiar 1
AdipoR Adiponectin receptor

ALBP Adipocyte lipid binding protein

Ang Angiopoietin

ANOVA Analysis of variance

AP-1 Acticator protein 1

aP2 Adipocyte fatty acid binding protein
APS Acetyl peroxide solution

AT Annealing temperature

ATF-2 Activating transcription factor 2
ATP Adenosine triphosphate

BAT Brown adipose tissue

BCA Bicinchoninic acid

BMI Body mass index

BrdU 5-bromo-2-deoxyuridine

BSA Bovine serum albumine

C/EBP CCAAT/ enhancer binding proteins
CaCL Calcium chloride

CAMs Cellular adhesion molecules

CAMP Cyclic adenosine monophosphate
CB1 Endocannabinoid receptor CB1
CCL14 Chemokine, CC motif, ligand 14
CCR Chemokine (C-C motif) receptor
cDNA Complementary DNA

CD99 Cluster of Differentiation 99

CDS Protein coding sequence

CM Conditioned medium

COX-2 Cyclooxygenase-2

CRP C-reactive protein

Ctrl Control

CVvD Cardiovascular disease

CXCR CXC receptor

ddH,O Double Distilled water

DHAP Dihydroxyacetone phosphate
DMEM/F12 Dulbecco's Modified Eagle Medium: nutrienixture F-12
DMSO Dimethyl sulfoxide

dNTP Deoxynucleotide triphosphate

ds Double-stranded



DTT Dithiothreitol

ECM Extracellular matrix

EDTA Ethylenediaminetetraacetic acid

EGF Epidermal growth factor

ELISA Enzyme linked immunosorbent assays

ER Endoplasmatic reticulum

ERK Extracellular-regulated kinases

ESAM Endothelial cell-selective adhesion molecule
EtBr Ethidium bromide

Ets E-twenty six

FA Fatty acids

Fc Constant region of an antibody

FCS Fetal calf serum

FGF Fibroblast growth factor

FOXC2 Forkhead box C2

GAPDH Glyceraldehyde-3-phosphate dehydrogenase
GLUT Glucose transporter

GPDH Glycerinphosphate dehydrogenase

GRN Progranulin

GRO- GRO protein, alpha

H.0, Hydrogen peroxide

H.SO, Sulfuric acid

HsPO, Phosphoric acid

HAEC Human aortic endothelial cells

HCL Hydrochloric acid

HDL High-density lipoprotein

HDMEC Human dermal microvascular endothelial cells
HIF-1a Hypoxia-inducible trasncription factor 1 alpha
hMADS Human multipotent adipose-derived stem cells
hMADS Human multipotent adipose-derived stem cells
HMEC-1 Human microvascular endothelial cells 1
HRP Horeseradish peroxidase

HSL Hormone-sensitive lipase

hTERT Human telomerase reverse transcriptase
HUVEC human umbilical vein endothelial cells

IBMX Isobutylmethylxanthine

ICAM-1 Intercellular adhesion molecule 1

IFN-y Interferon gamma

Ig Immunoglobulin

IGF-1 Insulin-like growth factor-1

IkB Inhibitory kappa B

IKK Inhibitory kappa B kinase

IL Interleukin

IL-6R IL-6 receptor

INOS Inducible nitric oxide synthase

IP-10 Interferon-inducible protein 10

JAK/STAT Janus kinase signal transducer and activatttranscription



JAM
KCI
KRP
LFA-1
LPL
LPS
MAC-1
MADCAM1
MAPK
MAPKK
MCP-1
Mg.SO,
MgCL,
MIF
MIP-1a
MT
NacCl

NADH+H*/NAD*

NaF

NaH,PO,
NaOH

NCEP/ATP llI

NGF
NFkB
NGF
NO
NP-40
02
Ob-R
p38 MAPK
PAGE
PAI-1
PBMC
PBS
PC2
PCR

Pd

PE
PECAM1
PEPCK
PFA

PG
PGI2
PHD
PI3K
PIGF
PKA

Junctional adhesion molecule

Kalium chloride

Krebs-Ringer phosphate buffer
Lymphocyte function-associated antigen 1
Lipoprotein lipase

Lipopolysaccharide

Macrophage antigen 1

Mucosal vascular addressin cell-adhesiorlenole 1
Mitogen-activated protein kinase

MAPK kinases

Monocyte chemoattractant protein-1
Magnesium sulfate

Magnesium chloride

Macrophage migratory inhibitory factor
Macrophage inflammatory protein 1 alpha
Metallothionein

Sodium chloride

Nicotinamide adenine dinucleotide
Sodium fluoride

Sodium dihydrogen phosphate
Sodium hydroxide

National Cholesterol Education Pragfadult Treatment Panel IlI

Nerve growth factor

Nuclear factor kappa B

Nerve growth factor

Nitric oxide

Nonyl phenoxylpolyethoxylethanol
Oxygen

Obese receptor or leptin receptor
p38 mitogen-activated protein kinase
Polyacrylamide gel electrophoresis
Plasminogen activator inhibitor 1
Peripheral blood mononuclear cell
Phosphate buffered saline
Proprotein convertase-2

Polymerase chain reaction
Preadipocyte

Phycoerythrin
Platelet/endothelial-cell adhesion moledule
Phosphoenolpyruvate carboxykinase
Paraformaldehyde

Prostaglandin

Prostacyclin

Prolyl hydroxylase domain-containing enzymes
Phosphoinositide 3-kinase

Placenta growth factor

Protein kinase A



PKC
PLIN
PMSF
PPAR
PSGL1
P-value
PVDF
pVHL
gRT-PCR
RIA

RANTES
RIN

RIPA buffer
RMR

ROS

RPMI 1640
RT

RXR

SAA
SAPK/INK
SCG2
SDF-1n
SDS

SE

SGBS
S-phase
SRK-kinase
SREBP1
Ss

SV 40
SV-HCEC
T3

TAG

TAG

TBE

TBE buffer
TCF
TEMED
TF

TGF$

Thl lymphocytes

TMB
TNF-a
TNFR
tris-HCL
VAV

Protein kinase C
Perilipin
Phenylmethanesulfonyl-fluoride
Peroxisome proliferators-activated receptor
P-selectin glycoprotein ligand 1
Probability value
Polyvinylidene difluoride
Von Hippel-Lindau tumor suppressor protein
Quantitative real-time PCR

Radioimmunoassays
Regulated upon activation, normally T-expressedmedumably
secreted or CCL5

RNA Integrity Number
Radioimmunoprecipitation assay buffer
Resting metabolic rate
Radical oxygen species
Roswell Park Memorial Institute 1640 noedi
Reverse transcriptase
Retinoic X receptor
Serum amyloid A
Stress-activated phospho-kinases/c-Juerhtihale Kinase
Secretogranin Il
Stromal cell-derived factor 1 alpha
Sodium dodecylsulfate
Standard error
Simpson-Golabi Behmel syndrome
Synthesis phase
Sarcoma kinase
Sterol responsive element binding protein 1
Single-stranded
Simian-virus 40
Simian-virus-human cerebromicrovasculaogmelial cells
Triiodothyronine
Triacyglycerols
Triacylglycerides
Tris-Borate-EDTA
Tris-borate-EDTA buffer
T-cell factor
Tetramethylethylenediamine
Tissue factor
Transforming growth factor beta
T-helper 1 lymphocytes
Tetramethylbenzidine
Tumor necrosis factor alpha
Tumor necrosis factor alpha receptor
Tris-hydrochloride
VAV guanine nucleotide exchange factor
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VCAM-1
VEGF
VEGFR
VLA-4
VLDL
WAT
WHO
ZAG

Vacular cell adhesion molecule-1

Vascular endothelial growth factor
Vascular endothelial growth factor receptor
Very late antigen 4

Very low density lipoprotein

White adipose tissue

World Health Organisation
Zinc-a2-glycoprotein
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7.4  Chemicals, consumables and equipment

7.4.1 Chemicals

Chemicals

100 bp DNA ladder, GeneRuler

5, 6 chloromethyl 27,7 dichlorodihydrofluorescein
diacetate, acetyle ester (DCF)
Acetic acid

Acrylamide

Agarose

Alamar blue

Amido black
Amminocaproric acid
Ammonium persulfate (APS)
Biotin

Boric acid

Bovine serum albumin (BSA)
Bromphenol blue

CaCl

Calcein green AM

Chloroform

Collagenase 250 mg/U

Complete, Mini; protease inhibitor cocktail tablets
Coomassie Brilliant Blue G-250
Cortisol

Dexamethasone

Dihydroxyacetone phosphate (DHAP)
Dimethylsulfoxide (DMSO)
Dithiothreitol (DTT)

Donkey serum

D-Pantothenat

Company

Fermentas, St. Leot)-Rermany
Invitrogen, Karlsruhe, Germany

Roth, Karlsruhe, Germany

Roth, Karlsruhe, Germany

Sigma-Aldrich, Munich, Germany

eBioscience, Frankfurt, Germany

Merck KGaA, Darmstadt, Germany
Merck KGaA, Darmstadt, Germany
Sigma-Aldrich, Munich,r@any

Roth, Karlsruhe, Germany

Merck KGaA, Darmstadt, Germany
Sigma-Aldrich, Munichet@any
Merck KGaA, Darmstadt, Germany

Merck KGaA, Darmstadt, Germany

Invitrogen, Karlsruhe, Germany
Roth, Karlsruhe, Germany
Biochrom, Berlin, Germany
Roche, Penzberg, Germany
Merck KGaA, Darmgia@ermany
Sigma-Aldrich, Munich, Germany
Sigma-Aldrich, Munich, Germany
Sigma-Aldrich,rith, Germany
Sigma-Aldrich, Munich, Geany
Omni Life Science, Hamburg, (Beany
Chemicon International, Hofheim, Germany
Sigma-Aldrich, Munich, Germany

Dulbecco's Modified Eagle Medium: nutrient mixturénvitrogen, Karlsruhe, Germany

F-12 (DMEM/F12
Ethanol

Ethidium bromide (EtBr)
Ethylenediaminetetraacetate (EDTA)
Fetal calf serum (FCS)

Glycerol

Glycin

H,0,
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Roth, Karlsruhe, Germany
Sigma-Aldrich, Munich, Geany
Merck KGaA, Dstadt, Germany
Invitrogen, Karlsruhe, Gemna
Merck KGaA, Darmstadt, Germany
Merck KGaA, Darmstadt, Germany
Sigma-Aldrich, Munich, Germany



H.SO

HsPO,

Hank's buffered salt solution (HBSS)
Hydorcortisone

Insulin

Isobutylmethylxanthine (IBMX)
Isopropanol

KCL

Mayer's Hematoxylin solution

MCDB 131

MCDB 131 without phenol red
Mercaptoethanol

Methanol

MgCl,

MgSO,

Molecular biology water

NaCl

NaH,PO,

NaOH

Nicotinamidadenindinucleotide (NADH)
Nile Red

N-Nitro-L- Arginine

Nonyl enoxyl-polyethoxylethanol (NP40)
Normal goat IgG

Nuclease-free water

Oil Red O

Page ruler, prestained protein ladder
Paraformaldehyde (PFA)
Penicillin/Streptomycin

Phenyl methyl sulfonyl fluoride (PMSF)
Phorbol 12-myristate 13-acetate
Phosphate buffered saline (PBS) tablets
PhosStop phosphatase inhibitor cocktail tablets
Ponceau S

Precision plus protein standard

Primer and Probes

Rosiglitazone

Roswell Park Memorial Institute 1640 medium
(RPMI)
Sodium deoxycholate

Sodium dodecyl sulfate (SDS)
Tetramethylethylendiamin (TEMED)
Transferrin
Triethanolaminhydrochlorid
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Serva, Heidelberg, Germany
Serva, Heidelberg, Germany

Invitrogemrisruhe, Germany
Sigma-Aldrich, Munich, Germany
Sigma-Aldrich, Munich, Germany
Serva, Heidelberg,r@any
Roth, Karlsruhe, Germany
Sigma-Aldrich, Munich, Germany
Merck KGaA, Darmsta@grmany
Invitrogen, Karlsruhe, Germany
PAN Biotech, AidenbaGermany
Sigma-Aldrich, Munich, Germany
Roth, Karlsruhe, Germany
Merck KGaA, Darmstadt, Germany

Sigma-Aldrich, Munich, Germany
Sigma-Aldrich, Munich, Geany
Sigma-Aldrich, Munich, Germany
Sigma-Aldrich, Munich, Germany

Sigma-Aldrich, Munich, Germany
Sigma-Aldriddunich, Germany

Invitrogen, Karlsruhe, Germany

Merck KGaA, Darmstadt, Germany
Sigma-Althj Munich, Germany

R&D Systems, Wiesbaden, Germany

Sigma-Aldrich, Munich, Germany
Sigma-Aldrich, Munich, Germany
FermentateBh-Rot, Germany
Sigma-Aldrich, Munich, Gengna
Invitrogen, Karlsruhe, Gexmy
Sigma-AldmricMunich, Germany
Sigma-Aldrich, ManiGermany
Sigma-&idiunich, Germany
hrokenzberg, Germany
Sigma-Aldrich, Munich, Germany
Bio-Rad, Munich;n@y

Applied Biosystems, Darmstadin@ey

Cayman, Ann Arbor, USA
Invitrogen, Karlsruhe, Germany

Sigma-Aldrich, Munich, Germany
Sigma-Aldrich, MuniG@grmany
Roth, Karlsruhesr@any
Sigma-Aldrich, Munich, Germany
Sigma-Aldrich, Munichefnany



Triiodothyronine (E)

Sigma-Aldrich, Munich, Germany

Trishydroxymethyl aminomethan hydrochlorid (Tris) odRe, Penzberg, Germany

Trizol
Trypsin/EDTA 10 x
Tween 20

Kits

Bicinchoninic acid (BCA) Protein Assay Kit
Bio-Plex Multiplex Cytokine Assay

Cell Proliferation ELISA, BrdU (colorimetric)
DNA-free

ECL Advance Western Blot Detection Kit
High Capacity cDNA reverse transcriptase kit
HotStarTag DNA Polymerase kit

Human Adiponektin Quantikine® ELISA
Human IL-6 ELISA

Human Leptin Quantikine® ELISA

Human MCP-1 ELISA

Human PAI-1 ELISA

SYBR green PCR Master Mix

Invitrogen, Karlsruhe, Germany
PAA, Pasching, Austria
Sigma-Aldrich, Munich, Germany

Company

Pierdeockford, USA
Bio-Rad, MunicBermany
RochPenzberg, Germany
Ambion, Darmstadt, Germany
GE Healtlgaviunich, Germany
ApplEiosystems, Darmstadt, Germany
Qiagen, Hilden, Gamyna
R&D Systems,&stbaden, Germany
eBioscience, San Diego, USA
R&D Systems, WiesbagdGermany
eBioscience, San Diego, USA
Technoclone, Vienna, Austria
Applied Biosystems, Ddats Germany

TagMan Universal PCR Master Mix, No Amp Erase

UNG

Recombinant proteins

Human interleukin-6 (IL-6)
Human leptin
Human tumor necrosis factor alpha (TNJ-

Human vascular endothelial growth factor (VEGF)

Human epidermal growth factor (EGF)

Antibodies

Catalog
Primary antibodies number
Goat anti-human intercellular adhesion
molecule 1 (ICAM-1) BBA17
Goat anti-human vascular cell adhesion
molecule 1(VCAM-1) BBA19
Rabbit anti-humag-actin #4967
Mouse anti-human hypoxia inducible
factor alpha (HIF-) 610958
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Applied Biosystems, Darmstadt, Germany

Company

R&D Systems, Wiesbad&ermany
R&D Systems, Wiesbaden, Germany
R&D Systems, Wiesbaden, Germany

R&Ixstems, Wiesbaden, Germany
Immunotoolsesaythe, Germany

Company

R&D Systems, Wiesbademr@any
R&D Systems, Wiesbaden, Germany
New England Biolabs GmbH, Frankfurt,
Germany

BD Biosciences; Heidelberg, Germany



Mouse anti-human IL-6Ra MAB227 R&D Systems, Wiesbhgdsermany
New England Biolabs GmbH, Frankfurt,
Rabbit anti-human phospho c-Jun (Ser 63) #9164 Germany

Rabbit anti-human phospho ERK1/2 New England Biolabs GmbH, Frankfurt,
(Thr202/Tyr204) #9101  Germany
Mouse anti-human phosphoBa New England Biolabs GmbH, Frankfurt,
(Ser 32/Ser 36) #9246 Germany
Rabbit anti-human phospho p38 MAPK New England Biolabs GmbH, Frankfurt,
(Thr180/Tyr182) #9211 Germany
Rabbit anti-human phospho Rel A New England Biolabs GmbH, Frankfurt,
(Ser536) #3031  Germany
Rabbit anti-human phospho SAPK/INK New England Biolabs GmbH, Frankfurt,
(Thr183/Tyr185) #9251 Germany
Rabbit anti-human phospho STAT1 New England Biolabs GmbH, Frankfurt,
(Tyr 701) #9167 Germany
Rabbit anti-human phospho STAT3 New England Biolabs GmbH, Frankfurt,
(Tyr 705) #9131 Germany

New England Biolabs GmbH, Frankfurt,
Rabbit anti-human total c-Jun #9165 Germany

New England Biolabs GmbH, Frankfurt,
Rabbit anti-human total ERK1/2 #9102 Germany

New England Biolabs GmbH, Frankfurt,
Rabbit anti-human totakBa #9242 Germany

New England Biolabs GmbH, Frankfurt,
Rabbit anti-human total p38 MAPK #9212 Germany

New England Biolabs GmbH, Frankfurt,
Rabbit anti-human total Rel A #3034 Germany

New England Biolabs GmbH, Frankfurt,
Rabbit anti-human total SAPK/INK #9252 Germany

New England Biolabs GmbH, Frankfurt,
Rabbit anti-human total STAT1 #9175 Germany

New England Biolabs GmbH, Frankfurt,
Rabbit anti-human total STAT3 #4904 Germany

Catalog

Secondary antibodies number  Company

Anti-mouse 1gG, horseradish peroxidase

(HRP)-linked antibody #7076 New England Biolabs
Anti-rabbit 19G, HRP-linked antibody #7074 New Eagdl Biolabs

Donkey anti-goat 1gG, HRP-linked 705-035-

antibody 003 Dianova, Hamburg, Germany

Antibodies used for inhibitor

experiments Company

Enbrel®, soluble TNFx receptor antibody Pfitzer Pharma, Berlin, Germany
Monoclonal anti human IL-6 antibody MAB206R&D Systems, Wiesbaden, Germany
Mouse 1gGg isotype control MAB004 R&D Systems, Wiesbaden, Gy
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Inhibitors
JNK Inhibitor Il
SB203580

JAC Inhibitor |
PD98059

Primer and Probes

Primer for RT-PCR

Company

Merck KGaA, Darmstadt, Germany
Merck KGaA, Darmstadt, Germany
Merck KGaA, Darmstadt, Germany
Merck KGaA, Darmstadt, Germany

Primer pairs for RT-PCR were produced by Eurofind/@|, Ebersberg, Germany

Human Primer
target gene

[-actin forward
[-actin reverse
gp130 forward
gp130 reverse
IL-6Ra forward

IL-6Ra reverse

Ob-Rb forward
Ob-Rb reverse
VEGFR-2 forward
VEGFR-2 reverse

Ta(°C)

57

60

60

55

55

Sequence

5" GTGGCATCCACGASAACCTT 3
5" GGACTCGTCATACTORCTT 3°

5' AGCCCAATCCGCCATAA 3
5' TCTTCCTTCATACAGCSRCCTA 3

5' CAGGAGGAGTTCGGGCAAGEHS
5' CCCAAAGAGTACGGCGGATG 3

5"’AGGACGAAAGCCAGAGHA 3
5'AAATGCCTGGGCCTCTATGT

5'GGAAATCATTATTCTBTAGGCACGACG 3°
5'CCTGTGGATACACTTTCGATG 3
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TagMan® Primer and Probes

TagMan® Primer and Probes were obtained from Addimsystems; Darmstadt, Germany

Human target gene Primer/Probe product number
18S Hs99999901_sl
GAPDH Hs99999905_ml
Adiponectin Hs00605917_ml
IL-1a Hs00174092_m1
IL-1p3 Hs00174097_m1
IL-4 Hs00174122_m1
IL-6 Hs00174131_ml
IL-8 Hs00174103_ml
Leptin Hs00174877_ml
MCP-1 Hs00234140_ml
PAI-1 Hs 00167155 _ml
RANTES Hs00174575_m1
SDF-1o Hs00171022_m1
TNF-a Hs99999043 m1
VEGF Hs_00173626_ml

Primer for gRT-PCRs with SYBR® Green

Primer pairs for qRT-PCRs with SYBR® Green weredoced by Eurofins MWG, Ebersberg,
Germany

Human Primer Ta (°C) Sequence
target gene

Granulin forward 60 5'CAACGCCACCTGCTGCTCCG 3
Granulin reverse 5'GCTTAGTGAGGAGGTCCGTGGTAG 3°
Secretogranin forward 60 5"GATCAGTGGAACCGGEG 3’
Secretogranin reverse 5 TCCCAGCACGACCAGGT®&T
Secretogranin V forward 60 5' CTCCAAATCCCTGTCCIIG: 3
Secretogranin V reverse 5 ACTCTCGACTGAACTCTRETGT 3
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7.4.2 Consumables

Consumables

15 ml and 50 ml tubes

ABsolute QPCR Seal

Amicon Ultra-15 Centrifugal Filter Units 5SkDA
Baktolin wash

Barrycidal 36

Cell culture plates, 96-well, 6-well, 6 cm
Cell Scraper

Chromatography paper, 1mm

EPTwin PCR plate 96 skirted

Gloves S, gentle skin classic

Gloves S, safeskin, purple nitrile-xtra
Hybond P PVDF transfer membrane
Hyperfilm ECL chemiluminescence film
Hypodermic needles

Korsolex Plus

Pasteur pipets

Pipet tips

Pipet tips

Pipet tips, filtered

Pipet tips, filtered

Plastic disposable serological pipets
Reaction tubes, 0.2 ml, 0.5 ml, 1.5 ml, 2.0 ml
Reaction tubes, 1.5 ml, 2.0 ml

Single use syringe filter, 0.2 pm

Sterile insulin syringe, micro-fine plus (29 G)
Sterilium

Sterivex sterile filter unit 0.22 um

Syringes

Taktosan

Company

BD Biosciences Clontech, &lbigtg, Germany
AB Gene, Hamburg, Germany
Miltiore, Schwalbach, Germany
Bode Chemie, Hamburg, Germany
Biohit Deutschland GmbH, Rosbach, riany
BD Biasnces Clontech, Heidelberg, Germany
TPP, Trasadingen, Switzerland
Whatman, Dassel, Germany
Eppendorf, Hamburg n@ery
Meditrade, Kiefeddal Germany
Kimberlya@t, Koblenz-Rheinhafen, Germany
GE Healthcare, thyisermany
GE Healthcdykjnich, Germany
Braun, Melsungen, Germany
Bode Chemie, Hamburg, Germany
Corning, Kaiserslautern, Germany
Brand, Wertheim, Germany

Gilson, Limburg-Offheim, Germany
Biozym Scientific GmbH, Hess. Oldendorf,
Germany

Molecular BioProducts, Fisher Scientific
GmbH, Schwerte, Germany

Corning, &msiautern, Germany
Hppwef, Hamburg, Germany
Zefa, Harthausenmany
Sartorius AG, tHogen, Germany
Hiosciences Clontech, Heidelberg, Germany
Bode Chemie, Hamburg, Germany
Millipore, Sealbach, Germany
BD Biosciences Clontech, Heidelberg, Germany
Stockhausen, Krefeld, Germany
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7.4.3 Equipment

Equipment Company

Biophotometer Eppendorf, Hamburg, Germany
Bio-Plex Suspension array system Bio-Rad, Muniatrn@ny

Centrifuge 5415R, 5430 and 5810 Eppendorf, Hami&egmany
CO2-Incubator CB210 Binder, Tuttlingen, Germany
CO2-Incubator HERAcell 150 Thermo Scientific, SchweGermany
Dewar flasks Nalgene, Hereford, England
Fastblot, semi-dry blotting unit Biometra, Goggiem, Germany
Fluoresecence microscope DMIL and camera

DC300 Leica Microsystems, Wetzlar, Germany
Freezer, -86°C ULT Thermo Scientific, Schwerte, iGany
Freezer, HERAfreeze Thermo Scientific, Schwertentaay
Freezer, VIP Series -86°C Sanyo, Munich, Germany

Glass ware Schott GmbH, Mainz, Germany
Heidolph Polymax wave platform shaker 1040 Schafttingen, Germany
Horizontal electrophoresis units Biorad, Munichy@any

Hypoxia workstation, InVivo O2 400 IUL Instrumentspenigswinter, Germany
Inolab pH meter WTW, Weilheim, Germany
Laboratory balance Denver Instruments, GoettinGammany
Mastercycler gradient Eppendorf, Hamburg, Germany
Mastercycler® ep realplex Eppendorf, Hamburg, Geyma
Microscope, Axiovert 40C Zeiss, Jena, Germany

Mini centrifuge, model GMC-060 LMS Consult, Brigaah Germany
Minigel-Twin, vertical elecrophoresis units BiometiGoettingen, Germany
MultiScreen Separations System 96-well suction  ipblle, Schwalbach, Germany
Neubauer Chamber Brand, Wertheim, Germany
Pipettes Eppendorf, Hamburg, Germany
Pipetting Aid Gilson, Limburg-Offheim, Germany
Power Pack P25T Biometra, Goettingen, Germany
Scissors, forceps VWR, Darmstadt, Germany
Spectrophotometer with cuvette holder, DU 800 Bemki@oulter, Krefeld, Germany
Sterile workbench, HERAsafe Thermo Scientific, Sehte, Germany
Tecan Safire multiwell photo- and fluorometer Teda@railsheim, Germany
Thermomixer confort for 1.5 ml and 2.0 ml tubes  &pgborf, Hamburg, Germany
Transferpette 12 multichannel pipettes Brand, Wnth Germany

Typhoon TRIO+, variable mode imager GE Healthckhanich, Germany
Ultrasound homogenator Sonopuls HD 2070 Bandekmlid Germany

UV transilluminator and camera, INTAS UV Intas Science Imaging Instruments, Géttingen,
Systeme Germany

Vacuu hand control Vacuubrand, Wertheim, Germany
Vacuum pump unit, PC 2004 Vario Vacuubrand, Wenthé&ermany
Varioskan multiwell photo- and fluorometer Thermuehtific, Schwerte, Germany
Vortex gene 2 Scientific Industries, Bohemia, USA
Water bath with heating circulator TW20 Julabo,lBseh, Germany
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7.5  Monocyte-endothelial cell-cell adhesion assay

7.5.1 Quantitation of Calcein green AM labelled U937 cells

Fluorescence extinction
Lo
(6)]
Il

1 y = 0,0008x + 0,0759
2 _
05 1 R?=0,9937
0 T T T T T T
0 500 1000 1500 2000 2500 3000 3500

cell number

y = 0,0009% + 0,0297
R?=0,999

Fluorescence extinction
o
w
Il

0 50 100 150 200 250 300 350 400 450 500 550
cell number

U937 cells were labelled witBalcein green AM, counted and diluted to the indicated cell
numbers and transferred as 100 pl cell suspensidhet designated wells of a 96-well cell
culture plate. After cell lysis and centrifugatitdre fluorescence signal was detected at 494
and 517 nm using the Varioskan multiwell photo- #andrometer (Thermo Scientific; n=3).
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7.5.2 Example for the analysis of the monocyte-endotheliaell-cell
adhesion assay data

An example for the analysis of the monocyte-end@heell-cell adhesion assay data is given
below. HMEC-1 cells were treated with control MCDB1 medium, preadipocyte-CM (Pd-
CM), adipocyte-CM (Ad-CM) and TNIg-as positive control. Next, the monocyte-endothelia
cell-cell adhesion assay was carried out as destiibchapter 2.1.6. The fluorescence signal
was detected at 494 and 517 nm using the Varioskahiwell photo- and fluorometer
(Thermo Scientific)

Raw data (optical density) of one single experinwetit at least four replicates:

Control Pd16-CM Ad16-CM TNF alpha 25 ng/ml  Blank
0,3325 0,4246 0,3753 1,509 0,09424
0,227 0,5197 0,3217 1,27 0,08868
0,3507 0,4436 0,3021 1,349
0,359 0,458 0,3643 1,104

0,4291 0,3157 1,161

0,509 0,4352 0,9523

Mean of the blank:

0,09424
0,08868
Mean 0,09146

Raw data minus mean of the blank:

Control Pd16-CM  Ad16-CM TNF alpha 25 ng/ml

0,24104 0,33314 0,28384 1,41754

0,13554 0,42824 0,23024 1,17854

0,25924 0,35214 0,21064 1,25754

0,26754 0,36654 0,27284 1,01254
0,33764 0,22424 1,06954
0,41754 0,34374 0,86084

Mean of the replicates
of the control:

Control
0,24104
0,13554
0,25924
0,26754

Mean 0,22584

The mean value of the control replicates was censdlas 1 in order to obtain the relative
values in fold for the other groups for comparisd 22584 = 1
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Relative values:
Control Pd16-CM Ad16-CM  TNF alpha 25 ng/ml
1 1,47511513 1,25681899 6,2767446
1,89620971 1,01948282 5,21847326
1,55924548 0,93269571 5,56827843
1,62300744 1,20811194 4,4834396
1,49504074 0,99291534 4,73583068
1,84883103 1,52205101 3,81172512
Relative mean values of all replicates:
Control Pd16-CM Ad16-CM  TNF alpha 25 ng/ml
1 1,47511513 1,25681899 6,2767446
1,89620971 1,01948282 5,21847326
1,55924548 0,93269571 5,56827843
1,62300744 1,20811194 4,4834396
1,49504074 0,99291534 4,73583068
1,84883103 1,52205101 3,81172512
Mean 1 1,64957492 1,15534597 5,01574861

In order to combine the results of independent expants for analysis, the relative mean
values of all replicates of each experiment weedus calculate the final mean values and
standard deviations.

Relative Relative
mean mean values
values of all of all
Treatment replicates Treatment replicates
Independent Independent
experiment 1 experiment 3
Control 1,00 Control 1,00
Pd16-CM 1,65 Pd16-CM 1,47
Ad16-CM 1,16 Ad16-CM 1,18
TNF alpha 5,02 TNF alpha 5,00
Independent Independent
experiment 2 experiment 4
Control 1,00 Control 1,00
Pd16-CM 1,82 Pd16-CM 1,82
Ad16-CM 1,20 Ad16-CM 1,20
TNF alpha 8,08 TNF alpha 3,74
Control  Pd16-CM  Ad16-CM TNF alpha
Experiment 1 1,00 1,65 1,16 5,02
Experiment 2 1,00 1,82 1,20 8,08
Experiment 3 1,00 1,47 1,18 5,00
Experiment 4 1,00 1,82 1,20 3,74
1 1,69 1,18 5,46 Mean
0,17 0,02 1,85 Standard deviation
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