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CHAPTER 1

OVERVIEW OF THE CURRENT KNOWLEDGE

1.10BESITY

Obesityis a multisystem disordehat belongs to a major health problentioé
21% centurywith increasedprevalencereachingan alarming rateall over the world.
According to the World Health Organisation (WH)is characterized aa global
epidemic al s o c al lafedingipeppleoib leoth idéveloped and developing
countres.The last WHCQestimationin 2005has revealed thapproximatelyl.6 billion
adults (agd 15 and older) in the world we overweight and at leadD0 million of
themwere considered clinicallpbeselt is expecedthat by20152.3 billion adults will
be overweight andnore than 700 million adults will be obede the European region,
the prevalence of obesity hagpled since the 1980s. In 2005 rieached-20% in men
andup to 3®6 in women specificaly in the Czech Republi€8.5% males and Zl%
femalessuffered from obesitjl, 2] (www.who.int). The alarmingact is that obesity is
rapidly spreading among childreand adolescents withihigh impact on their healtim
later age Obesity represents a risk factor fasther metabolic and cardiovascular
complications including insulin resistance, diabetes mellitus, atherosclerosis,
cardiovascular diseases, hypertensimaditionally embodied in one term known as
fimetabolic syndrontg and seweral types ottances. [3, 4] (Tablel1). Moreover, ithas
beenproven that obesity affeciongevityand thequality of life. Also, it is associated
with anincreased ratef mortality[5, 6].

Obesity is a complex diseasausedy the interation betweerdifferentfactors:
genetic, environmentabehavioural, culturaland soam-economi@l acting through the
physiological mediators of ergy intake and expendituré. ndi vi dual 0s
i besogenio environmenthigh in sugas and fas together withsedentary life style
(lower physical activityould unmak latent/silent genetic factotsading toexcessie
weight gain. Also, it has been published that nutridoning prenatal developmeoan
contribute to earlier prevalence of obesity in adolesf@ntThus, desity denotes a

multifaceted problenm health carevith no easyinding asolution.
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Based on these factst is clear that obesity needs to have appropriate
management that could decredisehealth burdemssociated wittreatment obbesity
relatedconplicatiors. It has been shown that optimiziagalancedliet ard increasing
physical activity are the best tools tine treatment of obesityMany clinical studies
observed positive effecton healthalready afte6-10% weight los$8]. However, there
are still some individuals witho responséo these kinds ointerventional programes
A better understanding gdhysiological and moleculamechanismsontrolling body
weight could contribute to shealight on one of thebiggesthealth challenges dhe

21% century andnaybring substantiahedth benefits.

Organ system Type of diseass associated with obesity
Cardiovascular Hypertension, atherosclerosis, cardiomyopa
Gastrointestinal Gall bladder disease, naicoholic
steatohepatitis
Metabolic Insulin resistance, diabetes mellitus,
dyslipidemia
Respiratory Sleep apnoea, hypoventilation syndrome
Musculoskelatal Osteoarthrosis
Reproductive Polycystic ovary syndrome, eganpuberty
All Cancer obreastprodate, gall bladder, colon

Table 1List of dbesitylinkedcomorbidities

1.1.1 Characterization and classification of obesity

Overweight and besity aradefined asan abnormabr excessivaccumulation of
body fat masscaused byanimbalancein energy intake andxpenditure that may have
an adverse effect on healtlAccording to WHO, a generally used index for
measurement obverweight andobesity isthe body mass index (BMI), which is
calculatedas the ratio of weight in kilogranmver height squared in meteigy/n?). It
defines overweight as BMIO 25 kg/n? and obesity as BMIO 30 kg/nf. This
classification is valid for both gendemale and femaleand for all adult age groups
(Table2). However, there are some limitatiottsuse BMI as a measure of obeskgr

children,BMI cannot be used becsei it changesapidly over time Hence obesity in



childhood is defined according to growth curves dependent on sex an¢Blage
Furthermore, liere are diferences inBMI cut-off pointsamong ethnic groups, e.the
Asian population haa high risk of cardiovascular diseas@sd metabolic disordeast
BMI lower than 25 kg/nf [10]. Therefore, thequestionis raised whether waist
circumfererce would not bea betterindicatorfor obesityrelated complicationbecause
BMI doesnot reflectthe differences obodyfat mass distributioramongt individuals.

It is known thatpreferentialaccumulation of fat irthe upper part of the bodyalso
cal | ed (abdomimaltorbaels is isgotiated witlanincreased risk of morbidity
[4, 11] According tothe International Diabetes FederatiglDF), central obesityis
defined inthe European population as a wagstcumferenced 94 cm in men ané®80
cm in nonpregnant women.Taking all these aspects into accountrther
epidemiological surveys amequired forestimaion of the interaction between BMI,
waist circumference and prevalence of health complicatioddferent populations

Categay BMI (kg/m ?)
Underweight <185
Normal range 18.57 24.9
Overweight 25.01 29.9
Obese class | 30.01 34.9
Obese class Il 35.01 39.9
Obese class I 040.0

Table 2 The International classificatiomf underweight, overweight, andbesity
according to body mass indédapted from WHO~vww.who.inj

1.1.2 Genetics of obesity

Human obesity is not a single disordbut it is a complex of heter@mneous
conditions ( i 0 b e sdaused ebgiriteractions among genetic, erommental and
behavioural influence¢Figure 1). Evidence for potent genetic contributions to body
weight has been provided by family studies and theiesush twins and adopted
children [12, 13] These studies haveevealeda heritability for the magnitude ofat

mass betweedA0-70% [14]. Theinfluence of genetic predisposition on the aetiology of



obesity may be attenuated or amplified by 1gemeticfactas. There isa uBcgptible
gene hy ghatta beetaniset of genes is more sensitive ttee development of
obesity complications thaanother. Thereforepeople with this genetic outfit are more
prone toobesty in any given environmental inductof8]. Thi s Adi sadvant
however, could be beneficial early in the human evolution, since these genes could
protect their holders irperiods of famine( s o call ed At hrifty g
However, inthe 21% century of modern diet full of fats they could contributettie
onset of obesity15]. Heritability of obesityin most casess not Mendelian but it
involves interaction of multiple gendscalized on different loci (polygenic obesity).
Monogenic causes of obesiiyutation in single genagre very raravith earlyonsetof
weight gainand hyperinsulinemian childhood.Screeningapproach of candate genes
based on results from animalodek revealeda mutation in 6 genes assated with
obesity gene for leptin KEP), leptin receptor (EPR), proopiomelanocortinfOMC),
melanocortin 4 receptorMC4R), prohormone convertasé (PC1, and neutrophin
receptor TrkB) [16]. They are involved irsignalling pathways regulating metabolism
and food intake according to signals coming frtma hypothalamusOther types of
obesity represent less commmtessivesyndromes (more than 25 haakeadybeen
identified), e.g. Pradawilli syndrome orBradetBiedl syndromevith an incidence of 1
in 1500625000 and 1 in 150000 live births, respectively.

Recently, all findings including the mtindividual geneticpolymorphisms
associated with obesity have besmmmarized angbublishedunder the namdiThe
Human Obesity Gene Map avail abl e f orthe mwebsite ar c h e
www.obesitygene.pbrc.eduith an annual updat§l7]. Nowadays it consists of more
than 600 geneglifferentchromosomal regions arldNA sequencesAnotherapproach
represent-ma ptoh e padiotgaepg ton single nucleotide polymorphisms
(SNP) in relatiorto obesity development. The receiigcovery in this field hasevealed
SNP in FTO gene associated wéthincreased prevalence of abnormal fat accumulation
and type 2 diabetesAlthough the rapid pace in the development ofodern
technologiesusedfor the wide-genome researchelps to covertheigaps o i n hun
genome there is still not enoughinformation about linkage between SNPand
expression obbesity phenotypeSince, he obesityrelated SNPs explain only less than
1% ofthe prevalence obbesity;it is obvious that lot of undisclosed factors contrileut
to thedevelopment of thismodern epidemiand they arewaiting for their discovery.
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Genes

Monogenic syndromes Susceptibility genes
I Obesity I
Metabolic rate Culture
Excercise Food intake

Environmental factors

Figure 1Genetic and environmentédctors of obesityadapted fronKopelman et al.,
Nature 200)(3]

12 PHYSIOLOGY OF ADIPOSE TISSUE

1.2.1Adipose tissue as a heterogeneous organ

Adipose tissu€AT) is a connective tissugrimarily served as a storage site for
fat in the form of triglycerides.The main type of AT irhuman body is whitéAT;
amother type is brown ATvhich can be foundnly in human neonate$iowever, recent
data hae reveakd that active brown ATnay exist alsan adults undercertainrare
conditions (in the supraclavicular region and ngk&) White AT represents a
heterogeneous organ composed maaflynature adipocyte@60-70%) which are held
in compact form by collagen fiberslature adipocytes are unilocular cells that eomt
a single large lipid droplefconsisting oftriglycerides from 95% surrounded by a
phospholipid monolayerpushing the cell nucleusinto the peripheral edgend
cytoplasm withorganelles The remainigcell populationsin AT, so cal | ed
vascularf r a ct i o maude(dEardnt) cell types, mainlfibroblasts, endothelial
cells, preadipocytes, anchmune celld19] (Figure 3. It has been proven that this ron
adipocyte cell fraction play a crucial role in the pathophysiology of obesity (more
detailed in chapter 1.2.420, 21]n relation to its secretory activitfflow cytometryand

immunohistochemistranalysis ofhuman ATshowedhigher content ofmmune cells

11
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(i.e. resident racrophages, lymphocytes and neutrophitspositive correlation with
adiposity22-26]. Endothelial cellpaticipate inbuilding a functionalcapillary network
within AT anda microcirculationaround each adipocytbatis necessary for adequate
oxygen and nutrient supply during AT development. Moreotwery sere as a surface
for regulatingleukocyte infiltrationinto AT [27]. Mature adipoytes are derived from
preadipocytes i.e. progenitor cellswhich differ from mesenchymal stem cells
(characterizedby expression ofCD34+/CD31) [28, 29] Recently, it has been
demonstrated that preadipocytes are able to proliferate and contrilibteetgansion
of fat massduring obesity[30]. There are two main changes time structure of AT
occurring in obesity: sizenlargement(hypertrgphy) and increasing thaumber of
progenitor cells (hyperplasigBl]. Mature adipocytes are not alike proliferate[32],
but they can expand their volumihe sze of adipocytes (idiameter) varies fror20 to
20 mdependent on gender or location. During obesitipocytes are exposed dn
environment high in lipidswhich leads to their hypertrophy accompanied by
neovascularizatianAfter reachinga critical cell size,new adpocytes are differentiated
from stimulated progenitor cell§he mechanisms occing in expanded AT involvaot
only structural changesut alsoaninterplay betveen adipocytes arttie SVFimmune
cells that influence signalling pathways in Afhrough their secretory products
Therefore, itis necessary to knowhe cellular composiion of AT in relation tothe

influence on AT secretory function with respectifferentmetaboliccomplicatiors.
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Figure2 Cellular omposition of adipose tissifjadaptedrom Schaffler et al. 2005\ at
Clin Pract Gastroenterol Hepat@: 103 111) [33]

1.2.2 Physiological function of adipose tissu@netabolism of fatty acids)

AT represents thdargest energy organ thatores energy in the form of
triacylglycerols (TAG) duing energyexcesfioad (postprandially and releass in the
form of free fatty acids KFA) during times ofenergy neede.g. during fasting or
physical activity [34-36]. TAG serves as long-term metabolic fuel witha high energy
contenf eg. 1kg of AT contains 800g of TAG what is about 7000 kcal of en¢i@y.
This fat energy mobility is coordinated by two processe#\T: synthesis of TAG
(lipogenesis) and breakdovah TAG (lipolysis), whichis tightly regulated by hormonal
and endocrine factors.

Lipogenesis, bsides AT occurs also inthe liver (production of verylow-
density lipoproteins (VLDL))and is positively regulated by insulifAG synthesis in
adipocytes proceedstleer inde novdipogenesidrom nonlipid precursorgglucose)or
uptake offatty acids FA) circulating inthe blood. However,de novdipogenesis is rare
in humans because tife low activity of ATP citrate lyas§37]. More often TAG arise
from long chain FA in the form of chylomicrons coming fromestinal absorptiomf
dietary fator VLDL particlessecreted byhe liver, which are hydolyzed to FFA by

lipoprotein lipase (LPL) expressed ihe adipocytesand anchoredn the luminal
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surface ofthe endothelial cellgia glycosaminoglycandkeleased FFA are translocated
into the adipocytedy specific fatty acidranslocase CD3[38] or by fatty acid binding
proteins (FABP)39] where are together with glycerolphosphate esterifieth TAGs
(Figure 3). Translocation of FFA across the membrane is mgamied by their
esterification with ceenzyme A to form fatty acyCoA [40]. Glycerol 3phosphate is
producedrom glucoseby glycolysis intheadipocyte during saturated state.

Lipolysis (hydrolysisof TAG) is an opmsite proces®ccurring in adipocytes
which predominates over lipogenesis in temef starvatioenergy supply It is
regulated on different levelbut the limitingfactor for its rate ishe hydrolysis of TAG
by lipases(Figure 3. For long time, it hadeen considered that the initial enzyme for
TAG degradation is hormone sensitive lipase (HSL). However, recent s{ddid8]
have reveale@another TAG hydrolase, known as adipteyriglyceride lipase (ATGL)
or desnutrin witha higher substrate specificity for TAG\ccording to these findings,
the lipolytic process is initiated by ATGL/desnutrinvhich hydrolyses TAGinto
diacylglycerol (DAG) and releaseme molecule of FA. DAG is further hydrolyzed by
HSL to monoacylglycerol (MAG) and generates a second FA, and MAG is finally
hydrolyzed by monoglyceridelipase (MGL) to gain thethird FA and glycerol36].
GeneratedrFAs can be used f@roxidation inthe mitochondria ando form adenosine
triphosphate ATP) or they can beeleasednto the circulation, anthusbe transported
to other organs. Glycerd transported ttheliver for gluconeogenesis.

Lipolysis is stimulated by atecholaines (adrenaline and noradrenalintjat
b i n d -adreooreéeptorsvhich in turnactivate adenylyl cyclase to producgclic
adenosine monophosphateAMP) from ATP. cAMP subsequently activates protein
kinase A (PKA), which in turn phosphorylates and\attts HSL Other stimulators of
lipolysis are natriuretic peptide®.g.ANP) [44], growth hormong45], glucocorticoids
[42] or tumaur necrosidactorU NFIU Y46]. Insulin has inhibitory effect on lipolysis
via phosphodiesterase 3Bhich reduceshe concentration of cAMPAdditionally, LR-
adrenoreceptorg47], prostaglandins[48], adenosine receptorgl9], neuropeptide
Y/peptide YY and nitric oxide [50] belong tothe anti-lipolytic group of mediatos.
Recently,new moleculesvith animportant role inthe regulation of lipolysishave been
determinedlipid droplet proteins (perilipin)51, 52} caveolinl [53], aquaporin/ [54],
cide-domaincontaining proteins (CideN»5], andsirtuins (SIRT)[56].

Randleet al.[57] has demostratetthat glucose (except of FA) can also enroll in

these energy processdsis known asthefi g | u-fatty scgdc y c tegrasentinghe
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substrate competition between FA and glucoseaafiel for oxidation in the
mitochondrion. During nutritioral overload the energy homeostasis tire body is
impaired and leal t o etdbolic inflexibilityo accompanied bydecrease of
responsiveness tmsulin that consequently affedts controlling feature ifipid and
glucose metabolisnThe drict regulation ofthe balancebetween release and utilization
of FA is necessaryo avoid the development ometabolic complicationgOn theone
hand, a kgherlipolytic activity of adipocytescould redue thetotal fat masshowever
on the other han@nincreasedevels of FA inthecirculation which are not effectively
used by tissuesould impair carbohydrate and fabmeostasis the body and leado
flipotoxicityo, i.e. ectopic accumulation of fat within ndet tissues such as muscle or
liver and cause insulin resistanddowever, recent findings ifknockout mice in
adipose specific phospholipase A2 (AdPL#&\vealedthat increased fiolysis in AT
doesnot necessarily lead to elevated serum FA lefg8$ Therecould be aprefeence
for FA utilization and oxidation for energy expenditusdich avoids the onset of
obesiy. Thereforean efficient manipulation of lipolytic pathways in AT could serve as
a therapeutic todfin a neverendingfight with obesity, butbefore this pointhere are

still questionghatneed to be resolved.
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Figure 3 Metabolism of fatty acdin the adipose issue(adapted from Lafontan and
Langin, 2009, Progress in Lipid Research 48:-293%). In saturag¢d statgafter fed) FA
are storedn adipocyes in form of TAG [jpogenesisstimulated by insulipninduced by
insulin, whereas im fastedstateor during physical exercise, TAG from adipocytes are
broken down into FA and glycerol ina lipolytical process which proceeds
spontaneodg or is activatedby various factors, such as catecholamines, AMP
indirectly by preinflammatory cytokineg¢e.g. TNF-U ) .

LPL (liporoteinlipase), ANP é&trial ndriuretic peptide) GLUT4 (glucose transporter 4)

1.2.3Insulin signalling pathwayand adipose tissugmetabolism of glucose)

Insulin signalling pathway isimportant for the regulation of metabolic
homeostasisn the body (besides cell differentiation and growtlsulin is a hormone
secreted byhep a n ¢ r alg lis gecrdiion is regulated lilye glucose concentration
in theblood and is involved in glucose uptake (to lower blood glucose )JevViplslysis
and hepatic gluconeogenesis. Ins@at throughits singlereceptor thats localizedon
thecell membrane oénergy organsuch askeletalmuscle AT, liver, or otherorgars,
e.g. braifb9], panaea$60], placenta[61] etc The density of insulin receptor (IR)

coverage ora targetcell is around 200 000 to 300 OQf@oleculegcell. In the liver,
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insulin inhibits the process of glycogenolysis (glycogen breakdown to glucose) and
gluconeogenesis. Even thougie skeletal nuscleis a maininsulin-sensitiveorganthat
uses glucose fromthe circulation as a primarysourceof energy AT (through insulin
activity) has an important role in controllitige whole-body glucose homeostasis.

On postreceptor levelnsulin signalling network isomplex anddivergent IR
(also able to binehsulin-like growth factor 1 (IGF1)) belongs tdahe family of tyrosine
kinase receptorshat is composd of two U- a n d  tsubanitsblinked together by
disulfide bonds Binding of a ligand t o t he e X -subumits gromotesl a r
autophosphorylation andimetization of a receptor that leads to bindiragnd activation
(i.e. phosphorylatiopof other signalling moleculesncluding insulin receptor substrate
proteins (IRS) but also Srhomology2-containing protein (SHC) and pretmcogene
c-Cbl (Cbl). The family of IRS proteinsconsists of @issue specifiGssoforms[62-66].
However, oy IRS1 and IRS2 have a key role in insulin casced@umars. IRS1
regulates anabolic function of insulin mainly tihe muscle and AT, whereas IRS2
works in the liver [67-69]. IRS molecules contain pleckstfiromolay (PH) and
phosphotyrosindinding domain (PTR which are necessary for their affinity IR.
IRS take inup to 20 different tyrosine phosphorylation sitieat serve agocking sites
for proteins with Srdhomology2 (SH2) domain e.g. p85 regulatory subnit of
phosphatidylinositol &inase (PI3K) growth receptor binding protein 2 (Grb2)¢
cytoplasmic tyrosine kinase (Fyn)R/IRS binding partners activate two different
signalling pathways: PI3K serine/threonin@rotein kinase B (PKB or AKTpathway,
which is responsible fomost ofthe metabolic action®f insulin and Ras- mitogen
activated protein kinase (MAPK) cascade, which control cell differentiation and growth
[70]. PI3K activaks second messengephosphatidylinositol $hosphate (PHp, on
plasmatic membrane, which downstream activates additional signalling moledthies
PH domain such as3-phosphoinositidelependenprotein kinase 1 (PDK1and further
AKT/PKB or protein kinase C (PKCActivation of PKB leads tg@hosphorylation of
other target molecas, such as glycogen synthase kin@s€GSK3) necessary for
glucose synthesis, forkhead box protein O (FOXO) involved hepatic
gluconeogenesjs mammalian target of rapamyciimTOR) essential for the
differentiation of preadipocytesas well asRab GTPasactivating protein(AS160
responsible forthe translocation of glucose transportdr (GLUT4) to plasmatic
membrane ahglucose uptakmto thetarget cell[71].
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In this complicated networkheére are3 critical nodesnecessary forthe
regulation oftheinsulin action(Figure 4: IR/IRS,PI3K and AKTPKB [71]. The initial
event,i.e. phosphorylation ofRS proteins can benegativdy regulatedby tyrosine
phosphatasese(g. PTP1B) or serine phosphorylatiovia protein kinases, such as
extracellular signategulated kinaseERK), c-JunN-terminal kinase(JNK). In IRS1
molecule here are over 70 serine @phorylation sitege.g. Ser307, Ser270, 1542
with aninhibitory effect Seine phosphorylation has been observedheobese states
andhas beerassociated with insulin insensitivify2, 73] Another manneto regulate
insulin cascade iBgand-induced dowrreguhtion of IR/IRS complexmediated bythe
suppressor of cytokine signallifig(SOCS) and SOCS3 via ubiquitidegradation of
IR[74]. PI3K can benegatively regulated at the ldwa PIP3 by phosphates such as
PTEN or SHIP2 or bythe concentration of its regulatory subuniidditionally, the
activity of AKT/PKB is alsounder control opphosphatase (PP2A)mportantly, it has
been revealed thahe down-regulation & the insulin signalling pathway maybe
induced bydifferent extracellularstimuli, e.g.FFA, pro-inflammatory cytokinesand
adipokines(e.g. TNFU, IL-6, leptin, RBPZ or nutrient component¥5-77] that inan
inappropriate ratéeads to the development oinsulin resistanceAn insufficient activity
of theinsulin pathwayduring nutrients overloadccompanied bg prolongedincreased
glucose concentration ithe circulation hasa detrimental effect on the secretory
f un ct icella and douldfuhter spreadh type 2 diabetes.

Insulin resistance is acharacteristic feature of manybesityrelated
complications However, he exacitauses of insulin resistance @@ clear. There is a
body of evidence alhu various culprits that could contribute to its developmé&he
summaryscheme of possible mediators of insulin resistanchd@sn in Figure 5.1n
obesity theelevated energy intake tife adipocytes leads to hypertrophy and expansion
of fat masswhich in turn activates the prinflammatory signalling pathays e.g.
through nuclear transcription factor MFBE and serine/threonine
increases theroducton of proinflammatory cytokines,adipokinesand chemokines,
such as leptin, TNKJ IL-6, MCR1( ihu mor a | t heor ydhatlnbBllyi nsul i
inhibit insulin action in AT.The release of chemoatractants intioe circulation
subsequentlgauses the elevated recruitment of immune celsmacrophagesto the
inflamed tissughat amplifythe inflammatory responsge i i mmu nireducedmdulin s
r esi s tiscussed moye detailed in L.Begarding he hypertrophied adipocytes, it

has beershownthat these cells are facénl hypoxic condition because of insufficient
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oxygen deliveryto thetissue leading tdhe stimulation ofinflammatoy pathwayq78].
Recently, a new hypothedss beerproposedaboutthe endoplasmic reticulum (ER)
stresswhich plays a key role irtheactivation of many inflammatory pathwal9, 80]

The ER represents an important sensor tfeg nutrient balance in the cell. Whets
functionis impaired, the unfolded protein response (UPR) arides ativation of UPR
pathwayleads todecrease of protein synthesis and initiation of protein degraddtien.

ER stressis also a source of reactive oxygen species (ROS) contributing to insulin
resistance.Another explanation forthe origin of insulin resistate might be the
increased oxidative stress induced by mitochondrial dysfunction that also activates
inflammatory and stress molecul@i, 82] At the beginning,tie overloadf FFA and
glucose inthe circulationinducesa metabolic sessaccompanied by insulin resistance
and inflammation locallyin each insulirsensitive organ (skeletal muscle, liver and AT)
that could further spread via endocrine effects of cytokines, adipokines to systemic
whole bodyinsulin resistance and inflanation. As shown in Figue 5, the vicious
circle amongputative culprits of insulinaction impairmentis very tangled andt is
really hard tadeterminethe first one, which triggers the cellular machineryh@obese
state. Therefore, further functionaltwdies are necessanp find a solution for a
treatment ofinsulin resistance that could be potentially used in pharmacological

therapy
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Plasma membrane

Figure 4 Insulin signalling pathway withimportanthighlightednodesin its regulation
IRS, PI3K and AKT/PKB (adapted from Kido et al., 2001, J Clin Endocrinol Metab 86:
972979)83].
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Figure 5 Possible alprits of the development ofinsulin resistancan an insulin-
responsive cel(adapted from Chen et al., 2006, Pharmacological research 53: 469
477)84]. Nutrient overload leads to hypertrophy of adipesytincreased infiltration of
macrophagesthat activate pranflammatory signalling pathways throughNK/N F 8 B
followed by an enhancedexpression of prinflammatory molecules (e.g. TNB, -6 L
MCP-1) inhibiting insulin action. Nutrient overload could ck further molecular
modulations in cellular organelles such as ER stress via UPR response or oxidative
stress via ROS in insulisensitive cell, which finally also activagepro-inflammatory

signalling cascade and block insulin activity.

1.2.4Endocrine function of adipose tissue

AT is no longer consideregdst as an inert energy séme reservojrbutasa real
endocrineorgan re¢asing, besides its classical metabopcoducs FFA and glycerol,
also a large amount of bioactive muldes with paracrineand endocrine functios
(Figure §. In 1987, adipsin, a complemerglated protein with serine protease activity
has been identifieds one othe first proteinssynthesized andecreted from the AT

[85]. The theory abouthe endocrinefunction of the AT becameapparent with the
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discovery of leptin in 199486], ercoded in mice byhe ob geneand in humans bthe
LEP gene whose mutation was associated with the onset of ol§83ikyThis discovery
increasedhe interest of scientists teearchfor other substanceseleagd from ATin
relation to obesity disordergoday it is knownthat AT producesnumeroushioactive
peptidesand cytokinesclassified bythe name adipocytokinef88] or adipokineqd89],
based on thesite of their secretionj.e. the adipocytes However, recent studies
determinedhatthe majority of these moleculesrealsoproducedby the SVF cell§20,
21, 23] which changed the view upon thiea d i pmerytt rei ¢ 0 Therefareatdei g m
classfication of AT secreted proteins lilgeterm adipokinesvith respect to theellular
origin might beconfusing There are only few proteins(hormonelike proteins)that
are almost exclusively secretedby the adipocytes, i.e. adiponectiand leptin. Othe
cytokines are produced by both adipocytes andSME cells.Nowadays,it has been
characterizedver 100 substancgwgoduced by AT with different functien[90, 91]
including interleukins(e.g. IL-1, IL-1 b , -6, IL{110) [92-95] interferons(e.g. IFN-b ,
IFN-2 J96], TNF-U[97], chemokinegMCP-1, IL-8) [98-100], growth factors(IGF-1),
peptides, suclas resistin, apelin, visfatin, retinbinding protein 4 (RBP4)101-104],
acute phase proteins (e.g. CRP, haptoglobin, §A®@5-107] or very recently described
vaspin omentin, hepcidirj108-110]. It is expected that emy of them are still waiting
for their discovery odetailedfunctional analysedRegardinghe wide range of specific
proteins, AT plays an important rolén the integraton of many physiological pathways

It is involved besides energy homeostadis,the thermogenesis, immune response,
blood pressure control, haemostassureendocrine regulatiorhone marrow, thyroid
and reproductive functiofi11]. Moreover,adipokineshave been found tparticipatein
the development of insulinresistanceand obesityrelated comorbidities( i h u mo r a |
theoryodo about t h e o.1itihapibeen abderved that their MRNA e s i s
and protein levels are modulatedtite obese state. é&sides adiponectirthe releaseof
the majority of pro-inflammatory cytokinesn obesityis increasedHowever,as it has
been summarized ithe review of Klimcakova et al[112], this factis not confirmed in
each clinical studyBecausethe AT is composed not onlyf adipocytes, but alsof
other cells, mainly macrophages contributingneadditionalsecretion of cytokinest i

is important to determinethe cellular originof the production ofthese molecules.
Adipokines participate also ithe recruitment ofimmune cells, i.e. @crophags
lymphocytes into the AT that further contributéo inflammatory staten the AT andthe

induction of inslin resistance In the following paragrapk | will only focus on the
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description of the role of selected adipokines in relation to obesitych were
investigated irthe clinicalstudies includeth this work.

RBP4, visfatin
(glucose metabolism)

adiponectin, leptin resistin, omentin, vaspin, hepcidin
(energy homeostasis) \ (not known exact function)
\ / TNF-a, IL-6, IL-1B

< “ B ’ E = /’ (pro-inflammatory cytokines)
caw- g 500,
E.’z ;I:F\{w f./'--s w |
SN z,“’ . . MCP-1, IL-8
~ER_ y (chemokines, chemoatraction of

. /
Steroid hormones, immune cells)
prostaglandines / \
IL-10, IL-1RA, MIF
ICAM-1, VCAM-1, PECAM-1 (anti-inflammatory

(adhesion molecules) PAI-1, angiotensin cytokines)

FFA+ glycerol
(lipid metabolism)

(cardiovascular function)

adipocyte > macrophage * endothelial cell

Figure 6 Adipose tissue as an endocrimggan. AT secrets a variety of bioactive
molecules such as hormones, cytokines, chemokines,, MAAch act ina paracrine or
endocrinevay andinfluence theghysiolog/ of AT as well as other tissu@sthe body.
ICAM-1: intercellular adhesion molecul¢CAM-1: vascular cell adhesion molecule,
PECAM-1: platelet/endotilial cell adhesion molecule, PAl: plasminogen activator
inhibitor, MIF: macrophage inflammatory factor, M&P monocyte chemdimactant

protein, RBP4: retinol binding protein 4, TNF: t umour @®lecrosi s f act

1.2.4.1L eptin

Leptin (originating from the greek word leptos i.e. thin) is a 16kDanon
glycosylatedpeptide hormonea member othe class Icytokine family, consistirg of
167 amino acids. It iencoded by thebese (obpene in mice and bthe LEP gene in
humars [86]. It is mainly produced by adipocytesdin alimited proportionexpressed
by the stomach and placenfal3, 114] Leptinbinds toits receptor, encoded by tlie

(ObR) gene in mice andhe LEP-R gene in humas 6 different isoforms of leptin
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receptor have been identifieds a result of alternative splicing (ObRa, ObRb, ObRc,
ObRd, ObRe, ObRf)which differ in the sites of their expression. The lepéceptors
are localizedn several organs and tissues, suclthadiver, skeletal muscleadipose
tissue,heart, pancreas, hypothalaniad5, 116] Leptin actionis mediagéd mainly via
the long isoform ObRkhat subsequently transfers tkegnal via various pathway
activatingJanuskinase (JAK/signal transducer anakctivator of transcription (STAT)
MAPK, PI3K or AMPK[117, 118]

The main function of leptin ithe regulation of food intakéhroughits action
l.e. providing a satiety signalithin the hypothalamugq119]. Moreover, it controls
insulin sensitivity, glucose and lipid homeostatiisough the activation of AMP-
activated protein kinaséAMPK) in insulin-responsive organd17] (Figure7). Leptin
is also involved irthe energy homestasis, neur@ndocrine controkeproduction, onset
of puberty,or angiogenesislt has been observed that in obese subjects circulating
levels of leptin are higher and gender differenB @mes higher in women than in men,
even when adjusted for BMD20, 121] The gasma levelof leptin in humans is
expressedn terms of ng/mllt correlats with fat mass and BMI and decreaseith
weight reduction[92, 122126]. These beneficial results are almost reached in each
i ntervention study. Therefore, it iINS now
weight loss programdViutationsin leptin (©b/ob mice) or in leptin receptoin mice
(db/dbmice) induce obese phenotypes witttreased appetiteveight gain andnsulin
resistance In humans theseare genetic ablations cause eadgset morbid obesity
[127] accompanied byyperphagiahyperinsulinemia andhyperleptinera, which is
contrary tothe minimal plasma leptin levels in micBatients with this diagnosisan be
treated with exogenous leptin, which decreabesdetrimental effect of obesiti28].
However, in some of thenthis treatment fails It might be explained bythe
development offia leptinresistand state, which diminisheshe effect ofleptin on
energy intake and expenditufg29]. Leptin resistance can lead tbe activation of
SOCS proteins thatecreasehe stimulation of leptin receptor in negative feedback of
leptin signalling[130].

Besides its metabolic and endocrine function, leptin playsrgortantrole in
the modulation ofthe immune responsdt has been observed that it hegrotectve
effect onT lymphocyes from apoptosis, regulat@scells and monocyteactivation,
and induceshe switching of immune phenotypeward ThlresponseAdditionally, it

can participaten an induction of oxidaive stressand an up-regulationof adhesion
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moleculesin endothelial cell§131, 132] Moreover, plasma leptitevels are elevated
by inflammatory stimuli, such as 46, IL-1, LPS[133]. It has been revealad in vitro
studiesthat leptin contributesto increasethe accumulation ofmonocytesinto the
AT[23, 134]

To summarizeit seems that leptjrbesides its importd role intheregulation of
metabolic homeostasisxerts also pranflammatory propertiesBecause bthefit wo
facedb (dual) character o f t hi s maetute dhatl e ,

could contribute tahetreatment of obesity.

1.2.4.2Adiponectin

Adiponectinwasdiscoveredat the end of 20 centuryalmost simultaneouslyy
four groups andt was given different namessuch as GBP28, apM1, Acrp30, or
AdipoQ135-138]. Adiponedin is encoded by thapM1 gene andorimarily produced
by adipocytes, but also by skeletal muscle, cardiac myocytes and endothelidl3lls
141]. It is a 30 kDa proteirstructurally similar to the complement protein 1qg, whih
characterized by a{#&rminal collagedike domain and a @erminal globular domain
After synthesis it undergoes various ptranslational modifications necessary for its
bioactivity [142]. Adiponectin is secretedfrom adipocytesinto the circulation in
different isoforms, i.e.the complexesof several size& trimer (also known as low
molecularweight adiponectin (LMW), hexamer composed of two trimers connected by
a disulphide bond (known as mideieolecularweight adiponectin), and a high
molecular weight (HMW) isoform consisting of up to-18 molecules[143, 144]
Adiponectn alsoexists in its cleavage form; known as globular adiponectin generated
by leukocyte elstase[145] capable of trimerization, but not further polymerization.
Each adiponectin complex exartdistinct biological functioa Recently it has been
revealed thathe HMW form hasa moreinsulin-sensitizing effecandassociatebetter
with glucose tolerance than total adiponedtl43, 146, 147] Moreover, the ratio
HMW/LMW or HMW/total adiponectirhas been suggested to &eood predictor of
insulin resistance and etabolic complicationg[147, 148] In respect to HMW,
moderate weight loss or treatntewith tiazolidindiones (TZD) selectively improves
HMW levels in circulatio{148, 149] Adiponectin represents only 0.01% of all plasma
proteins, but its normal plasmavels arehigher compared to o#r adipokines (80

eg/ ml ) . @lmost atlcgtokipes, tadiponectin plasma levels are lower in obese
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or insulin resistant subjects amverselycorrelated with BMI and body f4i50-152].
Its production by adipocytes can be negatively regulayedarious mediators, such as
TNF-U |L-6, insulin, glucocorticoid$153-155].

The distribution of adiponectin complexes intlee circulation is controlled at the
level of its secretion fronthe adipocytes. The assembling of adiponectin complexes is
realized inthe ER through its chaperones$his is a critical point irthe formation ofthe
biologically active protein. Nevertheles$,has been observed that thepmdion of its
particular isoforms is different between plasma levels sextetion media obtained
from AT explantsof obese patientfl56]. There is also evidence that mutationtte
adiponectin gene leads tihe impairment of protein multimerization andecrease
secretion into the circulatiol57, 158] All these aspects could participate in
hypoadiponectinemia in diabetes, hypertension, atherosclerosis, or endothelial
dysfunction[159, 160]

Adiponectin transfers its signal througho transmembraneeceptorsAdipoR1
and AdipoR2[161]. AdipoR1 is preferentially expressed inthe muscle, whereas
AdipoR2 is predominantly expressed the liver [162]. T-cadherin has recentlyeen
identified asa new molecule participating inthe adiponectin signalling pathway
especially as receptor fothe MMW and HMW form of adiponectifjl63]. Another
member of this cascade is adaptor molecule called asan adiponedh receptor
interacting protein (APPL1which enhancethe transduction ofhe signal downstream
of the receptor and activatehe AMPK and MAPK pathway[164], or peroxisome
proliferatoractivated receptot) PRARU) [162]. Through the activation of AMPK
(Figure 7), similar as leptin, adiponectin increases fatty acid oxidatiotine skeletal
muscle, GLUT4 translocation that leads @ao enhancd insulin sensitivity [117].
Besides its bneficialmetabolic functions, adiponetalso hasan antiatherogenic and
antiatherosclerotieffect [148, 163] It inhibits the expression ofachesion molecules
and scavenger receptors on monocytigb]. Furthemore,it influences macrophage
function by diminution ofthe expression of prinflammatory cytokines, such dis-6,
TNF-U aby ihcreasing th@roduction ofthe anti-inflammatory molecules H10, IL-
1Ra[166, 167] Adiponectinhas alsobeen observed to participatethe inhibition of
macrophage transformation to foam ceils formation of atherosclerotic plaquess
well as macrophage infiltration to A'L68].

Taken togethr, adiponectin isne of the few molecules secretedthg AT with

anti-inflammatory properties, which plays a key leoin the modulation of the
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inflammatory responsand energy homeostasis in bodyus it might be a target of

new pharmacological therapiowever, it is still poorlyunderstoochow its secretion

from adipocytes is regulated and wtia reason foits diminished levels in obesity.is
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Figure 7 Role of leptin and adiponectin ithe regulation of glucos and lipid

metabolism through aettion of AMPK, which downstream stimulates FA oxidation in

the AT/muscleand glucose utilization ithe liver (adapted from_angin et al, 2008

Obesity: Science to Practj¢#9].

1.2.4.3Tumour necrosis factorU (TNF-U)

TNFFU was originally d

after acute bacterial infectiorkurther, it has beemdentified as a factor inducing

escri

bed

as

a

cachexia, also called cachecimthe catabolic diseasandasa regulator ofadipocyte

metabolsm, i.e. suppression of the expression of AT specific genes and

lipogenesifl69, 170] However, he frst link betweenthis pro-inflammatory cytokine

and obesitycame froma study of Hotamisligil in 1993 which revealedan increased
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TNF-U expression irthe AT of geneticobese(ob/ob) mice [97] leading to obesity
related insulin resistanc&hes findings led tahe conception about obesity adaav-
gradeinflammatory condition

TNF-Uis a 26 kDa transmembrane monomer that is enzymatically cleaved to a
17 kDa soluble TNRJ mo | [@#l]u Both moleculesare biologically activeThe
transmembrandorm seemsto exert autocrine and paracrine fuction, wheréas
soluble molecule mediates endocrine eff¢t#2]. TNF-Uis produced bymany types
of cells, such amacrophagedymphocytes, fibroblast@ndsmooth muscle celld.73].
In AT it has been documented thié SVF cells(preadipocytesmmune cells) produce
moreTNF-Uthanadipocyte§20]. TNFF-U me di ates its signal in
transmembrane receptors: tumour necrosis factor alpleptogcl and 2 (TNFR1 and
TNFR2)that after ligand binding trimeriz&oth TNFRs due to proteolytical cleavage
can be releasko thecirculationas soluble formsThey further activate other signalling
molecules involved irthe regulation of cell metabolism, such as cell differentiation
(adipogenesis), proliferation, apoptosis of preadipocytes and adipocytes, as well as
energy homeostasj$74-176]. Regardingobesity and IRTNF-U nhiibits insulin action
throughthe activation of JINK or ERK phosphorylat&er residues in IRS1 and NFB
stimulating the expression of inhibitory molecules SOCS8)d generatescreasd
lipolytic activity of AT leading to overload of FFA tihe circulation that could further
store in norfat tissues, such as skeletal musdieer (ectopic storage of fat) and
increase a risk ofpotoxicity [177-180]. TNFU  adowneegulateshe expression of
adiponectin, GLUT4, PPAR genes involved in glucose homeo$tads181183].

The role of TNFU thadevelopment of insulin resistanbas beemrovided on
mice lacking of TNFU f u nwhich wene resistat to high fat dieinducedobesity
and improvedinsulin sensitivity [184]. The similar associatiohas been observed in
humansby administration of andiNF-U  a n t [185jo Additeosally, mRNA and
plasma levels of TNRJ, as well as TNFRshave beerreporte@ to beincreasd in
obesity andtype 2 diabetescompared to lean contrand furthermore positively
correlated with BMland insulin levelg[92, 185187]. Weight losswas shown to
decreaseheir productiors [188, 189] However, thisexpressiorprofile is not always
standard in each clinical stuy12]. It could be explained by the fadhat TNFU i s n o't
secreted by AT int¢he circulation andherefore ATdoes notcontributedirectly tothe
increaselasmalevelsof TNF-U[190]. Maybe other cells e.g. macrophages circulating

in plasma could contribute to elevated TNF p r o dNeatralization.of TNFU by
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antibody increased glucose uptake in response tinns obese micg97]. However,

the treatment of obese, insulin resistant or diabetic patients witiTAiiU a ny i b o d
did not lead topositive result$191, 192] One of the possible elgmatiors could bethe

factthat TNFU d ooepday a dominant role ith einduction of insulin resistancand
predominantly acts1 paracrine way.

TNF-U i s a nflammatoayl cytogime chatnduces the production of
other preinflammatory cytokines, such as -B, IL-1, IFNo and also adhesion
molecules, monocyte chemaatttant proteirl. (MCP-1) [21, 193] It has been
observed that participates ira macrophagenduced inflammation in ARs a mediator
of immune response to overload of FEA6] and influencesmacrophage phenotype.
Vice versathe production of antinflammatory cytokines, such as-l0, IL-1Ra, and
adiponectin could diminish its effect. This interplay between molecules with different
charactes in AT leads tofithe competitiord of intracellular pathwayshat determine
consideringn which directionthe cytokine productiowill be developedNevertheless,
the triggers that induce the production of FNF i n A Texaet ol inhebrsetof

obesityrequire further investigation

1.2.4.4AMonocyte chemoattractantprotein-1 (MCP-1)

MCP-1, also known as chemokine-@ motif) ligand 2(CCL-2), belongs to the
key factorsmediding the chemoattractiorand transendothelial migration afaulating
monocytesand T lymphocytedo the site of inflammationvia its receptor CCR2n
target cells It exists in two predominant form@ and 13 kDa due to different
glycosylation with similar biological activity194]. Its binding tothe receptor activates
the signalling pathway of PKC vidormation of inositol triphosphate, release of
intracellular C&" and Rho family proteins leading to cell mobilif§95]. MCP-1 is
secretedby various celltypes, such as fibroblasts, endothelial cells, vascular smooth
muscle cells, monocytes and T c¢ll96]. Recently, it has been reported that PAC s
also produced by adipocytes and confirméx findings about increased ATM
infiltration during obesity{197]. However it is important to note thahe SVF cells
contribute more tohe productionof MCP-1 than adipocytefl 98]. Mice lacking MCP-

1 or its receptohawe a decreasd macrophage recruitment in AT accompaniedhay
improvement of insulin sensitivity anare protected against weight gain inducedaby

high fat diet[199, 200] Neverthelessin arother study this result has not been
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confirmed[201]. Hence it raisesthe suggestion that MGR is notthe only critical
mediator forthe macrophage recruitmenthere aralsoother possible candidatesich
asmacrophage inflammatory protein UMIR-1 Udr osteopontirthat mightparticipate
in this proces$202, 203]

With respect tchumanobesity it has been observed that obese patients have
increasedMCP-1 plasma levels compared to lean contf@8, 198]and after weight
loss its ciculating levels decreasgd97]. Under normal conditiasy howeverMCP-1
plasma levels are undetectaf@é]. In vitro experiments on adipocytes documented that
MCP-1 decreases insubstimulated glucose uptake arndgger leptin secretiof204,
205]. It has been determined that M@Pexpression is regulated by TNF,| F No ,
plateletderived growth factor (PDGF) or stress fact§26] via the activation of
p38MAPK and NROG/B pat hways

Furthemore MCP-1 isinvolved inthe recruitment ofmorocytes inthe arterial
wall and so contribute to atherogene88]. Recently, it has been revealdtht an
MCP-1 polymorphism associated with high risk for atherosclerosif209]. Taken
together these findings suggest th&dCP-1 could play an important role ithe
development binflammatory disases

1.2.4.5C-X-C motif chemokine 5(CXCL5)
CXCL5, also known as epithelial neutrophil activating peptiddAE’8), is a

member of chemotactic cytokines sharing structural and biological features wath IL
and .Gt is Bvolved inthe chemoattration of immune cellsin responseto
inflammatory stimulivia its receptor CXCR2which is expressed on various types of
cells like endothelial, pulmonary, or intestinapithelial cells[210, 211] Recently, i
has been reportethat CXCL5 representsa novel adipocytokine mainlysecreted by
ATM, whichparticipates in worsening of insulin action in muscle arasgociatewith
obesity and type 2 diabet¢®12]. Moreover, CXCL5plasma levels arelevated in
obese patients compared to lean subjant$ decreasafter VLCD. In addition, obese
insulin-resistant subjectisave higher serurevels of CXCL5 than nomesistan{212].
Increased levels of CXCLBavebeen alsmbsenedin otherinfammatory statessuch
asrheumatoid artridis, Crohadisease, or pulmonary disedg&1].

In vitro experiments revealed th@XCL5 inhibits insulin action in muscle via
activatingthe JAK/STAT/SOGS signalling cascadg12]. Furthermore, inmice CXCL5
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is up-regulated by TNR) vi a NFoB aslt echucatdi cdory PPARD
rosiglitazone[212]. Blocking of CXCLS5 function throughantrCXCL5 antibody or
antagonist to its receptor CXCR2 improved insulin sensitivity in obese Mareover,
CXCR2 receptor has been determirtedbe presentn macrophagerich intimaein
atherosclerotic plaques and participateahia accumulation of thesemmunecells into
lessiong213].

Altogether it seems that CXCL%Bontributes tathe onset of insulin resistance
and other obesity comorbiditiesHowever, the exact mecham how it acts and
influences other insulisensitive organs it is notvell known What's more,its
associationto the activation of macrophages has not been studied Tyedrefore, it

could be a object of futherinvestigations in this scientific field.

1.2.4.6Visfatin/PBEF/NAMT

Visfatin, a 52 kDa proteinyasoriginally isolated(1994)from B cell precursors
as a cytokineenhancing its maturatiorlsocalled pre-B cell colonyenhancing factor
(PBEF) [214]. A decade later iwas discovered to be predominangxpressedn
visceral AT, from which the name visfatin was devatdétdvasreported to exert insulin
mimetic action via binding to IR at different site than insulin and enhance glucose
uptake into cell[102] (Figure §. This function has been observed in mice model
However, the sbsequent studies in hunsmave not confirmed these findings and were
partially retracted215]. Neverthelessthis discovery stimulated lot of researchers to
study a role of visfatin inrelaion to metabolic complicains. Recentlyjt has been
shown that visfatindisplays nicotinamide phosphoribosyltransferase (Nampt) activity
essetial for glucose homeostasis ma n ¢ r ecaltfunation [216]. Three diffeent
functions gave rise three different names of unique protein.

With respect to visfatin production, besides ATisitalso produced by skeletal
muscle, liver, bone marrow, lymphocytd7]. Especially in AT it is more expressed
by SVF cells than adipocytd218, 219] Because of missing signgeptidein its
structure visfatin is secreted from cell via rdassical secretory pathway.

In human studiesthere have nobeenfound anydifferencesbetween two fat
depots in visfatin expressioas it was published in the initial stud219, 220]
Additionally, increased mRNAand plasma levels of visfatin have beebsenred in

condition ofobesity insulin resistace and type 2 diabetd220-222]. However,these

31



results are controversiah same clinical studies which determineckither increased
MRNA or plasma levels in leasubjectsor people with lower BMI[219, 223, 224]
Furthermore, it has been shown thaight lossin morbidly obese patientsr exercise
training in diabetic patienthas positive impact on visfatin plasma levil25-227].
According to the findingsobtained in above mentionedstudies, there are not
unequivocally associatiobetween visfatin expression and BMI amsulin resistance
Based on results frorm vitro studies production of visfatin is regulated by several
factors, such asL-6, TNFU , h o r[288282. However, there are also some
discrepancies due to different types of experimental model used in the studies.

Regarding thevisfatin action in gicose homeostasist has been showthat
visfatin as aratelimiting enzyme Nampt plays a key role in nicatamide adenine
dinucleotide(NAD) biosynttesis necessary for glucosstimulated insulin secretion in
p a n c r «dld. This acbvation pathway involves SIRTmolecule, whose activity is
reduced by agR16].

Recently visfatin has been identified as adipokine withimmunomodulating
propertiesbecausdt induaes chemotaxis, exssion of 116 , TN F6 inlhuman
monocytef233]. Moreover it is strongly expressed in lipidch macrophagelcalized
in atherosclerotic plaques, in whighenhancs the expression of metalloproteinaSe
(MMP-9). Therefore it is suggested that inhay participate irplaque destabilization
[234].

To sum up visfatin works as intracellular enzyme, as well as extracellular
cytokine. Howeverit is not clear if it act@s a pre or anttinflammatory molecule and

what it is its role irthe pathophysiology adbesityand insulin resistance
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Figure8 Role of visfatin in insulirsignallingcascadéadapted fromMurphy et al 2006,
Nature Medicine 12: 333)[235]. Visfatin acts through IR receptor binding to the

distinct site (different from insulin) and activaswnstreansignallingmolecules

1.2.4.7Retinol binding protein 4 (RBP4)

RBP4 isanother recently discovered adipokii@®05) which is connected with
pathagenesisof obesity[236]. It has beeroriginally identified asa 21 kDatransport
protein forretinol (vitamin A) in circulation encoded bythe RBP4 gene The main
source of RBP4s liver, but it is alsesecreted byAT, especially bymatureadipocytes
[237, 238] It has a inding partner transthyretin (TTR) necessary for RBP4 renal
clearance and regulation of ilasmaconcentratio239].

The first linkbetweerRBP4andobesityinduced disorderbas been determined
in GLUT4 knockoutmice (Glut4-/-), which hadselectivelyincreased expression of
RBP4 in AT, but not in liver In addition, transgenic v@rexpresion or peritoneal

injection of recombinantRBP4 in miceled to the development of insulin resistance.
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Moreover, genetic ablation of RBP4 in mice (Rbp4/-) improved insulin
sensitivity236]. Based onthese animal studies it seems tk&tUT4 impairment in
adipocytes induces enhanced release of RBP4 into circul@igare 9. It was also
confirmed in human study of Graham et al (2006), in whicUGA expression in AT
was inversely correlated with RBP4 plasma ley2(33]. Neverthelesghis finding has
not been confirmedn each investigatiof237]. Notably,increased RBP4 plasma levels
activate hepatic expression of a retincégulated gene, phosphoenolpyruvate
carboxykinase (PEPCK)nducing gluconeogenesis in livethat further leadsto
increased glucesin plasma with negative consequencensulin sensitivity in muscle
[236]. The mechanism, how RBP#fluence insulin action maynvolve retirol-
dependenbinding of active retinol forms to retinoic acid receptors (RARS) and retinoic
acid-X receptors (RXR) to regulatine expression of specific genes (e.g. PEPCK in
directiono f Il nsulin resistance o ritvit) RAr&ool- i n
independent way via cell surface receptetsh as Megalin/gp32Mn vitro experiments

on human adipocyteshave revealedthat RBP4 inhibits the IR& activation by
phosphorylatiorat Ser307240].

In humans, ncreased circulatg levels of BP4 have been observed in subjects
with insulin resistance, obesity, type 2 diabetesonalcoholic fatty liver diseasd 03,
236, 241243]. In oppositeto this, there are some studies, whidhld not find sinilar
results[237, 244] In somehuman studies it has been found positive correlation between
plasma RBP4 and insulin resistanjé®3, 243, 245]whereas it has not been observed
in other paper$237, 246249]. Exercise training in insulin resistant subjects, weight
loss irduced by dietary intervention or gastric bandingmiorbidly obese subjects
improves plasma levels of RBR#03, 250, 251]Normalizing of circulating levels of
RBP4 can balsoreached by TZD$§36]. However,small decrease of weight loss did
not reach positive effect on RBP4 producf8Y]. These discrepancies in the human
studies could be caused by using different methodstHerasgssmen of insulin
sensitivity,differenttechniquedor the measurement dRBP4 concentrations in plasma
[103], or thecomposition of intervention group of subjects.

Besidests assodation with adipogy and insulin resistanc®BP4 has been also
found to correlate with macrophage markers suggesting its possipleation in
obesityinducedinflammation [249]. Recently, it has been demonstrated that people
with RBP4haplotype are more susceptiblethe development of type 2 diabetgs2,
253].
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Based on these finding#, is clear that RBP4 participates in regulation of
glucose homeostasis in body and can be a target for diabetic phairesmoy.
However, its physiological function thedevelopment of insulin resistance in human is

uncertain and needs further studies.
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Figure9 Role of RBP4 intheregulation of gluose homeostasis (adapted from Tamori
et al. 2006 Nature Medicine 1230-31)[254]. A) In lean subjects, glucose is wtéd via
GLUT4 in the adipocytes and RBP4ecretionby AT is low. B) In obese subjects,
glucose utilization into AT is decreased duatanhibition of theinsulin action leading
to anincreased secretionf RBP4. Consequently RBP4 diminishiég glucose uptake
by the skeletal muscle and increases gluconeogenesikeitiver by stimulation of
PEPCK expression. All these actions caase elevated glucose levéi the blood

contributing to obesityrelated canplications.
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1.3 OBESITY -INDUCED INFLAMMATION

Nowadays, besity is characterized ashroniclow-grade inflammatorgtateof
thebody accompanied gnincreasegroductionof inflammatory bioactive molecules
such as cytokines (TNB, -6), ¢themokine§MCP-1, IL-8), andacutephase proteins
(C-reactive proteifCRP) serum amyloid ASAA), haptoglobin) Since inflammation
and metabolic disorders share the saigeallingmediators, itgave riseto a new term
for this condition i.e.fimetafa mma t i dabalicallindeicedinflammation) [255].
The firstnoteof the associatiorbetweerobesity insulin resistancandinflammation in
AT came from1993 when Hotamisligl and his colleagues determined increased
expressiorof cytokine TNF-U in the AT of obese rodentand itsnegativeeffect on
insulin sensitivity [97]. Ten years latertwo research grqs of Weisberg andXu
independently identifiechn elevated infiltrationof macophages inthe AT of obese
mice and humanandtheir contribution to worsethe AT metabolic activity{26, 203]
Recently, it hasbeen revealedhat dher immune cells, such as lymphocytasd
neutrophilsalsorecruitinto the AT and compete in theachineryof an inflammatory
response inducinghangesf morphology and physiological functian target tissug
and their activationtates in relation to obesity24, 25] Moreover, heseimmune cells
appearto bea mapr source of increased levels obpnflammatory molecules ithe
circulation [20, 21] It has been suggested that hypertrophied adipocytes or dying
adipocytes releasing FFA into circulation could attract immune cells into Athdy
expression bvarious chemoattractants (M&P or IL-8). Cinti et al.[256], using
immunohistochemical analysidemonstradd the presence of AT macrophages (ATM)
accumulating around deaor dying adipocytes and building soa | | e d-likécr own
st r uc HoweversFBA themselvasanserve as a common agent farimmune as
well asa metabolic respong@55]. In obesity due to abnormal lipolytic activity of AT,
the FFA flux increasem the circulationand the FFAbind totoll-like receptors (TLRs,
e.g. TLR9 on the adipocytesthat davnstream activate inhibitory Ser kinases JNK or
ERK influencing IRS-1. In parallel with this mechanisnT,LRs can alsoactivatean
inflammatory signalling patlay throughl o Knase (KK -b), which further stimulate
the transcription factoNF-a Bsubsequelhy inducing gene expressioof other pro-
inflammatorymolecules e.g. TNFU[76, 257]enhaning lipolysis (Figure 10) Studies
inhibiting JNK or IKK function indicate their central role inthe insulin signalling
pathway [258-260]. This complicated scheme of production of molecules weth

different character triggers acwous circle betweemrmmune and metabolic system, i.e.
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adipocytes and macrophag@sliditionally, MCP-1 and CRFhave been alseeported to
induce Ser phosphorylation of IRI§261, 262] Regarding lte crosstalk between these

two types of cells macrophages areewy similar to adipocytes in term of lipid
metabolism and secretion activif263]. They share functions vitadipocytese.g.
macrophages are capable of lipid droplet accumulation and adipocytes can produce
most of cytokinessuch as TNRJ, -6l Tlhese two cell types express similar gene
product s e. g. FABP, perilipin, malPP ARO,
metalloproteinaseMMP) [264, 265]necessary for realizatiasf their functiongFigure

11). The macrophage funoti, which consists ofaking up lipids from the circulation

and participatingn cholesterol metabolisms associated with atherosclerosis. It has
been shown that activating pathways through TLRs inhibits LXR action and enhances
the accumulation of cholésrol in macrophages leading tle formation of foam cells

as a consequence of atherosclerotic complications. These evidences dbmfirm
hypothesis abouheintegrative crosstalk betwedmeimmune and metabolic system.

In response toutrient overloadglucose and lipidembalance, other molecular
processegould bestimulatedwithin the insulin sensitivecell, such a€R, oxidative
stress,or hypoxia, whichcontribute tothe onset of obesitynduced inflammation via
activation of preinflammatory NFa Bor Ser kinasef266]. Oxidative stresss caused
by aninappropriate mitochondrial function to transfothe excessiveenergyflux into
the ATP molecule(during FA oxidation)eading tothe accumuation of ROSand other
metabolic ntermediates e.dPAG andceramideshaving adetrimental effect omsulin
action [267, 268] ER stresds evoked byan accumulation of unfolded or misfolded
proteirs or facing tothe environment wh increased energperturbatim and toxic
signalsthat also gives rise to ROS as a-product[269, 270] Regarding theER
activity, it might act as a sensor of metabolic stress, whiclslatas into inflammatory
responsg79, 271} Hypoxiais induced byaninsufficient supply of oxygeto the tissue
andby nutrients thatonsequenthactivated expression of hypoxieducible genes via
the hypoxic inducible transcription factor (HIF272, 273] It is important to highlight
that all insulinsensitive tissuebke AT, muscle and liver are exposed to the condition
of metabolic stress in obesity asd commonly contribute to systemic inflammatory
state of the body.

The perspectivedor therapy of obesityelated complications ctai be anti
inflammatory approache<hemicals targeting a single inflammatory molecule e.g.
ant-TNF or anttCCR2 (chemokine G&C motif receptor of MCPL) have beneficial
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results in animals, wheredéseir effectin humans is limited191, 274] Contrary to this
application,the treatment withthe recombinant aniinflammatory molecule IL1Ra in
diabetic patients haa positive effect on glucose plasma levels #meimprovement of
insulin sensitivity[275]. Another category representgedicaments, such aalgylates,
statinsand TZDs which have been showto blunt theimmune response ithe body.
However,their direct mechanism othe production of inflammatory cytokes in vivo
is not clear yef276, 277] On the other hand, they could represent another pedsibl
in thetreatment otheinflammatorystateduring metabolic disorders.

The big challenge in this field could @anor ganel | eirectingdéor apy 0
dysfunction ina particular organelle, i.ehe mitochondria or ERIt has been suggested
thatthe use ofchemical chaperones obese micéeadsto anincreaseof proper protein
folding inthe ER andanimprovement of insulin sensitivi}278]. It is important tanote
thatin applying prospective therapeutisgth a beneficial outcme one shouldot only

look atasingle targeting moleculéut alsoat the integrative implicatiof255].
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Figure 10 Macrophagenduced inflammation in obesity (adapted from Wellen et al.
2003, JCI 112: 178%788]J279]. During a longterm expose to nutrient overload,
hypertrophied adipocytes release increased lesefso-inflammatory molecules e.g.

TNF-U, M.Gnito the circulationthat attract macrophages intee AT. ATM further

stimulate inflammatory signalling pathwayia NF-e Band JNKwhich furtherinduce

insulin resistance ithe AT.
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Figure 1lintemplay between adipocytes and macrophages through conmesabolic
and inflammatorymediators (adapted from Wellen et al. 2005, JCI 115: 41111
1119]263]. They share similar functionse. lipid metabolism and cytokine production
that contribute toobesityinduced complication, such as insulin resistarideey are
capable of lipid uptake due to FABP proteins (@@2, mall)as well as secretion of
inflammatory molecules (TN} IL-6) via activation of transcription factgrsuch as
LXR, PPAR.

1.3.1 Macrophages and their phenotypan relation to obesity

The attention of scientists to study macrophages in relation to different
metabolic complications has been raiséi@rahe discoveryin 2003that obeseAT is
infiltrated by increased number of this kind of immune c¢6, 203] These results
have beersubsequentlhconfirmed in many animal and human studi23, 286284]
Moreover, the ATM contenbhas beerpositively corelated with BMI and increased
cytokine plasma levelR3, 281] As it was mentioned above, ATM patrticipatetire
development of insulin redance due to cytokine pragction and activation of
inflammatoy signalling pathwaysT h e di s r u p foriJNKIL geaef in nhy&ldidb
cells of obese micerotectedagainstdietinduced obesity anthsulin resistancg258,

285].
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The general function of macrophagestire site of inflammation is to providen
immediate defence againatpathogen and talear cellular debrivy phagocytosis
Using flow cytometry analysis it haseén demonstrad thatthe ATM content
represerd around 1% of the SVFcellsisolated from AT of obese patief28]. ATM
differentiate from bonenarrow derived monocytes circulating time blood capable of
migration intothe tissue in response to inflammatiddowever, recent evidensdave
reveded also other source of ATM; they could bedifferentiatedfrom preadipocytes
[286] or are ablethemselvesto proliferate in situ [280, 287] Macrophagenduced
i nfl ammati on coul d abewo r @datlti zperdocelsouyughin
macrophages increase cytokines productioadiley to subsequent activation of
inflammatory pathways in neighbouring cells (adipocytes in AT, hepatocytes in
liver)[266].

The stimuli of ATM infiltration into insulinsensitive tissuesre not clea
Possible determinantsof their recruitmentmight be the size of adipocyte, altexd
adipokine secretiori;FA flux, local hypoxia, or nutritional staty$34, 288] Adipocyte
size (altered AT morphology)seems to bethe man integrative factor in the AT
inflammatory cascad¢hat builds a complex network amosigall these mediators. In
obesity larger (hypertrophied) adipocytgsoduceincreased levels of cytokines and
chemokines(MCP-1) attracting circulating monocytes intdhe tissue compared to
smaller cellg[289, 290] In vitro experiments have revealed theptin, SAA, MCR1
enhance ATM infiltraibn into the AT, whereas adiponectin has the opposite eftégt
218, 291, 292]Indeed,the deletion of MCP1 (or CCL-2) and its receptor CGR in
mice reducedhe ATM content in AT and improved insulin sensitivity compared with
wild type mice[199, 200] Recently, a new chemokine, osteopomitas been shown to
contributeto theinfiltration of new macrophages intbe AT [202, 293] Furthermorea
long-term AT hypertrophy is accompanied by cellular physiological changes, such as
hypoxia, ER stress or cell death, which all may participate in ATM recruitment.
Immunohistochemical analysibas localized ATM around large dead or dying
adipocytessuggesting thescavenge cell debris and lipid dropld56, 283] An
increased FFA release from hypertrophied adipocytes tieairculation may also
mediae the inflammatory responseia TLR4 signalling pathway257]. The ATM
recruitmentis very dynamic preess that could be affectég the nutritional statusas
well. Weight loss induced by bariatric surgemymorbidly obese subjectiecrease the
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number of ATM accompanied by dowagulation of pro-inflammatory gend281,
294].

Macrophages are heterogeneous cell population with high plasticity to
differentide into various phenotypes according to stimuli coming frahe
microenvironment[295, 296] From a wide rage of characterized macrophage
phenotypes, the mo$tequentlydescribed ardiclassicalactivate® macrophages, also
known as M1 producing preinflammatory cytokinesand fialternatively activated
macrophages, known a2, secreting antinflammatory cytoknes. Besides the
production of cytokines, they differ in function, expression of cell sunfiaa&kersand
production ofchemokineqTable 3)[295, 297, 298] M1 macrophage polarization is
induced by pranflammatory signals and realizespro-inflammatory responsa the
tissue accompanied by increased reactivity to FA and LPS, while M2 macrophage
polarization is mediated by aninflammatory stimuli and participates iran
Immunosuppressive response and tissue remod¢d8ts. Therefore it is important to
know not onlythetotal number of macrophagesthetissue, but also their phenotyjme
relation to pathobiological disordéirwo hypothesis habeensuggestedbout changes
of ATM phenotypes during obesity, either it is duestaft in ATM polarization or
switch in phenotype of the same céfi. mice using macrophage puldabelling studies
it has been revealed that macrophages resident jrpdsitive for cell surface markers
F4/80+ and CD11bk display antiinflammatory behaviour while new recruited
macrophages during high fat dieharacterized as F4/80 CD11b+ and CD11le
positive cellsare more pranflammatory[299, 300] Regardingtheseresults,the ratio
M1/M2 phenotyps in AT during obesity appears to be&hanged in favour fopro-
inflammatory M1 subtypes whictonfirmsthe hypothesis abouwa shift in macrophage
polarization.However,information aboutATM phenotypein humansis not soclear.
Recent crossectional studies haveharacteried that human ATMd i s p hnay i
i ntermedi ated phenot ypam andifflhmenataryogenefr80,r e s s
284]. It suggests that human ATM are not strictly polarized ineeitdl or M2 and
could be modulated in relation to stimuli from microeowiment(e.g. PRR 2 ai s
mediator of M2 polarization[301, 302). In vitro experiments described that
macrophages are able to repolarise after differentiation and change their expression
profile [303]. With respect to characterization of ATM phenotyplkere are some
discrepancies between mice and humémgontast to themice studies, human ATM
do not expres$-4/80 and inducibile nitric oxide synthasdNOS) which are typical
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markers for M1 phenotype in mi¢#34, 280, 304hndarecharacterized by expression
of cell surface markers CD14+/CD20§280, 284] Reflection of ATM phenotype to
weight loss hasrecently been denonstrated in study of ArewWisnewsky using
immunohistochemistry analygi805], in whichtheratio M1/M2 phenotypes changed in
behalf ofthe M2 subtype 3 months after gastric surgery. However, it is notvk how
moderate weight loss could influenttee ATM phenotypein human

Moreover, the exact role of macrophages in AT is atstowellknown. In vitro
studiesreportedthat ATM participate in tissue remodelling and angiogenesistivéa
stimulaton of endothelial cells migration into ATwhich in turn build acapillary
network. In addition to these effects, they also moduléme proliferation of
preadipocytes and inhibit adipocyte differentiati@@0, 306308]. In regect to these
findings, it is hypothesizethat ATM affect AT plasticityand reduceéhe accumulation
of FA into AT that indrectly participate inectopic accumulation of fan the liver,
muscle and pancreésading tolipotoxicity and IR[266]. Varma et al (2009)observed
thatmacrophagénfiltration into intermuscular A in the skeletal musclevasassociated
with BMI and IR complication$309]. Contrary tothe skeletal musclethe liver is not
infiltrated by new recruited macrophageq26, 203] On the other hand, resident
macrophages ithe liver, i.e. Kupffer cellsare capable o&ninflammatory activation
related tdfatty liver diseasef258].

To summarziteATM play a key rolein the development of obeskinducel
inflammation However, their biology in AT and stimuli fdheir recruitment into AT
reman to be analyzed, mainly in humamegarding he distinct phenotype of ATM, it
seemgo be promising strategy to regulatee inflammation in AT. Nevertheless, it is
still not well-known the ATM characterization in human in relation to different

physiological status.
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Classically activated as Alternatively activated as
AM1lo AM20
Function Antibacterial, Immunosupresie,
defence against pathogen Tissue repair, remodelling,
removalof necrotic cells Removalof apoptotic cells
Cytokines TNF-U, -6)1l-12 IL-10, I-1Ra
Chemokines MIP-1 U AMAC-1
Cell surface markers FcoRI (CDG®6 Mannose receptor CD206
FcoRII (CD CD163 (RM3/1)
FcoRI'lI (C Scavenger receptor |
Killer molecules INOS Arginase
Activating signals LPS, IFNy, TNF-U IL-4,1L-10, glucocorticoid

Table 3 Characterization of classically and alternatiaetivated macrophag@s mice
(adapted fronGoerdt et al 1999, Immunity 10: 1342 and Mosser et al 2003ournal
of Leukocyte Biology 73: 20212)[297, 298]

1.4. ODFFERENT ADIPOSE TISSUE DEPOTS IN RELATION TO OBESITY -
RELATED COMPLICATIONS

The impactof body fat dstribution in relationto obesityrelatedcomplications
was first time highlighted by Jean Vague in 1947pwleclared an important role of
central (android) obesity310]. This finding has been further confirmed by many
etiological studiesassociatingcentral obesitywith metabolic complicabns, such as
insulin resistance, type 2 diabetes, cardiovascular dis@askatherosclerosig311-
313] In addition dysfunction of fat distribution, lipodystrophy is also accompabied
complicationsof insulin resistance and lipotoxicity because of inappropriate function of
the AT to produce adipokines and store TAZ14].

The optal body fatis usually subdivided intotwo main categoriesi.e.
subcutaneous and internal AT that areHer specified accordintp their anatomical
location However, thisclassification seems to be confusinghenthe physiological
function of particular fat depots also considered315]. Subcutaneous AT (SAT)
consists of truncalabdominal, glutedemoral and mammary fat degotinternal fat

includesvisceral (VAT) and nm-visceral AT. A special category of VATrepresents
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ectopic AT localized in noifat tissies, such as muscle, liver, pancreas, h&A&T is
responsible foB0% of the total body fat mass compared to 20% of internal3A®].
With respect to fat classification in relation to trunk locatitvere areoften used
categorieghe lower-body fat (SAT mainly glutedemoral depot in lower body region)
andthe upperbody fat (SAT and VAT in upper body regiof311]. Generally,the fat
mass accounts for 120% of the totalbody weight inlean males andor 20-30% in
females.In obesity, increased TAG accumulation leads to fatsvepansiorincluding
VAT in the abdomen, which has been considered as a main contributor to central
(abdominal) obesitand represents risk factor forthe development of most metabolic
and ardiovascular diseaseA. greater VAT accumulation has been observed in men
than womer{317]. Moreover,an ectopic accumulation of TAG itheliver and muscle
increaseshelipotoxic effect of fatandinduceslR. Contrary to VAT the gluteo-femoral
depot seems to have protective effect against metabolic dis¢@d8isRecent findings
haved e monstrated that gl uteal AT i s fAmetabo
comparedo abdominaSAT [319].

One possible explanation fdine association of VAT wh metabolic disorders
could bethehypoh e s i s, known a explainstbeccantibution df iet@ar y o . I
abdominal fat tdhe onset of insulin resistance v@éaincreased release of Fad other
secretory moleculethroughthe portal vein directly ito liver [320-322]. It has been
reportedthat VAT is more lipolytically activgafter stimulation with catecholamines)
and less sensitive tantilipolytic effect of insulin than SAT.Contrary tothe higher
lipolytic activity in VAT, the expressioprofile of somelipolysis-related genefipases)
is not uniformin each studyFurthemore, VAT also differs from abdominalSAT in
terms of morphology, production of adipokines, as well as macropiaeed
inflammation [313, 323, 32]. VAT compared with SAT is more cellular, vascular,
contains more immune cellfas less preadipocyte differentiating actividy greater
capacity taakeup glucoseand produces more inflammatory moleculdswever, there
arealsosome discrepancies these findingsin some studiesjo significant distinction
was observedbetween these two depdi®6, 284, 325, 326pr the resultgegarding
someadipokineg(e.qg.visfatin, adiponectinthe chemokines necessary fibre migration
of immune cells intdhe tissug were not consisterjfi98, 325] Regarding thesize of
VAT adipocytesjt has been determined that VAT fat cells are smaller than SAdhwh
is paadoxcal in relation tothe greater production of adipokines byAV [21, 311,317,
327, 328] It could be explained bthe VAT response to lipolytic signals that induae
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enhanced metabolic activity of this depbhe differences between SAT and VAith
respect to adipokineasre summarized ifable 4 which | discussed in this wia All
these facts abouhe greater metabolic and secretory activity of VAiiggest its key
rolein the pahophysiology of weight gain.

According to thecurrentknowledgein the literature, the mechanism how VAT
contributes tadhe development of metahioldisordersit is not completely cleaFurther
studies are necessary for understagdheregulatory machinery in regional fat depots.
Despiteof a small area of VATIn proportion to total bodynassit is abnormally active

and maybeused a® predicta of ahigher risk br metabolic complications

Subcutaneous Visceral
Morphology
Size of adipocyte317, 327, 328] Larger Smaller
Adipogenesig329, 330] g z
Lipolysis
HSL[331, 332] yZ i
LPL [331, 333] g Z g Z
b-adrenoreceptorf334-336] Z ¥
U-adrenoreceptor335, 336] g z
Adipokines
Leptin[337, 338] g z
Adiponectin[339, 340] Z9 g Z
TNF-U[326] z i
Visfatin [102, 219, 220, 257] 77 gz
RBP4[243] pa y
Chemokine$198, 325] 27 z 9
Macrophageinduced inflammation Z7 y Zz
[23, 26, 284, 341]

Table 4 Comparison of subcutaneoasd visceral adipose tissue relation tothe
expression of adipokinedjioactive molecules related time lipolytic activity and

macrophagénduced inflammation
(y higher levels, Z howdifferences)
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1.5. BBESITY MANAGMENT (TREATMENT OF OBESITY)

Obesity is amultifaceted disorder which representsa high risk for many
metabolic and cardiovascular diseases associatecamiticrease burden orthe health
care system and consetly affects the quality of life. Henget needsappropiate
obesity management to soltrés worldwide problenthatis notaneasy taskit is a big
challenge for lifelong periodThe main goal of obesity management isetbiciently
reduce the body gight, preferentiallyntra-abdominal ATleading toa decreaserisk of
mortality associaté with healthcomplicationg342].

The typicalstrategies for obesity treatment are divided inBocategoriesnon
pharmacologicaldiet and increaskphysical activity, pharmacological antiobesity
drug treatment) and sgical (e.g. gastric bandingYhe ron-pharmacological therapy is
accompanied byogntive behaviouralinterventionand psychologicasupport[342].
The two last strategies are used in aafsmefficient results withhnon-pharmacabgical
treatmenin morbidly obesgand some cases, obgs#ients For overweight and obese
patients, lifestyle modificationsuch aschange dietary halis andincreasd physical
activity, are primarily recanmended to achieve weight logshas been nesaled that
combination of dietary interventioDl) and exercise training reached greater
improvement othe clinical parameterthan each intervention alofig43, 344] It is not
necessary tochieve a normal or ideal weighthat is rarely gained in practis€he
results from epidemiological studies have demonstratedtiieatodest weight loss
around 510% of the initial body weight isin most case<fficient to bring the
appropriate health benefR, 345, 346]

T o d ay 0 sshifedtosvards thentake of energydense foodsigh in fat and
sugar but low in vitamins, mineda and fibersFromthedietary macronutrient, glucose
and fatseve asmajor sourcsof energy forthe body; secondlyare theproteins, which
have however,the highest satiety feature and could decrease food intake through
stimulation ofthe central nereus system347]. In respect to glucose postprandial
kinetics the carbohydrateontainingfood is categorize@ccording tothe glycaemic
index (GI) [348] into food with low GI inducing low postprandial glycaemia and
prolong thefeeling ofsatiety and food witligh Glcausing aapid glucose release into
the circulation leading t@nincreased food appetit€herefore, indesign of DI itmay
be relevant to avoidhe consumption ofood with a high Gl and keepingdpalanced
nutrient distribution during all daydlowever,the components ofheideal diet are stila

matter of discussianThe ®veraltypes ofDIs used in the obesity managemerare
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shownin Table 5 Amongshortterm Diswe distinguishvery-low calorie diet (VLCD)
low calorie diet (LCD)and hypocaloric balanced di&LCD is usuallyrecommended
for patients with BMP 35, but it could also be included multi-phase programs
followed by aweight maintenance period for reachengreater weight reductiol.CDs
are subdivided according the macronutrient content into lo¥at or low-carbohydrate
(also caled as Atkins diet)Theyhave been involved in many clinical studj@g2, 349
355]. In additin, it should bementiored thatthe type of dietary fat (saturated,
monounsaturated, polyunsaturatélUFA)) also influence a risk of metabdt and
cardiovascular diseaseA. positive effect ofn-3 or n6 PUFA consumption on health
benefithas been showj856-358]. Further, thediet with a higher content of fibers and
low fat was efficient in weight loss antle improvement of metabolic complications
[359]. However, no definite conclusiorhas been achieved abawhich type of diet is
the most appropriate in obesity managemémost studiesconcludedthat the total
energy intake, buhot the macronutrient component determities beneficial effect
(improvement binsulin sensitivity, decrease of inflammatory and cardiovascular risk)
of low energy dietsluringshortterm period122, 350, 351, 353, 354]

Regarding the responsiveness of different fat depots to lifestyle modifications,
there are someveight loss inducing programs that preferentially reduce VAT depot,
such as exercise, caloric restrictil@®0, 361] There isno specific borderlinedefined
for the necessary amount ofduction invisceral depotthat is needed to obtain
favourable metabolic changes. However, it is known that most of VAT is reduced
during the first 2 weeks of caloric restrictid62]. It has been reported that VAT is
more sensitive to weight reductiorathSAT[363].

Besides weightloss, amother importantgoal of obesity management to
maintain weigh loss and preventthe weight regain Less than 10% of those who
underwent DI could sustain their weight 1¢d82]. Recently it has been suggestduiat
repeated periods of weight gain and weight loss knowneaghwcyclingorth e - g 0
effect could evoke a more hypoxic condition inthe AT leading to enhanced pro
inflammatory response. Weight cycling often the consequence aftex DI program
with more difficult period to reduce body weight agajB64]. Additionally, it is
hypothesied that weight cyclingnight have higherimpact on mortalitythan keeping
the same body weigli865, 366] Hence a longterm DI (at least 6 monthshcludinga
weight maintenance periashould be more prospective for patients to adapa tew

physiological condition andwvoid their previous dietinchabits. The dinical studies
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including weight mairgnance perigdknown as multphase Dlare very rare in the
literature[367-369]. Long-term follow upare recommended for improvingetabolic
parameter§370].

In each DI there are some nmsponderswhoar e fAresi stant o tc
restriction program and keeheir body weight. Therefore, thelevelopnent of fia
personalized diétindividually tailored for everyatientwould be more efficient

Dietary intervention Comments

VLCD (Very Low Calorie Diet) ~ 3300 kJ/day; liquid diet replacing normal

food and supplying all essential nutrients

LCD (Low CalorieDiet) ~ 330065000 kJ/day

Hypocaloric balanced diets / Balanced defic O 5 -63D®@kJ/day
diets

Multi-phase dietary interventions combine different types of dietary
interventions, often include weight

maintenance phase

Table 5Commonlyused dietary interventions obesity management (adapted from
Tsigos et. al. 2008, Obesity ¢ta 1: 106116 and categories of International Diabetes
Federation 2004371].
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CHAPTER 2

AIMS OF THE THESIS

Obesityis characterizeds a lowgrace inflammationin the bodyaccompanied
by insulin resisant statein sensitivetissues and represents a ristactor for the
development ofmany noncommunicable diseases, such Bge 2 diabetes or
atherosclerosisHowever, the causes ofheir developmentare still notclarified and
attractattention of researcher§here exist many hypotheses about iriaucof insulin
resistance. There escomplex network of orchestratetianges invaledin the initiation
of insulin resistance irobese AT, such as activation of inflammatory signalling
pathways inducing increased secretion of-ipfammatory molecules produced by
different cells, enhancecceumulation of macrophages, as well as elevated release of
FA by adipocytesnto the circulation. All of these factomnight be potential wprits of
obesityinducedinflammation andnsulin resistance

Recently, novel adipokines, visfatin and RBP4 hakeen discovesd to be
associated witla pathophysiological function of AT in obesitilowever their role in
the developmentof obesitylinked comorbidities in humanis poorly understood
Furthermae, little is known abouaimodulation of their expressiqrofile in AT during
longitudinal interventional studies in hunsaidditionally, macrophages due to their
secretory activity seem to be a crucial player in obesdyced inflammatory
machinery leading to sulin resistanceThe gosssectional studiesn human have
revealedtheir abundant number in AT of obese patients compared to Vdale their
content declined &r rapid weight reductiom morbidly obese patientslowever,the
effect of moderate weight loss as a result of {targh DI on ATM accuralation hasot
been investigated yelt is knownthat DI in most cases leads tloe improvement of
clinical parametersNevertheless, olecularmechanisms ofadaptationgproceededn
AT duringdietaryinduced weight loss wait for unveiling.

A few of the® taskshave beersolved in this thesisThe goalsof this workare
subdivided intotwo parts according to objextwhich are investigatedin particular

papers
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Part 1 Role ofnovel adipokinesn thedevelopment of obesitgnd insulin resistance.

1 To investigate theole of novel adipokinesvisfatin and RBP4in relation to weight
lossinduced changesf metabolic variables obese womenndegoinga short-termor
multi-phaseDI (Paper 1 and 2).

1 To study and compare thexpression ohovel adpokineRBP4in different AT depots
(SAT and VAT)in relation to insulin rastancein patients with or without metabolic

syndrome(Paper 3)

Part 2 Role of tissue macrophagesin obesityinduced inflammationand insulin
resistance
I To investigatethe efect of dietinduced weight loss on AT compositigoarticularly

thecontent ofmacrophag@opulationin SAT of obese wome(Paper 4)
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CHAPTER 3

RESULTS

3.1 LIST OF ORIGINAL PAPERS

PART 1

Paper 1: Kovacikova M., Vitkova M., Klimcakova E., Polak JKejnova J., Bajzova

M., Kovacova Z, Viguerie N., Langin D., Stich V.

Visfatin expression in subcutaneous adipose tissue of premenopausal women: relation
to hormones and weight reduction

Eur J Clin Invest2008 Jul;38(7):5122.

Paper 2: Vitkova M, Klimcakova E,Kovacikova M, Valle C, Moro C, Polak J,
Hanacek J, Capel F, Viguerie N, Richterova B, Bajzova M, Hejnova J, Stich V, Langin
D.

Plasma levels and adipose tissue messenger ribonucleic acid expression of retinol
binding protein 4 are reduced duwgi calorie restriction in obese subjects but are not
related to dieinduced changes in insulin sensitivity.

J Clin Endocrinol Metab2007 Jun;92(6):23368. Epub 2007 Apr 3.

Paper 3: Bajzova M*, Kovacikova M*, Vitkova M, Klimcakova E, Polak Xovacova

Z, Viguerie N, Vedral T, Mikulasek L, Sramkova P, Srp A, Hejnova J, Langin D, Stich
V.

Retinol-binding protein 4 expression in visceral and subcutaneous fat in human obesity.
Physiol Res2008;57(6):92734. Epub 2007 Nov 3G equally contributed to the wrk

PART 2

Paper 4: Kovadkova M, Sengenes C, KacovaZ, SiklovaVitkova M, Klimcakova
E, Pobk J, Rossmeislav L, Bajzova M, Hejnova J, Hngkovska Z, Bouloumié A,
Langin D, Sich V.

Dietary interventioAinduced weight loss decreases macrophage coitteadipose
tissue of obese women.

1JO, In press accepted on 6tllay 2010
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3.2 COMMENT SON THE ORIGINAL PAPERS

PART 1

AT represents the largest endocrine orgath@body andsecrete a number of
bioactve substances, whiahfluencethe physiological function of AT and other non
adipose organsViost of them are associated with obes#lated comorbiditiesit has
been documented in many epidemiologicstudies that lifestyle modifications
including dietary interventions and regular physical actjwtymeliorate the clinical
par amet er s A h ahedodulation bfexpression profike binflammatory
proteins likecytokines, chemokines and adipokinéslditionally, the contribution of
different fat depots to tharculating levels of these moldes inobesity disturbances is
importantissue to examinddowever,a lot of recently discovered molecules released
from AT into thecirculation havemissing information about their role the onset of
obesity andhe associated complicatignsuch asnsulin resistancend type 2 diabetes
Therefore, m the first part othis work Iwould like tocommenton the studies, which
arefocused on the investigation of novel adipokines, visfatin and RBP4 in relation to
dietaryinduced metabolic changes and boatydistribution.

In the first paper we examined the effect of a shegtm DI (3 months) on
visfatin mRNA in SAT and plasma levels im group of overweghtiobese pre
menopausal women together with its potential raigwy factors. 47 subjects
participaed n this study They were furthersuldivided irto the particular groups
according to BMI as leammverweight and obese womesubsequentlypvemweight and
obesepatientsunderwent3 months dietary prograriVe started to investigate the effect
of moderateveight lossnduced by longitudinal studyn visfatin expressiomRNA in
SAT and plasma levelssinceno clinical study had publishetie results solving this
issue NeverthelessHaider et al.[226] has noted that weight reduction aftgastrc
bandingsurgery in morbidly obese subjects decreases visfatin plasma levels.

In our study 3 month hypocaloridiet led tothe improvement of most clinical
parameters, includingBMI, waist circumference,fat mass, insulin sensitivity
determined byHOMA-IR index. Regarding the hormorend adipokingplasma levels,
insulin, free testosterongeptin and TNFU significantly decreased as a result of diet;
however theirvalues did not reach levels simileo lean subjectsmRNA levels of
visfatin in SAT obtained byeedle biopsy increasad response to weight loss induced

by 3 montls @ntervention,while visfatin plasma levels had a tendency to decrease after
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diet in a group of overweight/obese subjeMsreover mRNA levels of TNFUdid not
change aftethe diet whereas its MRNA levels were surprisingly higher in lean controls
compard to overweight/obese subjects.

In addition, we investigated the possible regulatory factors, including insulin,
testosterone, and TNB i n relation t oWe voursl f rmgétive n exp
correlation between visfatin mRNA levels aticculatinglevels offreetestosterone and
the positive correlatioowith TNF-U  mR N A i groupewitls a wide range of BMI
In respect to anthroportree parameters, we determined negative correlatietwéen
visfatin mRNA levels and BMI.

To sum up we preserdd here that moderate weight loss indudsd3 month
hypocaloric diet Id to increase of visfatin mMRNA levels in SAT ofesweight/obese
women.Based on correlation analysege determired the relionship between visfatin
mRNA levels and TNF-U expression and circul ating
Furthermore, visfatin expressionas changeddependenton BMI. Thus we could
hypothesize that visfatiand TNFU e x p rireSAS arecaregulated however the

exact molecular mechanisoecuring in tissueis not clear.

In the secondpaper we investigated the effect @& longterm DI including
weight maintenance period on RBP4 mRNA and plasma levalgiioup of obese pre
menopausal women in relation to insulin resistahcehis study we reciited 24 obese
women, who underwergt6 month multiphase DI consists of particular dietary phases
4 weeks oiVLCD, followed by 2 weeks ofL.CD andsubsequentl-4 monhs of WM
phase The patients were examined at the beginning and the end of eacksisacce
phase. This approach was novebince most of studiesresearched this bioactive
molecule in relation to obesiylated complications in crosgctionaldesignor in
animal model$103, 236, 237]

In our longitudinal study, we demostrated besidethe improvement of
anthropometric parameters, including weight, BMId awaist circumference, also
postive effect on plasma levels of triglyades, insulin, leptinglycerol and cortisol in
each phase of Dlnsulin sensitivity wasneasured in this study by the euglycaemic
hyperinsulinemic cl amp, twhhidt@dhnigoeamongthe si der ¢
methods used fothe assessment of insulin sensitivityloreover, we examinethe
glucose disposal ratduring a whole dietary program, which incresdter VLCD and

remained elevated till the end of MRegarding the adipontc plasma levels measured
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in this study, we did not find significant changes during thelBIrespect taRBP4
expressionn AT, we confirmed that the priamy source of its production imature
adipocytes and its expression increases during the diffatientiof adipocytesDuring

a weight loss programmRNA levels of RBP4in SAT obtained by needle biopsy
rapidy decrease after VLCD and increaskin subsequent dietary phases. Nevertheless,
RBP4 mRNA levels at the end of a whole DI dat neach higher Jaes than the levels

at the beginning. The similar gene expression profile atserved for GLUT4, whose
activity is associated with RBP4n plasma we determined significant decreaske
RBP4after VLCD with consequent increase at the end ofrDgroup d obese women
however RBP4lasma levels were lower at the enddiét compared to basal levels.
Additionally, dasma RBP4 levels and glucose disposal rate had different profile in
respnse to DI in particular phases, but we did not find any correlagbmeen these
values.Unexpectedlywe did not observe significadifference between RBP4 plasma
levels in lean and obese women.

Taken together, wdetermined that RBP4 is predominantly produced by mature
adipocyes compared tthe SVF cells in AT and itsnRNA and plasma levelwaere
diminished duringenergy restction phase probably due to changed adipocyte
metabolism However, RBP4 decline was notorrelded with the improvement of
insulin sensitivity in obese subjects. Therefore, we suggest that RBRtsnadipocyte
function in different nutritional status of bodyut it camot be consideed as a marker

of insulin resistance.

In the third paperwe examinedRBP4 mRNA levels irthe paired samples of
SAT and VAT inagroup of59 womenwith a wide ramge of BMI (20 to 49 kg/rf) in
relation to insulin resistanc&Ve focused on thi®bjective because othe missing
information abouRBP4producton by different AT depatin the literatureat that time

In our crosssectional study,hie entiregroup of paients was subdivided into
nonobese and obese womewhereasthe obese suyécts were further classified
according tahe IDF criteria[372] asthe subjects with or without metabolic syndrome
(MS). We found significant differences in clinical parameters betwe#rese hree
investigatedsulgroups including BMI, waist visceralfat mass, blood glucose and
insulin levels as well as glucose disposal rafe insulin sensitivity was measured by
the euglycemidyperinsulinemic clamp and the relative ratio between VAT and SAT

area was calculated according to the resuiduated by computer tomography scans.
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Notably, VAT ratio toSAT area was higher in a group of obese women with MS than in
a group of obese without M8/e observed the same results for triglycerides. However,
there was no difference between obese anddabjects in these termRegarding the
RBP4 mRNA levels in fat depots, we determined higiemeexpressiorof RBP4in
SAT than VAT together with GLUT4 and | ept.i
AT in each subgroup, as well as in the entire gr@pthe other hand, we did not find
any differences in plasma RBP4 levels betwieninvestigated subgroupslso we did
not observe any correlation between plasma and mRNA levels of RBP4 in any fat
depot, independently on the group of subjedfreover, wedid not revealany
association between RBP4 levels (mMRNA or plasma) and adiposity. However, in the
entire group we found positive correlation between RBP4 plasma levels and
triglycerides, as well as blood glucogalditionally, mRNA leves of RBP4 in botHat
depots psitively correlated with GLUT4 mRNA levels in VAT.

To summarizeour crosssectional study determined that RBP4 genaesgon
was higher in SAT thaVAT togetherwith other insulin signallingassociated genes
like GLUT4 and leptinindepemently on BMI and obesityelatedcomplication, i.e. the
presence of MSAccording to these results, we cannot suggestRBP4 productions

in direct association with metabolic comorbidities induced by obesity.

PART 2

According to a huge body of evidemaccumulatedduring more than last
decade obesity ischaracterizeda s @w-grade inflammatiod n ot dueotadny
increased secretion of pmflammatory mdecules, but alsdecause of thincreased
accumulation of immune cells in AT, such as macrgeka lymphocytes and
neutrophils. Hovewer, their nature and role in AT is still not cle@ne findings from
animal andn vitro studies suggest a possiloi®sstalk between immune and metabolic
cells in insulinsensitive tissueswhich triggers the prodtion of many bioactive
moleculesfinally indudng the systemic insulin resistance amdher metabolic and
cardiovasculadisordersMany resegcherstry to identifythe missingknowledge orthe
vicious cycle between macrophages and adipocytesliantbsethe first culprit n this
complicatedmachineryin AT. Various approaches how to clarify these taskse
developed (e.g. in vitro co-culture systems, immunophenotyping of cells, target
silencing of genes in particular cell populasoretc). One of them s the

characterization of AT compositipne. particular cell populations1 different dietary
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conditions It is a topic ofsecond part of the thesisvhich is focused onthe
determinationof ATM content using flow cytometrgnethodduring a multi-phase DI
andobservatiorhow the content ofthese immune cells reflect tadolic changedue to

lifestyle modification.

In the fourth paperwe investigated the effect of losigrm DI including weight
maintenance period othe ATM content in SAT of obese women irelation to
metabolic parameters and plasma levels of specific inflammatory moleduoles.
addition, weaimedto characterize ATM phenotype in different nutritional statuthef
body. In this longitudinal study we enrolled 27 pmeenopausal women, who wrevent
the same6 month multi-phase DI aghat descrbed in our previous clinical study
investigatingmRNA levels of RBP4 (see page 59) andnsistingof two dietary
periods:VLCD and weight stabilisatiophasgWS) composed oECD and WMphase.

For charaterization of ATM in biopsy samples, we udeflow cytometry
method, whichwas previously applied only in the crosssectional studies om\T
samplesobtainedfrom plastic surgery23, 28, 218, 280]Because this method has not
been ewblished inneedle biopsysamples with asmall amountof tissueyet, we
performed the preliminary study a group of 16 women. Ithe SVF cells obtained
from SAT, we characterized the content of monocyte/macrophageulation by
combination of cell surfacenarkers CD45+/14+. With respect @I, CD45+/14+
content in SATchanged only at the end of DI (WS), but not after VLCD (energy
restriction). To confirm the flow cytometry results we performed gene exm®on
analyses of speddf macrophage markers, such@®14, CD68, CD163 and LYVH,
whose expression @iile supportedthe reaults from cytometricomethod. According to
these findings, we performeshother clinical studwith the same design of DI amdth
newly recruited patientga group of 11 women). In this subgrowgp patientswe
deternined a macrophage populatiarsing a wider panel of marker€D45, CD14 and
additional markersCD206 for characterization dfssue macrophages and CD16 to
distinguish between twsubtypes oATM. During a multi-phase DIthe ATM content
determined as CD45+/14+/20G#ecreaed only at theend of WS, at the end dhe
whole intervention but not afteLCD phase In respect to ATM phenotypdentified
according to expression of CD16 marker, we observed similar resppidein both
ATM subtypes CD45+/14+/206+/16+ ar€D45+/14+/206+/14 i.e. no change after
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VLCD and reduction after WS. However, the relative ratio between these two subtypes
did notchangeduringthe whole DI.

Use ofneedle biopsy samples fllow cytometrymethod has some limitations
because of bleeding accompanied thecess of AT gain as we revealed in the
preliminary study Despitethe proper wash with saline, weetecteda highcontent of
granulocytes as a result lofood contaminatiom AT samplesOn the other handheir
content did not changaudng the whole DIIn addition,we did not find any correlation
between granulocyte and macrophage content in biopsy samples. Thesefaeuld
exclude the possible influence on the interpretation of results from flow cytorfietry
clanfy the characterization of ATMin the following clinical studywe ugd CD206
specific cell surface markefor tissue macrophages, which eliminates possible
contribution of circulating monocytesin the proportion of macrophaggopulation
expressed bgytometic analysis

With respect to mnocyte/macrophage dynamic dwgidietary intervention, we
analyzed plasma levels of selected chemokines and cytokine associated with
macrophagefunction, such as MGR, CXCL5 and TNFU .We observedhe diet
induced decreassf chemokines MCH. and CXCL5whereas TNFO pl asma | evel
not alter during the whole protocol.

Regarding thestatistical asalyses of clinical parameters we pooled both
investigated subgroups into one group of 27 subjects because they underwent the same
type of DI andmoreover thg were not statistically differenh measured parameteas
the baseline.From anthropometric and metabolic variabl&\I, fat mass, waist
circumference, chekterol, triglycerides, insulin and HOMIR improved during a
whole DI, whereas the marked dimiimn of these variables was reached after VLCD.

In this study we measured insulin senstivity using HONRAIndex. With respect to
correlation analyses, we did not find ayationship betweerthe diet-induced changes
in metabolic parametersnd plasma less of bioactive moleculeand ATM content.
This lack of significancycould be explained bg small number of subjects enrolled in
this study otthe participations of other insulisensitive tissues on metabaticanges in
thebody.

Taken togethenve demastratedthata 6 month multphase DJ which induced
beneficial metabolic effects, led also to a diminutiolA®M contentin SAT of obese
women However,the reduction ofATM contentwas reached onlat the end of the

whole DI and was not accompanied liany changes inATM phenotype Due to
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different profile of metabolic changes and macrophage codteirtgthelong-termDI,
we could suggesthat immune system needs longéene for adaptation ta new

metabolc homeostasis in the body

59



Paperl

Kovacikova M., Vitkova M., Klimcakova E., Polak J., Hejnova J., Bajzova M.,

Kovacova Z, Viguerie N., Langin D., Stich V.

Visfatin expression in subcutaneous adipose tissue of premenopausal women: relation

to hormones and weight reduction

Eur J Clin Invest 2008 Jul;38(7):51-&2.
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ABSTRACT

and plasma levels of visfatin.

Background A novel adipokine, visfatin, was found to be related to adiposity in humans and regulated by

a number of hormonal signals. The aim of this study was to investigate the relationships of visfatin expression
in adipose tissue with potential regulatory factors such as insulin, testosterone and tumor necrosis factora.
(TNF-o and to elucidate the effect of a diet induced weight reduction on adipose tissue mRNA expression

Materials and methods Biopsies of subcutaneous abdominal adipose tissue (SCAAT) and plasma samples were
obtained at the beginning of the study from 47 pre-menopausal women {age 387 = 1.7 years, body mass index
{BMI) 27.9 + 1.4 kg m2), consisting of 15 lean, 16 overwsight and 16 obese subjects. The subgroup of 32
overweight/obese women {age 42-1 + 1.9 years, BMI 312 + 0.9 kg m™®) underwent a 12 week hypocaloric
weight reducing diet and samples were obtained at the end of the diet. Biopsy samples were analysed for
visfatin and TNF-o mRNA levels and plasma was analysed for relevant metabolites and hormones.

Results In the group of 47 subjects visfatin mRNA expression in SCAAT was negatively correlated with plasma
free testosterone (r=-0. 363, P < 0.05) and BMI {r = -0.558, P < 0-01) and positively associated with adipose
tissue TNF-oo mRNA expression {r = 0-688, P < 0.01). The diet resulted in the reduction of body weight and in

the decrease of plasma insulin, free testosterone and TNFa, levels. In the group of overweight/obese subjects
visfatin mRNA in SCAAT increased after the diet and the diet induced increase was positively correlated with

the magnitude of body weight loss.

Conclusion Visfatin mRNA expression in SCAAT is associated with TNFo expression, plasma free testosterone
and BMI in preemenopausal women. A weight reducing hypocaloric diet results in the increase of visfatin mRNA

in SCAAT

Eur J Clin Invest 2008; 38 (7): 516-522

Keywords Adipose tissue, mRNA expression, obesity, TNFa, visfatin, weight reduction.

Introduction

Visfatin, a novel adipokine, previously known as pre-Bcell
colony-enhancing factor (PBEF), has been suggested to play a
role in the regulation of glucose homeostasis [1-3]. In the original
study of Fukuhara [1] that was recently withdrawn, visfatin
was suggested to exert insulin mimetic effects in various nsulin
sensitive tissues such as liver, muscle, and fat. These results
were net confirmed in a recent study [3]. However, the findings
of the latter study suggest a role for visfatin in the regulation
of glucose stimulated insulin secretion in pancreatic islets.

As a result of previous studies, it has been suggested that
vistatin may modify insulin sensitivity and speculations about

516 European Journal of Clinical Investigation Vol 38

the possible use of visfatin in the treatment of insulin resistance
have been raised.

In humans, plasma visfatin has been reported to be higher
in obese subjects compared to lean subjects [4-7]. However,
the relationship between body mass index (BMI) and plasma
visfatin is not straightforward, as the association between
obesity and elevated plasma visfatin levels has not been
confirmed by other studies [8,9].

Studies by Haider et al. [7] and Manco eéf al. [10] revealed a
reduction of plasma visfatin concentrations after weight loss in
morbidly obese patients. Although visfatin has been believed
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VISFATIN EXPRESSION IN RELATION TO BMI AND HORMONES

Table 1 Clinical characteristics of controls {n =15), the group of overweight/obese pre-menopausal women (n= 32}, the subgroup
of overweight {n = 16) and obese subjects (n =16} before and after diet induced weight loss

Overweight Obese Overweight/Obese

Controls  Before diet  After diet Before diet After diet Before diet After diet
Weight (kg) 586+ 14 7751411t  711213%* 095.6 238+t 830+38%* 866226 795+ 25%**
BMI (kg/m?} 209405 27.4+0411T 251 204%* 3502133+ 323213%F 312209 287 +09%%*
Fat (kg) 13912 2911011t 241 21.0%* 421 2268+ 3672287 366218 304+ 19
Whaist circumference (cm) 724 +14 885+18ttt 81.2+156%* 103.6+2.7¢FF 42+25%* 061 +21 87.7+18"%
Waist-to-hip ratio 08+0:0 08+00t 0:8+0.0%* 0-8 + 0.0+ 0-8 +0:0%* 0800 08 £0.0%**¥

Systolic blood pressure (mm Hg) 113:9+3.8 121+52 1M75+566 124.9 +1.9%F 1234 +17 1229+27 1204 +29

Diastolic blood pressure (nm Hg) 69:2+2:2 756+29 74-4 +3.0 768 +1.7+F 76919 76217 756x27
Cholesterol {(mmol L™ 47+02 61=x03t1t 56+03 5.5 +0.2¢+% 5.2 £0.2%* 58+02 B4 £0.2%*%
Triglycerides {mmol L™ 0901 13x£02% 11+£02 14 £0-1¥3% 11 £0.1%% 1.3+01 11 £ 0. 1%%%
HDL-C {mmol L™ 17201 17201 15+01%%  1.6x01 14 +£01%%  1.6x01 15 £0.1**%
Glucose {mmol L'1) 45402 50x02 4.9+ 041 5.4 +0-1¢+% 50 £0.1%* 52+01 4.9 £ 0.1%%
HOMA-IR 0901 1903ttt 16£03* 25+03tF 1.7203% 22+02 16 £0.2%*%

Data are presented as mean + SEM.

*P < 0-05, ¥¥P < 0:01, *¥*P < 0-001: before vs. after diet; 1P < 0-05, t1P < 0-01, 111 P < 0-001: overweight before diet vs. controls; $3P < 0-01, $¥+P < 0-001: obese
before diet vs. controls (BMI, body mass index; HDL-C, HDL-cholesterol; HOMA-IR, homeostasis model assessment of the insulin resistance index).

to be an insulin mimetic adipokine, several studies found
ne correlation between plasma levels or gene expression
in adipose tissue and Indices of insulin sensitivity [4,9].

Although visfatin was criginally identified as a protein,
produced mainly by visceral adipose tissue [1], higher expression
of vistatin in visceral fat was not confirmed in a subsequent
study [4]. Visfatin gene expression in visceral adipose tissue
has been shown to increase with BMI [4,9], while the expression
in subcutaneous adipose tissue was demonstrated to be either
associated negatively [9] or uncorrelated [4] with BMI.

Factors regulating the visfatin expression in adipose tissue
remain to be identified. Visfatin mRNA expression has been
shown to be down regulated by eytokines such as tumour necrosis
factor-o, (TNF-t) and interleukin-6 (IL-6) in in oifro studies on
3T3-L1 adipoeytes [11,12]. On the other hand, in lhuman adipose
tissue explants from the visceral depot, TNF-v. induced an increase
of visfatinmRNA levels [13]. In a recently published study, visfatin
mRNA expression in 3T3-L1 pre-adipocytes was down regulated
by insulin, testosterone, and palmitate and up regulated by
dexamethasone [14].

Qur aim was to nvestigate, using a clinical human study,
associations between the candidate regulatory factors and visfatin
mRNA expression in adipose tissue. In a group of pre-menopausal
women inchiding lean, overweight and obese subjects we
investigated the relationship between visfatin mRNA expression
in subcutaneous abdominal adipose tissue (SCAAT) and plasma
levels of relevant candidate horm ones. Additionally, in a subgroup

of obese and overweight subjects, we studied the effect of diet
induced weight reduction on visfatin expression in SCAAT.

Subjects and methods

Subjects: 47 lean (n = 15), overweight (n = 16) and obese (1 = 16)
pre-menopausal women (age 387 + 1.7 years, range 25-57 years,
BMI 279 + 1-4 kg m ", range 17:3-505 kg m %), complete clinical
characteristics of each subgroup of subjects are given in (Table 1)
were recruited for the study. All subjects were drug free and
did not suffer from any disease except for obesity. Their body
weight had been stable for the three months prior to the entry
examination. A written informed consent to participate in the
study was obtained from each subject before the study began.
The study was performed according to the Declaration of Helsinki
and approved by the Ethical Committee of the Third Faculty of
Medicine, Charles University, Prague.

Clinical protocol: The subjects were investigated at 8 am.,
after fasting ovemight. Bedy height and weight were measured
along with walst and hip circumferences. Body compeosition was
assessed using multifrequency bioimpedance (Bodystat, Quad
scan 4000, Isle of Man, UK.). Coefficients of variation (CV) of fat
mass, fat free mass and impedance were 1.7%, 0-8% and 1.5%,
respectively. Blood was collected into 50 pL of an anticoagulant
and antioxidant cocktail (Immunotech SA, Marseille, France) and
immediately centrifuged (1000 r.p.m., 4°C). The plasma was
stored at —80 °C until analysis. Thereafter needle biopsy
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