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Noc0ooTO CWATIKOU AiNOUg 0 avdpeg & YUuvaikeg,
(PUOI0AQYIKOU Kal AUENUEVOU CWUATIKOU Bapoug
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AplOUOC ALTTOKUTTAP WV

®duololoyko Bapog:
25 — 30 dioekatoppvpla

Métpla nayvoapkiot:
60-100 SioekaTOp U PLOL
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Noooyovog maxvoapkia:
>300 SLoEKATOUPLA

AVOpPEC Fuvaikeg Avopeg Fuvaikeg
(PUGIOAOYIKOU  (puUGIOAOYIKOU  TTaXUGAPKOL TaxUoApPKEG
Bapoug Bapoug 30-35 kg/m2  30-35 kg/m?




Kuttapikoi nAnOuopoi EVvrog Tou Asukou Ainwdoug 10ToU

» NutokUttapa =30%

> Npodpopa AutokUttopa & WoBAGOTES

> ‘lveg KOANayGvou

» Apodopwv ayyeiwv (toywpatoc & evéodnAiov Tpxosdwv)

> Kittapa avocomnowntikol (povomipnva, pokpoddya, Aspdokitropa)

— Makpowaya
Agpgpokuttapa v . MovokuUttapa

Mpdodpopua
AlmokuTttapa

EvéoOnAlaka
KuttTapa

Amokuttapa




Ztayova

Ztayova
Atroug

Nupnvag

—

Kuttaponiaopa




Evepvelaka anoBsuara aropou 70 KIAwvV

Hriatikd tpiyAukepidia = 450 kcal

Muika tpyAukepidia = 3.000 kcal

Hratiko yAukoyavo = 400 kcal —‘

—

Muiko yAukoyavo = 2.500 kcal
AN

Aunwdouc LotoL TpLlyAukepidia =
120.000 kcal

Atopo UE VOOOYOVO naxvoapkia:
x8 dpopéc ta tpyAukepidia & keal




vOuIon Tnc evanoBeonc Ainouc Kdl TNC KIVNTONQinonc Tou

oTa avlpwniva Aguka AinokuTTapa

Fed Fasting
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H au&non Tou peyéOoug Tou AINOKUTTTAPOU, CUVOJIEUETAI PE
stress Tou gvdonAacparTikou JikTUoU & IVOOUAIVOAVTIOTACH

Stress
EvéonAaopatikol diktoou

| lvoouAwvoavtictaon |




A&ovikn Topoypa®ia - MayvnTikn Topoypa®ia

Mapavegpiko

Mepiveppiko

Meoevtepiou

EmmAoiko : Ymodadplo




AinoAucon npokaAoupevn PUE vopadpevalivn ano Ta
gvdokolAiaka Ainokurrapa

®duololoykov Bapoug
] Mayxvooapkot
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AuEnpevo evdokolAiakd Ainog au&avel TRV NnAarTikn EékOeon o€
EAgsuOepa Ainapa O&sa
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To au&nuévo ev3okoIAIaKO Ain0g NPOKAAEI
IvoouAivoavrioTraon & YngpivoouAivaipia

‘ ducloAoyikou ‘ Maxucapkol . 1 Maxucapkol
Bapoug o EvOoKolAlako EvOookolAlaKo
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H evdokpiviki AsiToupyia Tou Asukou AInwdoug 1I0ToU

Visfatin, Resistin
Several soluble receptor

Sex hormones

Glucocorticoids
Retinol-blinding protein

PGL,/PGF,/PGE,
Haptoglobulin

Serum amyloid A
Agouti
Agiotensin 2/RAS

Emeénynoeig:

ASP= Acylation-stimulating protein
FFA= Free fatty acid

FIAF= Fasting-induced adipose factor
HGF= Hepatocyte growth factor

IGF-1 = Insulin-like growth factor-1
IL= Interleukin

Adiponectin  FFA Leptin Adipsin/ASP

PAI-1
Complement factors
IL-6
TNF-a
IL-1B
IL-8
IL-10
IGF-1
TGF-B
MCP-1
MIF

VEGF

NGF
i £ HGF

Apolipoprotein E FIA

PGl,= Prostaglandin I,

RAS= Renin-angiotensin system
TF=Tissue factor

TGF-B= Transforming growth factor-f
TNF-a= Tumor necrosis factor-a
VEGF=Vascular endothelial growth factor

MCP-1= Monocyte chemoattractant protein-1
MIF= Macrophage migration inhibitory factor
NGF= Nerve growth factor

PAI-1= Plasminogen activator inhibitor-1
PGE,= Prostaglandin E,

PGF,,= 8-iso-prostaglandin F,q




QO AgukOc AIN@ANC 10TOC ANOTEAEI EVEPYO EVIOKPIVEC OpPYAVO
ME HETABAAOUEVN OUWG EKKPITIKN AEITOUPYIA

Adipose tissue
dysregulation

ANTI-INFLAMMATORY PROFILE:
IL-4, IL-10, IL-13

Normal metabolic function
Normal vascularization
Immune cells: M2 macrophages,
eosinophils and Tregs

O Adipocyte (®) M1 Macrophage
(®) M2Macrophage (=) B lymphacyte
Eosinophil (@) T lymphocyte
@ Treg ©) Neutrophil
\ Capillaries Mast cells




Ev3okpiVIKEC aAANAENIdpaceIC (CUCTNUATIKEC EMJPATEIC) TWV
AEUK®V AINOKUTTAP®WV LE TA KAPKIVIKA KUTTAPA

chronic increase of energy intake

Whole body/ Peripheral tissues
> (liver,muscle, brain, pancreas etc...)

Systemic changes of metabolism

hypertrophy hyperlipidemia, hyperglycemia, hyperinsulinemia

hyperplastic ¢

Endocrine .
Insulin resistance, signals Distal cancers

Chronic inflammation
Circulating adipokines

Metabolic stress

Endocrine
hypoxia, signals
oxidative stress,
\L ER stress

Cancer cell behavior

i W Proximal cancers proliferation,
Adipocyte dysfunction| £ T % survival,

metastasis,

Adipokine dysregulation
increase inflammatory cytokines

dysregulation of lipid and glucose metabolism
disturbance of hormanal regulation

Paracrine signals




Apoifaia onuarodoTNON TWV TUVIEQUEV®@V LE TOV KAPKIVO
AINOKUTTAP®V Kdl TWV KAPKIVIKOV KUTTAPWV

Cancer cells  QTOKTNON O1E106UTIKOTNTAG

Adipocyte e Acquistion of
. Induction of ‘o) [\ © invasiveness
lipolysis N 7 € and aggression

-

Delipidation ”
Fibroblast-like Support growth
phenotype and metastasis

Cancer- { Adipocyte terminal differentiation markers
associated (leptin, adiponectin, FABP2)

adipocyte t Secretion of inflammatory cytokines (IL-6, PAI-1)
t Secretion of proteases
t Release of free fatty acids




Aiaoponoinon TV AINOKUTTAPWV

Amno0nkevon Airnoug
& evéoKpLVIKO Opyavo

L%

Oeployéveon

Transdifferentiation
?

Brown Adipocyte White Adipocyte
(UCP1, High Content of Mitochondria)

\/

PGC-1 CBP/p300

PPARY I cesps  PCAF
SRC1

PGC-2




3 aTIKAG TO NAPEYYULA
TOU AEUKOU Kd!l TOU @aioU AIn@Wdouc 10TOU

a Inflamed WAT
White adipocyte

Lipid droplet
Nucleus

Brown adipocyte

'~ Mitochondrion N € Lipid droplet

Noradrenergic 000 2 <% ’ D& Nucleus
Je

nerve fibre )
Noradrenergic

Tcell { r N ~@ nerve fibre

Mitochondrion

Dying adipocyte

Macrophage

Nature Reviews | Drug Discovery




O AgukoOg kal 0 Palog Ainwdng 10TAC,
onNWC QAiIVOVTAl OTO NAEKTPOVIKO LIKPOOKONIO

M: mitochondria

N: nucleus

L: lipid droplet

V: pinocytotic vesicles

MB: external basal membrane




XapaxkTnNEIoTIKAG TWV AEUK®V KAl PAI®V AINOKUTTAP®V

Brown adipocyte

Multilocular adipocyte

'}’U‘;}n

Lipid storage and mobilization (+) ;@-@(ﬂ\iﬁ)
Mitochondria (+++) 2 e,

Fatty acid oxidation (+++) -
Respiratory chain (+++)
UCP1 (+++)

Unilocular adipocyte (= 200um)
Lipid storage and mobilization (+++)
Mitochondria (+)

Fatty acid oxidation (+)

Respiratory chain (+)

UCP1 (0)







EninoAagpog, nogornra & dpacTnpioTnra
TOU paIoU Ainwd0oug I0TOU, OE AVIPEC KAl YUVAIKEG

D Prevalence

o,

Mhﬂ-'—.
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Mass of Brown Adipose Tissue (g)
$8883
Activity of Brown Adipose Tissue
(gxmean SUV [g/ml])
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positive depots




H enidpagn Tou owuaTikou Bapoug aTnv unapén eaiou
Anwdoug 10ToU, onwG exTiuNOnke pe PET-CT 8F-FDG

AMZ: 23.2+1.2

AMZ: 30.3+4.2




0 smno)\uouog TOU uvnxvauouavou HE 1‘3F-FDG qgmou

onwg a&loAoyeital Pe nMgo_v_o\nmq avaAuon AoyIoTIKNG naAnvG_p_qmgms
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Diabetes




BAT volume [cm”)
g

BAT positive scans (% of total)

T e
Summer Autumn Winter
Seasons

A

FDG uptake into BAT




H evepyonoinon and 10 WYuxog Tou aiol Ainwdoug 1I0ToU
O€ aropa QuaoiloAoyikou Bapoug

Metd 2 wpeg o€
Oeppokpacia nepiBarioviog 22°C Beppokpaocia neptBdriovroc 16°C




H xaunAn spuokpacia npokalei au&non Tng 3pacTnPIOTNTAC
TOU paiou Ainw3d0oug I0TOU KUPI®wG oTa vopuoBapn aropa &
AyoTEpO oTa unepBapa

Brown Adipose Tissue Activity
(PET-CT with'®F-FDG)

Lean, Lean, Overweight,
Thermoneutral Cold Exposure Cold Exposure




H vnoreia au&avel Tn 3pacTnpioTNTA TOU aiou Ain@dn 10Tou

Metayeupatika AMS = 20-24 Nnoteia




AUEnon TNG 3pacTNEIOTNTAC TOU PaAIoU AINn®W3ouUg 1I0TOU

OE& ATOUA UE VOOOYOVO NAYUoapKia, LETA NEPIOECTN OTOLAXQU

Mpoeyxelpntika 1 £T0G PETA TNV
mePIOECN TOU OTOHAXOU




ETAYPAPIK
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Cells in somite

(My15")

Inguinal WAT
{subcutaneous) —

Epididymal WAT
(intra-abdominal)

ulpuIon TWV

—_—
) Commitment

Brown preadipocyte

ﬁ‘

| Precursor Whité adiﬁocyte

(Cold orB-g_gonist] :;‘.;,

bipotent

A

preadipocyte -
= White adipocyte

a1V & unel AiNOKUTTAPWV

Cold or B-agonist

Brown adipocyte Activated brown adipocyte
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Cold or B-agonist

Beige adipocyte




AvaTopikeEg OE0EIC TWV KAPE, AsUK®V & pnel AINOKUTTAPWYV,
O€ NOVTIKOUC kKal avlpmwnoug

b

Interscapular
Brown

: Beige
adipocytes adipocytes

Brown
adipocytes

Gonadal Subcutaneous
White White
adipocytes adipocytes Supraclavicular
White, beige, brown
adipocytes
Inguinal
White and beige

adipocytes n
Selective markers

Brown: LHX8, ZIC1 (B9
Beige: CD137, TMEM26, TBX1
White: TcF21, TLE3 ()




H “@aionoinon” Twv AINOKUTTAP®V £ival NPOCAPUOOoTIKN &
AVACTREWILN AVTANOKPION O NEPIBAVTOAAQYIKEC ANAITNOE!

a Browning Whitening

Precursor .
White

) 1 Beige
@ adipocyte Sl adipocyte @
@ Cold - Thermoneutraliiy
B.,-agonism HFD

50

\
\

De novo
recruitment - ' Lipid
\ ) droplet

Nucleus

De novo recruitment HFD




2TO NAEKTPOVIKO LIKPOOKOMNIO O ASUKOC, © (PAIOC KAl O
AloNQIQUUEVOC AEUKOC AInWdNC 10TO




Pol (pink) Ainokurtrapa
gp@avilovral oTnV KUNon kai oTn yalAouyia

Aguka Atmokuttapa,
OTO HACTIKO adEva
otnv KUNon Kat otn yaAouxia,
XAVOUV TO MEPIEXOHUEVO TOUG o€ Atmidia
Kal egavifouv XapakTneloTika
EMONAIGKWY KUTTAPWYV




IoToAoyikEC pETABOAEC & 31aPOPONOINTEIC TOU HATTOU

NMOVTIK®V

A .}

2N

TR

Y o e

3 %o b

_
Y £ )

A: 3" nuépa Kuoopiag

I
s Y
g s
",\-".
A

B: 12" nuépa Kuo@opiag

- :.'h

C: 17" nuépa Kuopopiag
D: 2" nuépa yaAouyiag
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)3 ATIKN ANEIKOVION TV E10QV TWV AINOKUTTAP®WV

WHITE ADIPOCYTE BROWN ADIPOCYTE




To £id0C TV AINOKUTTAP®WV OTNUEPA
Kal uaoiloAoyikn & avrioTpo diaoponoinon Tou

@ Physiologically reversible adipocyte transdifferentiation occurs in certain situations

Key Driven by chronic cold Driven by
Precursor P orctronicexarcies. 7 caloric excess

l

(Thermogenesus) ( Metabolic needs and storage ) (Milk secretion )
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