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NocooTO CWHATIKOU AiNOUg Ot avipec & YUVAIKEG,
(PUOI0AQYIKOU Kal AUENHEVOU CWHATIKOU Bapoug
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AplOUOC AUTOKUTTAP WV

®uololoyiko Bapoc:
25 — 30 dioekatoppUpLa

Métpla mayvoapkio:
60-100 SiosKkatoppupLa
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Noooydvog naxvoapkiot:
>300 SdiosKkatoppupLa
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AvOpEC Fuvaikeg Avopeg Muvaikeg
(PUCIOAOYIKOU  (puUGIOAOYIKOU  TAXUGApPKOL TAxXUGAPKEG
Bapoug Bapoug 30-35 kg/m? 30-35 kg/m?




Kutrapikoi nAnOuopuoi EVrog Tou Asukou Ain@doug 10ToU

» Nutokutropa =30%

> Npdédpopa Autokvtrapo & WoBAACTEC

> ‘lvec KoOAAayovou

» Alpodpopwv ayyeiwv (toywpartoc & evboBnAiov tpyostdwv)

» KOttopa avosomnowntikov (povorntUpnva, pakpodaya, Aepdokitropa)

— Makpoaya
Agpgokuttapa Movokuttapa

Mpodpopua
Almokuttapa

EvéoOnAlaka
Kuttapa

AmokuTttapa




Ztayova




H puBuiIon TNG evanoBeong Ainoug kKal TG KIVTONOINONG TOU
ora avlpwniva Asuka AinokuTTrapa

Fed Fasting

Fatty acids
AT
/ Esterification

l A+ §Trlglycerldes

/ Catecholamines

| Glycerol | (—\
sphophate| 5 .7 < ANP, BNP
\ Lipases

Glucose \V .
Fatty Acids To liver, muscle

+

Glycerol To liver







O apifuog Twv UNedopIwv AINOKUTTAPWV
TNG KOIAIGKNG X®Pag Kal Twv yYAoutwyv, avaloya To AMZ

OAMZ <25 OAMZ 25-30 = AMZ >30

p=0.034
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To pEye00g TWV UNOJOPIWV AINOKUTTAP®V TNE KOIAIAKNG

X®Pag, TWV YAoUT®V & TV unpwyv, avaloya to AMZ

Y1rodo6pia AITTOKUTTOPO
B KolAiag O MAoutwyv OMnpwv

p <0.05
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25-30
Acgiktng Malag Zwpuartog (kg/m?)




ZXEON METAEU TOU OYKOU TWV AINOKUTTAPWV
Kdl TNG N0gOTNTAG TOU OWHATIKOU Ainoug

Nutrient excess
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IKN Kal UNEPNAACTIKH

Yneptpodia

Kivéuvocg
ETUMAOKWV
NaXUoapPKiaG
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Abgnon Bapoug
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Ynepnoaoia




KAIVIKG EUPNUATA YUVAIK®V
uE YnepnAagia i YNEPTRPOWRIA AINOKUTTAPWV

YmrepmAaoia YTreprpo@ia
(n=254) (n=218)

HAikia (€Tn) 10 40 11 0.01
MepipeTpog Méong (cm) 22 105 19 0.01
Waist-to-Hip Ratio 0.085 0.924 0.098 0.0005
Agiktng Madlag Zwpartog (kg/m?) 9.4 33.1 8.1 0.37
FAuk6gn (mmol/l) : 1.4 5.4 1.0 0.12
IvoouAivn (mU/I) 7.8 13.0 7.7 <0.0001
HOMA-R index 0.33 0.42 0.29 <0.0001
XoAnotepdAn (mmol/l) : 1.0 51 1.1 0.033
HDL-xoAnotepdAn (mmol/l) 0.39 1.28 0.36 0.001
TpiyAukepidia (mmol/l) : 0.8 1.5 0.8 0.002
‘Oykog AitrokuTTtdpou (pl) 224 825 209 <0.0001
Ap10u6g AITToKUTTAPpWYV (X1010) : 2.8 5.3 1.7 <0.0001

MapaueTpol




ZXEON METAEU TOU PHEYEOOUG TWV AEUK®V AINOKUTTAPWV
Kdl TNG IVOOUAIVOAVTIOTAONGS
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type 2 diabetes
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H nayvoapkia cuvodeUeTal ano 31innon Tou Ain@douc 10ToU
€ paKkpoava, unofia, @AEyUOVN Kadl IVOOUAIVOAVTIOTAO

‘\ Leptin

V‘. VEG Fq

‘ Angiogenesis

. . ~ Endothelial _
Weight gain ¥ ( ol / weight
‘ é gain
Fﬂsica ress/oxidative
damage to'endothelium?

FFA: free fatty acids MCP-1: monocyte chemotactic protein-1
IL-1B: interleukin-1f NF-xB: nuclear factor-xB

IL-6: interleukin-6 TNF-a: tumor necrosis factor-a

JNK: jun N-terminal kinase VEGF: vascular endothelial growth factor




H au&non Tou peyEBOUC TOU AINOKUTTTAPOU, CUVOJEUETAL NE
stress Tou evdonAacpartikou dikTuou & IvoouAlvoavTioTaon

Stress
EvéomAaopatikoU Siktoou

| IvoouAwoavtictaon |




TWV AEUK®V AINOKUTTAPWV

Insulin
Leptin \

IL-6, PAI-1
angptl4, VEGF =

l Adiponectin -

Adipokines
\’ l FA oxidation

/3"

Expression

f ~1300 ge

HIF-1: hypoxia-inducible factor 1




2Ta Ol10A0VIKG AEUKA AINOKUTTAPA N IVOQUAIVN EUOAWVEI
TNV ECTEPONOINTN TWV EAEVOEPWV AINAPWV 0EEWV

a Small adipocyte (lean condition)
Insulin

l

o-Glycerol-P @ TZD

l PPARY
o

Llpoly5|s
HSL

T ——»(ﬁﬁﬂ?

AKT-PDE3
Insulin




2TQ MEVEV gva Asuka Ainokurttapa, o TNFa au&aveal t
AinoAuon & Tnv aneAsuBEpmwaon eAsUOep@V AINAP®WV OEEWV

b Enlarged adipocyte (obese condition)

Lipoprotein

PPARY

|

Lipolysis
HSL




€) Greater omentum -
omental adipose tissue

i QJ Mensentery —

mesenteric adipose tissue

@ Retroperitoneal adipose tissue

@ Deep subcutaneous
adipose tissue

@ Superficial subcutaneous
adipose tissue




A1noA nPoKaAoUUEVN UE VopadpevaAivn ano Ta

gvOoKOIAlaKka AInoKUTTAPA

duololoykoU Bapoug
] Naxvoapkol
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® luvaikeg
B AvOpeg

-—
o

| | | |
100 200 300 400

Em@avela EvookolAlakou Aimoug (cm?)

A
(=)

N
o

o
g3
E <
= S
-0 .8
>

= E
o

Y >
oC
pol-'
S b
w >
o 3
P
Ne)

g O
-3
5 a
30
aE
W

CD<
5 >
w 3
< a
E S
O D
R <
L




€Ta&U TOU PEVEOOUC TNC EMPAVEIAC TOU EVIOKOIAIQKOU
Ainouc & Tnc IvoouAivoavTrioTao

@® Insulin resistant obese
O Insulin sensitive obese
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To au&nuevo evdokoiAiako Ainog NPOKAAEI
IvoouAivoavTrioTacn & YngpivoouAivaipia

‘ ducioAoyikou ‘ Maxucapkol . 1 Maxucapkol
Bapoug o EvOokolAlako EvOokolAlako
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‘OAo! 01 naxuoapkol dev £xouv TNV idia IvOoouAilvoavTioTaon
kal Ta ida peraBolika npoBAnuara

BMI: 50.0kg/m?
FPG: 5.1 mmol/l
HbA1c: 5.4%
HDL: 1.27 mmol/l
TG: 1.51 mmol/l
BP: 129/78 mmHg
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BMI: 50.0kg/m?
FPG: 5.8 mmol
HbA1c: 5.9%
HDL: 0.83mmol/l
TG: 1.96mmol/l
BP: 136/84mmHg




TOU ENINAQIKOU Touc AIn@douc 10TOU
Insulin sensitive Insulin resistant

100pum

~ Mean adipocyte volume 715 pl
Maximal adipocyte volume 1240 pl




H anwA&ia Bapouc NPOKAAEI TNUAVTIKOTE £iW0ON TOU
onAayxVvikou AiNouc OE OXECON LE TO Ainoc AAA@V OECEWV

VAT SAT TAT
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H gvdokpivikn AsiToupyia Tou AEUukoU Ainwdoug I0TOU

Adiponectin FFA Leptin

Visfatin, Resistin Adipsin/ASP

Several soluble receptor

Sex hormones
Glucocorticoids
Retinol-blinding protein

PGI,/PGF,,/PGE,
Haptoglobulin

Serum amyloid A
Agouti

Agiotensin 2/RAS
NGF

EmednynoeiS: 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

PAI-1
Complement factors
IL-6
TNF-a
IL-18
IL-8
IL-10
IGF-1
TGF-B
MCP-1
MIF
TE VEGF

Apolipoprotein E FIAF HGF

A

MCP-1= Monocyte chemoattractant protein-1 pGl,= Prostaglandin I,
MIF=Macrophage migration inhibitory factor RAS= Renin-angiotensin system
NGF= Nerve growth factor TE= Tissue factor
PAI-1= Plasminoger_1 activator inhibitor-1 TGF-B= Transforming growth factor-g
EgEz‘ng_ci’:é?gEg?;nIgﬁdin . TNF-a= Tumor necrosis factor-a
2a P 9 2a VEGF= Vascular endothelial growth factor




O Agukog AINnwdNG 10TOC ANOTEAEI EVEPYO EVIOKPIVEG Opyavo,
ME NETABAAOUEVN OUWC EKKPITIKN AEITOUPYIA

Adipose tissue
dysregulation

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

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

O Adipocyte @ M1 Macrophage
(®) M2 Macrophage (=) B lymphocyte
Ecsinophil @) T lymphocyte
@ Treg ©) Neutrophil
\ Capillaries Mast cells




EviokpivikKEC aAANAeENIdpacelc (CUOTNUATIKEC EMIPATEIC) TWV
AEUK®V AINOKUTTAP®V 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
signals

Metabolic stress

Insulin resistance, Distal cancers

Chronic inflammation
Circulating adipokines

Endocrine
hypoxia, signals
oxidative stress,
Jf ER stress

Cancer cell behavior

o W N Proximal cancers proliferation,
Adipocyte dysfunction| £ T % survival,
ot metastasis,

Adipokine dysregulation
increase inflammatory cytokines

dysregulation of lipid and glucose metabolism
disturbance of hormanal regulation

Paracrine signals




OBESITY - EXCESS OF ADIPOSE TISSUE

.

IMMUNE CELLS INFILTRATION

I
v v

Innate Immune System Adaptive Immune System

‘oo>® ) @ (© =

Macrophages 'L Eosinophils t Meutrophils  Mast cells T-lymphocytes 4 B-lvmphocytes

3 ——

M1 M2 $CD&* CD4:4Thl, #$NK
& ThZ, | Tregs

INFLAMMATION




H na APKia CUVOJIEVETAI ANC AEIT ia
TOU AEUKQU AING ] | noia £xe&l gninT
gva €EEAIEN KAl UNOTPONN TOU OYKOU

Obeslty

Adipose tissue
dypsfuncﬂon t Aromatase

t Levels of
ECM proteins
and endotrophin

Adipokines
leptin, adiponectin)

Obesity-induced systemic changes
Hyperinsulinaemia (insulin-IGF-1 signalling pathways)
Hyperglycaemia (hyperglycaemic memory)

M' resistance and cance@




MOava povonaria na@o@uaioAoyiag nouv guvdEouV aueca
TNV NAXUoapKia YE TOV KAPKiIVO

Dysfunctional
adipose tissue

Invasion &
metastasis

]Cell proliferation Cell survival ‘ l

Angiogenesis \y

Nucleus Gene transcription SN

)

| \\,‘, - : \:\\« .




Ta AInoKUTT KKPIiVOuVv AENTIV IVTEPAEUKIVN-
n KQUV n KPIVIKH ‘ ITOVIKC
VEONA TIKQ KUTT T Y

Adipocytes

Breast cancer cell

Cytoplasm
e 2

&
7 N
Nucleus "

(zene transcription

" Proliferation N Drug resistance
Self-renewal Metastasis
EMT




MovTEAQ ONQU 0 AEUKOC AINn@JNC 10TOC NPOKAAEI @AEyuOVN Kal

ENINTWOEIC OTNV £EEAMIEN TWV PETACTACEWV OTA 0OTA

* Inflammation\

* Dysregulated
bone
remodeling

* Activation of
CCL2/CCR2-
and COX.2-
dependent
pathways

PRO-GROWTH AND
PRO-SURVIVAL MECHANISMS

tccu/ccnz
cox-2




A1aOPEC HETAEU TWV AEUK®V KAl PAIQV AINOKUTTAP®WYV,
oTNV NOPEia PETABOAICUOU TWV AINAPWV OEEWV

A€UKO AokUTTOPO

Glycerol

FA
Glycerol

Glycerol -3P
**Glucose, amino acids,
lactate, pyruvate

Glycerol

FA

FA

Daud AutokutTopo

A

@
@

Glycerol

Glycerol -3P

Glycerol glucose

Triglycerides




O Agukog kal 0 @a1dg Ainwdng 10T4G,

oON®¢ PaivovTal oTo NAEKTPOVIKO HIKPOTKONIO

M: mitochondria

N: nucleus

L: lipid droplet

V: pinocytotic vesicles

MB: external basal membrane




XapaKTNPIOTIKA TV AEUK®V KAl @AI®V AINOKUTTAP®V

Brown adipocyte Multilocular adipocyte
Lipid storage and mobilization (+)

Mitochondria (+++)

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

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

Fatty acid oxidation (+)

Respiratory chain (+)

UCP1 (0)
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H enidpaon Tou cwpaTikou Bapoug oTnv unapén aiou
Anwdoug 10TV, Onwg ekTiunOnke pe PET-CT 8F-FDG

AMZ: 23.2+1.2

AMZ: 30.3+4.2




O eminoAacpog Tou avixveuopevou ue 8F-FDG aiou
An@douc 1I0TOU OE oUuVAPTNON UE TV UNna N C ]
‘ i noAun ) avalA
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Diabetes
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BAT volume [cm”)
g

BAT positive scans (% of total)

i o -

Spring Surrllrner Autumn ‘.Ml:uter
Seasons
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F @ @ T P

A

FDG uptake into BAT




H gvepyoneoinon ano 10 WUxog TOU @ailou AiIn@doug 10ToU
O€ aTopa ualoAoyikou Bapoug

Meta 2 wpeg o€
Ocepuokpaocia neptpdaAiovroc 22°C Beppokpacia repiBdAlovioc 16°C




aropa & AiyoTepo ora ungpBap

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

H xaunAn @epuokpacia npokalAei av&énon TG 3pacTNEIOTNTAC
, -

Lean, Lean, Overweight,
Thermoneutral Cold Exposure Cold Exposure




Metayeupatika AMS = 20-24 Nnoteia




AVEI T aioneinon Tou unodopiou AEukou

Ainwdoug 10T0U

Ucp1

0=
scWAT-Sedentary scWAT-Trained BAT
scWAT- Sedentary scWAT-Trained

A.U.= AuBaipetn povasda




AuvEnon TG dpacTNEIOTNTAC TOU PAlou AINnWwdoug I0TOU

OE€ ATOUA UE VOOOYOVO NAYUCTAPKId, LETA NEPIOECN CTOUAXOU

Mpoeyxeipntika 1 €T0G pETA TNV
mEPIOECGN TOU OTOHAXOU




EKKPIVO evon napa vre

Neurons a\nd’ﬂh A\

|mmune cells_/ @

MNatriuretic
peptides

fa ‘l‘r

1
r-. ,/ Thyroid hormone
A\AZhR yreceptor
Thyroid

‘Blood vessel
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Cells in somite

(My15")

Inguinal WAT
{subcutaneous) —

Epididymal WAT
(intra-abdominal)
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) Commitment

Brown preadipocyte
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White adiy

| Precursor adifiocyte

(Cold orB-g_gonist] '

bipotent

A

preadipocyte -
= White adipocyte

Brown adipocyte

Cold or B-agonist

Activated brown adipocyte

Beige adipocyte




AvaTouikEC OECEIC TWV KAQE, AsukwV & unel AINOKUTTAPWYV,
O€ NOVTIKOUG Kal avlp@wnoug

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 ()




" TV AINOKUTTAP®V £ival n

) &

avTanokpion o€ NEPIBAavroAAQVYIKEC ANAITNOE!

Browning Whitening

Precursor

White ) ‘ Beige
adipocyte &9 ™ ( adlpocyte

@ Cold

@ Ba-agonlsm

De novo

recruitment

Nucleus

20

Lipid
droplet

De novo recruitment HFD
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)/‘/\—‘ Triglycerides Glucose

Y v
Obesity and
metabolic disease

Brown Brown Bige
adipocyte adlpocyte @ adlpocyte adipocyte

Nonshlvenng
thermogenesis




Pol (pink) AinokuTttapa
gp@aviovral oTnVv KUnon kai orn yalouyia

Aguka MimokuTttapaq,
OTO HACTIKO adEva
oTnNV KUnon Kdatl otn yaAouxia,
XAVOUV TO MEPIEXOHUEVO TOUG o€ Atmidia
Kal eg@avi{ouv XxapaktnploTika
EMONAIAKWY KUTTAPWY
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AvTioTpo®n d1aopeOoN0inNCN TV EKKPITIKOV ENONAIaK®V

KUTTAP®WV OE AINOKUTTAPA OTO PACTIKO adgva

Reversible transdifferentiation of secretory epithelial
cells into adipocytes in the mammary gland

Manrico Morroni**, Antonio Giordano**, Maria Cristina Zingaretti*', Romina Boiani*, Rita De Matteis*,
Barbara B. Kahn*, Enzo NisoliS, Cristina TonelloS, Catalina Pisoschi¥, Michele M. Luchettil, Mariella Marelli*,

and Saverio Cinti***

Institutes of *Anatomy and linternal Medicing, School of Medicine, University of Ancona, Via Tronto 10/4, 60020 Ancona, Italy; *Division of Endocrinology,
Diabetes, and Metabolism, Harvard Medical School, 99 Brookline Avenue, Boston, MA 02215; 5Center for Study and Resear ch on Obesity, Laboratorio
Interdisciplinare Tecnologie Avanzate Vialba, Luigi Sacco Hospital, Via G. B. Grassi 74, 20157 Milan, Italy; and "University of Medicine and Pharmacy, Strada

Petru Rare$ 4, 200349 Craiova 1100, Romania

Communicated by Elizabeth D. Hay, Harvard Medical School, Boston, MA, October 15, 2004 (received for review July 6, 2004)

Mammalian breast adipose tissue is replaced by a milk-secreting
gland during pregnancy; the reverse process takes place upon
interruption of lactation. Morphological and bromodeoxyuridine
studies provide indirect evidence that mouse mammary adipocytes
transform into seaetory epithelial cells during pregnancy and
revert to adipocytes after lactation. By using the Cre-foxP recom-
bination system we show that the mammary gland of whey acidic
protein (WAP)-Cre/R26R mice, in which secretory epithelial cells

derived from crosses between R26R hemizygous mice and either
WAP-Cre or aP2-Cre hemizygous mice. Mice were genotyped for
the presence of Cre by PCR analysis using the primers Crel
(5'-ATGTCCAATTTACTGACC-3') and Cre2 (5-CGCCG-
CATAACCAGTGAAAC-3"), which yielded a 356-bp product.

WAP-Cre/R26R mice were killed at the following points: early
(11 days) and late (18 days) pregnancy, lactation (10 days), early
involution (18 h), and late involution (10 days and 5 months).
aP2-Cre /[R26R mice were studied in virgin and late-pregnancy

3 Aavys ondition A 2 Y DE rmed 1[] com-

[1C1IlS =2e e

We conclude that
biology, spec-

reversible adipocyte-to-epithelium and epithelium-to-adipocyte
transdifferentiation occurs in the mammary gland of adult mice
during pregnancy and lactation.

quid nitrogen,
) was detected
ety of tissues.




To £€1d0C TWV AINOKUTTAP®V TNUEPA
Kal ugioAovikn & 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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