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Tecido adiposo

Orgdo endocrino: homeostase metabdlica (energia),
Inflamacéao, termorregulacao e protecao mecanica.
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Tecido adiposo

» |ocalizacdo - Funcdo e idenfidade metabdlica

M. -J. Lee er al fMolecular Aspects of Medicine xxx (2032) xxx—xxx
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Adipogénese

IGF-1, cAMP, glucocorticoids, fatty acids
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Adipogénese
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Distuncao do tecido adiposo
Induzida pela obesidade

FAT TISSUE GROWTH - OBESITY
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Extracellular Matrix
Remodeling
and Angiogenesis _

Critical Driver for the Expansion
of Visceral Adipose Tissue

Impaired Adipogenesis
Ectopic Lipid Deposition .
Compromised Intestinal Barrier
Systemic Chronic Inflammation perfil secretor de adipocinas
Systemic Insulin Resistance
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Distuncao do tecido adiposo
Induzida pela obesidade

a Healthy WAT expansion b Unhealthy WAT expansion

e Adipocyte hyperplasia * Adipocyte hypertrophy and cellular stress

e Anti-inflammatory state * Pro-inflammatory state (T M1 ATMs and T NK cells)
(T M2 ATMs and 1 Tregs) * | Angiogenesis

* 1 Formation of new vasculature e 1 Fibrosis and hypoxia
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Tecido adiposo
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Tratfamentos para a
obesidade
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» Dietético
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Tratamentos farmacoldgicos atuais
para a obesidade associados ao
DM2

= Dijetético e atividade fisica @ mudanca no estilo de vida
em adultos diminui a progressdo do DM em 58% com
efeitos tecidos especificos como aumento da biogénese
mitocondrial, reducdo do tamanho dos adipodcitos e
elhora do estado inflamataorio.

O transplante de tecido adiposo subcutdneo de um
camundongo treinado para o tfecido visceral de um
alimentado com HFD melhorou a sensibilidade insuling,
reverteu complicacdes metabdlicas.

» exercicio melhora a plasticidade do adipdcito e tem papel
importante na homeostase energética.




Tratamento emergente
e atual

Drug name Brand (manufacturer) Mechanism of action in weight loss Body weight  Adverse effects Refs
k) A.

Table 1| Current US-approved anti-obesity therapeutics

GLP1R agonists ~ Saxenda (Novo Reduces appetite and food intake,
Liraglutide Nordisk) partly through regulation of soluble
leptin receptors

NhiDITS gastric and pancreatic lipases,

(GlaxoSmithKline) reduces intestinal fat digestion to reduce digestion in the intestine,
caloric intake and improves glycaemic gastrointestinal symptoms,
parameters and endothelial function liver failure and body weight
re-gain (~35%)
Lorcaserin Belviq (Arena 5-HT,. receptor agonist. Activates 3-5 Headache, respiratory tract 83
Pharmaceuticals) hypothalamic POMC neurons through 5-HT,_ infection and depression.
to promote satiety. Lowers HbA, . levels and A ‘pregnancy category X’
CVDrrisk factors drug
Phenteramine-  Qsymia (Vivus) Suppresses food intake through antagonism ~ 9-11 Paraesthesia, dizziness, 84
topiramate ER of AMPA and kainite receptors. Enhances dysgeusia, insomnia,
noradrenaline and GABA receptor activity. glaucoma, creatine
Increases energy expenditure elevation and kidney stones
Naltrexone- Contrave (Takeda Activates POMC neurons by binding to <5 Seizures, glaucoma and 85
bupropion XR Pharmaceuticals)and ~ MC4Rs and antagonizes the opioid system. potential CVD risk owing to
Mysimba (Orexigen) Increases energy expenditure and reduces elevations in heart rate
food intake

5-HT,,. 5-hydroxytryptamine receptor 2C; AMPA, a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid; CVD, cardiovascular disease; ER, endoplasmic reticulum;
GABA, y-aminobutyric acid; GLP1R, glucagon-like peptide 1 receptor; HbA,, glycated haemoglobin; MC4R, melanocortin receptor 4; POMC, pro-opiomelanocortin.
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GLP1

» Receptores de GLP1 presentes nos adipocitos quando
estimulados podem promover a proliferagcdo de pré-adipocito
e a inibicao da apoptose.

» Em adicdo liraglutine reduz sinais da lipogénese VWAT em
camundongos obesos =2 estimula AMPK e supressdo da AKT.
Reduz a vVWAT e diminui a expressdo de PPARy e C/EBPa.




GLP1

Liraglutide

Insulin

""Sympathetic nervous system

Lipogenesis

Figure 6 Model of Akt and AMPK signaling network in adipocyte.
Notes: Arrows represent activation, whereas bars represent inhibition.
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Table 2 | US-approved antidiabetic drugs most commonly used to treat T2DM

| Drug type (examples) Primary antidiabetic effects HbA, lowering Adverse effects Refs
, capacity (%)
Biguanides (metformin) Alleviate hyperglycaemia and enhance insulin ~1-1.5 Lactic acidosis and 89
sensitivity by suppressing gluconeogenesis through diarrhoea

inhibition of the mitochondrial ETC, glucagon signalling
or the glycerophosphate shuttle enzyme

Insulin therapy Improves insulin secretion capacity and predictably >1.5 Hypoglycaemia and 90
stabilizes glycaemia weight gain
GLP1R agonists (liraglutide) Increases cAMP to enhance insulin secretion and 1.5 Nausea, transient 91,92
and exenatide alleviate hyperglycaemia. Delays gastric emptying. gastrointestinal effects
Suppresses secretion of glucagon and pulse increases

TZDs (pioglitazone and Activate PPARy-RXR heterodimerization. Block Bone fracture, CVD risk,
rosiglitazone) CDK5-mediated PPARy phosphorylation. Increase fluid retention, weight
insulin sensitivity and glucose disposal gain and congestive
heart failure

SGLI2 inhibitors (canagliflozen  Alleviate hyperglycaemia by blocking kidney glucose .6-0. Diabetic ketoacidosis and
and empagliflozin) reabsorption. Increase urinary glucose excretion urinary tract infections

ulfonylureas (glyburide, nhance Insulin secretion by biNdINg O K, Channelson  ~1—1. Hypoglycaemia and 90
gllpmde and glimepiride) pancreatic B-cells. Suppress hepatic gluconeogenesns weight gain
Meglitinides (repaglinide Increase insulin secretion by binding to K,;, channels ~1 Hypoglycaemia and 97
and nateglinide) on B-cells weight gain
DPP4 inhibitors (sitagliptin Enhance endogenous GLP1 levels and insulin secretion.  ~0.6-0.8 Upper respiratory 98
and saxagliptin) Suppresses glucagon secretion infections
a-glucosidase inhibitors Reduce blood glucose levels by inhibiting the enzymes  ~0.8 Gastrointestinal symptoms 99
(acarbose and miglitol) that digest carbohydrates and diarrhoea

cAMP, cyclic AMP; CDK, cyclin-dependent kinase; CVD, cardiovascular disease; DPP4, dipeptidyl peptidase 4: ETC, electron transport chain; GLP1, glucagon-like
peptide 1; GLP1R, GLP1 receptor; HbA ., glycated haemoglobin; K, channels, ATP-sensitive potassium channels; PPAR, peroxisome proliferator-activated receptor:
RXR, retinoid X receptor; SGLT2, sodium—glucose cotransporter 2; T2DM, type 2 diabetes mellitus.
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PPARY

» PPAR y €& expresso abundantemente no tecido
adiposo, mas € enconfrado fambém no pdncreas,
endotelio vascular e macrofagos;

» Tiazolidinediona (TZD) aumentou o© numero de
pequenos adipodcitos e a massa adiposa subcutdnea
em estudos animais;

= No WAT e BAT, possui funcdo dominante nas vias
reguladora da adipogénese (diferenciacdo), nas vias
lipoliticas e na sensibilidade a insulina.




Tiazolidinediona

Liver

Skeletal muscle Adipose tissue

Lipoprotein metabolism Fatty acid catabolism

» Decreased apolipoprotein Gl (a) i — - Fatty acid uptake and storage ()
. \ncremaad sepl-sommepme A it
= Increased GLUTS

« Increased acyl-coenzyme A synthetase

« Increased apolipoprotein A1, 11 (o)
Fatty acid uptake

« Increased fatty acid transport protein-1 {(a) B PO pIatiayt > Other effects (v)
« Increased fatty acid translocase/CD36 (a) « Decreased PDK-4 « Increased adiponectin
Fatty acid catabolism

WS TCUTST I il wh . Intravascular lipolysis
Decreased inflammation « Increased LPL (v)
= Decreased Coreactive protein (ay) . Glucose uptake ()
« Fibrinogen B (a, by means of interleukin-6) Increased IRS-1

Increased IRS-2
Increased phosphatidyl 3-kinase
Increased GLUT4

. « Increased CAP
. « Increased GyK
PPAR-TZD

Vascular wall
Adhesion molecules Cholesterol efflux
= Decreased intercellular adhesion molecule-1 {y) = Increased ABCAL (ay8)
« Decreased vascular-cell adhesion molecule-1 (ay) « Increased SR-81 (ay)
Inflammation Other

arYs ofe

- Dec d inte -0 {ay
= Decreased MMP-9 (y)

« Decreased MCP-1 (y)

» Decreased tissue factor (o)

= Increased nuclear factor xB (o)
= Decreased cyclooxygenase-2 (a)
Decreased endothelin (ay)

Macrophages
Foam cells {(ay)




T/D em humanos

« Increased body weight « Increased insulin sensitivity
» Increased subcutaneous adipose tissue mass + Unchanged intramyocellular lipids

/

"+ Decreased liver fat
« Increased hepatic insulin sensitivity
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SGLTZ

» A inibicdo de SGLT2 promove glicosuria por blogquear reabsorcdo
de glicose no tubulo renal proximal - aumenta a eliminacdo de
glicose e melhora o hiperglicemia;

» Perda 300 a 400Kcal/dia na uring;

» (Zompensacdo com o aumento da ingestdo de alimentos;

DM2 com alto risco de eventos cardiovasculares=> inibidores
SGLT2 < reducdo de eventos cardiovasculares.




Adipokines

Adipocinas

Table 3 | Potential therapeutic strategies and agents under development for the treatment of obesity-associated T2DM

Leptin analogues Metreleptin (Aegerion Increase energy expenditurevia  Approved for congenital or 115-126
Pharmaceuticals) JAK-STAT3 acquired lipodystrophy. Phase I
for obesity
Adiponectin AdipoRon (University of Tokyo) Stimulate ceramidase activity ~ Pre-clinical 131-137
and adiponectin via ADIPOR1 and/or ADIPOR?
receptor agonists
PAHSAs NA (Harvard Medical School) May enhance qut GLP1 Pre-clinical 139
secretion through GPR120
FGF21 Analogues ~ LY2405319 (Eli Lilly) and Lower glucose and lipids Phase I, discontinued owing to 155,156
PF-05231023 (Pfizer) adverse effects
Human recombinant  OP1 (Olympus Biotech) Suppress appetite through OP1is approved for bone surgery. 167-170
BMP7 mTOR pathway Pre-clinical for obesity and T2DM
IL-1R antagonists Anakinra (Amgen) and canakinumab  Improve glycaemiaand p-cell ~ Approved for RA (Anakinra), CAPS, 171-176
and anti-IL-1p (Novartis) function arthritis and SJIA. Pre-clinical for
antibodies obesity and T2DM
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Leptina

» Concentracdo diretamente proporcional a massa gorda;

» Obesidade - resisténcia a leptina caracterizada por uma ruptura
na sinalizacdo hipotaldmica e falha no fransporte de leptina na
barreira hematoencefdlica;

= Atwa as vias JAK2-STAT3 que aumenta o dispéndio de energiq,
omove saciedade e auxilia a reduzir o peso corporal.

A Iinfusdo de leptina associada a insulina promoveu O
escurecimento do WAT.




Leptina

» Tratamento exdgeno de leptina recombinada em obesos com
baixa producdo de leptina-> 1 saciedade, |peso corporal;

» Melhorou a producdo de adiponectina e | lesoes
ateroscleroticas em modelos de camundongos
hipercolesterémicos;

= Resfricdo caldrica e perda de peso = Tleptina e promove uma
variedade de adaptacdoes comportamental.



Adipocinas

Table 3 | Potential therapeutic strategies and agents under development for the treatment of obesity-associated T2DM
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Adipokines

Leptin analogues Metreleptin (Aegerion Increase energy expenditurevia  Approved for congenital or 115-126
Pharmaceuticals) JAK-STAT3 acquired lipodystrophy. Phase I

for obesity

Adiponectin AdipoRon (University of Tokyo) Stimulate ceramidase activity ~ Pre-clinical 131-137

and adiponectin via ADIPOR1 and/or ADIPOR?

receptor agonists

As NA (Harvard Medical School) May enhance gut GLP1 Pre-clinical 1
secretion through GPR120

FGF21 Analogues ~ LY2405319 (Eli Lilly) and Lower glucose and lipids Phase I, discontinued owing to 155,156
PF-05231023 (Pfizer) adverse effects

Human recombinant  OP1 (Olympus Biotech) Suppress appetite through OP1is approved for bone surgery. 167-170

BMP7 mTOR pathway Pre-clinical for obesity and T2DM

IL-1R antagonists Anakinra (Amgen) and canakinumab  Improve glycaemiaand p-cell ~ Approved for RA (Anakinra), CAPS, 171-176

and anti-IL-1p (Novartis) function arthritis and SJIA. Pre-clinical for

antibodies obesity and T2DM



Adiponectina

» Melhora a sensibilidade a insulina, anti-apoptotico e anti-

inflamatorio;

Receptor - AdipoRlexpresso principalmente no musculo

esqueletico, e AdipoR2, que sinaliza preferencialmente no figado.

Regulacdo = niveis circulantes sdo reforcados durante condicoes
fadvoraveis metabolicamente, e sdo reduzidos durante condicoes

etabolicamente adversos;

Sinadliza por maio do eixo FGF21-adiponectina-ceramida para

aumentar o gasto de energia e a¢cdo da insulina.



Brain
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Adiponectina

= Central effects on energy expe

=Promotes heta cell survival

Adiponectin

=Decredse o glucose output
*Decrease in lipogenesis

a LM
. Adipocyte

= M2 polarisation (anti-inflammart

= Expansion of adipocyte nunber
= Upregulation of lipid metabolism genes
= Redoction in inflammatory mediators

Paracrine
cffects



Adiponectina

Meia-vida curta (no soro de 40-60 minutos em camundongos);

Administracdo de quantidades substanciais pode ndo ter o custo

beneficio interessante;
Mais/ativa em forma quaterndria;

endéncia da adiponectina & favorecer o ganho de peso
uando administrada em excesso = potencializar o seu uso &

uma terapia recombinada;

Efeitos colaterais = densidade mineral dssea reduzida, dano

tecidual ventricular esquerdo (hipertrofia) e afeta a fertilidade.



Adipocinas

Table 3 | Potential therapeutic strategies and agents under development for the treatment of obesity-associated T2DM

antibodies
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obesity and T2DM

Adipokines
Leptin analogues Metreleptin (Aegerion Increase energy expenditurevia  Approved for congenital or 115-126
Pharmaceuticals) JAK-STAT3 acquired lipodystrophy. Phase I
for obesity
Adiponectin AdipoRon (University of Tokyo) Stimulate ceramidase activity ~ Pre-clinical 131-137
and adiponectin via ADIPOR1 and/or ADIPOR?
receptor agonists
PAHSAs NA (Harvard Medical School) May enhance qut GLP1 Pre-clinical 139
secretion through GPR120
FGF21 Analogues ~ LY2405319 (Eli Lilly) and Lower glucose and lipids Phase I, discontinued owing to 155,156
PF-05231023 (Pfizer) adverse effects
uman recombinant ympus Biotech) duppress appetite through OF1 15 approved for bone surgery. 16/-
BMP7 mTOR pathway Pre-clinical for obesity and T2DM
IL-1R antagonists Anakinra (Amgen) and canakinumab  Improve glycaemiaand p-cell ~ Approved for RA (Anakinra), CAPS, 171-176
and anti-IL-1p (Novartis) function arthritis and SJIA. Pre-clinical for



FGF21

Hormonio catabdlico largamente sintetizado no figado, e no WAT,
BAT, mUsculo esquelético e pdncreas;

Camundongos nocaute (ob/ob e db/db) - beta oxidacdo,
aumento o dispéndio de energia e reduziu os niveis de glicose,
melhorou a sensibilidade a insulina, o perfil de colesterol e auxiliou
na perda de peso;

Administracdo de FGF21 reduziu a preferencia por doce e dlcool
poysinalizacdo = niveis centrais de dopaminag;

romover de 'beiging' de WAT por inducdo de mitocondrial > UCPT;

Andlogos LY2405319 - declinio da ferfiidade e ftdos niveis de
cortisol.



a Unhealthy adipocyte

b Healthy adipocyte

Metabolic improvement
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* Adiponectin

Dietary or genetic metabolic challenge
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! Pro-inflammatory
markers (TNF, resistin,
SAA3, MCP1)

Current WAT-directed therapies:

* PPARYy agonists (TZDs)
¢ Diet
* Exercise
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M Promote satiety
.

} Adiposity

* CCR2 antagonists
: 1 Glycaemic control

* Amlexanox
» Salsalate

¢ LTB4R1 inhibitors

! Vo + Improved adipokine
X ' ' secretory profile

} WAT inflammation : é e

* GPR120 agonists .:

* Leptin * CRMP
* FGF21 e Etanercept
y °IL-1P

1 Insulin signalling, insulin sensitivity : :
and energy expenditure { WAT fibrosis and hypoxia

* Adiponectin  ® Browning factors ¢ Endotrophin antibodies
e PAHSAs * CRMP (uncoupler) ¢ PDGFRa inhibitors

e FGF21 * MEK inhibitors ¢ HIF1a inhibitors
e BMP7 * Resveratrol
o |L-1B

Nature Reviews | Drug Discovery



Browning

Humanos tem aproximadamente 50 a 80g de BAT - 50g pode
proporcionar um gasto de até 20% da ingestdo caldrica;

BAT expressa altos niveis de GLUT4 que estimula a captacdo de
glicose pela insuling;

dicomen’ros' - derivados de catecolamina e hormdénio da

A noradrenalina = efeitos secunddrios cardiovasculares, e doses
suprafisioldgicas de hormdnios firoidianos pode causar
morbidade;

O frio pode ser um bom ativador (2horas por dia em 19°C por 6
semanas), causou uma reducdo significativa da massa gorda
corporal em humanos.



Browning

» Em humanos o tratamento com epinefrina melhora o dispéndio de
energia, mas ndo ativa BAT. Maiores doses parece ativar BAT ,

porém gumento a PA.

Varigs medicamentos conhecidos influenciom a formacdo BAT e

Bejge incluindo TZDs, BMP7 , FGF21, adiponectina, macrofagos
ternativamente ativados e eosinofilos que induzem o aumentando
4.

IL-4 e IL-13, que em conjunto ativa a sinalizacdo PB-adrenérgico e

termogénese.



DiscussQo

» Tratamentos acoplados ao SNC pode levar a depressdo e outros

efeitos colaterais neuroldgicos indesejaveis;

= Alvos periféricos, como tecido adiposo representa uma alternativa

de fratamento para a manipulacdo das vias centrais;

Armazenar lipidios em um tecido especializado (forma protetora),
ao invés de depositar o excesso em outros tecidos que sdo

sujeitos a efeitos colaterais.
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Tratamento




Adolescentes

Para adolescentes com estirdo puberal completo
pode ser recomendado uma perda de
0,5kg/semana

Para maiores de 7 anos a reducdo deve ser de

aproximadamente 108kcal/dia, o que leva a uma
perda de 450g/més.

A velocidade de crescimento deve ser monitorada.



Recomendacoes

« O Cconsumo de gordura NnAo
aproximadamente 30% do VET;

e De 7% a 10% de saturada e deve evitar
gordura frans;

e« O consumo de sddio deve ser limitado d
2.400mg/dia;




Orientacoes nutricionais

« NAo proibir o consumo de alimentos;

« Organizar os hordrios de refeicoes;

« Diminuir a qguantidade de alimentos
caloricos, gordurosos e frituras;

« Elevar o consumo de frutas e demais
vegetais;

Ref: Manual da Sociedade Brasileira de Pediatria




Dietas de muita baixa caloria
~10kcal/kg de peso

Dietas de baixissimas calorias, com 400 a 800 kcal
por dia, produzem perda de peso maior em curto
prazo, em comparacdo as dietas de baixas
calorias.;

Pode acometer perda de massa magra;

Em longo prazo, no periodo de um ano, a perda
de peso e similar;

Ndo proporcionam mudancas de hdbitos
alimentares e comportamentais.




Dietas pobres em carboidratos e
ricas em proteinas e gorduras

Caracterizadas por serem compostas de:

55% a 65% de gordura,

menos de 20% de carboidratos, até 100 g ao
dia, e

25% a 30% de proteinas.

A mais famosa delas € a do Dr. Atkins.




@ e JAMA Network

From: Comparison of the Atkins, Ornish, Weight Watchers, and Zone Diets for Weight Loss and Heart Disease
Risk Reduction: A Randomized Trial

JAMA. 2005;293(1):43-53. doi:10.1001/jama.293.1.43
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Weight change (kg)

Aproximadamente
apenas 20% dos
individuos mantém a
perda de peso em 5

anos.
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Adesdo ao tratamento
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[ Fast food X supersize




O consumo de bebidas caldricas ou ndo
caloricas junto com a refeicdo afeta o
Ingestao de energiae

Cd Baverage
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Mone  Water Diet Cola Reg. Cola Juice  Milk
Beverage

Appetite 44 (2005) 187-193




Beber liguidos durante a
refeicdo engordaee

Alimentos solidos Alimentos liquidos
\ Auséncia da mastigacao?
Influéncias cognitivas: Sede vs fome?
Saciedade

Dieta de 2000kcal — maca: 2h/ suco de maca: 18 min

Saciacao = diminui¢céo do volume de alimentos ingeridos em uma refeicao




Causas: consumo alimentar....

Pg controlar a ingestao alimentar é tao dificil??

\
uando comer? ~ , :
Q Questdes pré-determinadas
O que comer? > o _
Decidias em nivel subconsciente
Quanto comer?

Homeostaticos Nao homeostaticos
Demanda energética corporal Experiéncia
Habitos

Oportunidade, estresse, ritmo bioldgico

Situacao socio-econémica
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