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Yol haritasi
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Insanda kahverengi yag dokusu (KYD)
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mi KYD mu?

D/BYD’nun metabolizmadaki yeri

D/BYD’nun obezite tedavisindeki yeri
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Insan ve farede kahverengi yag depolar
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Diaz MB ve ark. Metab Clinical & Experimental 2014; 367 (4): 1238-1249.



Adipositlerin farklilasmasi
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Zafrir B. Horm Metab Res 2013; 45: 774-785.



Beyaz-Kahverengi-Bej

WAT BAT BeAT
Cell shape Varable, but classically spherical Polygonal Resembles WAT
Cell size Variable, but large (25-200 pm) Comparatively small (15-60 pm) Variable
MNucleus Peripheral, flattened Central, round or oval in shape To be detemmined
Cytoplasm Thin, peripheral im Large volume evenly distributed throughout cell  To be detemined

Lipid content

Mitochondria

Endoplasmic reticulum (ER)

Tissue organization

Cell content

Vascularity

Gene expression

Cell markers

Single large droplet occupying
up to 90% of cell volume

Few

Little, but recognizable as rough
and smooth ER

Small lobules of densely packed cells

Multiple other cell types present

Adeqguate

PPAR-gamma, aP2, Adiponectin,
adipsin, perlipin

D34, ABCGZ, ALDH

Multiple small lipid droplets

Abundant

Present, but poorly developed

Lobular, glanddike

Few other cell types present

Highly vascularised

UCP-1, PGC-1alpha, (-3 adreno receptor
(ARB3), PRDM16, de-iodinase type Il (D2)

EVA1, EBF3, FBXO31

To be detemmined

Intermediate

To be detemmined

To be detemmined

Few other cell types
present

To be determined

Low UCP1, but activated
by cAMP stimulation

CD137, TMEMZ26, TBX]1

Reddy NL ve ark. BMC Obesity 2014; doi:10.1186/s40608-014-0013-5.



Fare adipositlerinin elektron mikroskopisi

Devlin MJ. Yearbook of Physical Anthropology 2015; 156: 98-115.



ORIGINAL ARTICLE

High Incidence of Metabolically Active Brown Adipose
Tissue in Healthy Adult Humans

Effects of Cold Exposure and Adiposity

Masayuki Hailu,' Yuko {Ill-::.l.m:l.'L:-;.u-t!rﬁlum.E Mami Matsushita,' Kumiko Watanabe,! Takeshi 't'um*shiru,'
Junko Nio-Kobayashi,® Toshihiko Iwanaga? Masao Mivagawa,! Toshimitsu Kameya,®
Kunihiro Nakada,” Yuko Kawai,” and Masayuki Tsujisaki®

Diabetes 58:1526-1531, 2009



Materyal-Metod

56 saglikh gondllt (31 E, 25 K)
23-65 yas araligi

Soguk/sicak uygulama
PET-BT

Histoloji

Saito M ve ark. Diabetes 2009; 58: 1526-1531.



TUm vicut FDG-PET/BT degerlendirmesi

Saito M ve ark. Diabetes 2009; 58: 1526-1531.



Yaz/Kis FDG “uptake”
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Saito M ve ark. Diabetes 2009; 58: 1526-1531.



KYD +/- deneklerin karsilastiriimasi

Male subjects Female subjects

BAT = + == +
n 21 10 16 9
Age (years) 584 * 10.0 3L.3 * 6.7* 436 = 5.6 303 = 1.7*
Height {cm) 170+ 6 170 = 4 IR + b 159 + 3
Body weight (kg) 713+ 6.8 66.3 = 6.6 bab + 4.6 49.0 * b.7
BMI (kg/m™) 244+ 23 22T+ 28 220+22 94 + 21
Body fat (%) 245 * b5 20.6 = b.0 284 + B.1 245 * b4
Body fat (kg) 17.7+ 48 138 + 4.6 16.2 + 3.6 125 + 4.0
Fat area (cm”)

Total 236 + 82 152 + BY 222 + 85 159 + 76

Visceral Tl + 2T 47 + 19 bl =24 307

Subcutaneous 1656 = 64 104 + 68 171 = 67 129 + 71

Data are means = SD. *P < 0.05 vs. BAT (—) by (¢ test.

Saito M ve ark. Diabetes 2009; 58: 1526-1531.



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Identification and Importance
of Brown Adipose Tissue in Adult Humans

Aaron M. Cypess, M.D., Ph.D., M.M.Sc., Sanaz Lehman, M.B., B.S,,
Gethin Williams, M.B., B.S., Ph.D., llan Tal, Ph.D., Dean Roedman, M.D.,
Allison B. Goldfine, M.D., Frank C. Kuo, M.D., Ph.D., Edwin L. Palmer, M.D.,
Yu-Hua Tseng, Ph.D., Alessandro Doria, M.D., Ph.D., M.P.H.,
Gerald M. Kolodny, M.D., and C. Ronald Kahn, M.D.

N Engl ] Med 2009;360:1509-17.




Materyal-Metod

Retrospektif
3640 PET/BT 1972 hasta

Kadin %7.5 PET+, erkek %3.1 PET+
Histoloji

Cypess ve ark. N Engl J Med 2009; 360(15): 1509-1517.



Kahverengi yag dokusu: Histoloji-PET/BT

Cypess ve ark. N Engl J Med 2009; 360(15): 1509-1517.



KYD’'nun maksimal aktivetisi
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Cypess ve ark. N Engl J Med 2009; 360(15): 1509-1517.



Variable

Sex
Female vs. male
Years of age
5064 ws. <50
=64 vs. <50
Body-mass index]
23527 8Bvs. <235
=27 Bvs. <235

Fasting plasma glucose level — mg/dl

93-103 (5.2-5.7 mmol/liter) vs. <93

=103 vs. <03

Cancer

Lymphoma vs. no cancer

Other cancers vs. no cancer

Smoking history
Formerly vs. never
Currently vs. never

Beta-blocker use
Yesvs. no

Benzodiazepine use

Yes vs. no

Univariate Analysis

Odds Ratio (95% CI)

2.85 (1.72-4.72)

0.55 (0.31-0.96)
0.23 (0.12-0.43)

0.81 (0.46-1.42)
0.54 {0.30-0.98)

0.95 (0.54-1.67)
0.56 (0.31-1.01)

1.05 (0.41-2.67)
0.79 (0.31-2.02)

0.46 (0.26-0.81)
0.58 (0.27-1.28)

0.06 (0.02-0.26)

1.74 (0.91-3.33)

Cypess ve ark. N Engl J Med 2009; 360(15): 1509-1517.

Pvalue

<(0.001

<0.0017

0.041

0.041

0.53§

0.02§

=0.001

0.04

PET/BT taramasinda KYD'nu belirleyen faktorler

Moultivariate Analysis

Odds Ratio (95% CI)

3.07 (1.72-5.48)

0.64 (0.33-1.21)
0.32 (0.15-0.67)

1.32 (0.68-2.60)
0.74 (0.38-1.44)

1.37 (0.70-2.68)
0.97 (0.48-1.96)

0.46 (0.14-1.46)
0.47 (0.15-1.45)

0.74 (0.33-1.44)
0.78 (0.32-1.93)

0.09 (0.02-0.38)

0.99 (0.44-2.21)

Pvalue

<0001

0.0057

0.307

0.771

0.40]

0.64]

0.001

0.98



The NEW ENGLAND JOURNAL of MEDICINE

BRIEF REPORT

Functional Brown Adipose Tissue
in Healthy Adults

Kirsi A. Virtanen, M.D., Ph.D., Martin E. Lidell, Ph.D., Janne Orava, B.S.,
Mikael Heglind, M.S., Rickard Westergren, M.S., Tarja Niemi, M.D.,
Markku Taittonen, M.D., Ph.D., Jukka Laine, M.D., Ph.D., Nina-Johanna Savisto, M.S.,
Sven Enerbick, M.D., Ph.D., and Pirjo Nuutila, M.D., Ph.D.

N Engl ] Med 2009;360:1518-25.



Materyal-Metod

5 gonullt erkek

20-50 yas

Soguk uygulama

Histoloji

UCP1, DIO2, PRDM16, ADRB3 mRNA

Virtanen KA ve ark. N Engl J Med 2009; 360(15): 1518-1525.



PET, Cold

PET, Warm

Sicak ve soguk farki

UcFh
4000+

P01

BAT as a Multiple of WAT

BAT WAT

UCP1

BAT

Virtanen KA ve ark. N Engl J Med 2009; 360(15): 1518-1525.



KYD ve BYD: Gen ekspresyonlari

BAT as a Multiple of WAT

BAT as a Multiple of WAT
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Virtanen KA ve ark. N Engl J Med 2009; 360(15): 1518-1525.



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Cold-Activated Brown Adipose Tissue
in Healthy Men

Wouter D. van Marken Lichtenbelt, Ph.D., Joost W. Vanhommerig, M.S.,

Nanda M. Smulders, M.D., Jamie M.A.F.L. Drossaerts, B.S.,
Gerrit J. Kemerink, Ph.D., Nicole D. Bouvy, M.D., Ph.D,,

Patrick Schrauwen, Ph.D., and G J. Jaap Teule, M.D., Ph.D.

N Engl ] Med 2009;360:1500-8.




Materyal-Metod

24 saglikli erkek
Soguk/sicak uygulama
PET-BT

Histoloji

Lichtenbelt WDM. N Engl J Med 2009; 360(15): 1500-1508.



Denek profili

Lean Subjects Overweight or Obese
Characteristic (N=10) Subjects (N=14) P Valuej
Age (yr) 0.58
Mean 243136 235234
Range 20-32 13-30
Body mass (kg) <0.001
Mean 78.1+9.2 102.0+£17.5
Range 66.0-95.3 76.5-136.5
Height (m) 0.99
Mean 1.83+0.09 1.83+0.06
Range 1.75-2.02 1.74-1.94
BMI <0.001
Mean 23.2+1.2 30.324.2
Range 21.3-24.5 25.4-38.7
Body fat (%) <0.001
Mean 16.245.1 27.3£7.4
Range 9.4-25.1 16.9-41.8

Lichtenbelt WDM. N Engl J Med 2009; 360(15): 1500-1508.



Kahverengi yag aktivitesi

PET-BT ¥F-FDG

Lichtenbelt WDM. N Engl J Med 2009; 360(15): 1500-1508.



BAT ity [kBa)

Kahverengi yag dokusu aktivitesi

BKi-istirahatte eneriji sarfiyat
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Lichtenbelt WDM. N Engl J Med 2009; 360(15): 1500-1508.



Kahverengi yag aktivitesi

Cold Exposure =~ Thermoneutral Conditions

Lichtenbelt WDM. N Engl J Med 2009; 360(15): 1500-1508.



Bariayatrik cerrahi sonrasi KYD artis

Before After P value
Age (yr) 40 = 9 41+ 9
EMI fkg-"mz} A1 T+ 44 208+42 <0001
Body mass (kg) 1270177 908 + 16.7 <20.001
BF% 486 + 5.2 34E+79 <(0.001
Fat mass (ka) 62.1+109 324+ 105 =0.001
FFM (kg) 635+ 11.7 .7 > 12.2 =0.001

Vijgen GHEJ ve ark. JCEM 2012; 97: E1229—E1233.



Hormone

Influence on BAT

Hormonlarin KYD’na etkisi

Probable BAT therapeutic suggestions

Epinephrine
E
Testosterone
Estradiol
Progesteronge
CHEA

iak-1

GH

insulin
{omisol
Prolactin
Aldosterone

Endocannabinoids

pug

+ve

e

+H— (7 dual effect)
+ue

+ye

Probably +ve

Fve at higher dose
Linclear

e

e

e

e

Selective human 3 receptor agonists

TR B selective agonists- GC-40, KB-4

To be determined

Selective estrogen receptor modulators (SERM)
o be determined

To be determined

Recombinant human IGF-1 or runcated IGF-1
To be determined

To be determined

To be determined

Bromocripting, pure prolactin receptor antagonists o9, Al-9G1298- hPrl (A 1-9)
Eplerenone, Spironolactone

Peripheral {B1 antagonists

Reddy NL ve ark. BMC Obesity 2014; do0i:10.1186/s40608-014-0013-5.



B3-AR agonisti mirabegron’un metabolik etkisi
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Cypess AM ve ark. Cell Metabolism 2015; 21: 33-38.



Feokromositoma’da omental adipositler:
Beyaz-Kahverengi donusimu

-~ UCP1-IHC

Frontini A ve ark. Biochimica et Biophysica Acta 2013; 1831: 950-959.
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Irisin’in kahverengilesmede olasi etkisi

Exarcise Mice
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. orleisin
FNDCS " o
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- or Irisin Metabolic Health
L
FNDCS
ot risin
I I/ rocs G
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Irving BA ve ark. Curr Obes Rep 2014; 3: 235-241.
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Kemirgenlerde KYD uyaranlari
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Endojen ve eksojen ajanlar ve sinyaller

Agent/signal BAT WAT
activation browning
Beta-adrenergic agonists + +
Leptin “+ -
TIOP-21 + ++
Brain-derived neurothrophic + ++
factor

Prostaglandins - +
Cardiac natriuretic peptides + +
PPARv ligands + +
PPARx ligands + +
Retinoids -+ +
Thyrowd hormones + +
AMPK activators - T
Irisin - +
Fibroblast growth factor 21 + ++
Bone momhogenetic protein 7 + ;o

Bonet ML ve ark. Biochimica et Biophysica Acta 2013; 1831: 969-985.



Endojen ve eksojen ajanlar ve sinyaller

matemal undernutrition capsaicin and analogs
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Bonet ML ve ark. Biochimica et Biophysica Acta 2013; 1831: 969-985.



Gida alimini ve yag kutlesini reglile eden
hormonal ve noronal yollar

LHA
fricH - |
l Decreased
Stomach/intestine energy expenditure
 ARC

=

& 1Ghrelin

NPY
AGRP Incre_ased
Insulin food intake Restoration of

i . / fat cell mass

—MSH
Pancreas
» # iLeptin =
Decreased

Fat cell mass fat cell mass

Korner J and Aronne L J. J Clinical Invest. 2003; 111(5): 565-570.



Tedaviye yansimalar

Soguk

Fiziksel aktivite
Adrenerjik sistem
Tiroid aksi aktivitesi
KYD transplantasyonu
Kahverengilestirme

Insandaki transkripsiyon faktorleri?

Tam CS ve ark. Circulation 2012; 125: 2782-2791.



Obezite tedavisinde
enerji sarfiyati mekanizmalari

Dissipation of energy as heat

Increased energy intake
Lack of physical exercise
Technology

Sedentary life styles

Food addiction .
Activation of BAT

Leptin resistance
Unsuppressed Ghrelin-induced hunger
Evolutionarily conserved-

energy storage mechanisms

Browning of WAT

Beige cells
Adipocyte precursors White adipocytes

White adipocytes
Normal Obese Normal

Elattar S ve Satyanarayana A. J Cellular Physiol 2015; d0i.10.1002/jcp.24986



