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LEPTIN




Leptin  (1994)

AETOC = tenky — ,.Stihly*

vs. leptinova resistence !




Leptin

M. =16.000 puvod: diferencované adipocyty
(fundus Zaludku,
kosterni sval, jatra,
placenta, ...)
 info 0 mnozstvi skladované energie v adipocytech
— hypothalamus







ob — gen: ob/ob mutace a normalni mys




Deficit leptinu (ob-gen):
heterozygotni mutace leptinového genu — IR a hyperlipidemie
homozygotni mutace - ... zv. télesné hmotnosti:
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Adapted from Conzidine, et al., 7

Mew EngJ Med 334: 292, 13496,




Leptin jako lék:

S0

Girl with homozygous
ob gene mutations

o1 2 3 4656 7 8 89
Age in Years
Adapted from Conzidine, et al.,

Mew EngJ Med 334: 292, 1956,

94,5 kg ztoho 55,9 kg tuk

1 rok: denné 1n;.
rekombinantniho
lidského leptinu

e - 16,4 kg tuku

* redukce chuti na jidlo

e vytvorily se antileptinové
protilatky (bez interference
s u¢inkem hormonu!)

 (u heterozygotu nebylo takto
dosazeno redukce hmotnosti)
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Plodnost jedince:

e nedostateCna produkce leptinu — neplodnost

o leptin je spojkou mezi tukovou tkani, hypothalamem a

reprodukénim systémem (,,ukazuje, zda je dostatek energie
pro reprodukci®)

e leptin potlaCuje neuropeptid Y (,,NPY*)
— sniZzuje u€inek gonadotropint

(infertilita u mentalni anorexie,
u Zen v koncentracnich taborech ...
muz ? )
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P-leptin: volny + vazany na solubilni receptor (Cast bunécného receptoru).
Ucinek vazbou na transmembranovou cast receptoru ve tkanich (hypothalamus,
ovarium, ..), intracelularni ¢ast receptoru (Cervené) miize byt rizné délky. 10




Leptinova resistence:

 sn. citlivosti viiCi leptinu:
1. saturace transportu pres hematoencefalickou bariéru
2. abnormality v rozsahu aktivace leptinového receptoru
a/nebo prenosu signalu

e leptinova resistence:
= sn. koncentrace rozpustného receptoru + sn. frakce
vazaného leptinu.
Leptinova resistece je novéji razena k metab. syndromu
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Termogeneze (Landsberger):

zv. IR + zv. tonu sympatiku - termogeneze
(hnéda tukova tkan)

tvorba tepla brani ukladani nadbytku energie
ve formé tukove tkané

prekroceni kapacity termogeneze — obezita + zv. IR
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Leptin a metabolismus:

Body Temperature {(C}) oxygen Consumption (mlkghr)
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3? |
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36
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33
32 normal = ob/ob 400 normal = obiob
mice mice mice mice

treated with PBS . treated with leptin (10 mg/kQg)

[Adapted from Pelymourter et al., =cience 269:540, 19335)
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Pancreas

Insulin secretion

Leptin synthesis

Fat tissue

Hepatic glucose production

hladinu leptinu zv./sn.

Main functions:
Glucose uptake, Fat storage,
Metabolism

Skeletal muscle

Glucose uptake and metabolism
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Leptin:

e potlaceni chuti k jidlu

e ovlivnéni vydeje energie

e cirkulujici receptor (leptin vazajici bilkovina M. = 90.000)

« obezita: zv. leptinu

 potlacuje neuropeptid Y
(NPY stimuluje chut’ Kk jidlu, inhibuje rustovy hormon -
stimulaci somatostatinu, snizuje ucinek gonadotropinu,
stimuluje osu hypofyza-nadledvina).

e leptin + orexiny mohou byt mozkovymi mediatory, které

vyvolaji hypertenzi a energetickou nerovnovahu = obezitu

(orexiny = peptidy, regulujici prijem potravy v
hypothalamu, ale také regulaci kardiovaskularni a
sympatiku)

* 6 typu receptoru g




Leptin a tukova tkan (1):

« koncentrace P-leptinu je exponencialné umérna tukové tkani
(za predpokladu pravidelného stravovaciho cyklu)
stimulatory: prejidani, insulin a glukokortikoidy
inhibitory: hladovéni, cCAMP

e cirkadianni rytmus: maximum v noci ~02:00 h (0 30 - 100 %
VySSi)

e vztah k tukové tkani: napr. BMI
e u Zen vyssi hodnoty leptinu v séru nez u muzii,

(a soucasné nizsi hodnoty leptinového rozpustného
receptoru u Zzen - vysSi volna frakce - zv., ucinnost”
leptinu u zen??)

e vékova zavislost jen u déti a adolescentu
* vzestup hodnot s vékem spojen s poklesem rozpustn¢ho
leptinového receptoru — vyssi volna frakce




Leptin a tukova tkan (2):
 Hyperleptinémie - rys lidské obezity
e Diabetes neovliviiuje leptin ani u Stihlych, ani u obéznich

e Télesna hmotnost:

1/ ustaleny stav:
leptin odrazi hmotnost celkového télesného tuku

2/ zisk a ubytek hmotnosti:
leptin je ukazatelem energetické nerovnovahy:
Masivni prejidani 12 h - zv. 0 ~ 50 % z bazalni hodnoty
24 h hladovéni - sn. na ~ 30 % pocatecCnich bazalnich
hodnot
Podani bézného jidla neovliviiuje koncentraci leptinu.
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Leptin vazajici bilkoviny

u Stihlych cirkuluje vétSina leptinu ve vazané forme

u obéznich: ve volné formé

hyperleptinémie obéznich je patrna z porovnani
celkoveho leptinu.

koncentrace volného leptinu klesa béhem kratkého
hladovéni rychleji u Stihlych.

pi'1 nedostatku potravy a u Stihlych s malymi zasobami
energie — cirkulujici leptin prevazné ve vazane forme
— omezeni dostupnosti leptinu pro hypothalamicke
receptory — nedojde k inhibi¢nimu vlivu hypothalamu
na prijem potravy neb metabolicky zisk energie.
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Leptin v CSEK:

e na rozdil od plasmy je jen nepatrné zvySen u obéznich
e pomér CSF-leptin/ P-leptin se logaritmicky snizuje
s narustajicim BMI
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Tvorba leptinu :

e tvorba leptinu je primarné regulovana zménami
vyvolanymi inzulinem v metabolismu adipocytu.

e piijem tuku a Fru nezvySuje sekreci insulinu -
tato forma uhrady energie zv. prijem energie

a zv. prirustek hmotnosti

e nedostateCna produkce leptinu - neplodnost
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e IR a abdominalni obezita - nizké koncentrace
rozpustneho leptinoveho receptoru — sn. pomer
vazany/volny leptin

e u srdeCnich, de¢le trvajicich vad:
zv. P-leptinu + jeho solubilniho receptoru — kardidlni

kachexie

e jaterni cirhoza:
zv. P-leptinu, ale nezménén solubilni receptor
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Leptinovy receptor:

KATP

L4
F-Actin Q QQQ

Gene Transcription and lon Channels
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- aktivace SNS |

S HYPOTALAMUS

JMCH, orexiny I ¥ neuropeptid Y l

tPoMc| TCRH |

cirkulace I “ TuMSH
“ ¥ receptory INPY5R | T MCR-4
leptin. 1 CART |
T It ‘oo
'ADIPOCYT =
\_/ S Energeticky

Energeticky

prijem vydej

MSH = melanocyty stimulujici hormon MCR = receptor pro melanokortin

MCH = melanin koncentrujici h. CRH = kortikotropin uvolnujici h.

POMC = proopiomelanokortin CART = kokainem/amfetaminem regulovany
transkript




POMC - Stépeni podporuje leptin:
pro-opio.melano.kortin (285 AA)

N

ACTH (39 AA) B-lipotropin (91 AA) ..

* B-MSH
Prohormogl/ \ J (18A4)
konvertas
o-MSH . endorfiny (31 -16 AA)
(13 AA) l
vazba na relceptor MCR4 enkefaliny (5 AA)

— anorekticky uinek
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Melanocortin
receptor (MC4R)
(blocked by AgRF)

Ghrelin receptor

NPY/Peptide YY3-36
receptor Y2R

Melanocortin
receptor (MC3R)

NPY receptor Y1R

Leptin receptor
or insulin receptor

B B EE B

Third

ventricle

Ghrelin

Produced by the stomach. Conveys
information to the hypothalamus.

Actions:

i °

o Simulates appetite, enhances usa of
carbohydrates and reduces fat
utilization, increases gastric matility
and acid secretion and reduces
locamatar activity.

Peptide YY3-34

Produced in the intesting in response
to the presence of foed. Canvays
infarmation to the hypathalamus
Action: = Suppresses appelite

Insulin
Produced by the beta cells of the lslets of
Langerhans of the pancreas.
Actions: » Promotes transport of glucase from
the circulation info fissves
» Stimulates uptoke of glucose and
deposition of alycogen in the liver
o Decreases release of glucose by the
liver
» Dacraases lood intoke and increases
energy expenditure acting in the
hypathalamus

Hypothalamus

NPY / AgRP orexigenni
POMC / CART anorektické

Energy
expenditure

Leptin
Praduced by white adipose tissue.
Canveys infarmation fa the
hypothalamus on the ameunt of
anergy stored in fat
Aclions: = Suppresses appefite
o Affects energy expenditure
+ Regulates eurcendocrine
function and metabolism

Melanocortin

Stomach

Fat Tissue

|, [ipamecin]
[ |

Pancreas

Adiponedtin
Freduced by odipose fissue.
Action: » Decreases insulin resistance

Resistin
Produced by adipose tissue.
Action: e In rodents, increases
insulin resistonce?
* Acfion in humans not
estoblished

Provided by Diagnostic Systems Laboratories, Inc.

http://www.leptin-kits.com 26




ADIPONEKTIN
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Adiponektin: (1996)
M, =30.000 puvod: adipocyty
struktura: N-terminalni doména ~ kolagen
C-terminalni globularni doména ~ C1q slozku

komplementu

(homo)trimery 1 vySSi oligomerni struktury
— spojeni kolagenu podobnymi ¢astmi
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Adiponektin

A
N-Terminus C-Terminus
Signal  Variabl 244
ariable
Sequence Region Collagenous Domain Globular head domain

) -
|

-S-€-6
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Human Adiponectin Precursor

Adiponectin
(B ZH
Stenal

Seguence

Adiponectin Precursor (222-244), (Cvs"), ( Human)

Adiponectin Precursor (78-98)-NH, (Human)
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21

41

61

81

101

121

141

161

181

201

221

241

Human Adiponectin Precursor

Adiponectin (Human)

signal
SEquUEnce

Signal sequence

MLLLGAYLLTL LALPGHDODQE
TTQGPGYLLPE LPEGACT G W
AGIPGHPGHH APGRD GRD
TPGEEKEGEE KGD PGLIGPETGD
GETGVYPGAETG PRGFPGIQECG
EGEPGEGA XYV ¥RS5SAF SVYGL
TYYTIPHMETIT RFTEIFTYHI
HHYDGSTOGEKTF HCHIPGLTYY
AYHITVYYMETD YEYSLFEED
AMLFTTYDODYT EHHRYDQASCG
¥YLLHLEYGDIQ Y¥LOQVYYGE G
BERHGLYADHDH DSTFTGEFLTL
HDTH 2314

Maeda, K., et al. Biochem. Biophys. Res
Commun. 224 (23, 286-253 (1996)

(T - I R — T - I - B -~ T -

9
|

-1 [ Pt
= = [—]

100

120

140

160

180

120

220

240
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1 18
|

41 107
I |

244

Jiesd #081777

Fibrous
Domain

¢
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« Adiponektin (,,adipocytarni komplementu pribuzna
bilkovina*“) ~ Clq slozka komplementu

e P-adiponektin kolem 1 pmol /1
slucuje se do homotrimeru
sekrece stimulovana insulinem

e receptory: AdipoR1 (Kosterni sval, ...)
AdipoR2 (jaterni bb., ...)
T-cadherin

e uCinek: inj. - sn. Glc, nezavislé na insulinu -

zv. citlivosti vuci insulinu
33




Adiponektin:

DMI DM2
Normal
Adiponektin vs. ostatni adipokiny:
ik in Adiponectin {
Adiponectin \ : Fat tissue
-Fat tissue : .
Leptind ) PPAR 7 e A L
T e ——— e b
TNF-a | +— —2%-3 S/ T TNF-o T
‘ hypertrophy Gika }.» J
Resistin & / — ‘\*“ Resistin T
Free fatty acids < Free fatty acids T
Insulin sensitive Insulin resistant
Liver Blood «._ Skeletal muscle
Lini hesis 1 » Glucose | e Triglyceride production
B i » Free fatty acids e Free fatty acid oxidation T

¢ Glucose production { & Fapiydasipati 2 y

* peroxisome proliferator-activated receptor y




ug/mi ng/mil

20 - Plasma 80 - Plasma
5 _:h adiponectin =i PAI-1 .
&
'I?-Dﬂ
104e &

100 200 300 O 100 200 300

Visceral fat area (cm?) Visceral fat area {cm)
pokles adiponektinu pokles plasminogenu

vs. ostatni adipokiny ! — zv. koagulace

35




Adioponektin v cévach:

u.;v;ﬁﬁ

vazba na ,,lich¢* typy kolagenu
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« negativni korelace mezi obezitou a adiponektinem

e sn. adiponektin — IR + hyperinsulinémie
(DM2 ma sn. adiponektin)

 Thiazol.idin.di.ony - antidiabetika
(zv. adiponektin u IR pacientu)
= PPARY agonisté
(jaderny receptor pro hormony) — stimulace exprese
genu pro adiponektin

 Malé adipocyty: vylucuji ,,insulin zcitlivujici hormon®,
adiponektin, leptin, ...
Velke adipocyty: sn. ,,insulin zcitlivujici hormon®,
Zv. ,,insulin resistentni hormon* —» IR + obezita




WSENS]

h
fiyh
A’ '\
1
L]

1
1
]
1

thiazol.idin.diony

T — e G A .

= agoniste ,,peroxisome proliferator-activated receptor y*

stimuluji expresi genu adiponektinu
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Adipocytes
~Ochrana“ cév

adiponektinem:

== Adiponectin

t}e:lguthelial cells
-
- - - - | = ] = )

—
e —al PDGF
=== Proliferation bEGF

* M ig ration
?_-_“m‘

ST e e .,
—_—— e Smooth muscle cel Is‘_""—

e antiatherogenni a protizanétlivy ucinek (sn. ztlusténi
»neointimy* u cévnich poskozeni a sn. adhezi molekul)
e adiponektin — sn. TNFa (v monocytu/makrofagu a
pénovitych bb.)
e (adiponektin — sn. u postizeni koronarnich arterii,
dale: u DM2, u muziu, u hypertenze a obezity)
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e ucCinek: sn. syntézy lipidu a Glc v jatrech -
sn. glykémie, sn. FA. adiponektin zlepSuje
katabolismus FA

 naopak: TNFa sn. produkci adiponektinu
(thiazolidindiony rusi tento inhibi¢ni vliv)

 budoucnost: prevence vaskularniho poskozeni a
casnych prihod u arteriosklerotickych procesu
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e P-adiponektin:
negativni korelace: k BMIL, k % télesného tuku,

ke koncentraci insulinu na la¢no, k P-tag
pozitivni korelace: k HDL cholesterolu

e zv. P-adiponektin ~ zv. insulinova senzitivita
zv. Glc tolerance

41




. TZD, mastné kyseliny, prostaglandiny C PGC-1

O kyselina 9-cis retinova . SRC-1. CBP

' ' ! ' '

ADIPOCYT SROCE MAKROFAG FPROSTATA HEPATOCYTY

PLACENTA STREVO, PRS  OSTEOBLASTY

Tdiferenciace normalni vyvoj Tdiferenciace nadorova fransdiferenciace
lagekroce Lzanétu translormace do adipocyta

resistinuy, THNF-o
Ttransport glukdzy




——» foxidation FEA

. FFA + Triglyceride ‘I"Triglj.u:erlde
?
+ Adiponectin 4 »
Glucuse
l ¥ Triglyceride *
|ﬁ-|;|ipncyte /
TEﬂﬂT
Leptin deficiency/ j N

resistance —» Caloric excess TZDs

&
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RESISTIN




Resistin: (2001)

M, =12.500 92 AA (jako monomer)
108 AA = _prepeptid“:

Resistin {Human]

'IT-' 42 43 6365 727478 899193103104108
cCC CCP
Resistin (17-42) (Human) Resistin (43-63) (Human)

17 42 43 G4

25k TLCSMEEAINERIGEVAGSLIFR AlSS |G-LE'||:G$"|.|'TEHGDLAT'||:FE
= = 45




Resistin (Human)

1 1617 22 42 a1 B3 727478 899193103104108

i WS G R C - cCcC CCC CCP
JKC3IT3
Resistin (51-108)-NH, (Human)
51 108

I

Contains 5 disulfide bridges; COSVTSRGDLATCPRGFANTGCTCGSA

precise positions are CGSVIDVRAETTCHCQCAGMDWTGARC
undetermined.
CRVCP-NH,
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Ucinek resistinu:

Liwer

Muscle

A P

. 5187,

Receptor - - Leptin
nsulin Resistance

Freefatty acids

Increased fat Increased Insulin FlierJ.S. Mature400,

storge resistance 202-203 (20013
Decreased Insulin
resitance
s | Thiazoladinediones |
Adipo cyte”r Decreased Hesistiy

» Resistin to be identified as an adipocyte-derived mediatol
of insulin resistance
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. TZD, mastné kyseliny, prostaglandiny C PGC-1

O kyselina 9-cis retinova . SRC-1. CBP

' ' ! ' '

ADIPOCYT SROCE MAKROFAG FPROSTATA HEPATOCYTY

PLACENTA STREVO, PRS  OSTEOBLASTY

Tdiferenciace normalni vyvoj Tdiferenciace nadorova fransdiferenciace
lagekroce Lzanétu translormace do adipocyta

resistinuy, THNF-o
Ttransport glukdzy




92 AA, ale P-resistin je dimer (1 disulfidovy miistek)

e ucCinek: inj. —» sn. Glc tolerance,
sn. ucinku insulinu (protilatky vici resistinu
zv. uCinek insulinu)

e thiazolidindiony sn. tvorbu resistinu v adipocytech
— terapie DM?2

» fyziologicka role resistinu u ¢lovéka neni znama
u obezity a IR je ponékud rozporna:
P-resistin neni signifikantnim prediktorem IR u ¢lovéka

e resistin je tvoren v preadipocytech, ale je sotva prokazatelny

ve zralych adipocytech, je vytvaren v monocytech (zanét)
50




Circulating Insulin Resistance Faclors

Adipocyte

TNFx

» RESISTIN

IL-6
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VISFATIN




VISFATIN

visceral

fat
insulin-like ?
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VISFATIN (2005):

e tvoren visceralni tukovou tkani

e vaze se na insulinové receptory

* koncentrace visfatinu je umérna visceralnimu tuku
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