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Adipokiny (adipocytokiny):

TNFa v adipocytu 1993
leptin 1994
resistin 2001
adiponektin 1996
adipsin 1988
visfatin 2005

JINE REGULACNI PEPTIDY/BILKOVINY:

ghrelin 1999
PYY

NPY

AGRP



Adipokiny (1):

= proteiny secernované (a syntezované) adipocyty
(a take v tukoveé tkani obsaZzenymi makrofagy a pre-adipocyty !)
Chemické mediatory, vytvarené bilou tukovou tkani.

Patri sem:  cytokiny,
rustove faktory,
enzymy a hormony

Funkce zahrnuji:  regulaci chuti a energetické rovnovahy,
imunitu,
citlivost k inzulinu,
angiogenezi,
zanét a odpovéd’ akutni faze,
krevni tlak,
metabolismus lipidu
a homeostazu



Adipokiny (2):

cytokiny = obecny nazev pro velky pocet malych bilkovin,
které maji stimula¢ni/inhibicni vliv na
proliferaci, diferenciaci a funkci bunék
imunitniho systému



Adipokiny (3):

PAI-1 = inhibitor aktivatoru plasminogenu, inhibuje
fibrinolyticky systém.
Zaroven je proteinem akutni faze a adipokinem.

TNFo = tumor necrosis factor alpha, cytokin vytvareny mnoha
typy leukocytii.

(Nazev: ve tkanovych kulturach schopny zabijet tumorové
bunky). Modifikuje odpovéd’ mnoha bunék, vyvolava zanét.

Je zahrnut do rady chronickych zanétlivych procesi, vcetné
srdeCnich koronarnich onemocnéni a IR.

Je rovnéz adipokinem a ma vztah k tvorbé nékterych dalsSich
cytokinu a adipokinii.

zkratka: IR = insulinova resistence 6



Adipokiny a insulinova resistence (IR):
resistin + TNFa — zv. IR

leptin + adiponektin — sn. IR

zv. = zvySen/i
sn. = snizen/i



Acute Coronary Syndrome



Pusobeni TNFa :

TG » FFA

thiazolidindiony f
ﬂoproteinové im

aktivace

PPAR

Syntéza
proteind

Transkripce gen(

sn. exprese

sn. exprese fady gend pro enzymy — sn. lipogenese v tukové tkani
PPAR = receptory aktivované peroxizomovymi proliferatory



Peroxisom (1) :

organela v cytoplasmé Zivoc¢isSnych bunék — jednoducha
membrana, 200-500 nm v pruméru

v zasobnich tkanich rostlin ,,glyoxisom* (podle glyoxalatového
cyklu)

detoxikacni schopnosti, lokalizace reakci, které by jinak mohly
byt buiice nebezpecné

obsahuji oxidasy (cca 60 monooxygenas a oxidas), odnimaji
vodik z riznych substratu a vazi jej na dikyslik za tvorby H,O,

peroxid odbouravaji peroxidasami (— nazev ,,peroxisom-)
a katalasami

katalasy (2 H,O, — 2 H,0 + O, ) maji tak vysokou
koncentraci, Ze vytvareji v peroxisomech krystalové shluky



Peroxisom (2) :

metabolizuji mastné kyseliny, ethanol, mnoha xenobiotika a
zCasti syntezuji plasmalogeny (pro myelinovy obal v nervové
tkani)

PPAR = ,receptory aktivované peroxisomovymi proliferatory*
nazev je historicky (ze studia hlodavcu), u clovéka svym obsahem
nedava smysl

Receptory ..,PPAR*

= nuklearni receptory

= transkripCni faktory (ovliviuji expresi genu, kodujicich
fadu pusobku: enzymi, regulacnich bilkovin, ...)

takto reguluji 1 zanét, sklon k nadorovému bujeni, imunitu,
IR, ...

jejich prostiednictvim pusobi fibraty (hypolipidemika)

a thiazolidindiony (inzulin-senzitizujici 1€ky) 1
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= agonisté ,,peroxisome proliferator-activated receptor y* )
(PPAR) stimuluji expresi genu adiponektinu

) soreceptor aktivovany peroxisomovym proliferatoren® — nuklearni receptor,
transkripéni faktor 12



LEPTIN



Leptin  (1994)

lentog = tenky — ,,Stihly*

vs. leptinova resistence !
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Leptin

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

ob — gen: ob/ob mutace a normalni mys
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Deficit leptinu (ob-gen):
heterozygotni mutace leptinového genu — IR a hyperlipidemie
homozygotni mutace — ... zv. t€lesné hmotnosti:
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Adapted from Conzidine, et al., 18
Mew EngJ Med 334:292, 1996,



Leptin jako l¢k:

a0

Girl with homozygous
ob gene mutations

Marmal

o012 3 45567 819
Age in Years

Adapted from Conzidine, et al.,
Mew EngJ Med 334:292, 1996,

94,5 kg z toho 55,9 kg tuk

| rok: denné inj.
rekombinantniho
lidského leptinu

e - 16,4 kg tuku

* redukce chuti na jidlo

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

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

* nedostateCna produkce leptinu - neplodnost

* leptin je spojkou mezi tukovou tkani, hypothalamem a

reproduk¢énim systémem (,,ukazuje, zda je dostatek energie
pro reprodukci®)

* leptin potlacuje neuropeptid Y (,, NPY*)
— sniZuje ucinek gonadotropinu

(infertilita u mentalni anorexie,
u Zen v koncentracnich taborech ...

muz ? )
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HY POTHALAMLUS

Leptin %™
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P-leptin: volny + vazany na solubilni receptor (Cast bunééného receptoru).
Ucinek vazbou na transmembranovou cast receptoru ve tkanich (hypothalamus,
ovarium, ..), intracelularni ¢ast receptoru (Cervené) muze byt rizné délky. 21



Leptinova resistence:

e sn. citlivosti vuci 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

zkratky: zv.= zvySen, zvySeni
sn. = sniZen, sniZeni 22



Leptin

nucleus arcuatus

B;-adrenoreceptory

o metabolismus,
* S, relaxace stireva,
¢ o vasodilatace,
F'k TR exprese gentu zasahujicich
- e s do regulace hmotnosti

Glucose from
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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:

BodyTemperature (C) Oxygen Consumption (mlkghr}
3B - —— 1200
3? |
1100
36
35 1000
i
900
33
32 normal = obJob 800 normal = obJob
mice mice mice mice

[ ] treated with PBS B treated with leptin (10 mg/ka)

[Adapted from Pellymounter et al., Science 269240, 1395

zkratka: PBS = phosphate buffered saline [ fosfeit bafod seili:n/seilain]
fyziologicky roztok tlumeny fosfatem
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Leptin

N

ZV. SIl.
glukokortikoidy katecholaminy
insulin T3/ T4
TNF-a, IL-1 cAMP

androgeny
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Leptin v CSEK:

e narozdil od plasmy je jen nepatrné zvySen
u obéznich

e pomér CSF-leptin/ P-leptin se logaritmicky
sniZzuje s narustajicim BMI

zkratka: CSF = cerebrospinal fluid [,seribro spainl],
mozkomiSni mok
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Tvorba leptinu :

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

e piijem tuku a Fru nezvysSuje sekreci mnsulinu —
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 — nizke koncentrace
rozpustn¢ho leptinového receptoru — sn. pomer
vazany/volny leptin

e u srdeCnich, dele trvajicich vad:
zv. P-leptinu + jeho solubilniho receptoru — kardialni

kachexie

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

34



POMC - Stépeni podporuje leptin :

pro-opio.melano.kortin (285 AA)

AN

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

* B-MSH
prohormon J (I8 AA)
konvertasa \

o-MSH endorfiny (31 -16 AA)
(13 AA) l
)
vazba na receptor MCR4 enkefaliny (5 AA)

— anorekticky uCinek
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Melanocortin
receptor (MC4R)
(blocked by AgRP)

Ghrelin receptor

NPY/Peptide YY3-36
receptor Y2R

Melanocortin
receptor (MC3R)

MNPY receptor Y1R

-~ B B EE B

Leptin receptor
or insulin receptor

Third

ventricle

Ghrelin

Produced by the stomach. Conveys
information fo the hypothalamus.

Actions:

o Stimulaies appetite, enhances use of
carbohydrates and reduces fat
utilization, increases gostric motility
ond acid secrefion and reduces
lecomatar activity.

Peptide YY3-36
Produced in the intestine in response
fo the presence of foed. Conveys
infarmation te the hypothalamus
Action: » Suppresses appetite

1 Hypothalamus I

NPY / AgRP orexigenni
eery POMC / CART anorekticke

expenditure

Leptin
Melanocortin Produced by white adipose tissue.
Conveys information to the
hypothalamus on the emount of
energy stored in fat
Aclions: e Suppresses appefife
o Affects energy expenditure
¢ Regulates euroendocrine
function and metabolism

Fat Tissue

A
N

Pancreas

Adiponedin
Preduced by adipese tissue.
Action: » Decreases insulin resistance

Insulin
Produced by the beta cells of the Islets of
Langerhans of the pancreas.

the circulation into fissues

energy expendifure acling in
hypathalamus

Actions: e Promotes transport of glucose from

» Decreases food intoke and increoses

Resistin
Praduced by adipose tissue.
Action: e In rodents, increases

* Stimulates uptake of glucose and insulin resistance?
deposition of glycogen in the liver * Action in humans not
o Decreases release of glucose by the established
liver

the

J Provided by Diagnostic Systems Laboratories, Inc.

http://www.leptin-kits.com 38



ADIPONEKTIN

39



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

komplementu

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

DM1 [

Normal

& DV

Adiponektin vs. ostatni adipokiny:

Adiponectin T \ Fat i ¢
-rat issue
Leptind ¥~ PPAR y
R PR TR TR R B o~

TNF-¢ +—— ~$35-3

hypertrophy
Resistin + /
Free fatty acids
Insulin sensitive
Liver Blood

¢ Lipid synthesis { o Glucose

¢ Glucose production 4

*peroxisome proliferator-activated receptor y = receptor aktivovany pero

e Free fatty acids

Adiponectin

Fat tissue /
/_,,,{;“ P 4 Leptin T

‘f*‘ﬁ:%j T TNFaT
Eepii
T \\“ Resistin T

Free fatty acids T

Insulin resistant

Skeletal muscle

o Triglyceride production 4
e Free fatty acid oxidation T

e Energy dissipgtion T . .
Lisomovym prolifefdtorem

(transkripéni faktor)



pug/mi ng/mi

20 - Plasma B0+ Plasma
15_? adiponectin wi PAI-1 .
]
'I?-Dﬂ
104e &
54 ’ :En o »
0 it 'l ‘ —y
0 100 200 300 O 100 200 300
Visceral fat area (cm?) Visceral fat area (cm)
pokles adiponektinu pokles premény
vs. ostatni adipokiny ! plasminogenu

— zv. koagulace

Plasminogen — plasmin (= fibrinolysin)
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« negativni korelace mezi obezitou a adiponektinem

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

e thiazol.idin.di.ony — antidiabetika
(zv. adiponektin u IR pacientii)
= PPARYy agonisté
(jaderny receptor pro hormony) — stimulace exprese
genu pro adiponektin

e Malé adipocyty: vylucuji ,,insulin zcitlivujici hormon*®,
adiponektin, leptin, ...
Velké adipocyty: sn. ,insulin zcitlivujici hormon®,
Zv. ,.insulin resistentni hormon*“— IR + obezita
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e ucinek: sn. syntézy lipidu a Glc v jatrech —
sn. glykémie, sn. FA. adiponektin zlepSuje
katabolismus FA

 naopak: TNFa sn. produkci adiponektinu
(thiazolidindiony rusi tento inhibicni vliv)

 budoucnost: prevence vaskularniho poskozeni a
casnych prihod u arteriosklerotickych procesu

48



RESISTIN



Resistin: (2001)

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

Resistin {Human]

1 817 42 43 G365 727478 899193103104 108
CCC CCP
Resistin (17-42) (Human) Resistin (43-65) (Human)

17 42 43 G5

SSKTLCSMEEAINERIQEVAGSLIFR HEEIGLE?QEWEHGDL#TIFFH




Ucinek resistinu:

Liwver

Muscle

Brain K\ + ;

: 5187y
Resistin ﬂr * d‘. Alpha-TNF

Receptor - - Leptin
nsulin Resistance

Frezfatty acids

Increased fat Increased Insulin FlierJ.S. Mature40g,

storge resistance 202-203 (2001)
Decreasead Insulin
resitance
i | Thiaz-:-ladine-:li-:-n-25|
Ad ipncyte" Decreased Resistiy

— [ esistin to be identified as an adipocyte-derived mediator
of insulin resistance
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92 AA, ale P-resistin je dimer (1 disulfidovy miistek)

ucinek: inj. — sn. Glc tolerance,
sn. ucinku insulinu (protilatky vuci resistinu
zv. u€inek insulinu)

thiazolidindiony sn. tvorbu resistinu v adipocytech
— terapie DM2

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

resistin je tvoren v preadipocytech, ale je sotva prokazatelny

ve zralych adipocytech, je vytvaren v monocytech (zanét)
55



VISFATIN



VISFATIN

visceral

fat
insulin-like ?

58



VISFATIN (2005):

e tvoren visceralni tukovou tkani
e vaze se na insulinové receptory

 koncentrace visfatinu je umérna visceralnimu tuku
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