BUNECNA KOMUNIKACE

Cesta od jednobunécnych k mnohobunéénym organismim (asi 2,5 bil. let)

Dano zeyjména potiebou vytvoreni signalnich mechanismi, které¢ umoznuji vzajemnou
komunikaci buné€k, aby chovani bunék mohlo byt spravné koordinovano.

Selhani této kontroly — patologicke stavy, napt. vznik nadorového onemocnéni

Organizace tkané je zachovana diky tfem faktorim:

1. Bunééna komunikace — bunky kontroluji své okoli a vnimaji signaly od ostatnich
bunék (ristove faktory, faktory pro preziti). Nove buniky vznikaji pouze tehdy a tam,
kde je tieba.

2. Selektivni mezibunécéna adheze — rizne buiikky maji na povrchu riizn¢ adhezivni
molekuly, které¢ maji tendence vazat se k bunkam stejného typu, s ur€itymi jinymi
bunéénymi typy nebo specifickymi slozkami extracellular matrix. Zabranuje
chaotickému michani riznych bunéénych typt.

3. Bunécna pamét’ — specidlni formy genove exprese vzniklé béhem embryonalniho
vyvoje jsou stabilné udrzovany — buniky si uchovavaji svllj charakter a prenaseji ho na
potomstvo.



Chovani bunék a rovnovaha v bunéénych populacich jsou regulovany
komplexnim integrovanym komunikac¢nim systémem, ktery zahrnuje

/4

signaly mimobunécné, mezibunécné a vnitrobunécné.

Z1ivocCisné bunky obsahuji systém proteint, ktery jim umoziuje reagovat na

signaly jinvch bunék.

Zahrnuje receptorove proteiny na bunééném povrchu nebo uvniti bunék

(v cytoplasmé nebo v jadie), proteinové kinazy, fosfatazy, proteiny vazici se

na GTP a radu dalSich vnitrobuné¢nvch proteini, se kterymi tyto signaly

interaguii.
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TYPY SIGNALU

Synaptické - nervove bunky nebo neurony, produkce neurotransmiteru. Piisobi méné ve
vyssich konc.(5x10+ M) a jejich receptory maji relativné nizkou afinitu ke svym

ligandiim.

Endokrinni - hormony pfechazeji krevnim fecistém k cilovym bunkam. Tyto signaly
jsou relativné pomalé proti nervovym signaliim, pusobi vSak ve velmi nizkych
koncentracich (mén¢€ nez 10-3 M)

Parakrinni - lokalni ovliviiovani bun€k na kratké vzdalenosti (cytokiny, eikosanoidy)

Autokrinni - bunika vysila signal, ktery se vaze zpétn€ na jeji receptor. Dulezité pii

raném vyvoji a odpovedi na diferenciacni signaly a u eikosanoidu.



Formy mezibunécnych signalu
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Rozdil mezi endokrinnim a synaptickym signalem

(A) ENDOCRINE SIGNALING (B) SYNAPTIC SIGNALING
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Figure 15-5 part 1 of 2. Molecular Bioclogy of the Cell, 4th Editior




Autokrinni signal

A SINGLE SIGNALING CELL IN A GROUP OF IDENTICAL SIGNALING
RECEIVES A WEAK AUTOCRINE CELLS, EACH CELL RECEIVES A STRONG
SIGNAL AUTOCRINE SIGNAL

igure 15-6. Molecular Biology of the Cell, 4th Edition.




TRANSDUKCE (PRENOS) SIGNALU

Zprava prijata na povrchu bunky je pfedavana od jednoho souboru vnitrobunécnych
signalnich molekul ke druhému, ptficemz kazdy soubor vyvolava tvorbu dalSiho.

Klicové vnitrobunécné signalni proteiny — molekulové prepinace — jsou signalem
prevedeny z neaktivniho do aktivniho stavu a pak zase inaktivovany

signalizace fosforylaci — aktivace kinazou a inaktivace fosfatazou
signalizace pomoci GTP-vazebnych proteinti — aktivace pfevod
GDP-GTP, inaktivace hydrolyzou GTP

Nakonec je napt. aktivovan metabolicky enzym, zahdjena exprese genu nebo zménén
cytoskelet - vysledkem je biologickd odpovéd’ bunky



Zjednodusené schéma vnitrobunécné signalni drahy
aktivované mimobunécnou signalni molekulou
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ZAKLADNI FUNKCE SIGNALNI KASKADY
VNITROBUNECNYCH MOLEKUL

Fyzicky prenaseji signal z bodu, kde byl ptijat, do bunééného aparatu, ktery vytvorti
odpoveéd’

Transformuji signal do molekularni podoby, kterd miize odpoveéd’ stimulovat

Signalni kaskady mohou pftijaty signal zesilovat. Pak n€kolik extraceluldrnich signdlnich
molekul vyvola rozsédhlou odpovéd’

Signalni kaskady mohou signal rozdélit tak, aby soucasné ovlivnil nékolik déji a mohl

byt pfedan riznym cilim uvnitt buiikky — rozvétveny tok informace a komplexni
odpoved’

Kazdy krok signalni kaskady je otevien pusobeni dalSich faktort a pifenos signalu miize
byt modulovan



Rulzné typy vnitrobunéénych signalnich proteint uc¢astnicich se
signalni drahy od receptoru na povrchu bunky k jadru
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Signalni proteiny a vnitrobunécné medidtory predavaji

mimobunécny signal do buiiky a zpiisobuji zmény
genove exprese.
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Dva typy vnitrobunéénych signalnich komplexu
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Vytvareni stabilnich a ptechodnych signalnich komplexti zavisi na fad€ vysoce
konzervovanych, malych vazebnych domén nalezenych u mnoha vnitrobunécnych
signalnich proteini (Src homologni 2 a 3 domény — SH2, SH3, phosphotyrosine-
binding (PTB) domény).

N¢ektere povrchove receptory a vnitrobunécné signalni proteiny se sdruzuji
piechodné ve specifickych mikrodoménach lipidové dvojvrstvy plasmatické
membrany bohatych na cholesterol a glykolipidy - tzv. lipidové rafty. Vazby v
téchto raftech pomoci kovalentné ptipojenych lipidovych molekul podporu;i
rychlost a i€innost signalniho procesu a usnadiiuji spojeni a interakce signalnich

molekul.
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Figure 2 | The Fluid-Mosaic-Model of the cell membrane. Like a mosaic, the cell membrane is a complex structure made up of
many different parts, such as proteing, phospholipids and cholestercl. The relative amounts of these components vary from
membrane to membrane, and the types of lipids in membranes can also vary.

Pietzsch J et al., Nature Reviews, October 2004




LIPIDOVE RAFTY

malé oblasti proteint a lipidu (mikrodomény) ve vnéjsi Casti
membrany s unikdtnim sloZenim lipidu — bohaté na sfingolipidy
a cholesterol.

Sfingolipidy obsahuji dlouh¢ fetézce nasycenych kyselin, jsou
pevné vazany v dvojvrstveé (packing)— tvorfi gelovou fazi. Po
vazbe¢ s cholesterolem se struktura méni — tekuta faze - vice
fluidni

Tyto struktury jsou funkéné zahrnuty

v kompartmentalizaci, modulaci a integraci bunécnych signali
moduluji dulezité procesy jako bunéény rust, preziti a adhezi.
Zahrnuji nebo vylucuji specifické proteiny.




Water Box 1 | What are lipid rafts?

Lipid ratts are sphingolipid- and cholesterol-rich membrane
microdomains in the outer leaflet of the plasma membrane.
The plasma membrane is composed primarily of
sphingolipids, phospholipids and cholesterol. Sphingelipids
differ from most phospholipids in that they have long, largely
saturated acyl chains that allow them to pack tightly in a
bilaver, forming a gel phase in which there is very little lateral
movement or diffusion. The gel phase of the sphingolipids is
altered by the association of cholesterol, which condenses the
packing of the sphingolipids by occupying the spaces between
the acyl chains. So, cholesterol-containing sphingolipid
microdomains exist in a liquid-ordered phase that is
significantly more fluid than the gel phase.

By contrast, phospholipids are rich in unsaturated acyl
chains that tend to be kinked and consequently to pack loosely
into a liquid-disordered phase thatis considerably more fluid,
allowing rapid lateral movementwithin the bilayer. The
different packing of the sphingolipids and phospholipids
probably leads to their phase separation in membrane
bilayers. Sphingolipid microdomains float in a phospholipid
bilayer, leading to the coining of the term ‘lipid rafts’
Cholesterol preferentially partitions into the liquid-ordered
phase rather than the liquid-disordered phospholipid bilayer

Hydrophobic

tails

Hydrophilic
head
Water

Figure 1 | Basic structure of the lipid bilayer. Phospholipids,
the type of lipid that makes up the majority of lipids found in the
cel membrane, are made up from a phosphate head (circles)
that likes water and a fatty-acid, or lipid, tail (ines) that hates it.
In an aquecus environment, such as that found in cells, these
lipids line up so as to limit the exposure of the hydrophobic
portions to water, thus forming a membrane layer.
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Figure 4 | Model for the organization of rafts and caveolae in the plasma membrane. Lipid rafts (red/green) segregate from
he other regions (blueg) of the bilayer, which have a different lipid compaosition. The lipid bilayer in rafts is asymmetric, with
phingomyelin and glycosphingaolipids (both red) enriched in the ‘outer” layer known as the exoplasmic leaflet, and glycerolipids
green) in the ‘inner’ layer known as the cytoplasmic leaflet. a | Rafts contain proteins attached to the bilayer by their GPl anchors, by
cyl tails (for example, the Src-family kinase Yes), or through their transmembrane domains, like the influenza virus proteins
neuraminidase and haemagglutinin (HA). b | Caveolae are formed by self-associating caveclin molecules making a hairpin loop in the
membrane. Interactions with raft lipids may be mediated by binding to cholesterol (brown) and by acyation of carboxy-terminal
steines (not shown). Figure modified from Simons, K. & lkonen, E. Functional rafts in cell membranes. Nature 387, 562572

1097) © Macmilan Publishers Ltd.




Atomic force microscopy

Lodish, Molecular Cell Biology, Sth ed. 2004
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Proposed models for FA internalization in neurons. In the diffusion model ot FA internalization, FAs are
released from albumin and, owing to their hydrophobicity, partition into the outer leaflet of the plasma
membrane. The FAs then “flip-flop” from the outer leaflet to the inner leaflet of the plasma membrane,
where they can dissociate or be extracted by FABPs or Acsl proteins. FAs bound to FABPs are ultimately
transterred to Acsl proteins, which catalyze the reaction that converts the free FAs to their CoA
derivative. The FA-CoA cannot repartition into the membrane owing to the presence of the hydrophilic
CoA. Additionally, FA internalization may be mediated by FATPs. FAT Ps may increase the rate or
efficiency of FA “flip-flop” or increase FA stability in the inner leaflet, which increases the opportunity
tor FAs to interact with either FABPs or Acsl proteins. It remains controversial whether FATPs
themselves convert the FAs to their FA-CoA derivative.




FATTY ACID TRANSLOCASE (FAT/CD36)

Protein v plasmatické (mitochondrialni?) membrané

CD36 — multifunkCni adhezni receptor pro trombospodin a kolagen a
scavenger receptor pro LDL exprimovany na plateletech, monocytech
ale i jinych typech bunék.

Nové prokazana funkce pri transportu VNMK i jeho pritomnost v

bunkach gastrointestinalniho traktu (Lobo MVT et al., J Histochem Cytochem
2001, Campbell SE et al, J Biol Chem 2004, Drover VA, J Clin Invest 2005)

Extracellular

Intracellular

Fig. 1. Schematic representation of the membrane topology of
fatty acid (FA) transport protein.




Lipid droplets (LD)
Po dodani mastnych kyselin

jsou neutralni lipidy
syntetizovany v
endoplasmatickém retikulu
(ER), kde se tvoti a odlucuji
LD tvoftici nezavisle organely
ohrani¢ené¢ monovrstvou
TRy fosfolipidii a napojenych
specifickych proteint.
o § Zasobarna energie a zdroj
Phospholipd | Bl signalnich molekul.

monolayer

t=0min t=30min

- - -
Figure 1| The formation of lipid droplets. a | The formation of lipid droplets (LDs) as monitored by
the use of a caveolin-truncation-mutant-green-flucrescent-protein fusion protein (CaviP®—GFP).
Before fatty acid addition (t = 0 min), Cav3P®-GFP localizes to the endoplasmic reticulum (ER) and
Golgiregion (the image has been inverted to show dark staining for GFP). After fatty acid addition,
LDs appear throughout the cell within minutes (the t = 30 min image is shown here). For a movie of
Martin S. and Parton RG, Nature Reviews 2006 thisp |'oc_:es?_. see the Further information. b | In the current model rf:f LD formation. neutral lipids are

synthesized between the leaflets of the ER membrane. The mature LD is then thought to bud from
the ER membrane to form an independent organelle that is bounded by a limiting monolayer of
phospholipids and LD-associated proteins. Some of the best understood LD-associated proteins
are members of the PAT (perilipin, ADRP and TIP47-related protein)-domain family of proteins.
Part a modified with permission from REF. 8 © (2004) The American Scciety for Cell Biology.
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Box 2 | Intracellular cholesterol regulation
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Martin S. and Parton RG, Nature Reviews 2006
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Membranove proteiny

Zakotvene v lipidové dvojvrstveé reguluji chovani bun€k a organizaci bunék ve tkanich.
Adhezivni proteiny drzi bunky pohromadé¢ a pteklenuji membranu jednou
Receptorove proteiny pieklenuji membranu jednou nebo vickrat. Vazba signalni
molekuly iniciuje odpoveéd’ na druhé strané a dochazi k preméné jednoho typu signalu
na jiny — signalni transdukce.

Tyto proteiny maji na vnitini stran€¢ membrany dlouhé sekvence hydrofobnich
aminokyselin



VétSina mimobunécnych signalu je zprostfedkovana hydrofilnimi molekulami,
které se vazi na receptor na povrchu cilove buriky.

Nektere signalni molekuly jsou dostatecné hydrofobni nebo malé, ze snadno
projdou pies plasmatickou membranu a uvnitt pak ptfimo reguluji aktivitu
specifickych vnitrobunécnych proteind.

Napt. molekuly nékterych plyni jako je oxid dusiku (NO) nebo uhliku (CO).
NO je vytvaren enzymem NO syntazou deaminaci aminokyseliny argininu. NO
difunduje skrz membranu bunky, ktera jej tvoii a prochéazi do sousednich bunék.
Funguje jen lokaln€, protoze ma kratky polocas zivota, pouze 5-10 vtefin, a v
mimobunéném prostoru je preménovan na nitraty nebo nitrity. V mnoha
cilovych bunkach napt. v endotelidlnich, reaguje NO s Zelezem v aktivnim misté
enzymu guanylyl cyklazy a stimuluje produkci vnitrobunééného mediatoru
cyklického GMP.

Podobné¢ funguje CO.



OXID DUSIKU

NO - dilezita signalni molekula pro plisobeni acetylcholinu uvolinovaného
autonomnim nervstvem ve sténdch krevnich cév. Uvolnény NO funguje jako
relaxacni signal a zplisobuje uvolnéni hladkého svalstva ve sténach cev.

Tento u€inek NO na krevni cévy je podstatou puisobeni nitroglycerinu, ktery je jiz
vice nez 100 let pouzivan jako I€k pro pacienty s anginou pectoris trpicich bolesti
zplusobenou nedostateCnym zasobovanim srdecniho svalu krvi. Nitroglycerin je
preménovan na NO, ktery uvoliiuje svaly cév, ¢imz redukuje napor na srdce a
snizuje tak pozadavek srdecniho svalu na kyslik.

NO je produkovan take jako lokalni mediator aktivovanymi makrofagy a
neutrofily a pomaha jim zabijet mikroorganismy.

NO je vyuzivan fadou typt nervovych bunék pro signalovani sousednim bunkam:
je uvoliiovan napft. autonomnim nervstvem v penisu a zpusobuje lokalni dilataci
krevnich cév odpovédnou za erekci.



Uloha oxidu dusiku (NO) v relaxaci bunék
hladkého svalstva cévni steny
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Figure 15-11. Molecular Biology of the Cell, 4th Edition.




Plasma membrane
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SAPK, p38, JAK, ERK MKP-1, PTP

RAS

J——

\ Nucleus
Transcription factors \
/ NFkB, AP-1, C/EBP, Sp-1, RXR \

m Gene transcription

Hypothetical scheme illustrating nitric oxide (NO) modulation of signal flow, leading

to the alteration of transcription factor activity and gene expression. (AP-1 activator protein
1, ERK extracellular signal-regulated kinases, JAK Janus protein kinases, MKP-1 mitogen-activated protein kinase
phosphatase-1, NFxB nuclear factor kB, NO nitric oxide, O,- superoxide, ONOO- peroxynitrite, p38 p38 mitogen-
activated protein kinases, PTP protein tyrosine phosphatase, Ras small GTP-binding protein, ROS reactive
oxygen species, RXR retionid X receptor, SAPK stress-activated protein kinases)




RECEPTORY

VétSinou transmembranové proteiny, které vazi mimobunécne signalni molekuly
(hydrofilni) - ligandy a jsou-li aktivovany vznika kaskada vnitrobunéénych signala, kterée
méni chovani bunky.

Vnitrobunécné receptory (v cytoplasmé nebo v jadie) - pro malé hydrofobni ligandy

Kazdé buiitka mnohobunééného organismu je exponovana stovkami riiznych signali
z prostfedi a musi na né reagovat selektivné.

Specificky zpusob odpovédi bunky na okoli se 1i§i podle

1) souboru receptorovych proteind, které bunikka ma,
2)  vnitrobunétné masinerie, kterou bunka reaguje a interpretuje ziskanou informaci.

Tak jedna signalni molekula muze mit ¢asto rozdilné u¢inky na ruzné cilové bunky.

Buiika reaguje na riizné soubory signalii bud’ proliferaci, diferenciaci, nebo vykonavanim
specif. funkci.

Signaly pro preziti - absence signall - programovana bun. smrt



Vazba mimobunécnych signalnich molekul k povrchovym nebo
vnitrobunéénym receptoriim
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Figure 15-3. Molecular Biology of the Cell, 4th Edition.




Zavislost zivocisné bunky na
mnohonasobnych mimobunéénych signalech
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igure 15-8. Molecular Biology of the Cell, 4th Edition.



RUzné odpovédi indukované
neurotransmiterem acetylcholinem

(A) heart muscle cell (C) skeletal muscle cell
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(D) acetylcholine
o3 S5 *"TF | | f[iT3
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protein SECRETION CH3

igure 15-9. Molecular Biology of the Cell, 4th Edition.




POVRCHOVE RECEPTORY

PtenaSecCe signall, které preméenuji vnéjsi podnét na jeden nebo vice vnitrobunéénych signali.

Tti zakladni typy:

1) vazané na iontové kandly - pro rychlé synaptické signaly el. vybuditelnych bun€k - nervové buiiky,
neurotransmitery

2) vazane¢ na G-proteiny

3) vazané na enzymy

Ad1l)a?2)

Po aktivaci proteint je zahdjena_fosforylacni kaskada, kterou je signal ptrenasen do jadra, kde se méni
exprese specifickych genti a tim 1 chovani buiiky

Hlavni typy proteinovych kindz - serine/treonin a tyrosin kindzy (asi 2% genomu).

Komplexni chovani bunky jako je ptezivani a proliferace jsou obecné stimulovany spiSe specifickou
kombinaci signalti nez jednim samostatnym signalem.

Buriika musi integrovat informaci ptichézejici s jednotlivymi signaly, aby mohla ptisluSné reagovat - Zit
¢1 uhynout, proliferovat ¢i zistat v klidu nebo diferencovat.

Integrace je zavisla na interakci mezi riznymi fosforylaénimi kaskddami proteinti, které jsou
aktivovany riznymi vnéjSimi signaly.




TFi typy bunéénych povrchovych receptoru
(A) ION-CHANNEL-LINKED RECEPTORS

plasma N = lons

membrane

.

_— signal molecule

(B) G-PROTEIN-LINKED RECEPTORS

signal molecule

activated

G protein activated enzyme
P G protein y

(C) ENZYME-LINKED RECEPTORS

signal molecule
in form of a dimer
E signal molecule

v

inactive catalytic active catalytic activated
domain domain enzyme

Figure 15-15 part 2 of 2, Molecular Biology of the Cell, 4th Edition.



VNITROBUNECNE RECEPTORY

Proteiny regulujici transkripci gentl - superrodina receptort pro steroidni hormony.

Ligandy jsou malé hydrofobni signalni molekuly - steroidni a tyroidni hormony, retinoidy a
vitamin D.

Typ I: lokalizovéany v cytoplazmé v inaktivni formé (€asto spojeny s tzv. “heat shock
proteiny”). Po vazbé ligandu translokace do jadra.

Ptiklad: receptory pro steroidni hormony (glukokortikoidy, androgen, progesteron, estrogen,
dioxinovy Ah receptor (vazba s proteinem Arnt)

Typ II: lokalizovany v jadte. Po vazb¢ ligandu konformacni zmény. Mohou se vazat na DNA i
bez ligandu.

Ptiklad: thyroidni receptory (TR), receptory pro kys. retinovou (RAR, RXR), vitamin D3
(VDR), peroxisomové proliferatory (PPAR)

Dochazi k propojeni drah signalové transdukce (““cross-talk”™).

Tvorba homo- a heterodimeri: PPAR-RXR, TR-RAR

Aktivované receptory se vazi na specifické sekvence DNA - responsivni elementy.

Dvoustupniova reakce: a) ptima indukce transkripce malého mnozstvi specifickych geni
béhem 30 minut - primarni odpovéd’, b) produkty téchto genil pak aktivuji dalsi geny a
vyvolavaji zpozdénou sekundarni odpovéd'.

Indukce charakteristické odpovédi u organismu:

1) jen urcité typy bunck maji ptisluSné receptory,

2) kazda z téchto bunck obsahuje riiznou kombinaci jinych (pro bunécny typ specifickych)
geny regulujicich proteinti, které spolupracuji s aktivovanym receptorem a ovliviuji
transkripci specifického souboru genti.



Nékteré signalni molekuly vazici se k molekularnim receptorum
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Figure 15-12 part 1 of 2. Molecular Biology of the Cell, 4th Edition. ~ retinoic acid
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Superrodina vnitrobunéénych receptorti

DNA-binding
domain

&
cortisol receptor

N C
estrogen receptor

€

progesterone receptor

N=———C
vitamin D receptor

C

N
thyroid hormone receptor

N—== . C
retinoic acid receptor

ligand-binding
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transcription-activating
domain

DNA-binding domain
COOH

inhibitory
proteins
(B) INACTIVE RECEPTOR

coactivator
proteins

ligand

DNA=
v
transcription of
target genes

receptor-binding
element

(C) ACTIVE RECEPTOR

Figure 15-13 part 1 of 2. Molecular Biology of the Cell, 4th Edition.

(A) Podobna struktura receptorti s vazebnou doménou

Receptorovy protein v inaktivni form¢€ vdzan na inhibi¢ni proteiny
Po vazb¢ ligandu disociace inh. proteinu a navazani koaktivatoru k transkripci aktivujici doméné receptoru
Trojrozmérnd struktura domény vazici ligand bez a s navazanym ligandem. Alpha helix (modie) funguje jako vicko

(B)
(®
)

zajist'ujici polohu ligandu

_ fFigure 15-13 part 2 of 2. Molecular Biology of the Cell, 4th Edition.|




Odpovédi indukované aktivaci hormonalnich receptoru

(A) EARLY PRIMARY RESPONSE TO STEROID HORMONE (B) DELAYED SECONDARY RESPONSE TO STEROID HORMONE

steroid steroid hormone
hormone receptor

\ J Y
A
ag

|

steroid-hormone-receptor
complexes activate primary-
response genes

DNA

CE =
induced synthesis of a few different

proteins in the primary response

Figure 15-14 part 1 of 2. Molecular Biolo

gy of the Cell, 4th Edition.
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Pét zpusobu ztraty citlivosti cilové bunky k signalni molekule

receptor signal intracellular
pr-::-'ﬁein m-::-\lecuie signaling protein

X o o
\_\1,_0 i ) ; () (‘. ]

inhibitory .
R i protein

endosome - X

\
lysosome

RECEPTOR RECEPTOR RECEPTOR INACTIVATION OF PRODUCTION OF
SEQUESTRATION  DOWN-REGULATION INACTIVATION SIGNALING PROTEIN INHIBITORY PROTEIN

igure 15-25 part 1 of 2. Molecular Biology of the Cell, 4th Edition.



Peroxisome proliferators

(fibrates, phtalates, etc.)ﬂ

Nutrition

> >

f \ PPAR
Fatty acids
(PGJ2, LTB4)

Transcription

> @ 9-cis-RA
o N\
'
~ V )
B BN %XR

RXR

Target genes

)

CELL SPECIFIC RESPONSES *

Proliferation

Differentiation
and maturation

Apoptosis

v

v

v

MEDICAL RELEVANCE

* Clonal expansion of
preadipocytes pro-
moting adipogenesis
(participation on
PPARY.)

* Hypothetical risk in
man of cell growth
stimulation by
activation of PPARs.

* Monocyte / macro-
phage differentiation
(implication of PPARY)
leading to accelerated
atherosclerosis.

* Protective effects of
PPARG.

* Adipocyte differen-
tiation responsible of
obesity and other
related disorders
(implication of PPAR«..)

* Enhanced PPARg
expression could lead
to tumoral cell
apoptosis and
represents a
therapeutical approach
in malignant disease.

Importance of
PPARs in cell
proliferation,

differentiation

and apoptosis.
After activation,
PPAR and RXR form
heterodimers which
bind to DNA regulato-
ry sequences of target
genes through
interaction with PPRE.
The control by PPARs
of the transcriptional
activity af target ge-
nes gives rise to bio-
logical effects which
may have consequen-
ces for human health.
LTB4, leukotriene B4;
PGJ2, prostagladin
J2; PP, peroxisome
proliferator; PPAR,
peroxisome prolifera-
tor-activated receptor;
PPRE, peroxisome
proliferator respon-
sive element; 9-cis-
RA, 9-cis-retinoic
acid; RXR, 9-cis-
retinoic acid receptor.



Schéma signalnich drah PPAR

PPARs funguiji jako heterodimery s jejich obvyklym partnerem
- retinoidnim receptorem (RXR).



T
T

o

Cyclooxygenase

Figure 1| Schematic representation of the PPAR
signalling pathways. a | Endogenous agonists of
peroxisome-proliferator-activated receptors (PPARs). PPARS
are ligand-inducible receptors, which can be activated by fatty
acids — such as arachidonic or lincleic acids — and their
derivatives. The fatty-acid metabolites that activate PPARs are
mainly derived from arachidonic or linoleic acids through the
cyclooxygenase or the lipoxygenase pathways. The best
characterized at the moment are leukotriens B4 (LTEB4) and
8S-HETE (hydroxyeicosatetraenoic acid), which preferentially
activate PPAR:; 15-deoxy-prostaglandin J2 (15-dPGJZ) and
15-HETE, which are PPARy-selective ligands; and the
prostaglandin 12 (PGI2, also called prostacycling, which is
probably a PPARB/G natural ligand. PPAR:yis also activated by
9-HODE (hydroxyoctadecadienoic acid) and 13-HODE, either
derived from linoleic acid or as components of oxidized low-
density ipoprotein (oxLDL). b | PPARS function as
heteradimers with their obligate partner, retinoid receptar
(RXR). The dimer probably interacts with co-requlators, either
co-activators (CoAct) or co-repressors (CoRep). Inthe
unliganded form, PPARB/E-RXR heterodimer, in contrast to
PPARo-RXR and PPARy-RXR heterodimers, recruits co-
repressors and represses the activity of PPARo and PPARYy
target genes by binding to the peroxisome proliferator
response element (PPRE) that is present in their promaters®”.
In their iganded form, the PPAR-RXR heterodimers interact
with co-activators, bind to the PPRE that is present in the
promoters of their target genes and activate their transcription.




Activation of Phosphorylation

IxB kinases of NF-xB
Phosphorylation, Conformational
ubiquitination and changes
degradation of 1kB l

l Modulation of nuclear import, DNA

Nuclear translocation and binding, protein-protein interactions

DNA binding of NF-xB with coactivators or co-repressors,
\ effects on transactivation

IkB-dependent and -independent regulation of NF-xB activity. (a) NFxB is
activated downstream of IkB kinase (IKK) activation. By phosphorylating IxB, these
kinases lead to IxkB degradation and nuclear translocation of the released NF-kB. (b)
Concomitantly, NF-xB itself is phosphorylated by cytosolic or nuclear protein kinases,
which improves the efficiency of NF-kB-induced gene expression. Abbreviations: kB,
inhibitor of NF-xB:; NF-kB, nuclear factor «B.



Kazda volba buniky zahrnuje epigeneticke (negenotoxické) mechanismy, které mohou
ménit expresi gentll na transkrip¢ni, translacni nebo postranslacni urovni.

Modulace mimobunécné komunikace bud’ genetickou nerovnovahou riistovych faktorti,
hormont, neurotransmiterti nebo latkami z vnéjSiho prostredi (dieta, chem. latky) mize
spustit signalni vnitrobunéénou transdukci. Tyto signaly pak moduluji expresi genti a
moduluji téZ GJIC (gap junctional intercellular communication).

V mnohobunéném organismu zahrnuje homeostaticka kontrola regulaci bunécne
proliferace, diferenciace, programované smrti a adaptivni odpovédi diferencovanych
bunck.

KdyZ se oplodnéné¢ vajicko vyviji v embryo, fetus a dosp€ly organismus, totipotentni
buniky jsou smérovany do pluripotentnich kmenovych bunék, které proliferuji, tvori
progenitorove bunky a pak diferencuji, adaptivné reaguji a hynou apoptozou.

Geny jsou selektivné transkribovany nebo reprimovany béhem diferenciace, bunécného

cyklu, zastavy bun. cyklu, béhem progr. bun. smrti. VSe jsou to déje tizene epigeneticky.



environm. chemicals hormones,

drugs, radiation, EXTRACELULLAR growth factors,
dietary PUFAs, fiber STIMULI cytokines

changes of membrane drug-and hormone ‘
( properties metabolizing enzymes
prooxidative/

cytosolic receptors, antioxidative
transcription factors (AhR, balance

NF«B etc.) SIGNALLING
PATHWAYS
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ALTERED GENE EXPRESSION

on transcription, translational or post-translational levels

Main epigenetic (non-genotoxic) mechanisms involved in carcinogenesis




