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Tvorba ROS a oxidativni stres

Oxidativni stres

nerovnovaha mezi (zvysenou) produkci ROS a
oxidovanych metabolitu a limitovanou kapacitou
antioxidaénich mechanismu burnky/organismu.



Tvorba ROS a oxidativni stres

*hlavnim endogennim zdrojem ROS je unik elektronu v prubéhu
dychaciho retézce, metabolické reakce zahrnujici cytochromy
P450 a oxidativni vzplanuti fagocytu vedouci ke vzniku superoxidu -
021

*superoxid je pomoci superoxiddismutaz premenén na H,O,; ten dale
vznika pusobenim oxidaz a v prubéhu B-oxidace mastnych kyselin v
peroxizdmech;

ssuperoxid ani peroxid nejsou pfiliS reaktivni, hlavnim nebezepecim je
pfemeéna na dalSi vysoce reaktivni ROS — napr. hydroxylovy radikal -
‘OH,;

svyznamné jsou také radikaly odvozené od NO a superoxidu —
peroxynitrit (ONOO") a NO,;



Tvorba ROS a jejich klasifikace
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TRENDS in Cell Biciogy

Figural. ROS and other radicals generated in cells. Reactive intermediates are in red, key antioxidant enzymes are in greegnand the genes that encode them in yeast arein
blue. Myeloperoxidase is produced by neutrophils as part of the cellular defense system against microorganisms.

TRENDS in Cell Biology 15, 319, 2005



Tvorba ROS v mitochondriich
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Tvorba ROS a jejich klasifikace

Table 1. One-electron reduction potentials at pH 7.0 for
selected ROS

ROS* Redox couple

Hydroxyl radical «0OH, H"/H;0

Aliphatic alkoxyl radical -0OR, HY/ROH + 1600
Alkyl peroxyl radical -00R, H"/ROOH +1000
Glutathionyl radical GS-/G5™ +920
[Polyunsaturated fatty acid PUFA-, H /PUFA-H +600
Vitamin E -OT, H™/TOH +480
Hydrogen peroxide H:05, HYH;0, -OH +320
Vitamin C (Asc) Asc-—, H" /Asc +282

monoanion

lron complex Fe® "EDTA/Fe’TEDTA +120
Superoxide 05/04- —330
Oxidized glutathione RSSRRSSA- —1500
lonizing radiation H:0/e s, —2870

"ROS are listed in order with the strongest oxidizing potential at the top and the
strongest reducing potential at the bottom. In general, ROS higher in the list can
remove electrons from the reduced species lower in the list, and the balance of
these species in the cell is an important determinant of cellular fitness and optimal
health (adapted from [B1]).

TRENDS in Cell Biology 15, 319, 2005



Hierarchické ucinky ROS
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Toxické
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G&inky ROS

« poskozeni jaderné a
mitochodrialni DNA;

 lipidni peroxidace;

« oxidativni poskozeni
proteinu;

International Journal of Biochemistry & Cell
Biology 39, 44, 2007



Oxidativni poskozeni DNA

hydroxylovy radikal je vysoce reaktivni a reaguje se vSemi slozkami
DNA — bazemi i deoxyribézovu;

hlavni typy poSkozeni zahrnuji tvorbu jedno- a dvouretézcovych
zlomu, modifikace bazi a tvorbu DNA cross-links;

oxidativni poskozeni DNA — mutagenita, karcinogenita;

priklad modifikované baze — tvorba 8-hydroxyguaninu — mutagenni a
karcinogenni, snadno vznika, biomarker oxidativniho stresu a
potencialni biomarker karcinogennich ucinkt chemickych karcinogenu;
primarni obranny mechanismus — BER;

tautomerizacni reakce — 8-OH-G = 8-0x0-G;

detekce oxidativniho poskozeni DNA — HPLC-EC, kysela hydrolyza
DNA — HPLC nebo GC-MS; modifikovany Comet assay;
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Chemico-Biological Interactions 160, 1, 2006



Oxidativni poskozeni DNA

 DNA muze byt poskozena i pusobenim RNS;

« peroxynitrit indukuje tvorbu 8-nitroguaninu; tato modifikovana baze
zpusobuje transverzni mutace G:C—TA;

e LA * oxidativni poskozeni je Casto
N~ 2 5 , .
e S detekovano i v mtDNA;
adenine A“ Transitions ,AG « mutace - geny pro komplexy I, I,

IV a V; hypervariabilni oblasti
mtDNA; v fedé typu nador;

« omezena moznost DNA

¥ v reparacnich procesu, absence

< » . o z
T:z C ™ ansitions T ONH histonu, velka produkce ROS;
(H\/&O pyrimidines | ﬁ/go

cytosine thymine

Transversions Transversions

http://en.wikipedia.org/wiki/Transversion



Peroxidace lipidu

vysoce nenasycené mastné kyseliny (PUFA) ve fosfolipidech jsou
velmi snadno oxidovany pusobenim ROS (pfedevsim ‘OH);
vlastni proces lipidni faze - 3 kroky — iniciace, propagace a
terminace;

po vzniku peroxyloveého radikalu dochazi cyklizacnimi reakcemi k
tvorbé endoperoxidu a ke vzniku finalniho produktu —
malondialdehydu (MDA);

vedle toho vznikaji také dalSi reaktivni aldehydy — 4-hydroxy-2-
nonenal (HNE) a akrolein;

MDA je ucCinny mutagen, HNE moduluje aktivitu rady signalnich drah;



Peroxidace lipidu
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Oxidativni poSkozeni proteint

ROS mohou reagovat s proteiny bud pfimo, nebo prostrednictvim
oxida¢nich produktu cukru a lipidu;

mohou napadat bud peptidovou vazbu nebo postranni retézce
aminokyselin; dochazi ke vzniku Tyr cross-links, ztraté His, tvorbe
karbonylovych skupin a tvorbé fady typu radikall - protein-centered
alkyl (Re), alkoxyl (RO¢), alkylperoxyl (ROQs);

vysoce citlivé jsou zejména Pro, Tyr, His, Arg, Lys, Met a Cys;

vznika fada typickych oxidacnich produktt — napf. Arg — Glu-
semialdehyd; Glu — 4-hydroxy-Glu; His— 2-oxo-His; Tyr — 3,4-
dihydroxy Phe; Tyr—Tyr cross-linkované proteiny, 3-nitro-Tyr; Val — 3,4-
hydroxy-Val; Cys — Cys—S—-S—Cys, Cys—S—-S-R disulfid; Pro — 2-
pyrrolidon-4-hydroxy-Pro; Met — Met-sulfon, Met-sulfoxid,;

oxidativni poSkozeni muze vést ke ztraté funkce nebo aktivaci proteinu;
akumulace poskozenych proteini muze prispét k indukci apoptozy;



Chemickeé karcinogeny indukujici oxidativni stres

Environmental and pharmaceutical carcimogens that can induce oxidative stress and damage,

Chemicals Experimental ROS or effects
models
Cr€ MOtONIC
M-nitroso compounds Murine MDA, BOHdAG
Bisphenol A Rats BOHdG
BaP Mice BOHAG
AFB-1 Rats BOHAG
Heterocyclic amines [m vitro ‘0OH
MMKC and 2-acetylaminofluoene In vitro ‘0OH
KBErD3 Rats BOHAG
Monge notmxic
2-Butoxyethanol Mice
Acrylonitrile Rats; in vitro MDA, BOHAG
Chlorinated compounds Murine; in vitro lipid peroxidation,
(TCDD, dieldnn, DTT, lindane ) 02", etc.
Phenobarbital Murine ‘0OH, BOHAG, lipid
peroxidation
Metal Murine ‘0OH, BOHAG, MDA, NO
(nickel, BrCl, chromium, Fe-NTA iodobenzene)
Peroxisome proliferator Murine ‘0OH, B0HaCG, etc.

(DEHP, WY-14643, clofibrate, ciprofibrate, PFDA)

CCl4

Phorbol ester (TPA, PMA)
Quinones

NMunne, in vitro
V79 cells

Trichloromethyl peroxyl
radical

‘0H, 80H4G

BOHAG

Toxicology and Applied Pharmacology 254, 86, 2011



Modelovy priklad: Indukce ox. stresu Cr"!
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Antioxidacni obranné mechanismy

negativni toxické pusobeni ROS ¢€i RNS je blokovano fadou
antiozidaénich mechanismu:

neenzymatické antioxidanty

. antioxidac¢ni enzymy

mezi vyznamné neenzymatickeé antioxidanty pari predevsim vitamin C,
vitamin E, karotenoidy, thiolové antioxidanty (glutathion,
thioredoxiny, kyselina lipoova);

HS
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Antioxidacni enzymy

jednim z nejucinnéjSich intracelularnich antioxidaénich enzymu je
superoxiddismutaza (EC 1.15.1.1), enzym, ktery katalyzuje premeénu
‘O, na H,0,;

u Clovéka — 3 zakladni isoformy — cytosolova Cu, Zn-SOD;
mitochondrialni Mn-SOD a extracelularni EC-SOD;

Cu, Zn-SOD je homodimer (32 kDa) jehoz enzymaticka aktivita je
nezavisla na pH, kazda z podjednotek obsahuje v aktivnim misté ionty
Cu a Zn; Mn-SOD — homotetramer (96 kDa) — kazda podjednotka
obsahuje 1 atom Mn — jede z nejucinnéjSich antioxidaénich enzymu s
protinadorovymi vlastnostmi, abnormailne vysoke hladiny Mn-SOD v
nékterych nadorech ale prispivaji k nadorove progresi, coz
pravdepodobneé souvisi s nerovnovahou mezi ‘O, na H,O, — aktivace
metaloproteinaz;

EC-SOD - sekrecCni tetramericka forma SOD, 4 podjednotky,
glycoprotein jehoz hladina je regulovana cytokiny;



Antioxidacni enzymy

katalaza (EC 1.11.1.6) je enzym Siroce rozsifeny ve vSech zivych
organismech (rostliny, zivoCichové, aerobni bakterie);

primarné je katalaza lokalizovana v peroxizomech kde katalyzuje
preménu H,0, na H,O a O,;

catalase

ZH) O — ZHO 4 Oy

jedna se o jeden z nejucinnéjSich enzymu vubec — 1 molekula enzymy
je schopna za minutu preménit az 6 mil. molekul H,O,;

hladina katalazy je vyrazné snizena v radé typu nadorovych bunék;



Antioxidacni enzymy

« 2 typy glutathion peroxidaz - selen-nezavislé (glutathion-S-transferaza,
GST, EC 2.5.1.18) a na selenu zavislé (GPx, EC 1.11.1.19); oba typy
enzymu se liSi mnozstvim podjenotek, typem katalytického centra a
mechanismem pusobeni — oba maji zasadni vyznam pro metabolismus
glutathionu, jednoho z kli¢ovych antioxidantu;

« 4 lidské GPx; kompetice s katalazou o peroxid, zasadni pri obrané
proti nizkym hladinam ox. stresu;

GP:
2GSH + Hy0)—>GSSG + 2H,0

GP:
2GSH + ROOH——>GSSG 4+ ROH + H,O



Antioxidanty

« kyselina askorbova (vitamin C) vyznamny antioxidant pfedevsim ve
vodné fazi; uzce spolupracuje s karotenoidy a vitaminem E —
regeneruje a-tokoferol z a-tokoferolovych radikalt vznikajicich v bun.
membranach;

« reakci askorbatu s ROS vznika zejména semidehydroaskorbatovy
radikal — malo reaktivni — terminace radikalovych reakci;

« hraje zasadni roli pfi ochrané bun. membran; fada in vivo studii
potvrdila snizeni oxidativniho poSkozeni DNA, lipidu a proteinu
pripodavani vitaminu C;

H2 AscH, Ho AscH HQ  Asce

o : . i 0. .0
ﬂnh/\sj""" PK = 4.1 HD\/XDTO pK =118 ”DJ\)’_Y
HO OH o OH Q 3
'\.‘ _e

Chemico-Biological Interactions 160, 1, 2006



Antioxidanty

« vitamin E existuje v 8 formach, ale dominantni je a-tokoferol;
vyznamny antioxidant rozpustny v tucich;

« hlavni funkci je ochrana pred lipidni peroxidaci, priCemz spolupracuje s
kys. askorbovou; béhem antioxidacni reakce reaguje a-tokoferol s
lipidovymi radikaly za vzniku a-tokoferolovych radikalu, které jsou
nasledne regerovany kys. askorbovou;

Chemico-Biological Interactions 160, 1, 2006



Antioxidanty

« glutathion (GSH) je hlavni solubilni thiolovy antioxidant vyskytujici se v
bunkach v koncentracich dosahujicich az 10-15 mM; vysoka hladina
GSH v jadfe ma napf. vyznam pro udrzovani —SH skupin proteinu
podilejicich se na DNA repair

GSH + R* — GS* + EH
GS* 4+ GS* — GSS8G

« CasteCne oxidované proteiny (protein-SOH, protein-S-) reaguji s GSH
za vzniku protein-SSG, ktery je dale redukovan GPx a malymi proteiny
(napf. thioredoxin); pfi nedostatku GSH vznikaji ireverzibilné oxidované
proteiny - protein-SO,H a protein-SO3H;

Pratain revarsibly
S-glutathiclation Protein-S5G GSH axidised
products
: irreversibly oxidised ducts
28 0did. | protein-SOH -]+ Oxidant . Bre
i Oxi ic aci id
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GSH GSSG Chemico-Biological Interactions 160, 1, 2006



Antioxidanty

glutathion ma fadu funkci v burice:

slouzi jako kofaktor GST a GPx; podili se na transportu aminokyselin
pfes membrany; mize pfimo vychytavat ROS (hydroxylovy radikal,
singletovy kyslik); prostfednictvim GPx se podili na detoxifikaci
peroxidu;

podili se na regeneraci vitaminu C a E;
pomér GSH a GSSG hraje vyznamnou roli v regulaci redoxni

signalizace — napf. aktivita transkripcnich faktord AP-1 a NF-kB; chrani
bunky pred apoptozou;



Antioxidanty

« thioredoxin — maly multifunkcni protein, ktery obashuje dva tzv.
redoxné akttivni Cys residua (vysoce konzervované aktivnhi misto Cys—
Gly—Pro—Cys); snadno reaguje s oxidovanymi proteiny obsahujicimi
disulfid;

thioredoxin-(SH), + protein-S,;

— thioredoxin-S, + protein-(SH),

« oxidovany thioredoxin je zpetneé redukovan pomoci thioredoxin
reduktazy;

TR-S2 + NADPH + H™ thioredoxin-S, + TR-(SH),
— TR-(SH), + NADP™ — thioredoxin-(SH); + TR-S»

 thioredoxin i thioredoxin reduktaza hraji vyznamnou roli v redoxni
regulaci rady transkripCnich faktoru kontrolujicich napfr. bunécnou
proliferaci nebo apoptozu (AP-1 a NF-«xB);



Antioxidanty — komplexni reakce
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Hierarchické ucinky ROS
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Redoxni signalizace

indukce tvorby ROS vyznamnym zptsobem ovliviuje aktivitu drah
signalni transdukce:

predpoklada se, Zze ROS mohou do jisté miry hrat ulohu druhych poslu
v signalnich drahach aktivovanych cytokiny a rustovymi faktory;

mezi nejvyznamnejSi cile ROS patfi signalni drahy kinaz
aktivovanych mitogeny (MAP kinaz), aktivace transkripcniho
faktoru nuclear factor-erythroid 2 p45-related factor 2 (Nrf2),
modulace aktivity receptorovych kinaz, aktivace transkripéniho
faktoru AP-1, modulace aktivity transkripéniho faktoru NF-«xB;
aktivace HIF-1;



Nuclear factor-erythroid 2 p45-related factor 2 (Nrf2)

* Nrf2 je transkrip€ni faktor (basic region-leucine zipper (bZip)) aktivovany v
podminkach oxidativniho/chemického stresu, ktery hraje vyznamnou roli v
koordinované regulaci antioxidaCnich enzymu a enzymu metabolizujicich
xenobiotika (XME) — vazba na tzv. antioxidacni responzivni elementy (ARE);
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Nuclear factor-erythroid 2 p45-related factor 2 (Nrf2)

Class
Oxidisable diphenols,

phenylenediamines,
Quinones

Example

BHA:(2{3)-tert-butyl-4-
hydroxyanisole)
tBHQ: tert-butylhydraquinone

Structure
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acceptors CODO-Me, o
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5
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Biochemical Pharmacology 85, 705, 2013



Nuclear factor-erythroid 2 p45-related factor 2 (Nrf2)

3. Post Translational Modification
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Nuclear factor-erythroid 2 p45-related factor 2 (Nrf2)
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Geny pozitivne regulované Nrf2

Cener bochemicouncion__Iswmbol_IName_____________________|Speces _

'Detoxication: Phase | dug =~ drug ADH7 aleohol dehydrogenase class 4 mu'sigma chain
oxidation, reduction AKR1B1 aldo-keto reductase family 1, member B1 (and 1B8 and 1B10) m, h
and hydrolysis AKR1C1 aldo-keto reductase family 1, member C1 (and 1C2 and 1C3) h
AlLDH14A7 aldehyde dehydrogenase 1 family, member Al m
ALDH3AT aldehyde dehydrogenase 3 family, member Al (and 3A2) m, h
AlLDHTAT aldehyde dehydrogenase 7 family, member Al m
CBR1 carbonyl reductase 1 (and 3) h
CYPIB1 cytochrome P450, family 1, subfamily B, polypeptide 1 m
CYFP2Ba cytochrome P450, family 2, subfamily B, polypeptide 9{fand 10) m
EPHX1 epoxide hydrolase 1, microsomal m, h
PTGR1 prostaglandin reductase 1 (also called LTB4DH) h
N MNAD(P)H:quinone oxidoreductase 1 m, h
Detoxication: Phase || G5TA7 glutathione S-transferase class Alpha 1 {and A2, A3 and Ad) m
drug conjugation GSTM1 glutathione S-transferase class Mu 1 (and M2, M3, M4, M6and m
M7)
GSTP1 glutathione S-transferase class Pi 1 (and P2) m
MGST1 microsomal glutathione S-transferase 1 (and 2) m, h
SULT147 sulfotransferase family, cytosolic, 1A, member 1 (2) h
UGT14A7 UDP glucurcnosyltransferase 1 family, polypeptide A1 (and h
1A6)
UGTZB7 UDP glucuronosyltransferase 2 family, polypeptide B7 (and m, h
2B34)
Detoxication: Phase Il ABCBS ATP-binding cassette, subfamily B (MDR/TAP), member 6 m, h
drug transport ABCCT ATP-binding cassette, subfamily C (CFTRMRP) member 1 m
ABCC2 ATP-binding cassette, subfamily C (CFTRMRP) member 2 m, h
ABCC3 ATP-binding cassette, subfamily C (CFTR/MRP) member 3 m, h
ABCCH ATP-binding cassette, subfamily C (CFTRMRP) member 4 m
ABCCH ATP-binding cassette, subfamily C (CFTRMRP) member 5 m

Trends in Biochemical Sciences 39, 199, 2014



Geny pozitivne regulované Nrf2

General biochemical function

Antioxidant: GSH-based
systemn

Antioxidant: TXN-based
system

GCLC
GCLM
GGTI1
GLRX
GLS
GPX2
GFX4
GSA1
SLC6A9
SLC7ATT
PRDX1
PRDXE
SRXN1
TXN1
TXNRD1T

m_|

glutamate-cysteine ligase, catalytic subunit

glutamate-cysteine ligase, modifier subunit m, h
gamma-glutamyltransferase 1 h
glutaredoxin 1 h
glutaminase h
glutathione peroxidase 2 m, h
glutathione peroxidase 4 m
glutathione reductase m, h
glycine transporter m
cystine/glutamate transporter m, h
peroxiredoxin 1 m, h
peroxiredoxin 6 m, h
sulfiredoxin-1 m, h
thioredoxin m, h
thioredoxin reductase 1 m, h

Trends in Biochemical Sciences 39, 199, 2014



Geny pozitivhé regulované Nrf2
MI

Carbohydrate metabolism GEFPD glucose-6-phosphate 1-dehydrogenase

and NADPH regeneration HDK1 hexokinase domain containing 1 h
IDH1 isocitrate dehydrogenase 1 m
MET malic enzyme 1, NADP"-dependent, cytosolic m, h
PGD B-phosphogluconate dehydrogenase m, h
TALDOT transaldolase m, h
TKT transketolase isoform 1 h
UGDH UDP-glucose dehydrogenase h

Lipid metabolism: fatty ACOT? acetyl-CoA thioesterase 7 m

acid oxidation ACOTS8 acetyl-CoA thioesterase 8 m
ACOX1 acetyl-CoA oxidase 1 m
ACOXz2 acetyl-CoA oxidase 2, branched chain m
AWAT? acetyl-CoA wax alcohol acyltransferase 1 m
CES1G carboxylesterase 1G m
CESTH carboxylesterase 1H m
SCD2 stearoyl-CoA desaturase-2 m

Lipid metabolism: lipases LIPH lipase, member H m
PLAZGT phospholipase A2, group vii [platelet-activating factor m

acetylhydrolase)

PNPLAZ patatin-like phospholipase domain containing 2 m

Trends in Biochemical Sciences 39, 199, 2014



Aktivace PKC

rodina serin/threoninovych kinaz;

indukce ROS vede k uvolnéni intracelularniho Ca2* coz muze
aktivovat PKC:

timto zpusobem mohou ROS regulovat fadu procesu, vE€. proliferace,
bun. diferenciace, zmén organizace cytoskeletonu a migrace bunék, i
apoptozy;

vedle toho, ze ROS mohou aktivovat PKC, je také znamo, ze vysoka
aktivita PKC indukuje tvorbu ROS v nekterych experimentalnich
modelech;

PKC takeé interaguji s dalSimi proteiny modulovanymi oxidativnim
stresem, jako jsou napr. MAP kinazy;



Aktivace MAP kinaz

-~ MEKK1-4, DLK, MLK2, Tpl-2

ASK1, TAK1, TAD1/2

l’oﬂlm T.P’ ST‘T‘ ,3- MAT. ”E p“s. 953. ‘TF‘Z, C‘fns, STAT!/3. c_jun's'r“'rl’ WAT' HBP.
155 ] p9ORSK, MNK1/2, MSK1/2 || NFAT, Pax6, PPARY, RART |LEF, PLA2Z, MNK1L/2, MK2/3
etc. ete. etc.

mmcmskebtd Elk 1, Ets, c-myc, c-fos, c-jun,| [c-jun, JunD, junB,Elk 1, c-myc, ATF1/2/6,5ap1, CHOP,
P
MKs,

Cell. Mol. Life Sci. 65, 3525, 2008



Aktivace MAP kinaz

inflammatory cytokines
environmental stress (e.g. metals)

receptor tyrosine growth factors

kinase (RTKs)

cytoplasm

w MAPKK
0 MAPK
/(\ /
Growth Differentiation, Growth,
nucleus Differentiation, Growth, Differentiation, Biological
Development Inflammation, Development ¢ response

Apoptosis
ELK-1 ATF-2 NF-IL6 SAP-1 c-Jun

International Journal of Biochemistry & Cell
Biology 39, 44, 2007



Aktivace AP-1

0 witogen
® 9.

Cell. Mol. Life Sci. 65, 3525, 2008



Aktivace AP-1

« AP-1 je skupina transkrip¢nich faktoru (bZip dimery) skladajicich se z
proteind jako Jun (c-Jun, JunB, JunD), Fos (FosB, Fra-1, Fra-2), Maf
(musculoaponeurotic fibrosarcoma), a ATF (activating transcription factors)
které se vazou na tzv. TPA nebo cAMP responzivni elementy;

« AP-1 je aktivovan cytokiny, rastovymi faktory, ale také H,O, — in vitro je
napf. trasnkripéni aktivita AP-1 regulovana redoxnim stavem Cys64
lokalizovaného mezi dvéma podjednotkami c-Jun; hlavni zplisob aktivace
ROS je ale prostrednictvim aktivovanych p38 a JNK kinaz;

« mezi dusledky aktivace AP-1 patfi pfedevsim indukce proliferace (indukce
cyklinu D1 a represe p21 CDKI), ale dopad aktivace AP-1 Casto zavisi na
typu proteint vytvarejicich AP-1 dimer;



Aktivace NF-xB

TNF-a i“ﬁ
—_— . | -
: ’ I 4 g T i |
« jaderny transkripéni faktor HEEEECI S “*“*'““‘""““‘"“""""" ;
regulujici bunécény rust, preziti, ,RAK

diferenciaci a imunitni odpoveéd’
(zanét); dimer skladajici se z
ruznych kombinaci podjednotek p50
(NF-kB1), p52 (NF-kB2), c-Rel, v-
Rel, RelA (p65) a Rel B;

) IRAK1

K48-linked polyubiqutination

of IkBa
« je aktivovan cytokiny, onkogeny, 596
poskozenim DNA a také . i T
. . ”, uciear egradation
oxidativnim stresem; bl o e
. je pqvaiovén.za vyznamny faktor v A
karcinogenezi; DNA A

Nucleus

Biochimica et Biophysica Acta 1843, 129, 2014



Aktivace HIF1

HIF-1 je heterodimericky transkripCni faktor sestavajici z podjednotek PAS protein(
HIF-1o a HIF-1B (ARNT); senzor intracelularni hladiny kysliku;

prestoze je aktivovan hypoxii, vyznamnou roli ve stabilizaci a aktivaci HIF-1o hraji
ROS, které jsou pravdépodobné generovany také v hypoxickych podminkach v
mitochondriich;

predpoklada se, ze hraje vyznamnou roli v karcinogenezi indukované ROS;

Graded HIF
responses to
Oz and cellular
environment
PHD/FIH e N
02 mmmmmlp-§ €NZyme i —

activity oDD B
/ f \ \ Phosphorylatdn Acetylation

Induction of
enzyme expression Iron Ascorbate 2-Oxoglutarate
Growth, Intermediates and Growth factors,
oncogenes,
differentiation 5 cofactors of energy
metabolism tumour suppressor
and apoptosis metabolism reactions pathways

J Cell Sci 116, 3041, 2003



Dopad tvorby ROS zavisi na intenzité generovaného
oxidativniho stresu

!

oxidaive aorTosis MR | apoptoza, nekroza
(8 ONR)

spec. biol. odpoved’ v
napr. proliferace a prezivani @ @ . MAPK
bunék, diferenciace, zmény
adheze a migrace apod. )(\‘ /
Growth, Differentiation, Growth,
Differentiation, Growth, Differentiation, Biological
Development Inflammation, Development

response
Apoptosis



