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Hypoxie a HIF

Hypoxie: snizeny parcialni tlak O, ve tkani X normoxie
HIF — Hypoxia-Inducible Factor:

- Heterodimericky TF aktivujici geny obsahujici v promotorové sekvenci HRE
(Hypoxia response element), vlastni transkripce je iniciovana pomoci
koaktivatoru p300 a CBP (CREB-binding protein)

-~ Prozatim je znamo kolem 60 (100) genu regulovanych HIF, fada z nich reguluje
odpoveéd na hypoxii (angiogeneze, proliferace, metabolismus glukézy, migrace,
apoptdza, erytropoeza, metabolismus Fe)

- Heterodimer sestava ze tfi a podjednotek (HIF1a, 2a, 3a) a jedné podjednotky B
(HIFB=ARNT)

- a podjednoteky jsou pri normoxii silné labilni, podjednoteka 3 je na
koncentraci O, nazavisla

- HIF3a negativni regulator funkce HIF




Struktura HIFa podjednotek

P402 P564 HN803
L &
B |

ODD(D)

bHLH (basic Helix-Loop-Helix) motiv: vazba na DNA, dimerizace
PAS (Per/ARNT/Sim) doména: usnadnuje heterodimerizaci
N-TAD (N-terminal transactivation domain)

C-TAD (T-terminal transactivation domain)

ODD(D) (Oxygen-dependent degradation domain)

P402, P564: mista specifické hydroxylace v ODD pfi normoxii
N803: misto specifické hydroxylace asparaginu mimo ODD
(NLS: nuclear localisation signal)

(podjednotky B obsahuji rovnéz bHLH a PAS)




Degradace HIFa pri normoxii

VHL (von Hippel-Lindau) - tumor supresorovy gen:

VHL tvorfi komplex s Elonginem B, Elonginem C, Cul2 a Rbx1
ECV (elongins/Cul2/VHL) komplex

ECV komplex je analogem SCF komplexu u kvasinek — ma funkci
E3-ubiquitinligazy — > uloha v proteasomalni degradaci proteinu
ECV komplex se vaze k ODD pres protein VHL

VHL je smérovan k vazbé na ODD hydroxylaci specifickych zbytki P402 a P564 = >
nasleduje polyubiqutinizace HIFa a degradace v proteasomu

Hydroxylace P402 a P564 je zprostfedkovana prolinhydroxylazami
PHD 1,2,3 — substratem reakce je O, (kofaktory: vitamin C, 2-oxoglutarat, Fe)

N803 v C-TAD je hydroxylovan asparaginhydroxylazou FIH (Factor-Inhibiting HIF),
tato hydroxylace stericky brani vazbé koaktivatort p300 a CBP

FIH je rovnéz silné O,-dependentni
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Regulace translace HIFa

e Mechanismus O,-independentni Growth factors
regulace hladiny HIFa

e Umoznuje bunécne specificke J
ZVYéenl' hladiny HIFa Cap-dependent

e Draha PI3K/AKYmTOR/p70S6K ransiation .+~ MTOR

faktoru (pf. HER2/Neu)

e mMTOR (mammalian target of
rapamycin): vSeobecny aktivator

aktivovana vazbou rustového |
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HYPOXIE A HIF SYSTEM
VE VYVOJI JEDINCE




Vyvojove zmeny spojené s hypoxii
-

Cell membrane

e embryonalni vyvoj AT O Wﬁ
e angiogenese _.
e rUst chrupavek

e krvetvorba — aktivace

EPO genu

nucleus

Genes upregulated:

+ erythrpoietin (induce RBC formation)

+ glycalytic enzymes (needed if O, low)

» angiogenesis (new blood vessel growth)
» embryonic development

* placenta (for vascularization)

* macrophage and neutrophils (work in hypoxic
wound conditions

After: Science, 303, pg 1454 (2004)




HIF pri normoxii a hypoxii

Transcription of =100 human genes
I e.g. EPO, VEGF, Glycolysis proteins)

Gene

HIF binds to hypoxic response DNA sequences

HYPOXIA: HIFa levels rise

;/'"“\\ Addition of a single O atom .
TIF? enables HIFa binding to VHL

NORMOXIA: enzymatic post-translational hydroxylation

catalysed by Fe(ll), 2-oxoglutarate oxygenases (PHD 1-

3 in humans)

(+ Q) .
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http://www.chem.ox.ac.uk/oc/cjschofield/images/new-2.png
Levels of Hypoxia Inducible Factor—a mediate the hypoxic response




Angiogenese
S

e Angiogenese
— tvorba novych krevnich cév

e HIF-2 se vaze do oblasti
promotoru a iniciuje transkripci
receptoru VEGFR 2 i expresi
VEGF (Vascular Endothelial Growth
Factor)

- hlavni faktor angiogenese

e Vv normalnim vyvoji ale i béhem
nadorového rustu
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Rust chrupavek
.

e HIF pfitomen pfi rdstu chrupavek

e HIF-1 mdze hrat roli v adaptaci chondrocytu na nizky tlak kysliku
e osteoartritis

(a) 66 year-old, female

Intact region
Degenerated region

vétSi procento
HIF-a mRNA




Krvetvorba — regulace EPO genu

e EPO gen
- gen pro erytropoetin (hormon tvofeny v ledvinach — hl. hormon hemopoézy)

- exprese fizena hladinou kysliku — HIF faktor
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Embryonalni vyvoj a hypoxie
-

e Existuje jiz mnoho dukazu pro to, Ze hypoxické stavy béhem prvniho
trimestru mohou zpusobit defekty
- napf. defekty srdce
- teratogenni efekt u ryb, obojzZivelnikd a kufat
e Marker hypoxie — pimodazol

— tvofi se v imunologicky detekovatelné forme v burikach s parcialnim tlakem
kysliku nizsim nez 1,3kPa
— vyskytuje se vétSinou s HIF faktorem a VEGF
e hypoxie — regulator pro normalni vyvoj vaskularnino systému
e vice nez 10% genomu muze byt aktivovano HIF faktorem
— pfi normoxii je prubézné degradovan béhem 1 minuty
e hypoxicky stav muze byt zplsoben maternalni anémii




Embryonalni vyvoj a hypoxie
-

e Kratke periody hypoxie
- mozna redukce koncetin
e distalni Casti konCetin degeneruji, mohou chybét nehty i celé konCetiny




Hypoxie v karcinogenezi

- Hypoxie je jiz ve vzdalenosti
100 uM od cévy

Mormal cells

Activation of

larget genes - Aktivované geny podporuji
angiogenezi a metastazovani

Tumour cells

Mormal cells

Normoxia Hypoxia

=100 pm
Tumour hypoxia

Expert Reviews in Molecular Medicine 2005 Published by Cambridge University Press www-ermm.cbcu.cam.ac.uk/05009129h.htm




Priciny a dusledky aktivace HIF
.

e PRICINY e DUSLEDKY
e Hypoxie e Podpora angiogeneze a rust
e PUsobeni rlstovych faktort nadoru
a onkogennich signalnich e Metabolicka adaptace na
drah (EGF, Ras, Src, ...) hypoxii (podpora glykolyzy)
e Mutace nadorovych Oncogenic mutations
supresoru (p53, PTEN, S
pVH L) L
e NedostateCna aktivita Ce"ular/ oo \ »
hydroxylaz Pm"fefa“{ T iypoxa ;t




Nadory, v nichz je nizsi pa arcialni tlak
O,, hure odpovidaji na Iécbu

e RadiacCni terapie a nektere typy
chemoterapie potrebuji O, k maximalni
efektivite

e Hypoxie ovlivhuje aktivitu Siroce pusobicich
transkripCnich faktoru (HIF-1, AP-1, NF-kB)

e Ty ovlivhuji expresi celé rady genu,
regulujicich bunecnou proliferaci,
apoptozu,angiogenezi a migraci




Table 2. Association of HIF-1a overexpression with

adverse clinical outcome

Zvysen
bunkac
c

Table 1. Mk
expressior

Alteration in tv

Hy poxia

Tumer type
Ereast cancer, lymph-node negative

Cervical cancer, early-stage

Oligodendroglioma
Orophanmgeal squamous cell carcinoma
Fsophageal cancer, early-stage, BCL2-positive

Clvarian cancer, p53 mutant

Decreased ubiquitination

VHL loss-of-function Decreased ubiquitination

p53 loss-of-function

Decreased ubiquitination

PTEN loss-of-function Increased synthesis
PIZKAKTFRAP signaling Increased synthesis

SHE gain-of-functio

p 1445 |pss-of function

n Increased synthesis

Association
Mortality

[Mortality

Mortality

Treatment failure, mortality
Treatment failure

Mortality

Decreased nucleolar sequestration

‘HIF-1 @, hypaxia-inducible factor-1o; VH L, von Hippel-Lindau tumor suppressor protein; PTEN,

phosphatase and tensin homolog deleted on chromosome 10; PI3K, phosphatidylinosital-2-
kinase; AKT, protein kinase E; FRAP, FEBP-rapamycin-associated protein.

Semenza: Trends in Molecular Medicine Vol. 8 No. 4 (Suppl.), 2002




The Role of Hypoxia in Malighant
Progression

Clonal expansion of
cells with reduced
apoptotic potential to
hypoxia and some
forms of chemotherapy

oncogenic mutations

{gain in apoptotic potential) hypoxic
region %
{Loss of p53 function)

ﬁ {p53 function present)

Developing tumor cell
population that is
apoptotically sensitive

normal cells — hyperplasia — — — tumor to hypoxia and some
forms of chemotherapy

cbrl.stanford.edu/hypoxia/welcome.htm




Dekujeme za pozornost
-
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