Buneécne regulace lll:

Reakce na zmény chemickych a
fyzikalnich parametru prostredi

Vitézslav Bryja



Reakce tkani na zmeny v dostupnosti kysliku
aregulace angiogeneze

* A) Detekce nedostatku kysliku - Hypoxia
iInducible factor (HIF)

* B) Iniciace angiogeneze - vaskularni
endothelialni rastovy faktor
VEGF/VEGFR

* C) bunecné mechanismy angiogeneze
(role Notch a angiopoetinové signalizace)
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Hypoxie a HIF

O, se difuzi Sifi asi na 150 ym

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

— Heterodimericky transkripCni faktor 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 odpoved na hypoxii (angiogeneze, proliferace, metabolismus
glukdzy, migrace, apoptoza, erytropoeza, metabolismus Fe)

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

— o podjednotky jsou pfi normoxii silné labilni, podjednoteka 3 je na
koncentraci O, nazavisla



HIF pfi normoxii a hypoxii — vyznam
hydroxylace prolinu

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

Gene
HO
HIF binds to hypoxic response DNA sequences
Py — G
o !
HYPOXIA: HIFx levels rise b Y, o

Addition of a single O atom
@ enables HIFa binding to VHL

NORMOXIA: enzymatic post-translational hydroxylation
catalysed by Fe(ll), 2-oxoglutarate oxygenases (PHD 1-
3 in humans)

+0) @

Proteasomal
degradation

Levels of Hypoxia Inducible Factor—a mediate the hypoxic response

VHL (von Hippel-Lindau) - tumor supresorovy gen

http://mwww.chem.ox.ac.uk/oc/cjschofield/images/new-2.png



Modelové zmeény spojené s hypoxii/HIF
systémem

Cellmembrane

L

low O5 high O,
Pro-OH
I i A —
embryonalni vyvoj o [ prine o
° anglogenese hypoxia inducing factor yares
 rust chrupavek
¢ krvetVOFba—aktlvace EPO degraded

genu

nucleus

Genes upregulated:

+ erythrpoietin (induce RBC formation)

+ glycolytic 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)



Hypoxie je pritomna/reguluje niku kmenovych bunek
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Type B1 Astrocyte (NSC)

The Neural
Stem Cell Niche

<1-8% O2
Dings et. al., 1998

Erecinska and Silver, 2001
lood Vessel Panshision, 2009

The Mesenchy mal Mesenchymal Stem Cells
Stem Cell Niche (MSCs)

2-8% 02

Kofoed et. al., 1985
Harrison et. al., 2002
Matsumoto et. al., 2005
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Angiogenese

Angiogenese
— tvorba novych
krevnich cév

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

— hlavni faktor
angiogenese

v normalnim vyvoji ale i
béhem nadorového
rastu

Other
influences
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Vascular endothellal growth factors

PIGF VEGF, VEGFg VEGF. VEGFy
[ F 4]
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VEGFR2

lg-like
VEGF VEGF
oinding binding
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kinase
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VEGFR-1 (Flt-1) .
VEGFR-2 (FIk-1/KDR) Ac’uvate(ilv receptor

VEGFR-3 (Fii-4) Angiogenesis




VEGF/VEGFR ve vyvoji

reguluje vznik a vyvoj cévni soustavy
master regulator angiogeneze (vyvoje cev)
hypoxie (=nedostatek kysliku) indukuje HIF

(hypoxia-induced factor), ktery reguluje
produkci VEGF.

VEGF je schopen regulovat vznik de novo
cév v hypoxické casti embrya
- podobny mechanismus se uplatniiuje i pfi

onkogenezi, kde VEGF podporuje prokrveni
nadoru a tim podporuje jejich rust



Shrnuti

» VEGEF je signalni protein (ligand) schopny

Indukovat genovou expresi

» Primarnim cilem VEGF jsou vaskularni ECs

» VEGF pfispiva k zachovani stavajicich cév
a indukuje vznik a rust cév novych

» Vyznamna role VEGF v embryonalnim vyvoji

| v nadorové transformaci

. Embryogeneze a ¢asny
postnatalni vyvoj

Uloha VEGF
Nezbytny pro vznik krevnich cév
Delece jednoho genu VEGF je letalni

Nezbytny pro ¢asny postnatalni vyvoj,
zejména pro funkci ledvin

Rast kosti

Vyzravani zlutého téliska
a angiogeneze v déloze

Hojeni ran

Stimuluje invazi krevnich cév, ktera je nutna
pro trabekularni rast kosti

Ucinky inhibice VEGF jsou reversibilni pokud
je hladina VEGF obnovena

Stimuluje vyzravani zlutého téliska, které pak
produkuje progesteron. Spolecné pusobeni
progesteronu a VEGF je nezbytné pro angiogenezi
v déloze.

Podili se na vzniku novych cév v misté poranéni




Angioterapie

» vyuziti |ékU k regulaci angiogeneze
» proangiogeneze u ischemickych chorob srdecCnich




Angioterapie

» patologicka angiogeneze:

» Bevacizumab (Avastin)

NDC 50242-060-01
List No.:15734

» rakovina
» diabeticka retinopatie
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1 DNA Way, South 5372

The second option is direct VEGF blocking. Nowadays, this line already has a grounded position in medicine. Drugs acting in this way are:

Bevacizumab (Avastin, Genentech, San Francisco, CA, USA), a full-length humanised recombinant monoclonal IgG anti-VEGF-A antibody. It
binds and inhibits all VEGF-A isoforms [11, 23, 24]. Its molecular weight is 148 kDa, so it is a large molecule with twice the half-life of
ranibizumab [12, 13]. It has been approved for the treatment of several solid tumours (colorectal, non-epithelial lung, breast, ovarian, and renal
cancers) and glioblastomas [3, 24—26]. In ophthalmology it is used as an off-label procedure [11, 12, 27, 28]. Furthermore, it is probably still the
most widely used anti-VEGF drug in ophthalmology due to much lower costs of therapy, compared with other medicines [12, 24, 29].
Ranibizumab (Lucentis, Genentech, San Francisco, CA, USA/Novartis Ophthalmics, Basel, Switzerland) is a (Fab) fragment of a humanised
monoclonal anti VEGF-A antibody, also against all VEGF-A isoforms [10, 13, 23]. Its molecular weight is 48 kDa [24]. This drug was designed
for eye diseases, and it was approved for intra-ocular use in neovascular AMD, macular oedema (ME) after retinal vein occlusions (RVO),
diabetic macular oedema (DME), and diabetic retinopathy (DR) with DME [30]. In any other ocular diseases it is also used off label.
Pegaptanib (Macugen, Phizer, New York), a 28-base ribonucleic acid aptamer, covalently linked to two branched 20-kd polyethylene glycol
moieties [10, 23]. It specifically binds and blocks activity of extracellular VEGF-A165 isoform [11, 23]. It was used in wet AMD treatment, but it
was found to be weaker than the drugs listed above. This is probably due to its specificity for binding only one isoform of VEGF [16].
Aflibercept (Eylea, Regeneron, Tarrytown, NY, USA), a VEGF-trap: a 115-kDa recombinant fusion decoy protein consisting of VEGF binding
domains of human VEGFR-1 and VEGFR-2 fused to the Fc domain of human immunoglobulin G1 [23]. It binds all forms of VEGF-A but also
PIGF-1 and PIGF-2 with a very high affinity, greater than bevacizumab or ranibizumab [10, 11, 16]. It was approved for colorectal
metastasising carcinoma treatment (Zaltrap). In ophthalmology it has already been approved as a therapy for neovascular AMD, macular
oedema after RVO, and diabetic macular oedema [31].
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Rakovina a angioterapie

Self-sufficiency in
growth signals

Evading Insensitivity to
apoptosis anti-growth signals

Sustained Tissue invasion
angiogenesis & metastasis




Rakovina a angioterapie
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Seall Tumor secretion of Rapid tumor growth
avascular angiogenic factors and metastasis
tumor stimulates angiogenest




Diabeticka retinopatie

Nomal Retina Diabetic Retinopathy

Optic nerve Microaneurysms, edema
& exudates

Retinal blood
vessols Cotton wool
spots

» Diabetic retinopathy, also known as diabetic eye disease, is a medical condition in
which damage occurs to the retina due to diabetes mellitus. It is a leading cause of

blindness.
» Diabetic retinopathy affects up to 80 percent of those who have had diabetes for 20

years or more.
» Depends on VEGF signaling




Angiogeneze vs. vaskulogeneze

» vaskulogeneze = vznik a vyvoj cev pri embryonalnim
vyvoji (de novo)

» angiogeneze (neokapilarizace) = z cév jiz existujicich



Angiogeneze

» v embryogenezi

» iniciovana:
» poranéni tkané
» menstruacni cyklus
» hypoxicka tkan

» sprouting X intususceptive (spliting)




Anatomie cévy

Capillary
Smooth muscle

Astrocyte
end foot

Endothelial
Cell

Pericyte

Pericyte



Zakladni kroky angiogeneze po poraneni
(sprouting angiogeneze)

dilatace cév (eNOS)

EC kontrakce

, 1ip-cell” selekce (Notch signalizace)
Ustaveni ,stalk cell” a jejich proliferace
Vakuolizace (vytvoreni lumenu)
Spojeni ,vyhonku“ (anastomodza)
Pericytarni stabilizace

N o ok Wb E



Sprouting (kli€eni) cév

HIGH 0,

1

LOW HIF

&SP

tissue cells

small blood vessel




Cell analysis in sprouting angiogenesis models.

A Sprouting angiogenesis B Mouse retina C Zebrafish ISV

Filopodia Tip
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membrane

; Stalk
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- Stalk cells R Stalk cell

\

llse Geudens, and Holger Gerhardt Development 2011;138:4569-4583

' Development

© 2011.




A Uniform signalling B Lateral inhibition and cell-fate
specification

CNOtCh 7 N°t°h> Delta Notch?

Key I notch receptor I DLL4 ligand

llse Geudens, and Holger Gerhardt Development 2011;138:4569-4583 ‘Development

©2011.



Sprout induction.

A Initiation of vessel formation

Activation Selection

Sprouting Elongation

B VEGF-notch signalling during
tip-cell selection

C VEGF signalling during sprouting

SVEGFR1

+VEGFR2

yDLL4

+UNC5B

+PDGFB®

+(s)VEGFR1

Key

W Tip cell © VEGF mmx notch receptor
@ Stalkecell y VEGFR2 <= Dll4ligand
Activated cell Y Soluble VEGFR1 < jaggedi ligand

llse Geudens, and Holger Gerhardt Development 2011;138:4569-4583

‘ Development




Models of lumen formation during sprout outgrowth.

A Intracellular vacuole B Intercellular vacuole C Lumenal repulsion
coalescence exocytosis

Key ;
) Tipcell O Vacuole ==  CD34-sialomucin Junction
relocalisation

@ Stalk cell == VE-cadherin © Repulsion

llse Geudens, and Holger Gerhardt Development 2011;138:4569-4583

©2011.
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Vessel stabilisation.

TIMP3

Pericyte
recruitment

Stabilisation
Key mmx notch receptor ® TIMP3
(@) Stalkcell <3 DLL4 ligand ANG1
m— [|E2 am» Tight junction (TJ)

llse Geudens, and Holger Gerhardt Development 2011;138:4569-4583

' Development



Anti-inflammation
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Current concepts of anastomosis.

VE-cadherin

Soluble

factors
CXCR4
Key ® Soluble factor = CXCR4
w Tip cell == VE-cadherin m—— T|E2
Stalk cell mmx notch receptor ‘ Macrophage

llse Geudens, and Holger Gerhardt Development
2011;138:4569-4583

‘ Development




Spliting

1. protruze dovnitf lumenu
2. rozdeleni kapilar
3. ,vpaceni" fibroblastu




Mechanicke vlivy a jejich detekce

Bunky funguji v tkanich

» Koncept: kontaktni inhibice proliferace (contact inhibition of
proliferation — CIP):

» Hustota bunék vysoka — déleni je silné inhibovano

» Hustota bunék nizka (ale i pfi natazeni tkan€) — bunécné
deleni je umoznéno

> Prerekvizita pro CIP: existence mechanismu, ktery umozni

vnimat tenzi v tkani a prenaset ji do ,rozhodnuti bunék” zda-
se delit nebo ne



mechanical stress:

shear flow
cell-cell adhesion

plasma membrane:
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gene expression:
differentiation, migration, MECHANO-TARGETS
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Wild type



Phenotype of a Hippo Pathway Mutant (shar-pei)

- Georg Halder's research group designed the screen that is depicted on the previous slide and
identified the founding member of the Hippo tumor suppressor pathway. Panels C-F (to the left)
document the effects of removing this gene from the entire head and retina. In contrast to the wild
type control animals which have a flat head cuticle surface (panels C.E) the mutant tissue over-
proliferates leaving undulating folds of head capsule tissue. This phenotype resembles the undulating
folds of skin on a shar-pei dog —based on this similarity the gene was called shar-pei.

- The ability to suppress cell proliferation is not limited to the head and retina. Removal of shar-pei
within a clone of cells within the thorax leads to tumor formation (panel H, arrow). Loss of shar-pei
throughout the entire haltere leads to a significant increase in size (panel |.J). In every tissue
examined shar-pei (and by extension the entire Hippo pathway} controls organ size throughout all
developing Drosophila tissues. The same has been shown forthe mammalian Hippo pathway.

- Tissues can appear larger fortwo reasons. First, the number of cells in wild type and mutant tissue
can be the same but the cells can be biggerin the mutant. Second. The size of wild type and mutant
cells can be the same but the number of these cells can be significantly higherin the mutant tissue.
In the fly retina each ommatidium is separated from its neighbors by a single cell (panel c below). In
the shar-pei mutant there are more cells between the ommatidia (panel b below). These results
indicate that the Hippo pathway is a true tumor suppressor pathway and that its role in development
is to suppress cellular proliferation.




Hippo (Drosophila) = Yap/Taz (obratlovci)
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Hippo nebo téz Yap/Taz signalni draha jako senzor

I Transcription Factors B Receptors W Transcription Factors I Receptors 1 Kinases B Pathway Proteins
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mechanical stress:

shear flow
cell-cell adhesion

plasma membrane:
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Citlivost iontovych kanali k mechanickym vlivim
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Fig. 4.3 lon channels sensitivity to mechanical force probed by the patch-clamp technique [32].
All ion channels can be placed on a mechanical continuum from highly sensitive (e.g., Piezol)
to those that are almost insensitive to mechanical force (e.g., TWIK-1). They cover a broad
conductance spectrum ranging from tens of pS (e.g., ENaC) to 3 nS (e.g., MscL). Note that several
factors such as presence or absence of extracellular or intracellular network and experimental
paradigm (i.e., stimulus type) may shift channels along the spectrum (see [32—34]; modified from
Cox et al. 2016 [32])



lontovy kanal Piezo1

» Otvira se pri
zvyseném o
namahani anchor
membrany

protruding lipid

Fig. 4.5 Mammalian mechanosensitive Piezol architecture and a putative membrane-mediated
gating mechanism. (a) Schematic of the side view of Piezol structure. (b) Top view of Cryo-EM
structure of mouse Piezol as shown in shaded grey surface (PDB: 3JAC) [72]. (¢) View from the fop
of the human Piezo1 (homology model based on mouse Piezo1) shows the interlocked arrangement
of its 3 subunits at the level of the hydrophobic core of the lipid bilayer. An increase in lateral
bilayer tension is thought to result in a clockwise or counter-clockwise deflection of the ‘Blade’
domains around the *Anchor’ and outer helix (OH) domains. This movement ultimately results in
the displacement of the inner helices (IH) away from the center of the pore to allow ion conduction,




Role Piezol v regulaci ,,density* epitelu
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Mechanical feedback between cell proliferation and tissue stress. Cell proliferation leads to increased cell density within tissues, where cells sense
mechanical compression forces that in turn trigger cell extrusion, apoptosis and inhibit cell division. Mechanical inhibition of cell division at high
cell density is mediated by activation of Hippo signaling leading to the cytoplasmic retention and thus inactivation of the co-transcriptional
activators YAP/TAZ [15,16,17°,18,23] and cytoplasmic localization and thus inactivation of the mechanosensitive Ca®* channel Piezo [21°].
Mechanical induction of cell division at low cell density is mediated by inhibition of Hippo-signaling leading to YAP/TAZ nuclear localization and
thus activation [15,16,17°,18,23], and nuclear translocation of B-catenin [18,19] and stretch-mediated activation of plasma membrane localized
mechanosensitive Piezo channels [21°°].
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Henry Miller stated that “to relieve a full bladder is one of the greathuman joys”.




Typoveé otazky z této prednasky

Nacrtni a kratce popiS signalni transdukci receptorovych tyrosin
Kinaz

Popis molekularni princip odpovedny za reakci tkane na hypoxi
Co je to HIF a které procesy reguluje?

Nacrtni fungovani signalni drahy Hippo (Yap/Taz)?

Jaké jsou dva zakladni principy mechanorecepce bunkami?

Co je to Piezol?

Jaka je role tzv ,tip cell* v angiogenezi?

Jaké jsou zakladni faze ,sprouting” angiogeneze?

Za co byla udéleno Nobelova cena za fyziologii a medicinu v roce
2019

Ma interakce s VEGF signalizaci klinické vyuziti?
Jaky je rozdil mezi vaskulogenezi a angiogenezi?

»
»
»
»
»
»
»
»




