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HEMOSTAZA

Zastaveni krvaceni
Tvorba leseni pro molekuly a bunky dalSich fazi

Vazokonstrikce a srazeni krve
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ZANET

* Ochrana pred infekci

* Hlavni bunécné typy: neutrofily, makrofagy

* Hlavni nebunécna komponenta:
komplementovy systém
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NESPECIFICKA VS. SPECIFICKA IMUNITA

INNATE IMMUNITY ADAPTIVE IMMUNITY

,.%

GDDDDDE

https://www.cusabio.com/Immunology/Innate-and-Adaptive-Immunity.html
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NEUTROFILY

Pritahovany — DAMPs (damage-associated molecular patterns), PAMPs
(pathogen-associated molecular patterns), cytokiny, proteiny komplementu

Diapedézou vystupuji z cév do mista poranéni

Fagocytdza nekrotické tkané a patogent

Oxidacni vzplanuti (reaktivni formy kysliku)

Uvolnéni toxickych granuli (hlavni naplni proteazy, dale antimikrobialni peptidy)
Tvorba mimobunécnych siti (tzv. NETs - neutrophils extracellular traps) - NETOza

Apoptdza a fagocytdza makrofagy — tranzice do proliferacni faze
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MAKROFAGY

Z krevnich monocytl se v misté zranéni stavaji makrofagy

Pritahovany DAMPs, cytokiny, proteiny komplementu

Fagocytoza

Produkce rlstovych faktor( pro proliferacni fazi (TGF-f)

V proliferacni fazi produkuji matrix metaloproteinazy (MMP)
— odstranéni fibrinovych polymeru
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HOMING IMUNITNICH BUNEK

 proces zaloZeny na interakcich bunka-matrix a bunka-burka, ktery (prostrednictvim adheznich
molekul) zabezpecuje ukotveni cirkulujicich bunék na specifickych mistech v poskozené tkani

« déli se na 5 hlavnich kroku:

1. rolovani (rolling)

2. zpomaleni (slow-rolling)

3. zastaveni (arrest)

4. hledani mista pro transmigraci (crawling)

5. transmigrace (transmigration) — paracelularni nebo transcelularni cestou
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HOMING IMUNITNICH BUNEK

- selektiny a integriny
* klidova faze: obcasné adheze (rolling, 40 um/s)
* zanet:
* rolling se zpomaluje kvuli expresi E-selektinu na bunkach endotelu (5 um/s)

« konformacni zména LFA-1 (intermediate = high affinity) — zastaveni pohybu

* hledani vhodného mista pro transmigraci (interakce Mac-1 a ICAM-1) a nasledna transmigrace
paracelularni nebo transcelularni cestou (DIAPEDEZA)

Transendothelial
Migration

Capture Rolling Intravascular \ |

Arrest Crawling Paracellular Transcellular

[-_ ) R r:_—_d ) i__
Endothelial Cells VLA-4 :VCAM-1
LFA-1/Mac-1 : ICAM-1

Salminen et al., 2020

et N

(https://doi.org/10.3389/fmedt.2020.600616) ~ VE-Cadherin
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MOLEKULY PRECHODNYCH ADHEZ|

* Immunoglobulinové adhezni molekuly

* Obsahuji imunoglobulinové domény, homofilni i

heterofilni interakce LFAIICAM
;‘Lﬁ,q_vcmADCAMl
v , v, . . . e Hnteg = PECAMI
* Nekteré slouzi jako ligandy integrinda. Selectin SRC kinases 099
Ell B o=a B B Bl B3
v ) ) LAt A signalling emokines ) VAVZ, . ?
* PI. ICAMs (intercellular adhesion molecules), . |
Activation
VCAM (vascular), NCAM (neural), PECAM C""‘”“" ' e Ty necalide
. Slow A st kst - i
(platelet endothelial) ““”‘“3 m"-r-s ‘L’f&i‘?i“”g g
@ Transc-e{luf.ar
' . B

* Vazi sacharidové skupiny na povrsich jinych bunék

‘ £ '
Endothelial cells |E¢wrncr1t membrane u

Mature Reviews | Immunology

* Konzervovana extracelularni lektinova doména

(selektiny), ovsem velmi rozdilné intraceluldrné

* Predevsim na krevnich bunkach a endotelu —
napf. dilezité pri rolovani lymfocytl po povrchu
kapilary

* L (leukocyte), E-(epithelial), P-selektin (platelet)
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ZAKLADNI CHARAKTERISTIKY IMUNITNICH
BUNEK

Schopnost eliminace patogenu (granula, cytokiny, protilatky, primy kontakt)
Schopnost migrace

Schopnost imunitni tolerance vuci buikam hostitelského organismu
Schopnost limitace imunitni odpovédi jenom po dobu pritomnosti patogenu

Schopnost imunitni paméti (specifické pro adaptivni imunitni bunky)
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Tajemstvi adaptivni imunity

- Jak télo vytvori mechanismus, ktery umozni reagovat
(Utocit) i na to, co nikdy nepoznalo (tj. na cokoliv

nezndmého/nového), aniz by zaroven utocilo na
cokoliv vlastniho?




B- lymfocyty: BCR a protilatky
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VYVOJ B LYMFOCYTU - KOSTNi DREN

Bone 1. Pro-B bunky — probihaji prestavby na tézkém

Marrow Periphery Fetézci imunoglobulind (1g)

2. Pre-B bunky — probihaji prestavby na lehkém

Human: IL-4 Human: BTK CD45 BLNK Blasma Cell retezci Ig

Mouse: IL-4 BAFF Iga Mouse: BTK CD45 BLNK Lyn Short-lived .
ST6Gal1 Syk BCAP PLCy Vav Pi3k 3. Nezralé (immature) B bunky — na povrchu

ﬁmgéh l . l / .”, 'i . .",: maji exprimovany IgM

Dlastna Cl 4. Zralé (mature) B bunky — maji na povrchu

PreB : " AR o \ | Longived .
Q Cell necel -\ T3sce [ Mature * .h @ IgM i IgD
- B Cell
e)e® %

Mouse: ACT-1 Bl ~ . . V(D)J rekombinace
Central B Cell
e _ : : . y
S e zdroj heterogenity v repertoaru B bunék
(10 variant BCR)
TACI Expression . o, o,
P — zodpovédna RAG1/2 rekombinaza (déld DSB na
BAFF-R Expression specifickych sekvencich RSS v jednotlivych
Acting on Actingon |0 i, WL lokusech)
I prohibition ~ ~— > differentiation ‘ .

— spojeni retézcll pomoci NHEJ
Zhou et al,, 2020 (htips://doi.org/10.1186/s12967-020-02289-

w)
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Kuby Immunology, Seventh Edition, 2013

VYVOJ B LYMFOCYTU — KOSTNi DREN (detaily, které neni tieba

. Hematopoietické kmenové bunky (HSCs) —

dulezitd CXCL12/CXCR4 draha

. Multipotentni progenitor (MPP)
. Spolecny lymfoidni progenitor (CLP) — aktivace

IKAROS, E2A, EBF1 a FOXO1

. Pro-B bunky — drdha FLT3 + IL-7R (signaly pro

preziti a V(D)J rekombinaci) + SCF/c-Kit + TF PAX5

. Pre-B bunky — draha SCF/c-Kit (exprese genu pro

c-Kit se ireverzibilné vypina)

faze velkych pre-Bll bunék charakteristicka velkym
proliferativnim potencidlem (pfechodnd aktivace Wnt
signalizace)

prvni checkpoint — jediné buriky s produktivnimi pfestavbami
na tézkém retézci Ig jsou selektovany dal

faze malych pre-B bunék — pre-BCR je odstranén z bunééného
povrchu, probihaji pfestavby na lehkych fetézcech Ig

6. Nezralé (immature) B bunky — dllezitd

signalizace pres RANKL
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MECHANISMUS B BUNECNE TOLERANCE

1. Klonalni delece
* po rozpoznani vlastniho antigenu v BM dojde k vytvoreni cross-link(i na BCR, coz vysle signdl do buriky
* bunka je skrz tento signal hnana do apoptdzy
2. Zmeény B-bunécného receptoru
* alternativni cesta pri vysoké afinité BCR k vlastnimu antigenu
* B burika si v reakci na signdl z BCR reaktivuje RAG1/2 a spusti opétovné V J, rekombinaci
 vysledkem je odstranéni ptivodniho, auto-reaktivniho BCR, a exprese nového BCR
3. Anergie
* nastava v pripadé, ze B bunka rozezna vlastni antigen s pfilis nizkou afinitou

 dochazi k snizeni exprese BCR a utlumeni BCR signalizace
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VYVOJ B LYMFOCYTU - PERIFERNiI KREV

Transitional B bunky
* vyvojové stadium s kratkym polocasem Zivota

* prechod mezi nezralymi B burikami kostni drené
a zralymi B burikami periferni krve

* porad u nich probiha intenzivni negativni selekce

* T1 B bunky — vyplavuji se z BM a migruji do
sleziny

* T2 B bunky — ve sleziné zvysi expresi CD21, CD23
a IgD a schopnost cirkulace (pordd maji markery
nezralych B bunék)

* T3 B bunky — neproliferujici, pokud nedojde k
stimulaci BLNK, PLCy anebo BAFF, se stavaji
anergické a jsou depletovany

Zralé (naivni) B bunky

cers

v krvi pfeziji 7-8 tydnu, nedojde-li k aktivaci, jsou
odstranény

Bone
Marrow

g-':\i-?-g.
&

lerven atlh
B Cell

clele

Periphery

Human: IL-4 Human: BTK CD45 BLNK
Mouse: IL-4 BAFF lga Mouse: BTK CD45 BLNK Lyn
STeGal1 Syk BCAP PLCy Vav PI3k

i

Plasma Cell
Short-lived N

®) j TR
) &
/ ?35!!! Cell

Long-lived

Mature 2 .h .

113 - :
T1 B Cell '; T2/3 B Cell I|-I'

B Cell = 7 -
e)e®
Mouse: ACT-1 ey . :
Central B Cell
Memory
The reduction in autoreactivity B Cell
TACI Expression
BCMA Expression
BAFF-R Expression
Acting on Acting on 10 o IL-6 :'_'.
I prohibition > differentiation s '

Zhou et al., 2020 (https://doi.org/10.1186/s12967-020-02289-w)
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Aktivace B lymfocytu pres crosslink

BCR

{1) B-cell activation is
initiated by antigen cross-
linking at B-cell receptor

{2) ITAMs is phosphorylated
within minutes of antigen
eross-linking by Sre familiy

Syk ( Protien tyrosine
kinase }

tyrosine kinase enzymes

(3) Syk binds to
phosphorylated ITAM

(4] Syk is phosphorylated
by Src family
kinases activation




AKTIVACE B LYMFOCYTU

+ drdha B-bunécného receptoru (BCR)

po rozpozndni antigenu se signal prenese pres
nekovalentné vazany heterodimer CD79A a CD79B (vazba

umoznuje jak signalizaci do cytosolu, tak internalizaci
receptoru)

* CD79 obsahuje tzv. ITAM (Immunoreceptor Tyrosine-based
Activation Motif) motivy, na které se vazou Src kindzy Lyn,
Fyn a Blk

+ fosforylace tyrosini na ITAM umoznuje vytvoreni komplexu

v s . . . IKK complex
BLNK, coz usti v aktivaci BTK, PLCy2, GRB2 a VAV

T

nasledné dochazi k aktivaci 4 drah, které zajistuji preziti a
indukuji proliferaci:

=

vapenata signalizace
2. NFkB draha

3. PI3K draha

4. MAPK draha

po aktivaci B bunika migruje do lymfatické uzliny (spojené s Wang et al., 2020 (https://doi.org/10.1007/978-981-15-3532-1)

vyraznymi prestavbami bunécného cytoskeletu), kde
diferencuje do plasmatické anebo pamétové B bunky
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Aktivace B bunek v lymfaticke uzline

primary lymphoid
follicle (mostly B
cells)

medullary cords

secondary
lymphoid follicle
(with germinal center)

afferent (macrophages and

lymphatic vessel plasma cells)
medullary sinus
artery

paracortical area vein

(mostly T cells)

efferent
lymphatic vessel
senescent

germinal center

germinal center \ ¥
marginal sinus

Figure 1-8 part 1 of 2 Immunobiology, 6/e. (© Garland Science 2005)




REAKCE GERMINALNIHO CENTRA

B bunky zde exprimuji aktivaci-indukovanou i
deaminazu (AID), kterd deaminuje cytidinové Bcell follicle | B
zbytky na IgV a regionech izotypového piresmyku wiilien | Germinal Center |

~50 % bunék eliminovanych kazdych 6 hodin proliferation CSR

i BCL2 a BCL
(pomoci represe BCL2 a BCL6) .!"‘“@3\_ FDC memory B-cell
iniciace reakce GC sctivawd .L’.f_.".\.& ®) /T_”‘J @

B-coll . ]
v s /4 ry . o~ Fd ‘. . . \I
vytvoreni zon (+) .? e ‘3\ O Of{:% l

V GC se déji 2 hlavni procesy:

06~1%00— (0
o ©(e%9¢0 (© oo ol
somaticka hypermutace (SHM) — \ ) !
(- ¥ O ' .» "~
_ >

v tmavé zéné

L
@ P
izotypovy presmyk (CSR) — Dark Zone Light Zone high-affiniy

ve svétlé zoné

Wang et al., 2020 (https://doi.org/10.1007/978-981-15-3532-1)
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SOMATICKA HYPERMUTACE (SHM) A CLASS-SWITCH
REKOMBINACE (CSR)

SHM
méni se variabilni Useky tézkych i lehkych fetézci Ig
produktem tohoto procesu jsou B bunky:
1. s vyssi afinitou k antigenu
2. s nizsi afinitou k antigenu
3. se stejnou afinitou k antigenu
* nasledné ve svétlé zéné GC probéhne selekce B bunék s vyssi afinitou k antigenu a ty se pak dostavaji do svétlé zény
CSR

zména na urovni DNA zpUsobujici prepnuti z IgM/IgD na jinou tfidu Ig (1gG, IgA, I1gE)
* iniciace tohoto procesu je typicky zavisla na Tfh burikach
méni se konstantni ¢asti tézkych retézcl beze zmény variabilnich ¢asti
ve vysledku pavodni V(D)J retézec asociuje s novym C fetézcem (uplatiiuje se DNA rekombinace nasledovana NHEJ)

* regulacni roli hraji cytokiny, napf. IL-4
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* T-independent antigen (not a peptide) — only IgM, not
a memory cell

* T-dependent antigen (= peptide) — isotypovy presmyk




INTERAKCE S MIKROPROSTREDIM GERMINALNIHO CENTRA

signaly Tfth (naivni Th bunky, které po aktivaci
upregulovaly CXCR5 a migrovali do uzliny)

dllezita signalizace pres CD40L/CD40 (CD40L
na povrchu T bunék + CD40 upregulované na
povrchu GC B bunék) — vede k aktivaci NFkB
drahy a c-Myc

Klicova role BCL6

FL/TFH survival

I-6 o®

TFH cell

BCL6/

FL survival TFH support

oY cxcLis

Ochando and Braza, 2017 (https://doi.org./10.18632/oncotarget.22788)
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DIFERENCIACE PLASMATICKYCH BUNEK

IR

Light Zone

* zavislost na afinité BCR (vyvoj smérem do GC B N
bunék, pamétovych nebo plasmatickych bunék) Memory B cell

* komitment do plasmatickych bunék reguluji IRF4

(signdly pro preziti), Blimpl (master regulator,

inhibuje Pax5 a Bcl6, aktivuje IRF4 a transkripci
A

lg), CD69 a c-Myc (reguldtor bunécného cyklu) [ Death

- dlleZité rozpoznani antigenu prezentovaného 1

FDC v LZ (mnozstvi internalizovanych antigenu

prfimo Umérné pomoci Tfh bunék i aktivité
PI3K/Akt drahy, kterd inhibuje reguldtor DZ ! AN =\:f’
fenotypu, Foxo1)

Plasma cell

Wang et al., 2020 (https://doi.org/10.1007/978-981-15-3532-1)
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DIFERENCIACE PLASMATICKYCH BUNEK

Intermediate BCR & CD40 signal Strong BCR & CD40 signal
CD40 I-l \WF{ECR CD4IJ|-| \ﬁFBCR
rol L) ¥ L)
NF-xB  Foxo1 7 NF-«B )
\, — P —
c-Myc |~ | Re-entry c-Myc | _ Plasma cell
To DZ development
— i
Irfd |—— | Irf4 ]
Intermediate BCR & CD40 signal Strong BCR & CD40 signal

CD40 I-l \WI‘// BCR CD40 i \HF/BCR
© el ) VN

(ue) , .
M IRF4 Bcl6)
el IRF4 [5)—> ] ~ J UiRFa ) Blimp-11

Wang et al., 2020 (https://doi.org/10.1007/978-981-15-3532-1) Bi7005 Bunécné regulace / 11
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Shrnuti deni v germinalnim centru:

Site of somatic hypermutation Site of class-switch recombination
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Germinal centres: role in B-cell
physiology and malignancy: Ulf
Klein & Riccardo Dalla-Favera

The germinal centre (GC) of Igmphoid orﬁans is the main structure where anti% n-activated B cells diversify
their immunoglobulin genes by somatic hypermutation (SHM) to generate high-affinity antibodies. Most of the
cells also undergo class-switch recombination (CSR) to generate antibodies with specialized effector functions.

The processes of SHM and CSR are associated with DNA-strand breaks. GC B cells use specialized mechanisms
that allow for the activity of those DNA—modifJing processes without inducing a DNA-damage response,
foremost by inhibiting the p53-dependent and p53-independent responses.

Centroblasts, which are GC B cells that undergo active SHM, are programmed to proliferate extremely rapidly
and thereby generate a large number of immunoglobulin mutations in a short time from which hiﬁh-afﬁnity
antibodies can be selected. Moreover, these cells have adpro—apoptotic programme that ensures the rapid
elimination of B cells expressing newly generated antibodies with suboptimal binding characteristics.

The transcription factor BCL-6 (B-cell IYmphoma 6) is the master regulator of GC B-cell differentiation, as it
mediates the reFressmn of genes involved in negative cell cycle regulation as well as the inhibition of genes
involved in B-cell activation, plasma-cell and memory B-cell differentiation, and in the response to genotoxic
stress.

GC B cells that produce high-affinity antibodies are selected to differentiate into plasma cells and memory B
cells through specific gene expression changes that coordinately regulate proliferation, apoptosis and
differentiation. Essential for these processes are several major transcriptional regulators that, besides BCL-6,
include PAX5 (paired box protein 55), NF-kB (nuclear factor-kB), IRF4 (interferon-regulatory factor 4), BLIMP1 (B-
lymphocyte-induced maturation protein 1), and XBP1 (X-box binding protein 1)

Genes criticaIIY involved in the regulation of proliferation, aﬁoptosis and differentiation during the GC response
are occasionally dysregulated by genomic alterations — such as chromosomal translocations or aberrant SHM
in regulatory regions — resulting from errors during antibody gene modifications. Therefore, the production of
high-affinity antibodies comes at the risk of oncogenic transformation.
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REAKCE TKANI NA ZMENY V
DOSTUPNOSTI KYSLIKU A REGULACE
ANGIOGENEZE

A. detekce nedostatku kysliku - Hypoxia inducible factor (HIF)

B. iniciace angiogeneze - vaskularni endothelidlni rdstovy
faktor VEGF/VEGFR

C. bunécné mechanismy angiogeneze (role Notch a
angiopoetinoveé signalizace)
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“for their discoveries of how cells sense
and adapt to oxygen availability”
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HYPOXIE A HIF

* Hypoxie: sniZzeny parcialni tlak O, ve tkani x normoxie

Table 1.

Approximate levels of oxygen in normal tissues and tumours

mmHg 9% Oxygen® Comment

760 100.0 Standard atmospheric pressure

160 21.0 Oxygen in air at normal atmospheric pressure

100 135 Inspired oxygen p0; in alveoli; oxygen level affected by in/outflow of gases and water
vapour

70 9.5 Arterial blood oxygen concentration

50 6.5 Approximate pO5 at venous end of circulationt2

Suggested definitions

38 5.0 Physoxia: physiological oxygen level in peripheral tissues with an average of approximately
6% (ranging from approximately 7.5% to 4% depending on the tissue). For experimental

studies, 5% is the proposed compromise since this is often used

15 2.0 Physiological hypuxiab—f.e. the lower level at which normal hypoxic responses are elicited
[range: lower limit approximately 1%; upper limit possibly =5%4)

8 1.0 Pathological hypoxia®™ shows persistence of poor oxygenation suggesting disruption to

normal homeostasis. Below this level pathological hypoxia applies

3 0.4 Radiobiological hypoxia: the oxygen level at which the cytotoxic effect of radiation is half
maximal—illustrated in Figure 2
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HYPOXIE A HIF

O, se difuzi Sifi asi na 150 um

HIF — Hypoxia-Inducible Factor:

Heterodimericky transkripéni faktor aktivujici geny obsahujici v
promotorové sekvenci HRE (Hypoxia response element)

Prozatim je znamo 60 -100) genU regulovanych HIF, fada z nich
reguluje odpovéd na hypoxii (angiogeneze, proliferace, metabolismus
glukdzy, migrace, apoptdza, erytropoeza, metabolismus Fe)

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

o podjednotky jsou pfi normoxii silné labilni, podjednoteka B je na
koncentraci O, nezavisla
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HIF PRI NORMOXII A HYPOXII — VYZNAM
HYDROXYLACE PROLINU

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

Gene

HO
HIF binds to hypoxic response DNA sequences -
Y, O 1,.,{ 0

HYPOXIA: HIFx levels rise

Addition of a single O atom
enables HIFa binding to VHL

\ NORMOXIA: enzymafic 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://www.chem.ox.ac.uk/oc/cjschofield/images/new-2.png Bi7005 Bunécné regulace / 11



MODELOVE ZMENY SPOJENE S HYPOXIi/HIF
SYSTEMEM

* embryonalni vyvoj
* angiogenese low O, high O,
Pro-OH
o HIF-1c. e d
* rust chrupavek [ —
HIF-1c. proline ’
HIF - - hydroxylase Pro-Of
. hypoxia inducing factor
* krvetvorba — aktivace EPO genu
degraded

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) Bi7005 Bunécné regulace / 11



VASCULAR ENDOTHELIAL GROWTH
FACTORS (VEGF) A JEJICH RECEPTORY
(VEGFR)

PIGF VEGF, VEGF, VEGF, VEGF,
15 s

Birding
Domain

Crimerization
Domain

Split
Tyrusine
Kinase
Comain

VEGFR-1 VEGFR-2 VEGFR-3
(Flt-1) (Flk=1) (Fit-d})
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VEGFR2

lg-like

;Egiﬁg VEGF

domain binding

Tyrosine

kinase

domain | |
VEGFR-1 (Fit-1) _ \’
VEGFR-2 (Flk-1/KDR) Activated receptor
VEGFR-3 (Flt-4) - io\lfenesis

Obr. 5 9109
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VEGF/VEGFR VE VYVOJI

* reguluje vznik a vyvoj cévni soustavy
* master regulator angiogeneze (vyvoje cév)

* 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 uplatiuje i pfi onkogenezi, kde VEGF
podporuje prokrveni nddort a tim podporuje jejich rist
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SHRNUTI

VEGEF je signalni protein (ligand) schopny indukovat genovou expresi

Primarnim cilem VEGF jsou vaskularni ECs

VEGF prispiva k zachovani stavajicich cév a indukuje vznik a rist cév novych

* Vyznamna role VEGF v embryonalnim vyvoji i v nadorové transformaci

Proces Uloha VEGF
MNezbytny pro vznik krevnich cév

Embryogeneze a tasny Delece jednoho genu VEGF je letalni

G T MNezbytny pro casny postnatalni vyvoj,

zejména pro funkci ledvin

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

Utinky inhibice VEGF jsou reversibilni pokud
je hladina VEGF obnovena

Vyzravani zlutého téliska Stimuluje vyzravani Zlutého téliska, které pak

a angiogeneze v déloze produkuje progesteron. Spolecéné plsobeni
progesteronu a VEGF je nezbytné pro angiogenezi
v déloze.

Hojeni ran Podili se na vzniku novych cév v misté poranéni

Bi7005 Bunécné regulace / 11



ANGIOGENEZE

* v embryogenezi

* iniciovana:
* poranéni tkané
* menstruacni cyklus

* hypoxicka tkan

* sprouting x intususceptive (spliting)
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ANATOMIE CEVY

A Arteriole B
Capillary

Neuron
Smooth muscle

Astrocyte
end foot

Endothelial
Cell

Pericyte

Pericyte
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ZAKLADNI FAZE ANGIOGENEZE PO PORANENI
(SPROUTING ANGIOGENEZE)

1. Dilatace cév (eNOS)

2. Kontrakce endotelu

3. ,Tip-cell” selekce (Notch signalizace)

4. Ustaveni ,stalk cell” a jejich proliferace
Vakuolizace (vytvoreni lumenu)

6. Spojeni,vyhonk(“ (anastomodza)

7. Pericytarni stabilizace
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SPROUTING (KLICENI) CEV

HIGH 0,

1

LOW HIF

&SP

tissue cells

Obr. 2
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A Uniform signalling B Lateral inhibition and cell-fate
specification

Delta 1§ Notch , Notch
Notch ll Delta D ¥ Delta ?

Key S notch receptor > DLL4 ligand

© 2011. lise Geudens, and Holger Gerhardt Development 2011;138:4569-4583 ‘ Development
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SPROUT INDUCTION.

A Initiation of vessel formation

(<] [¢] o o
Activation Selection Sprouting Elongation

B VEGF-notch signalling during C VEGF signalling during sprouting
tip-cell selection
0 vearo
o ° 0
0 0

sVEGFR1

VVEGFR2
+DLL4
LUNGS5B
+PDGFB™

Key
w Tip cell © VEGF mmx notch receptor
& Stalkcell Y VEGFR2 <= DLL4ligand
& Activated cell v Soluble VEGFR1 <3 Jjagged1 ligand

© 2011. lise Geudens, and Holger Gerhardt Development 2011;138:4569-4583 ‘ Development
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Signalni draha NOTCH

* Notch = zarez — podle prvniho
fenotypu octomilky se zarezy
na kridlech (T.H. Morgan, 1919)
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NOTCH

Regulation and
Destruction Signaling dimerization | ;on4 hinding

il gl

== Jagged1 & 2
Jlll= Deltat &4

.= Delta3

Y Y pm

Cell 1 Cell 2
Transmembranové heterodimerické Notch ligandy Jagged a Delta —
receptory Notch 1-4 jsou vazany na bunéény povrch
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NOTCH DRAHA - OVERVIEW

Delta

Ja

Vazba ligandu Notch receptor aktivuje dvé proteazy (enzymy specificky Stépici protein)

Proteazy jsou z rodiny ADAM a gamma-sekretaz

Stépeni Notch témito protedzami uvolfiuje tzv. NICD (Notch intracellular domain), ktery
se uvolnuje a do cytoplazmy a nasledné presouva do jadra

NICD pfimo interaguje s transkripénimi faktory CBF1/Mastermind a spousti transkripci
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NOTCH DRAHA - BIOLOGIE

+ Diky pfimému plsobeni md vyznam zejména pfi diferenciaci
+ Typicky napf. ,,Binary decisions” a lateralni inhibici

Role v nikach kmenovych bunék nebo pfi angiogenezi
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LATERALNI INHIBICE PUSOBENIM NOTCH DRAHY

Delta
ligand

Notch
receptor

Proneural NICD

genes Q'

Neural
differentiation

B
Delta > Notch Delta
T 1 |
Notch Delta Notch

time

time Bi7005 Bunécné regulace / 11



SPROUT INDUCTION.

A Initiation of vessel formation

=] ] (o] !
Activation Selection Sprouting Elongation
B VEGF-notch signalling during C VEGF signalling during sprouting
tip-cell selection
0 vearo
o .« ®
0 0

sVEGFR1

+VEGFR2
DLL4
+UNC5B
+PDGFB

+(s)VEGFR1
Ke:
Y w Tip cell © VEGF mmx notch receptor
@ Stalkcell Y VEGFR2 <= DLL4ligand
(@ Activated cell v Soluble VEGFR1 <3 jaggedi ligand

© 2011. lise Geudens, and Holger Gerhardt Development 2011;138:4569-4583 ‘ Development
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VESSEL STABILISATION.

TIMP3
ANG1

Pericyte
recruitment

Stabilisation
Key mEmR notch receptor ® TIMP3
(@) Stalkcell <3 DLL4 ligand o ANG1

m [|E2 am» Tight junction (TJ)

© 2011. lise Geudens, and Holger Gerhardt Development 2011;138:4569-4583 ‘ Development
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ANGIOPOETIN-TIE RTK SYSTEM

Angpt1 Angpt2

lplsh
47phox )=—=(1Q

;:b@g‘-—

actin-myosin
VE-cadherin

Anti-inflammation
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© 2011.

CURRENT CONCEPTS OF ANASTOMOSIS.

VVE-cadherin

Soluble

factors
CXCR4
Key ® Soluble factor = CXCR4
W i cel - VE-cadherin — T|E2
e Stalkcell mEmx notch receptor . Macrophage

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