Regenerace & reparace
Hojeni ran

Bunécny stres a poskozeni a nasledné reakce
Typy bunék a tkani z hlediska proliferace
Podstata regenerace vs. reparace
Prubéh a poruchy hojeni ran




Buniky a tkané mohou byt poskozeny ruzné:

%/ Y 7 'TIS BUT A «  fyzikdIné
ARG SCRATCH... — mechanické
* trauma (napf. lacerace, incize, abraze, ...
— tepelné (popaleni, omrznuti)
— zareni (UV, ionizuijici)
 chemicky
— oxidacni stres (reaktivni metabolity kysliku, angl. ROS)
— toxiny (napf. bakterialni)
— poleptani (kyseliny a louhy)
e biologicky
— invaze mikroorganizm( s destrukénimi vlastnostmi
(zejm. proteazy)
* flegmdna, gangréna
* imunologicky (indukce apoptdzy)
— komplement
— cytotoxické lymfocyty, NK bb.

* hypoxii
o ] — ischemicka nekrdza
dusledky deU pro * + nedostatek Zivin a hromadéni metabolitl
bunky bud’ fatalni * akonecné prirozeny zanik/ztrata bb.

v v ’ - k RE v-
(bunéénda smrt) nebo destrukce v RES (napt. erytrocyty)
— mechanické odlouceni (napt. stfevni epitel)

se stresu adaptuje — fagocytdza




Bunécny stres — moznosti adaptace

rlzné typy stresu
— oxidativni

— misfolded proteins |

+ Stress

L

a
-

— hypoxie Injury
— nutriéni deficit (b. ,hladovéni“) !

. er o 4 v s Reversibly
indukuji ruzné typy odpoveéedi v injured cell

zavislosti na typu stresu,
zavaznosti a trvani

— signalni vedouci k preziti Irreversibly

(A) reparace DNA poskozeni Injured cell
(B) antioxida¢ni enzymy

(C) reparace protein( - heat shock
proteiny

— chaperony zabranuji misfoldovanym
proteinim agregovat a pomahaji
refoldingu

(D) unfolded protein response
(E) autofagie
(F) reakce na hypoxii

— apoptdza

- Stress

Apoptosis

Adapted
Cell

Necrosis

g Dead cell



(A) Reparace DNA

* reakce bunky na poskozeni DNA
— detekce poskozeni (p53)

— zastava b. cyklu (inhibitory cyklin
dependentnich kinaz, napft. p21)

— pokus o opravu
— apoptdza
* typy reparaci podle poskozeni
— bodové mutace — mismatch repair

— jednovlaknové zlomy (angl. single EEEEN |%\’:T‘W (TTTTT

strand breaks) — excizni reparace

— dvouvlaknové zlomy (angl. double
strand breaks)

» vétSinou pro bunku letalni (apoptdza)
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’ . FRAGMENTED
* homologni rekombinace INSERTION 1
— fyziologicky nezbytna pro meioticky ¢ ¥
crossing-over

* nehomologni ligace — jeden z
mechanizmU maligni transformace
buriky

— translokace
— inzerce

Normal chromosome #2 and #4

damaged chromosome #2 in a

- h sample
i kel 5 post-flight metaphase sample




(A) DNA reparacni geny jsou tumor supresorove geny!!

* (1) geny reparace chybného parovani
(“mismatch repair”)
— nestabilita délky mikrosatelitovych lokus(

(napf. HNPCC = Hereditary Non-Polypous
Colon Cancer)

* (2) geny excizni reparace
* (3) geny homologni rekombinace
— hlavni draha aktivovana pfi poSkozeni DNA
(double strand break) zahrnuje:
* BRCA1l a BRCA2
* ATM, ATR —jinazy

* CHK1 a 2 — checkpoint kinazy

— ATM, ATR/CHK2 (CHK1) — p53/MDM2 —
p21 — “growth arrest”

* vrozena porucha reparacnich gend je
podkladem nékolika dédi¢nych typl
nadorovych onemocneéni

* ataxia telengiectatica

*  Bloom(v syndrom

* Fanconiho anemie

* xeroderma pigmentosum
* syndrom fragilniho X

a Normal BRCA1 and BRCAZ2 function
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The roles of BRCA1 and BRCA2 in DNA repair
Expert Reviews in Molecular Medicine ©2001 Cambridge University Press




(B) oxidacni stres a antioxidacni obrana
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hlavni zdroj jsou mitochondrie (ale také
enzymy fagocytujicich bb. )
normalné neni ~ 1 — 2 % kysliku
konvertovano na vodu ale superoxid (O,-)
superoxid je konvertovan na
hydrogenperoxid (H,0,)

— spontanné

— v reakci katalyzované superoxiddismutazou

(SOD)

peroxid je “detoxifikovan” kataldzou (CAT) a
glutathionperoxiddzou (GPX) na vodu a kyslik
kdyz ne, tak reaguje s dalSimi latkami a
makromolekulami a poSkozuje bunécné
struktury (oxidace, lipoperoxidace)

normalni (nevyhnutelnd) produkce ROS je
fyziologicky kompenzovan plsobenim
— enzymatickych antioxida¢nich mechanism
*  SOD, KAT, GPX, ...

— neenzymaticky
* vit. E, glutathion, thioredoxin, kys. mocov3,
bilirubin, ...
oxidacni stres znamena situaci kdy tvorba
ROS presahne moznosti jejich degradace



(B) priklad - biologické efekty a dusledky
ionizujiciho zareni

* primaionizace makromolekul  tonizing Radiation -> § e
* neprima cestou “radiolyzy” / ’ \—HJ
vody “excited"

— vznik reaktivnich metabolit(
kysliku (ROS)

e dusledky:

— blokada b. cyklu — apoptodza

* mitoticka nebo post-mitoticka
smrt (proliferujici bb.)

— mutace (genové nebo
chromozomalni)
¢ reparace

* ne-reparabilni zmény
— somatické bb. — kancerogeneze

superoxide ==

Ny

HO



(C) Reparace proteinu — Hsp / chaperony

Cytoplasm , Nucleus
Native proteins Non-native proteins
Cee

Y 2 % %%\ ' susam

Stress (e.g. heat) (P PP Translocation /

© 1 nucleus

©

\ Binding of HSF
‘S\’ %} trimer to promoter
Hsp70

l
!
‘:x I regions of DNA
HSF, which can 3%“"'"‘""&&' 9 '
, which cannot Sp /)w\
bind DNA ‘HSP :
s Transcription
: of hsp genes
!

Regulation of transcription of heat shock protein genes by heat shock factor

Expert Reviews in Molecular Medicine ©2001 Cambridge University Press




Princip funkce chaperont
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Chaperone-assisted protein folding.
Hsp70 is required for the productive
folding of newly synthesized proteins,
their translocation across intracellular
membranes (endoplasmic reticulum,
mitochondria, lysosomes) and import
into and export out of the nucleus.
Specialized client proteins are
transferred to hsp90 and held in
activation-competent states. This
includes signaling kinases (Raf-1, Akt,
RIP), hormone receptors (glucocorticoid
hormone receptor) and transcription
factors (HSF1, HIF1). Heat shock (HS) and
other protein-damaging stresses cause
protein misfolding and aggregation,
which can be limited by the heat-shock
proteins Hsp90, Hsp70 and Hsp27. These
misfolded proteins can be rescued by
the refolding activity of Hsp70. Proteins
that cannot be productively refolded are
targeted to the proteasome for
degradation. The Hsp90-binding drug
geldanamycin (GA) causes release of
client proteins resulting in proteasomal
degradation



(C) Degradace proteinu — celularni i extracelularni

Proteasome
o Ub'qu't'" 0 and ubiquitin
Proteasome to be recycled

{ﬂ,'ﬂ A\ ﬁib ‘ ‘."',,.*
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Protein to Ublqumnated Protein
be degraded protein R : fragments
Protein entering a (peptides)

proteasome

* intracelularni systém

— ubiquitin/proteasom: oznaceni poskozenych proteint ubiquitinem a jejich
degradace v S26 proteasomovém komplexu

— lysozomalni proteazy (,lysosomal storage” choroby, napr. Niemann-Pick)
e extracelulularni proteazy

— plasmin: fibrinolyza

— matrix-metaloproteinazy (MMPs): remodelace tkani, angiogeneze, metastazovani
* |uminalni GIT proteazy

— traveni: zaludek, stfevo, pankreas



(D) Unfolded protein response (UPR)

e stres
endoplazmatického
retikula

— vysoky pozadavek na
syntézu proteind —
jejich misfolding — UPR

* — zpomaleni
proteosyntézy, oprava
(refolding) a preziti

* prilis velké naroky —
selhani — apoptoza

— napt. diabetes typu 2
vedouci k sekundarnimu
selhani 3-bb. pankreatu

e v dlsledku inzulinové
rezistence stoupaji
naroky na syntézu
inzulinu

BIP/Grp-78 .

PERK
—
dF20— dF2a-P

(Translation
attenuation)

(Selective
translation)

aTra () -
Golgi



(E) Autofagie - lyzozomalni rozklad proteinu

* fyziologicky napr.
adaptace bb. na
hladovéni — rozklad
vysokomolekularnich
nitrobunécnych
proteinl a organel a
jejich vyuziti pro
tvorbu ATP

e patologicky podstata
atrofie, vyznam u
nadorq,
neurodegenerativ-
nich onem. a
myopatii

e zasadni je signalni
draha mTor




(F) Reakce bb. na hypoxii

* “kyslikovy senzor” bunék = adaptace
* pfi p0,<40mmHg (5%)
— 7T transkripéni faktor HIF-1 (hypoxia-inducible factor)

 konstitutivni exprese HIF-13 podjednotky, ale indukovana exprese HIF-1a
podjednotky

* po heterodimerizaci se HIF-1 vaze na HREs (hypoxia-response elements) cilovych
genu
— exprese genu pro
* enzymy zvysujici intenzitu glykolyzy a produkce ATP anaerobni cestou
* angiogenni faktory (napr. VEGF, angiopoetin-2) — zvyseni vaskularizace tkani
* erytropoetin — zvySeni poctu erytrocytl
* pfrivysSim stupni pro-apoptotické geny

e pokud hypoxie trva a je kriticka vede k zaniku bunék

— nekrézou

» akutné vznikla kriticka hypoxie (porucha Na/K ATPazy) — otok bunék a prasknuti
— apoptdzou

» subkriticka hypoxie — aktivace kaspaz



,Kyslikovy“ senzor bunéek

a Normoxia

/ Fe2+
@D o 6D

Proteolytic

degradation

N

Angiogenesis Proteolysis
Erythropoiesis pH regulation
Apoptosis 4 Glucose metabolism

Cell proliferation and survival

HIF-1a regulation by proline hydroxylation

HIF-1a regulation by proline
hydroxylation. (a) In normoxia,
hypoxia-inducible factor (HIF)-1a is
hydroxylated by proline
hydroxylases (PHD1, 2 and 3) in
the presence of O,, Fe?*, 2-
oxoglutarate (2-OG) and
ascorbate. Hydroxylated HIF-1a
(OH) is recognised by pVHL (the
product of the von Hippel-Lindau
tumour suppressor gene), which,
together with a multisubunit
ubiquitin ligase complex, tags HIF-
1a with polyubiquitin; this allows
recognition by the proteasome
and subsequent degradation.
Acetylation of HIF-1a (OAc) also
promotes pVHL binding. (b) In
response to hypoxia, proline
hydroxylation is inhibited. VHL is
no longer able to bind and target
HIF-1a for proteasomal
degradation, which leads to HIF-1a
accumulation and translocation to
the nucleus. There, HIF-1a
dimerises with HIF-1b, binds to
hypoxia-response elements (HREs)
within the promoters of target
genes and recruits transcriptional
co-activators such as p300/CBP for
full transcriptional activity. A range
of cell functions are regulated by
the target genes, as indicated.
Abbreviation: CBP, CREB-binding
protein; Ub, ubiquitin.



Selhani adaptace —

uncontrolled release

of antigens
phagocytosis of
* apoptotic bodies
activation of the *
immune system
* INDUCTION
- OF TOLERANCE
SRR S ABSENCE OF

INFLAMMATION

bunécna smrt

zakladni typy

— nekroza

* pasivni (bez spotfeby ATP, burika sama o ni
nerozhoduje)

* zpravidla zasahuje vicero bb.
* zacina narusenim b. membrany
* vede k zanétu (vyliti b. obsahu do okoli)
» aktivace C¢asto kritickou hypoxii, osmoticky,
mechanicky, termicky, ...
— apoptoza
» aktivni = programovana, spotfeba ATP

* muZe se omezit pouze na jednu ¢i nékolik malo
bb.

* membrdna celistva do konce

* nevede k zdnétu (b. material rozloZen pred
zanikem b. a separovan v apopt. téliscich)

* aktivace ¢asto imunitnimi mechanizmy,
poskozenim DNA, subkritickou ischemii
— priklad koexistence obou typd — infarkt
myokardu
* absolutné hypoxicka zéna — nekroéza
e omracen y a hibernujici myokard — pokud
nerevaskularizovan rychle apoptéza



forma aktivni (spotrebovava energii), fizené bunécéné smrti postihujici izolované bunky =
»programovana bunééna smrt,,

* indukce
* vnéjsi cesta (receptorova draha)
* DEATH receptory (FAS, TNFR) a jejich ligandy (Fas ligand, TNFa, LTA, TRAIL) = DISC (death-inducing signalling complex)
* Tc lymfocyty a NKbb (granzyme)
* absence rlstovych stimul(
* vnitini cesta (nereceptorova) - zasadni ulohu maji mitochondrie
* ROS, hypertermie, poSkozeni DNA, hypoxie, hladovéni, ...

* permeabilizave mitoch. membrany (Bax, ...), uvolnéni cytochormu c a Ca
* v cytoplazmé tvorba apoptozomu - cytochrom c + Apaf + ionty Ca a aktivace “hornich” kaspaz (pro-caspase 9)

* obé cesty konverguji na urovni kaspazy 3, na regulaci obou drah se podili ¢lenové rodiny Bcl
e anti-apoptotické (Bcl-2, Bcl-X, ...) APOPTOSIS
* pro-apoptotické (Bax, Bak, Bad, ...)
* realizace apoptdzy
» kaspazy (cysteinové aspartazy)
* horni kaspdzy (receptorova cesta k-8, nereceptorova k-9
* dolni kaspazy (-3, -6, -7)
* substraty: cytoskelet, membranové proteiny

* endonukleazy
* fragementace DNA

*  morfologie apoptdzy: zakulaceni buriky, — budding — apoptoticka télisk



Drahy aktivace apoptozy

EXTRINSIC PATHWAY INTRINSIC PATHWAY -
mitochondria-related
ER-related

inhibitors
“T(Bcl-2, Bel-X
actwators
(Bax Bad
cytochome c, ATP /
CESDESE aCtIVEtIOH
proteoly5|s
nuclear membrane, cytoskeleton, ...)

ligands: TNF-a, LTA, TRAIL, Fas-L

L. adaptor proteins
(FADD, TRADD, ...

l

caspase activation

l

proteolysis
(nuclear membrane, cytoskeleton, ..

)

)




Tvorba apoptozomu a konvergence drah

INTRINSIC \EXTRINSIC
cp9sL. TRAIL —» !

Ligation m

6@‘5 -

Mitocondrial stress

PS
“Blebbing "~

Death cell after intrinsic pathway activation

Fig. 3. Apoptotic pathways: the extrinsic pathway involves so-called death receptors {(CD95, TRAIL); the intrinsic one involves mitachondnal granules.
Both pathways converge at caspase-3 activation, where classic biochemical and morphological changes in association with the apoptotic phenotype are
originated



Intrinsic Extrinsic (death
(mitochondrial) receptor-initiated)
pathway pathway
| I I I
/4" Withdrawal of growth 1'31"1 Receptor-ligand interactions
' factors, hormones =/ oFAS
* TNF
)’ receptor .
@®
: f Cytotoxic
Regulators: | 72 Pro-apoptotic Adapter proteins T lymphocytes
Bcl-2 famil 2 o ks -
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@ }
Executioner < Granzyme
Injury ; \
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radicals damage

fragmentation
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Obnova a remodelace tkani

* reakce na poskozeni a prirozenou ztratu bb.

— regenerace
* regenerativni potencial tkani
— labilni tkané

» vysoky obrat bb. Connective tissue
» skvamozni, glanduldrni a GIT epitelie,

kostni dren
— stabilni tkdné
» nizkd proliferacéni aktivita, ale zvysuje se
pfi poSkozeni
» hepatocyty, tubuldrni epitelie ledvin,

fibroblasty, osteoblasty, endotel, glie Muscle tissue
— reparace (reakce na poskozeni, ne

sebeobnova)
4 Y ™
— permanentni tkané (terminalné diferencované) [0) [0)
» nedéli se = nemohou regenerovat Cell Hypertrophy
» hoji se za tvorby jizvy > <> <

» neurony, svalové bb. / [0) [0)
e patologicka zména o
— velikosti bunék = hypertrofie .’.
— poctu bunék = hyperplazie \ o [o e ]

— metaplazie = ndhrada jinym typem —
. . ., v Cell Hyperplasia © © °
— dysplazie = kvalitativni zmény




Kmenoveé bunky

zakladnimi vlastnostmi KB jsou 5{
— schopnost sebeobnovy <

— produkce specializovanych bb. Stem Committed

=

Differentiated
cells

tj. déleni bez diferenciace (asymetrické)

cell cell

(regenerace tkani)

typy KB

— casné KB (toti-/omnipotentni)

— zralé KB (adultni, somatické)

embryonalni (blastocysta, pre-implantacni
stadium)

davaji vznik vSem typUim bunék téla

jako jediné nepotrebuji ke stimulaci déleni
rastové faktory, u vSech ostatnich je bunécény
cyklus startovan mitogeny

pluripotentni
— davaji vznik omezenému repertoaru bb.

» napf. hematopoetické KB,
mesenchymalni KB, ...

» CAVE progenitorové bb.
monopotentni
— davaji vznik jednomu typu bb.
» napf. KB bazalni vrstvy klze

Pancreatic Hematopoletic Cardiomyocytes Neurons Hepatocytes
islet cells cells



Adultni (somatické) KB

* |okalizovany ve vétsiné tkani jako zdroj bb. pro
neustalou obnovu, nahrazovani a hojeni tkané

e pluripotentni, tzn. davaji vznik nékolika typum
bb. specifické tkané ale ne ostatnich tkani resp.

ja kakoI v Hierarchy of Stem Cells
* tuto schopnost maji pouze embryondlni KB, nicméné
jakasi univerzalita existuje ale je omezena @ ToNpe
— funkcné identicka obnova = regenerace
* rychla - epidermis, strevni epitel, krevni elementy,

endometrium, ... C ——
* pomala — hepatocyty, epitely ledvinnych tubuld, ... @
— jestlize nejsou KB pfitomny, pak neni regenerace / \

mozna a poskozena tkan se hoji pomoci vazivové

tkané resp. glie = reparace @ @ @ @
 kardiomyocyty po infarktu /°'°°" S °°"‘\ 1 °$‘°’ Stom Cf"" 1
* svalové bb. po laparotomii , ~ R AR, R R Re, (S
* neurony po mozkové mrtvici | Q

+ piiklady adultnich KB S ¢ 2 ]

Celis Cells

— pluripotentni hematopoieticka
» vSechny typy krevnich element(

— stromalni (mesenchymalni)
* obnova kosti (osteoblasty), chrupavky, adipocyty, ...

— dalsi (mamarni, intestinalni, ...)



Priklad somatické pluripotentni KB -
hematopoéza

LT-Hsc ¢ @
v Stem Cell
ST-HSC | ‘. v
Multipotent
MPP progenitor
Mygloid . ‘ Lugphoid v
CFU-GEMM
v I Committed
| progenitar
O wer |
Y—v ! .
BFU-E CFU-meg  CFU-M CFU-G CFU-Eo CFU-Baso ! Pre-B : L J
) . Q © © "-:' : ) v
v v Y v v LY
CFU-E Magakaryocyte g ."_ M
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Diferenciace KB

cells of inner cell mass

cultyred embryonic
stem cells

early embryo
(blastocyst)

retinoic acid

insulin,thyroid hormone

-

retinoic acid

5

adipocyte

L

)\/C

macrophage colony-
stimulating factor,

interleukin-1

interleukin-3,

neuron

=N

A

>
macrophage
dibutyryl cAMP, retinoic acid -
fibroblast fibroblast smooth muscle cell
fibroblast  growth factor 2,  growth factor 2,
growth epidermal platelet-derived
| factor ~ growth factor _ growth factor __ ig

astrocytes

and oligodendrocytes
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Poskozeni tkani (bez ohledu na pricinu)

* 7 hlediska rozsahu
— ojedinélé poskozeni nékolika bb. (apoptdza nebo nekrdza)
— masivni (apoptdza nebo nekroza)
* z hlediska prubéhu
— akutni
* napf. ak. hepatotoxicita, kriticka ischemie (infarkt), lyza komplementem,
— chronické
* napf. imunologicky (b. autoimunita), hypoxicky, mechanicky, ...
 prubéh procesu hojeni a o jeho vysledku rozhoduje
— typ tkané (proliferujici vs. neproliferujici)
— zpusob poskozeni (apoptdza vs. nekroza)
— rozsah zanétové reakce (vyraznéjsi proteolyticka destrukce)

— (ne)zachovani stromatu tkané (napf. retikulinova kostra jater.
parenchymu, stroma kostni drené, bazalni membrana epiteld, ...)

— individualni okolnosti daného jedince (komorbidity, stav nutrice,
event. imunideficit, kr. zasobeni tkané a inervace aj.)



Odpoveéd tkani na poskozeni — hojeni (ran)

hojeni je sekvencni proces smérujici k INFLAMMATION  PROLIFERATION  MATURATION
obnoveni celistvosti tkanég, jejich tenznich l l“:'n:"ﬁ“" l‘ng:;'::ﬁ:“ﬁm
vlastnosti a funkce (pokud mozno)

stadia

— (1) hemostaza
e primarni a sekundarni hemostaza
* témér paralelné fibrinolyza
— (2) akutni zanét
* scilem eliminovat pfip. invadujici
mikroorganizmy

* asamozrejmé odstranit poSkozenou a
nekrotickou tkan a bunécéné debris

— (3) nasledovany proliferaci g INFLAMMATION REPAIR
* (a) restituci ad integrum (= regenerace) \
* (b) hojenim reparaci
— epithelizace, fibroplazie,
angiogeneze
— maturace jizvy
— pfFip. nepriznivy pribéh muaze vést k
chronickému zanétu

% of Maximum Response

TIME {DAYS)

Blood stream LQ @I’MN ﬁJ M



Endotel

Endothelial cell o '
—
ATPase cr ADPase

b Arteriole ¢ Capillary d Venule

Tight junctions and
adherens junctions

Endothelial cell

WP8 (P-selectin and vWF)

Nature Reviews | Immunology



Endothelium: physiological role

* endothelial cells (ECs) normally inhibit coagulation of the blood

* tissue factor pathway inhibitors (TFPIs) prevent the initiation of coagulation by blocking the actions of the
factor-Vlla—tissue-factor complex

* anti-coagulant heparan sulphate proteoglycans (HS) bind anti-thrombin Il to be capable of inhibiting any
thrombin molecules generated by the coagulation cascade

* thrombomodulin binds thrombin and converts its substrate specificity from cleavage of fibrinogen (the key
step in forming a blood clot) to cleavage and activation of protein C

— activated protein Cis an enzyme that destroys certain clotting factors and inhibits coagulation

* key processes to prevent platelet activation (and therefore coagulation) include inactivation of thrombin,
conversion of ATP to inert AMP through the action of ATPases and ADPases, and blocking the physical
interaction between platelets and collagen, which can activate platelets

* sequestration of von Willebrand factor (VWF), a protein that strengthens the interaction of platelets with
the basement membrane, by keeping it within their storage granules, known as Weibel-Palade bodies
(WPB)

* nitric oxide (NO), generated by nitric-oxide synthase further inhibits platelet activation

* arterial endothelial cells have a major role in regulating blood flow by controlling the tone of smooth
muscle cells in the medial layer of the vessel wall

* capillary endothelial cells are the principal regulators of transendothelial extravasation of plasma proteins
(tight junctions and adherens junctions)

* venular endothelial cells form the principal site of leukocyte trafficking from the blood into the tissues



(1) Haemostasis: platelet plug
formation & vasoconstriction
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protection against excessive bleeding = aggregation of
platelets results in the formation of the primary
platelet plug

endothelial cells retract to expose the subendothelial
collagen surfaces

platelets attach to these surfaces

aggregation and attachment to exposed collagen
surfaces activates the platelets

activation enables platelets to degranulate and release
chemotactic and growth factors, such as platelet-
derived growth factor (PDGF), proteases, and
vasoactive agents (eg. serotonin, histamine)

adherence to exposed collagen surfaces and to other
platelets occurs through adhesive glycoproteins:
fibrinogen, fibronectin, thrombospondin, and von
Willebrand factor



(1) Haemostasis: clotting cascade
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coagulation cascade occurs by 2 different
pathways
— intrinsic pathway begins with the activation of
factor XIl (Hageman factor), when blood is

exposed to intravascular subendothelial
surfaces

— extrinsic pathway occurs through the
activation of tissue factor found in
extravascular cells in the presence of factors
Vil and Vlla

the result of platelet aggregation and the
coagulation cascade is clot formation

clot formation has to be limited in duration
and to the site of injury

both pathways proceed to the activation of
thrombin, which converts fibrinogen to fibrin

in addition to activation of fibrin, thrombin
facilitates migration of inflammatory cells to
the site of injury by increasing vascular
permeability

— by this mechanism, factors and cells necessary

to healing flow from the intravascular space
and into the extravascular space



Krevni srazenina (koagulum)

e fibrin je nezbytnou soucasti hojeni rany a je zakladni
komponentou primitivni matrix v rane, ve které jsou
imobilizovany kr,. desticky (jako zdroj rustovych faktoru) a do které
imigruji zanétové bb. a plazmatické proteiny

— odstranéni koagula nebo neschopnost jeho tvorby (poruchy kr. srazeni
vedouci k hypokoagulaci) zhorsuji hojeni rany



(1) Haemostasis vs. fibrinolysis

* clot formation dissipates as its
(a) Conversion of plasminogen to plasmin stimuli dissipate

— clot formation is limited to the site
of injury because uninjured nearby
| \ ([ endothelial cells produce
P o oV .. prostacyclin, an inhibitor of platelet
? aggregation

- > * extent of coagulation is regulated by
] : the action of:
— fibrinolytic system

Lysine binding site Fibrin digestion e plasminogen is converted to
plasmin, a potent enzyme dissolving
blood clot

— anticoagulant system

_ * inthe uninjured areas,
— Plasmin antithrombin Il binds vitamin K-
dependent coagulation factors

e protein C binds factors of the
—~  a,-antiplasmin coagulation cascade, namely,
factors V and VII
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Fibrinolyza

Proteolysis ' products (FDPs
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(2) Akutni zanét (1. — 2. den)

* initial response to tissue damage e
* relatively non-specific

— excess of immune system to the damaged area
* change of endothelial permeability (exudate)

» adhesion and extravasation of immune cells AR e v
— selectins, adhesive molecules (VCAM, ICAM, ...) 1| ‘ b ‘“‘t w
e chemotaxis | ]
— elimination of dead tissue N - e A4
. . el R 7
» proteolysis (lysozomal enzymes), phagocytosis, ROS ‘ e @

— protection against infection
 initially PMNs (phagocytosis) — dye in site (= pus)

* later monocytes/macrophages (phagocytosis, cytokines,
initiation of tissue repair)

— cytokines — completion of inflammation P o N
— growth factors — tissue repair
— specific immune system (lymphocytes) not always
necessary
* viral infections
* chronic inflammation




Aktivovany endotel vs. zanétové bb.
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(2) Acute inflammation

1. Bacteria and other
pathogens enter wound.

2. Platelets from blood release
blood-clotting proteins at
wound site.

3. Mast cells secrete factors
that mediate vasodilation and
vascular constriction. Delivery
of blood, plasma, and cells to
injured area increases.

4. Neutrophils secrete
factors that kill and degrade
pathogens.

5. Neutrophils and

6. Macrophages secrete
hormones called cytokines
that attract immune system
cells to the site and activate
cells involved in tissue repair.

7. Inflammatory response
continues until the foreign
material is eliminated and
the wound is repaired.



(3a) Restituce ad integrum (= regenerace)

* nejlepsi mozny vysledek = restorace
normalni struktury a funkce bez tvorby
jizvy

* prirozeny zajem regenerativni mediciny

* nastava pri minimalnim zasazeni
stromatu tkané kdyz dominuje zejm.
defekt epitelu

* faktory favorizujici regeneraci
e typ tkané
* tj. labilni a stabilni
* rychla eliminace vyvolavajici priciny
e VvC. infekce

* rychlé odstranéni debris
e dobra perfuze a inervace tkané




Hojeni = déleni bb. = bunécny cyklus

 bunécny cyklus (4 faze)
— cyklicka souhra reakci zajistujicich rast bunky (G1- a G2 -
faze), DNA replikaci (S-faze) a mitdézu (M-faze)
* b. cyklus probiha pri
— bezchybném provedeni jednotlivych kroku

* spravnost reakci je kontrolovana ve 3 kontrolnich bodech
— v G1-fazi - po skonceni predchazejici M-faze
— v G2-fazi — po skonceni replikace
— v M-fazi - metafaze

— dostatku energetickych substrat(

— dostatku zevnich (mitogennich) stimul(

* rlstové faktory
—  EGF, TGFp, PDGF, VEGF, bFGF, ...

* mezibunécna signalizace
/@_ AN e pfirozené je inhibovan (bb. v GO-fazi)
3 @ &% — kontaktni inhibici
4 — produkty supresorovych gen
* inhibitory cdc (napr. p21)
— nedostatkem rustovych faktor(

e porucharegulace - nadorové bujeni




Regulace buné
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A) produkty (proto)onkogent
rastové faktory
* receptory rlstovych faktor(
* G-proteiny
* membranové tyrozinkindzy (napft. Abl)

. &ytfc)aplasmatické signdIni proteiny (napt.
a

e transkrip¢ni faktory (napf. jun, fos, myc)

e cykliny

* cyklin-dependentni proteinkinazy (cdk)
(B) produkty supresorovych genu

* Rb

* p53

e p2l
(C) produkty genu kdédujicich DNA
reparacni enzymy

* mismatch reparace

* excisni reparace

* homologni rekombinace

40



Rb protein (Rb/E2F G, checkpoint)

rustové faktory
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Adultni bb. jsou zavislé na signalech z okoli
pokud se maji délit — protoonkogeny!!

Growth factors
e.g.,PDGF(sis)
Growth factor receptors
e.g.,EGF receptor(erbB)

Ras(ras)

Protein kinases or proteins that Raital)

activite protein kinases

cyclin @Cdk

Proteins that control cell cycle
e.g.,Cyclin D(bcl-1)

>

Proteins that affect apoptosis
e.g.,Bcl-2(bcl-2)

Transcription factors
e.g.,Myc(myc)




Dusledek mutaci protoonkogenu
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Shrnuti - nastartovani b. cyklu

E2F

Restriction
paint i

DNA
synthesis

* mitogeny startuji b. cyklus indukci cyklinu D a inaktivaci Rb proteinu
— prabéh cyklu je koordinovan postupnou aktivaci jednotl. CDKs a jejich podjednotek — cyklinG (oscilujicich
mezi rychlou syntézou a degradaci)
— exprese cyklinu D (a do jisté miry cyklinu E) indukovana mitogeny predstavuje zacatek cyklu (neplati pouze u
embryonalnich kmenovych bb.)
* cyclin D- a cyclin E-dependentni kindzy fosforyluji a tak blokuji Rb protein, hl. kontrolni bod prfechodu G1 do S faze
— inaktivace Rb proteinu predstavuje moment, kdy b. cyklus prestava byt zavisly na mitogenech
* inaktivaci Rb se uvolni E2F transkrip¢ni faktory, které stimuluji expresi dalSich cyklind a ostatnich gen(i nutnych pro DNA
syntézu



Kontrolni body b. cyklu

- je weskerd DMA replikovana?
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5, kontrola M kantrolni bod
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- je bunka dostatecné vellka?
- & prastfedi prizniveér



Mezibunécéné spoje / komunikace

* Tight junctions
— transmembrane proteins that link
to the actin cytoskeleton and
prevent the leakage of small
molecules through intercellular
spaces

* Adherens junctions

— homophilic interactions between
E-cadherin molecules connected
to the actin network through
catenins

— function to coordinate the actin
cytoskeleton across an epithelial
sheet

J Desmosomes

— desmosomal cadherins linked to
intermediate filaments

— integrate the intermediate-
filament network across the
epithelial sheet

* Gapjunctions

— directly connects the cytoplasm of
two cells, which allows various
molecules and ions to pass freely
between cells

F-actin E-cadherin

/
S
Desmosomal
cadherin

filament

i Transmembrane

! proteins
Tight junction

— Adherens junction

A [ )BSMOSOME

— Intermediate

—
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Kontaktni inhibice
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Princip “kontaktni inhibice”

F-actin
JAC-1/p120 catenin

HMR-1/cadherin

HMP-2/-catenin

HMP-1/a-catenin
* E-cadherin:
— Ca+-dependentni trans-membranovy protein epitelialnich bb.
— 5 cadherinovych repeatl (EC1-EC5) v extracelularni doméné
— 1 transmembranova doména
— intracel. doména vazici B- a a-cateniny a nasl. aktinovy cytoskelet
— v epitel. bb. konstantné regenerovan a 5-hod. na b. povrchu

— ztrata E-cadherinu je spojena s progresi tumoru a metastazovanim
» v duisl. hypermetylace, hypoxie (aktivace PI3K drahy), microRNA atd.

— volné cateniny funguji jako onkogeny (Wnt draha)



(3b) Reparace

e typ hojeni nasledujici zasadni poskozeni tkané
zahrnujici vice b. typu a stroma
* vede k tvorbée jizvy
e faze
— proliferace (3. — 4. den)
e epitelizace

* angiogeneze

e fibrotizace
— toto vSe se podili na tvorbé tzv. granulacni tkané
— rana se zacina kontrahovat

— maturace
* kolagen tvori cross-links mezi sebou a s dalsSimi proteiny



Proliferation phase: epithelisation

on the surface of the wound, ﬂ)'.ww 3 Langerhas
epithelial cells burst into W B o YL
mitotic activity within 24 to 72
hours

L~ keratinocyte

— stimulated by growth factors
(eg. EGF)
epithelia / keratinocytes
migrate and proliferate from
the wound margins (and hair
folicles)

later, differentiation and
stratification occurs




Proliferation phase: angiogenesis

a Induction b Resolution

VBM degradation (MMPs) Downregulation of
. ' proliferation and migration
Reformation of VBM

=)= Provisional matrix
RPN Intermediate matrix
. Mature VBM
1~ Degraded VBM

Nature Reviews | Cancer

 growth angiogenic factors (VEGF) released upon hypoxia stimuli
* budding and proliferation of endothelial cells



Proliferation phase: fibrotisation

» fibroblasts proliferate in the deeper Monomer (single a-chain) |
parts of the wound Protomer

. . Triple-helical domain (Gly-X-Y motif) rf«r‘\ain | w
— begin to synthesize small amounts of %) —

collagen which acts as a scaffold for 7S -1,4002a -230 8

migration and further fibroblast D — e — NC1 hexamer

proliferation —Q %&sﬂaﬁm
* granulation tissue, which consists of O

capillary loops supported in this i . Type IV collagen tetramer
developing collagen matrix, also B A

appears in the deeper layers of the
wound

* proteoglycans appear to enhance the
formation of collagen fibers, but their
exact role is not completely
understood

* within two to three weeks, the w

wound can resist normal stresses, but
wound strength continues to build for
several months

* the proliferation phase lasts from 15
to 20 days and then wound healing
enters the maturation phase

Nature Reviews | Cancer



Maturation phase

» fibroblasts leave the wound and
collagen is remodeled into a more
organized matrix

* wound contracts

— tensile strength of collagen increases
for up to one year following the injury

— while healed wounds never regain the
full strength of uninjured skin, they
can regain up to 70 to 80% of its
original strength

 wound remodeling (scar maturation)

— increasing collagen crosslinking,
resulting in increased strength

— action of collagenase to begin
breaking down excess collagen
accumulation

— regression of the lush network of
surface capillaries as metabolic
demands diminish

— decreasing proteoglycan and, in turn,
wound water content

thickening epithelium

rich blood flow

dense collagen
filling defect

dependent

amino acids, micronutrients,
factors

anabolic activity

rate { O,, energy, blood flow,

(> 4 weeks)

== blood flow

collagen ® normal

crosslinking ® . :
ecrease

cells

collagen lysis and deposition
in equilibrium



Shrnuti
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Patologicky prubéh hojeni ran

e poruchy srazeni krve a desticek -
* malnutrice

* proteokatabolicky stav viechny tyto okolnosti

* imunodeficit — mohou vést k chronické
rané / hojeni

* ischemie a neuropatie v oblasti rany
* infekce

 nadmérna fibrotizace (kozni rany)

— hypertroficka jizva
— keloid

e abnormalni jizva ,,rostouci“ za hranice plvodniho
poskozeni klze
* nékteré etnické skupiny maji vyssi riziko
— 15-krat castéjSi u vysoce pigmentovanych (Afro-
Americané nebo Hispanci)




(3c) Chronicka rana / hojeni

e selhani nebo zpomaleni hojeni a neodpovidavost na normalni
regulacni faktory
e duvody
— lokalni
e stala traumatizace
* cizi téleso
» Spatni perfuze/oxygenace (makro- a mikroangiopatie, neuropatie)
» excesivni/chronicka infekce
— systémové
* malnutrice (zejm. proteinova) a karence vit. C
e proteokatabolismus

— napf. Cushingova nemoc - exces glukokortikoid(
* imunodeficit / imunosuprese

— zejm. nedostatek neutrofilnich granulocytU Ci jejich dysfunkce
* systémové choroby (zejm. diabetes mellitus)

— kombinace mikro- a makroangiopatie, neuropatie, infekce a hyperglykemie samotné
e genetické priciny



Wound healing vs. carcinogenesis

a Acute inflammation

Stimulus (injury, infection)
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