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Bunka

Mitochondrialni funkce/disfunkce
ON

Hypoxie

Lysosomalni funkce/disfunkce
Bunécéna smrt
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Mitochondrie

— Produkce ATP k pokryti bunécnych potreb

— Metabolismus aminokyselin

— Regulace redoxnich déju bunky Mitochondrialn sit
— Syntéza hemu
— Diferenciace a aktivace procesu imunitnich bunék

— Vysadni role v programu bunecne smrti
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Mitochondrialni ,,fusion and fission*

— Proces odpovidajici na

extra- a intracelularni
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zmeny

Mito-PLD . Mfn

— Zmeny dodavky zivin,

Fission Matrix

v

Mitophagy
Apoptosis

Front. Cell Dev. Biol., 2017

energie nebo redox stavu,

béhem diferenciace ,cell-

type dependent” charakteru
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Mitochondrialni fuze a stepeni

[j Mfn1/2
OPA1

— FUZE = autonomni integrace
— 1. fze vnéjSi membrany mezi 2 sousednim __

mitochondriemi
_ Rizené - mitofusin 1 a 2

:;;.\ <\ ‘
Mitochondrial
fusion

Research Reports in Clinical Cardiology 2014(default):111

— 2. fuze vnitfni membrany
— cardiolipin, dynamin-like GRPase optic atrophy (OPA)

—dulezité pro udrzeni integrity mitochondrialni
DNA a bunecné dychani
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Mitochondrialni fuze a stepeni

_ STEPENI
—dulezité pro mitochondrialni dédi¢nost pro

dcerinné bunky behem bunecneho deleni

— pri poskozeni a odstranéni - poskozene

]
g A | g 45"
Mitochondrial
fusion

Research Reports in Clinical Cardiology 2014(default):111

mitochondrie ,usnadnuji® sve odstraneni

pomoci mitofagie
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ROS Scavengers
soo , SORs, Catalases, Gpxs, GRs, Prdxs, and Trxs)

Mitochondrie a ROS

-ROS e
— produkce reaktivnich forem kysliku \pw -l
— generované mitochondriemi prostrednictvim elektronoveho ;gg}j‘
tranSpOI'tnlhO I’eteZCe Signalling O:\d‘a;/ /1 DNA RNLI‘|\ lP mone?i;).as)
v s v . . o - s \P thological defects
— vedlejsi produkt pfi produkci energie, dusledek (-oxidace _ / 1\\ I L e
mastnych kyselin, vystaveni zareni, svétlu, kovim a redoxnim @ &5 2
latkam
. Int. J. Mol. Sci. 2019, 20(18), 4407
— ROS funkce:

— druzi poslové v ruznych signalnich drahach
Imunitni bunky: Ca?*NFAT signalni draha — kriticka pro aktivaci T lymfocytu.

— ROS mohou takeé nicCit bakterialni patogeny, ale

— pokud jsou nadmerne produkovany - poskodi
produkujici bunku nebo sousedni bunky.
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Mista produkce ROS

_ mitochondrialni ROS (MROS)

E Outer !
. , . s v, mitochondrial s
jsou produkovany jako vedlejSi " +
. Cytc H s
produkty bioenergetického it 1

{Inter-
||
membrane

- ' NAD* +H* — H,O
metabolismu fam o

ATP acid =
Fumarate

— Cyt c, cytochrome c¢; MAO, monoamine Mitochondrial

Oz Succinate
. . , matrix H,O<—~¢
oxidase; NOX-4, NADPH oxidase 4; | t w @Gg
VDAC, voltage-dependent anion channel W ertondrial J * Sites of ROS |
membrane H* H* production '

Nature Reviews | Cardiology
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Mitochondrie, ROS a imunitni bunky

— prozanetlive bunky - aktivovane

monocyty a aktivovane T a B
bunky — glykolyza

—regulacni bunky - regulacni T

lymfocyty nebo M2 makrofagy -

zvySujici mitochondrialni funkci a

beta-oxidaci

: M1 macrophages
LPS activated monocytes

ILCs1-2
Glucose
Glucose ﬁ ) ATP
l ) ATP . .
RO Niicleatide Pyruvate wmmp Lactate
Nucleotide Pyruvate == Lactate biosynthesis
biosynthesis | fatty acids
fatty acids Acetyl-CoA

Acetyl-CoA
4 / ROS$—  Oxaloacetate &. ”
Citrate ™= Citrate wssp Lipid

Oxaloacetate

ATP +— Citrate ——— Lipid Succinnate <= synthesis
A synthesis s 7 cycle
ol ucciny-CoA )
Succinyl-CoA X akG <mm Glutamine Treg, M2 macrophages and
R ake Glutamine

memory T cells

Glucose
ATP

v
Nucleotide

Pyruvate ——» Lactate
biosynthesis

Acetyl-CoA fatty acids
resting immune cells Oxaloacetate »
ATP €= " Citrate ——» Lipid
A synthesis
N cycle |
Glucose R8s Succinyl-CoA 4 X
ATP *__ ake  *= Glutamine

Nucleotide

Pyruvate —» Lactate
biosynthesis

activated T and B cells, ILCs3,
activated monocytes

fatty acids
Acetyl-CoA Glucose
Oxaloacetate 7 ATP
ATP «— Citrate ——» Lipid v
2 synthesis Nucleotide Pyruvate — Lactate
ROS <+— \  cycle biosynthesis
Succinyl-CoA % / s
4——— Glutamine fatty acids
Acetyl-CoA
Oxaloacetate Y Lipid
ol Citrate ————— LIPI
ATP - .
TCA synthesis
ROS cycle
Succinyl-CoA P

kG 4um Glutamine

Biochimica et Biophysica Acta (BBA) - Molecular Basis of Disease
Volume 1866, Issue 10, 1 October 2020, 165845
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Viiv mitochondrii na imunitni reakci

— mitochondrialni DAMPs

— v extracelularnim prostoru a v cirkulaci.

— mitochondrialni proteiny

— FRP receptory - produkce chemoatraktantd.

— mitochondrialni ROS

— intracelularni signalizace, poSkozeni bunék.

— mitochondrialni ATP a Kardiolipin
— aktivuji NLRP3 inflamasom nebo TLR4 - produkci
prozanétlivych cytokina.

— mitochondrialni DNA

— aktivuje TLR9, NLRP3 inflammasomy nebo drahu
CGAS - produkce prozanétlivych cytokinu.

10

intracellular cell damage
signalling
/v ATP
FPR receptor <— mitochondrial «— " NLRP3
binding proteins inflammasome
T cardioli in/
p
production of
chemoattractants :
mitochondrial . production of
DNA TLR4 proinflammatory
/ l \ cytokines
NLAE'S TLR9  CcGAS
inflammasome l /
production of
proinflammatory
cytokines
Biochimica et Biophysica Acta (BBA) - Molecular Basis of Disease I\/I

Volume 1866, Issue 10, 1 October 2020, 165845
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Mitochondrie - indukce imunitni odpovedi

— ,mitochondrial danger associated molecules” (DAMPSs) that resemble

structures of bacterial derived pathogen associated molecular patterns

(PAMPS)

— mitochondrialni DAMPS - mitochondrial DNA with hypomethylated CpG motifs, specific lipid
present in prokaryotic bacteria and mitochondria, i.e. cardiolipin.

—via DAMPs mitochondrie fidi imunitni odpovéed

— mitochondriali DAMPs - negativni vliv- uvolnovany poskozenymi
bunkami bez pritomnosti infekce - nezadouci zanétliva reakce, ktera
vede k posSkozeni tkani a dysfunkci organu
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Clin Microbiol Rev. 2012 Oct; 25(4): 609-634.

Insult Uncontrolled infection/major trauma/circulatory shock/tissue necrosis/apoptosis/anaphylaxia
1 PAMPs DAMPs
Trigger LPS, LTA, lipoproteins, peptidoglycans, bacterial DNA, etc. HMGB-1, heat-shock protein, DNA, uric acid, etc.
\ J
Y
l Complex protein systems Vascular and tissue cells Blood and lymphatic cells
o . .
Sensors and = 00 |(.
effector cells Q2 5 \. j
OQ oo | - \
Complement Coagulation |{Endothelial Epithelial Adipose Granulocytes Macrophages/  Lymphocytes
system system cells cells tissue monocytes (T-cells, B-cells)
RV g W |
’o \‘ Py
C5a, aPPT, Endothelial Acute phase || Cytokines/chemokines Cell surface
Mediat d C3a, PT stress response: || reactants: Soluble receptors: markers:
bomikas E B AT ELAM-1, CRP,LBP, IL-6, IL-8, IL-4,IL-10 mHLA DR,
o e C5b-9, ProteinC || ICAM-1, PCT, etc. MIF, HMGB1, sSTNF, CD64,CD48,
etc. etc. Selectins, suPAR, sTREM-1, etc. C5aR, etc.
\ J
Y
Brain Cardiovascular Kidney Liver Micro-
circulation
Impacton
organ function
Confusion Respiratory Oliguria/ Excretory Loss of barrier  Capillary leak
distress Anuria failure function,ileus  edema, DIC
Effective source control Ineffective source control
Outcome Normalization of biomarker abnormalities Persistence of biomarker abnormalities
Resolution of organ dysfunction; recovery Multiple organ failure; death
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Oxidacni stres
- &@8@ "/M
— vysledek nerovnovahy mezi _—
produkci ROS a antioxidaci JSifnTg\ :
— patologické zmény u Zivych organismu e
— rakovina, ateroskleréza, neurologické nemoci, starnuti a cukrovka, it 3. Mol. Scl. 2019, 20(18), 4407
poskozeni bunécnych slozek (DNA, RNA, lipidy, a proteiny)
— ne-enzymaticka obrana:
— flavonoidy, vitaminy (A, C, and E), a glutathion
— enzymatické antioxidanty:
— Superoxide dismutase (SOD), superoxide reductase, catalase,
glutathione peroxidase, glutathione reductase, peroxiredoxins MUNI
13 (Prdxs), and thioredoxins (Trx) MED



Mitochondrialni disfunkce
4 )

Are you
calling me
dysfunctional?
\ <
Nuclear Signal Mitochondrial Neurodegeneration,

DNA damage transduction dysfunction cancer and ageing
\b
§ &

vd

M4

Nature Reviews | Molecular Cell Biology

U
E

14
Nature Reviews Molecular Cell Biology volume 17, pages308-321(2016)
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Mitochondrialni disfunkce

Atypical Learning
Cerebral Palsy Dlsabllltles, ADD

Clinics ‘ Diabetes Clinics

Alzheimer and Parkinson - i
Clinics \ ‘ pilepsy Clinics

\
\ \ ’
\

Hearing Loss/Language Muscular Dystrophy
Delay Clinics e Clinics
Autism, Atypical Atypical
Autism, and ASD ~__——— Leukodystrophy
Where is
Heart Disease Mitochondrial
HeaitFallire. Disease? ] __ Psychiatric Clinics,

Bipolar Depression,
Schizophrenia

Unexplained '

Kidney Disease Sudden Infant
Death Syndrome
Macular ' \
Degeneration/ / N Gl Dysmotility Clinics
Unexplained ‘ :
Blindness Cancer/ Rheumatology/Multiple
Hematology  Unexplained Sclerosis, Autoimmune Disease
Clinics Liver Failure

15
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Mitochondrialni disfunkce

— mutace v mitochondrialni DNA a
oxidacéni stres - rizikovy faktor pro oA -\
., . . D / ; ) &0
neurodegenerativhi onemocneni
— mitochondrialni dysfunkce se objevuje brzy a e o =3 =
pusobi kauzalné v patogenezi onemocnéni ‘, )( C‘o?% \‘ ’“
— pro nemoc specifické proteiny J N -

interaguji s mitochondriemi

Nature volume 443, pages787—795(2006)

16
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Oxidacni stres

Mitochondrial dysfunction in amyotrophic lateral sclerosis (ALS)

SODI mutations CHCHDI0 mutations

Accumulation of SOD1 mutations
within mitochondria

A

Localized in the intermembrane space

k

Mitochondrial fragmentation

(i) Decreased fusion proteins
(ii) Increased fission proteins

Impaired respiratory complex
formation

(i) Respiratory chain deficiency
(ii) Disrupted OXPHOS complex assembly

Impaired mitophagy

(i) Decreased PINK1 and Parkin stDNA instability
Impaired mitochondrial gt : W i (i) Decreased fusion proteins
am‘;m grade transport Mitochondrial dysfunction (i) Increased fission proteins

(iii) Disrupted mtDNA

. : 3 transcription
Mitochondrial vacuolation

(i) Expansion of mitochondrial
intermembrane space

Mitochondrial fragmentation

Apoptosis (i) Fragmentation of mitochondrial
(i) Interaction with anti-apoptotic BCL-2 __ metwork )
family proteins (ii) Also disrupts respiratory complex
formation

(ii) Mitochondrial cytochrome c release

Oixidative stress and ROS generation
[

Oxidative Medicine and
Cellular Longevity 2019
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Mitochondrialni disfunkce

Healthy mitochondria PINK1-Parkin

mediated initiation
of mitophagy

Mitocondrial
damage

Mitochondrhl\

dysfunction:
(i) | Ay
(ii) T ROS

(iii) | ATP

Mntocondrul
dysfunction

=)

Mitophagy

() Recruitment of autophagy
.. substrates and receptors:

(i) p62
(ii) LC3

Fundcl
\ Poly-ubiquitin (it) £
cham

MFN
dcgradat:on

Mitochondrial fusion

Oxidative Medicine and Cellular Longevity 2019
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Mitochondrialni disfunkce

Mitochondrial dysfunction in Alzheimer’s disease

Mitochondrial dysfunction in Parkinson’s disease

Alzheimer’s disease

Senile plaque formation

(i) APP can be cleaved by y-
secretase in the mitochondrial
membrane to form A

(ii) Increased iron uptake and storage
(iii) Decreased iron export

(i) Loss and dysregulation of synaptic mitochondria

Neurofibrillary tangles
(i) Hyperphosphorylation of tau protein

Disrupted mitochondrial fusion
(i) Ap interacts with DRP1 promotes fission

Parkinson’s disease

LRRK2 mutations

(i) Compromised OXPHOS activity
(ii) mtDNA damage
(iii) Reduced mitochondrial mobility
(iv) Mitochondrial fragmentation

PINK1 deficiency

(i) Decreases complex I activity
(ii) Leads to oxidative stress
(iii) Generation of ROS
(iv) Exacerbates neurotoxicity

a-Synuclein mutations

(i) Localized in the mitochondria
(ii) Causes oxidative stress
(iii) Impairs complex I function
(iv) Disrupts Ca** signaling

(v) Disrupts mitochondrial dynamic X
HTRA2 mutations

DJ1 mutations

rocesses
i (i) Exacertbates oxidative stress (i) Dysregulation and impairment of
. ii) D ulati f NFE2L2 and i ja-i 4 i
Mitochondrial dysfunction \ (ii) an);:;igid;a ::l: rznsc an mitochondria-induced apoptosis
Oxidative stress and ROS generation g Oxidative damage to mtDNA
(i) Accumulation of redox active iron in senile (i) Increased mutations
plaques and neurofibrillary tangles (i) Reduced mtDNA transcription and numbers Mitochondrial fragmentation Complex I dysfunction
(i) Reduced complex [ activity

i) I d mitochondrial fissi
(i) Increased mitochondrial fission (ii) Causes ROS generation

Mitochondrial dysfunction

(iv) Increased mitochondrial iron
(ii) Mitochondrial fragmentation N
Impaired respiratory Damage to mtDNA
Disrupted Ay Impaired mitochondrial anterograde Apoptosis chain activity
msport in neurons (i) Mitochondrial release
of cytochrome ¢ Oxidative stress Dysregulated apoptosis

Oxidative Medicine and Cellular Longevity 2019
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Mitochondrial dysfunction and heart

Sources of DNA damage:

- lonizing Radiation (IR)

- Antiblastic drugs (e.g anthracyclines)
- Alcohol metabolites, etc

< | \/o
(o V0
7 Je\

" mtDNA NuclearDNA
Mutations Mutations
(e.g OXPHOS) Cumulating (e.g TFAM, POLGA,

Trinkle, OXPHOS)

mutations

Mitochondrial repair
and regeneration
(fission, fusion,

mitochondrial I — 5
— “lllio.iil Threshold

~.__ Mitochondrial
Dysfunction

->-E0

Mild Moderate Severe
DCM DCM DCM

Figure 4 The interaction between DNA defects and failing of mitochondrial repair systems promotes the genesis of mitochondrial DCM. The exposure of

cardiomyocytes to ionizing radiation (IR), antiblastic drugs, alcohol metabolites, and many other sources of DNA damage leads to mutations in both mitochon-

drial and nuclear genes coding for mitochondrial proteins. When the number of gene defects overcomes cellular tolerance, mitochondria can recruit a complex
20 pathway of self-repair and regeneration. As the above mechanisms fail, defects tend to accumulate further, leading at the end to mitochondrial dysfunction.

European Society of Cardiology Journals 23. 10. 2018

= =
m e
O =



21

Mitochondrie a hypoxie

Hypoxia-regulated genes

Nature Reviews Cancer volume 2, pages38-47(2002)

1

Phosphorylated,
stabilized

Nature Reviews | Cancer

Normoxia Hypoxia

} J

PHDs

Fe?t =" IMitochondrion
0, a-Ketoglutarate ¥
ROS
Co, Succinate L-2HG
A 4
* Succinate
* Fumarate =777 > @l
pV

OH)
biquitin
|

Proteasome

* Metabolism

* Erythropoiesis
* Angiogenesis
 Stem cell fate

Nucleus
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Mitochondrie a hypoxie

Reduced aspartate

levels and DNA synthesis

under hypoxia

« Proliferation

— Akutni vs. chromicka

L Aspartate «

— decreased flux through the
tricarboxylic acid (TCA) cycle

— activity of the electron transport
chain (ETC)

— hypoxia-induced ROS, ... :

Nucleus E

— nizky vs. limitni/zadny O, =

Glucose
Reduced TCA flux s
under hypoxia PD~K1,
Mitochondrion ﬁ'(h’_¢ Acetyl-CoA+— Pyruvate
I} NADH<—&< “ﬂy «—({DHR)
L FADH, Hypoxic modulation of ETC —
g A l ," E IC (maintenance under acute hypoxia L
CNDUFA4LD) ———1/ | |ar=. (S r= () V and reduction under prolonged hypoxia) Lactate
D Vo ORION! A
N T Y ) o
: l ;("COXMZ
ISCU] \ISCUZ : es =
L . ”HIGDIA ) Hypoxic modulation of
miR-210  TTrmesmesmsmesssess . mitochondrial dynamics
v Fission and
"""""""""""""""""""" H,O, (ROS) — mitophagy
Hypoxic ROS ¢ _ * Firing of carotid body nerves
; generation Ca™ to stimulate ventilation
' * Vasoconstriction of
: * NDUFA4L2 */\CEJMK'S,B-" pulmonary arteries
- * mir-210 o A
« COX412 (AMPK)
* PDK1 * Anti- i Suppression of
*HIGDIA  ageing -I- ATP-consuming
[+ LDHA genes Metabolic processes under
N7 demand hypoxia

CHIFQ) @
I/ 7
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Bunéecna smrt

Reactive oxygen Programmed}

species / cell death

\/\/\/\—V
v"\‘i\/"‘i
Chronic }
Inﬂammatlon
Mltochondrla
targeted \
antioxidants
Cardlolnpln
Mitochondria oxydatlon

Current Aging Science Volume 10, Issue 1, 2017

23 Definujte zapati — nazev prezentace nebo pracovisté
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Bunéecna smrt

Cell death
Nonprogrammned Oncosis-Necrosis
Cell death L .
Extrinsic Apoptosis
Intrinsic Apoptosis
Ph}’SiOlOgiCﬂl Necrosis Cell Death Caspase-dependent Anoikis
I Programmed Pyroptosis
Cell Death
I I Cornification
Apoptosis Autophagy,
pyroptnsis’ Caspase-independent Intrinsic Apoptosis
I I | oncosis, Mitotic catastrophe
mitotic- Autophagic Cell Death
Caspase Caspase
dependent independent catastrophe, Caspase-independent Entosls
| and others Kbt
I I Parthanatos
Mitochondria- Receptm:- linked / Hecroptosis
: mediated
mediated g
i it A {extrinsic path)
(intrinsic path),
caspase 3
caspase 9
dependent
dependent I\/I
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Apoptoza versus nekroza

Apoptoza:
programovany proces

kondenzace chromatinu - fragmentace jadra
odbourani cytoskeletu (,,scvrknuti* bunky)
fragmentace chromozomalni DNA (180 bp)

mitochondrie zistavaji intaktni
bunéfnd membrana se vychlipuje

umirajici bunka je fagocytovana sousednimi

bunkami
Apoptosis
SN\~ 2 ‘/_o"-c\_ 7\ f/\b- - { \\

| @ 8@ 09

/ ‘\ \ e z | s N o

|\ @C}&/‘ )/ @ R

3 LN / ¢ ‘ — o,/‘\\g—w ) .

\" Jl f Q o | @7 2) \ /) ') \_/ (a5
= i '&__ / </ ¥ \{{)
~ Normal cell I Condensation Fragmentation Apop}tcbodles 7

Nekroéza:

smrt bunky obvykle vyvolana zranénim
bobtnani organel .

poskozeni mitochondrii

celkové dezintagrace bunky

uvolnéni nitrobunéénych komponent
vznik zancétu

L Necrbfis ]

= | e | 8%

~ S e fi o /',z.'," u'/‘,.:b
l/\,f'ossf) ('37 9y | (@ %\’f\ [/;@ %)
AOb v -+ (808 + S
.@,% 7 | ﬁ% ﬁ,l O f 1' 1‘(30‘}@ )
35 o | \a ] | (BN

S \'Q‘\_f/‘ \\__—0.’___/ |{% 1@
Reversible Irreversible \ e
Normal cell | Swelling f Swelling Disintegration
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Zanet

Zaneét
Reakce akutni faze
Cytokiny, chemokiny

26



Zanet

—>|e soubor rea

kci , které se objevuji po tkanovem poskozeni nebo

iInfekcli nebo imunologické stimulaci jako obrana proti cizim, nebo

alterovanym v
—>Zanetlivé rea

jejichz rozsah

astnim substancim.
Kce zahrnuji Cetné biochemické a celularni alterace,

Koreluje s rozsahem inicialniho traumatu. Nevhodna

aktivace zanéet

ivych odpovedi jako bazalni pricina nemoci.
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Zanet

— Reakce ziveho organismu na poskozeni.

3 hlavni funkce:

— Tvorba akutniho zanétlivého exsudatu. Ten pfinasi proteiny,

tekutinu a bunky z krve do poskozené oblasti, kde posiluje
lokalni obranyschopnost.

— Destrukce a eliminace pri¢inného Cinitele (napf. bakterii,
pokud jsou pfitomny).

— Rozklad a likvidace posSkozené tkané (debris).

Prostaglandins and dl .
Bukoliones 1 Leukotrienes
Innate immunity T X hPGD: i
\ Arachidonic & PGH, G—Zs> PGDy — PGJ; — 15-dPGJ; Chronic
g acid

\ 7-[3/arrier“

~ break, N 3@1
o~ Tissue injury; . ™,
\
Tr 5
rauma S ff;pAR 9 * '
N |
1
1
|
)

' Macrophage J
) ) = £ F
. ’
Invading N . w/

Failed
microbes \ L | resolution
Z2 S5 o |
=% vascular ) Infl ACUtet - !
Exogenous response | Inflammatory — |
chemical | Response :
signals 1
g gng y Neutrophil-monocyte sequence |
Chem 22 Neutrophil R a
e vaf y  migration L Lipoxins stimulate H
attractants y Lipid non-phlogistic. Efferocytosis A
e e. mediator  monocyte O — |
class recruitment Neutrophil- Resolving g
2 4 LTB4\ switching apoptosis macrophage Resolution
amplification - ? l e
: | — % o Resolved
PMN influx Lipoxins o — axudate
Resolvins falh PGD;
Limit PMN esolvins
”:;,7; ration Protectins DP1
Lipoxins (W‘k A
MCP-1|— LXA4<%§\ Maresins Wy (%) )
& /9~ -
™ ‘\\
((LTB4 S
2

Inflammation

= R ( \}
Post ?/ A&\/\/‘\/ 7

capillary 6 l% 8 O Lymphatic vessel
venule

Initiation

Termination
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Etiologie a patogeneze

— Fyzikalni poskozeni
— Chemické latky

— Biologické poskozeni (napf. mikroorganismy).
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Typy zanetu

— Akutni
— Chronicky

— Lokalni

— Systémovy
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SYSTEMOVE A MISTNI KLINICKE
SYMPTOMY AKUTNIHO ZANETU

Lokalni priznaky Systémové priznaky

calor horeCka

rubor tachykardie

dolor hyperventilace
tumor unavnost

functio laesa ztrata chuti k jidlu
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PRIZNAKY ZANETU A KORESPONDUJICI

CHEMICKE MEDIATORY

Zanetliva odpoved’ Chemicky mediator

Otok, zCervenani, zteplani
Tkanové poskozeni

Chemotaxe
Bolest
HoreCka
Leukocytoza

Histamin, PG, LT, bradykinin
Lysosomy, latky z M a dalsich
zanetlivych bunek
Komplement, chemokiny
Prostaglandiny, bradykinin
IL-1 a IL-6

TNF a IL-8
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Lokalni zanetlivé reakce

— ZvySeny prutok krve oblasti poskozeni

— Zvyseni permeability cev

— Rizeny a pfimy influx a selektivni

akumulace ruznych efektorovych bunek z

periferni krve v mistech poskozeni

— alrychla, nespecificka(antigenné) fagocytarni
odpovéd-neutrofily

— b/pozdni odpovéd- monocyty- makrofagy, specifické

T a B lymfocyty+ exsudace plasmy

ARTERIOLE CAPILLARY VENULE
>
neutroph il
blood flow N\
. ~ N @~
endothelial _ R S\ (;9'
cel ot (I il B T—Q\L 55+
_i’ & —— 1 =
Qe "'/// complement’ l }{ }‘\ \K
— tibod .
= i/;,f; - molecule an y ;
—— exudation of / cell
=" smooth serum proteins migration
muscle h
. L0
tissue



Dynamika zanetlive reakce

— Aktivované zaneétlivé bunky (M-M, T,B lymfocyty) samy produkuji protektivni a prozanétlivé
molekuly.

— Zanétlivé bunky exprimuji zvysSujici se pocCet bunéénych povrchovych proteinu a
glykoproteinu, tzv. adhesivnich molekul.

— Aktivované endotelialni bunky exprimuji receptory pro adhesivni molekuly. PocCet techto
receptoru je regulovan a umoznuje precizni smérovani pozadovaného poctu cirkulujicich
leukocytu do mista zanétu.

— Celularni pfichyceni (“attachment”) imunitnich bunék k endotelu v cévach v oblasti zanétu

zabranuje moznosti, ze by mohly misto zanetu minout, a je klicovym krokem pro extravazaci.

MUNI
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AKUTNI ZANET-TYPY PODLE EXSUDATU

— Serdzni

— Kataralni

— Fibrinbzni

— Hemorhagicky

— Purulentni

— Membranozni

— Pseudomembranozni

— Nekrotizujici (gangrenozni) zanét
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SYSTEMOVE MANIFESTACE ZANETU

1. HorecCka

2. Reakce akutni faze

Like the inflammation marker C Reactive

opsonin

Protein (CRP)

Justin Root
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PRIZNAKY ZANETU A KORESPONDUJICI

CHEMICKE MEDIATORY

Zanetliva odpoved’ Chemicky mediator

Otok, zCervenani, zteplani
Tkanové poskozeni

Chemotaxe
Bolest
HoreCka
Leukocytoza

Histamin, PG, LT, bradykinin
Lysosomy, latky z M a dalsich
zanetlivych bunek
Komplement, chemokin
Prostaglandiny, bradykinin
IL-1 a IL-6

TNF a IL-8
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Systémoveée manifestace zanetu

—>Horecka

Polymorfonukleary a makrofagy produkuji endogenni pyrogeny, ktere resetuji
termoregulacni centrum v hypotalamu na vyssi teplotu. Uvolnéni endogennich
pyrogenu je stimulovano fagocytozou, endotoxiny a imunitnimi komplexy.

-2 Klinické symptomy

Unava, anorexie, nausea. Ztrata hmotnosti u chronického zanétu.

Zdureni lokalnich nebo systémovych lymfatickych uzlin se objevuje pravidelnég;

splenomegalie u nekterych specifickych infekci (napr. malarie, infekCni
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mononukletza).
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Current Bology

Systémoveé manifestace zanetu

-Decreased Food Intake el
-Increased Energy Expenditur

MCAR+ W mcar
Meuran
~— WA Htree

3V

Inflammatory
Cytokines

Fenestrated Capillaries
of the Portal Vasculature
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SYSTEMOVE PRIZNAKY AKUTNIHO
ZANETU

— Hematologické zmény

_ Zrychlena sedimentace erytrocytil. Casty nespecificky pFiznak systémového zanétu.

— Leukocytoza

— Neutrofilie se objevuje u pyogennich infekci a tkanové destrukci; eozinofilie u parazitarnich infekci;
— Lymfocytéza u chronickych infekci (napf. TBC), u mnoha viralnich infekci

— Monocytéza u infekéni endokarditidy a nékterych bakterialnich infekci (TBC)

— Anémie
— Ztrata do zanétlivého exsudatu (ulcerativni kolitis);
— Hemolyza (v pfitomnosti bakterialnich toxina)

— ,anémie u chronickych zanétlivych onemocnéni“ jako disledek toxického utlumu kostni dfené.
— Amyloidéza

— Dlouhotrvajici chronicky zanét (napf. u revmatoidni artritidy) muze zvysit sérovy amyloid A proteinIVI
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(SAA),coz muze vest k depozici amyloidu do tkani \|



Anemie chronickych chorob 'l |
vs. aneémie z nedostatku |y
zeleza

oooooo
oooooo

Je &
Norma‘l hepcidin Reduced hepcidin
expression expression

— — a

J Clin Invest. 2007;117(7):1755-1758. https://doi.org/10.1172/JCI32701.

_ Anémie chronickych chorob Anémie z nedostatku zeleza

Serum Iron Reduced Reduced
Transferrin Reduced to normal Increased
Transferrin Saturation Reduced Reduced
Ferritin Normal to increased Reduced
Soluble transferrin receptor Normal Increased
Cytokine level Increased Normal
Hepcidin Increased Reduced
Bone marrow iron stores Normal to increased Reduced

Erythrocytes Normal, microcytes Microcytes



Zmény pi zandtu

Bunécné

Metabolické

Endokrinni

Fagocytujici bunky
(v Krvi i mistné)

Proteiny akutni faze
serova Cu
katabolismus bilkovin
glukoneogeneze

glukagon
insulin
ACTH

GH

T4

kortisol
aldosteron
vasopressin

Erytrocyty

Séroveé Fe, sérovy Zn
syntéza albuminu
transtyretin, transferin

T3
TSH
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Reakce akutni faze

—>Je systémova reakce na lokalni nebo systémovy imunologicky stres zpusobeny infekci,
tkanovym poskozenim, traumatem nebo neoplastickym rastem.

-V misté léze uvolnuji lokalni prozanétlivé bunky neutrofily a makrofagy- prozanétlive cytokiny
(TNF-a/B, IL-1a/B, IL-6, INF-a/y a IL-8) do krve.

—>Tyto cytokiny aktivuji ruzné cilové buriky, coz vede k aktivaci hypotalamu, redukci sekrece
rustového hormonu a dalSim déjum charakterizovanym jako horeCka, anorexie a
katabolismus svalovych bunék.

—>Pfi dostateCné vysoké hladiné prozanétlivych cytokinu (zejména IL-6) v periferni krvi jatra
odpovidaji zménou exprese proteinu akutni faze.
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Reakce akutni faze

— Metabolické zmény: pokles LDL a HDL v krvi, narust ACTH a
glukokortikoidu, aktivace komplementu, pokles hladin Ca++, Zn,
Fe, vitaminu rozpustnych v tucich a zmény v koncentracich
proteinu akutni faze.

— Smysl reakce: zabrana mikrobialniho rustu a pomoc pfi obnové
homeostazy (limitace poskozeni navozenych vlastnim zanétlivym

procesem). '
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TABLE 1. HUMAN ACUTE-PHASE PROTEINS.

Proteiny akutni faze

Complement system
C3
C4
c9
Factor B
C1 inhibitor
C4b-binding protein
Mannosc-binding lectin

— Je tfida proteinu, jejichz plasmaticka

Plasminogen
Tissuc plasminogen activator
Urokinase
/4 ngn ’ . ’ Protein S

koncentrace stoupa (pozitivni proteiny akutni

Plasminogen-activator inhibitor 1
Antiprotcases

a,-Protease inhibitor
a;-Antichymotrypsin

= 4 1 4 . v Pancreatic sccretory trypsin inhibitor
dZe) NePOo Kiesa (negativnil proteiny akutni Incectrypin nhiion
Transport proteins
Ceruloplasmin
Haptoglobin
Hemopexin

’ v . ry v V4 v ’ el s
Participants in inflaimmatory responses
faze) v odpovedi na tkanove poskozeni.
Lipopolysaccharide-binding protein
Interleukin-1-receptor antagonist
Granulocyte colony-stimulating, factor
’ /4 ’ /4 Others
Tato reakce se nazyva reakce akutni faze
- Scrum amyloid A
a,-Acid glycoprotein
Fibronectin
Ferritin

A F R Angiotensinogen
n

Protcins whosec plasma concentrations
decrease

Albumin

Transferrin

Transthyretin

a,-HS glycoprotein

Alpha-fetoprotein

Thyroxine-binding globulin

Insulin-like growth factor I
45 Factor XII

=

N Engl J Med 1999; 340:448-454
DOI: 10.1056/NEJM199902113400607
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Pozitivni proteiny akutni faze

— (1) ceruloplasmin a slozka komplementu C3
— (2) haptoglobin, fibrinogen, a-globuliny a LPS-binding
proteinazy

— (3) C-reaktivni protein a sérovy amyloid A

— Funkece:

— Opsonizace a vychytavani bakterii a jejich produkt
— Aktivace komplementu
— Vychytavani volného hemoglobinu a radikalu

Biotechnology Advances Volume 34, Issue 3, May—June 2016

= =
m e
O =



47

Protein akutni faze Narist v pribahu

Inhibitory proteaz
Koagulaéni proteiny (serin

proteinazy)

Slozky komplementu

Transportni proteiny

Scavengerové proteiny

Ruzné

Alfa 1-antitrypsin
Alfa 1-antichymotrypsin

fibrinogen
prothrombin
factor VIII
plasminogen

Cls

C2b
C3,C4,C5
C9

C5b

haptoglobin

hemopexin

feritin

ceruloplasmin
alfal-kysely glykoprotein
(orosomukoid)

serum amyloid A protein
C-reactive protein

4 X
6 X

8 X

2 X

8 X
2 X

4 X
4 x

1000 x
1000 x
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C-reaktivni protein

— CRP aktivuje komplement

— CRP se vaze na chromatin pochazejici z

mrtvych bunek a na zbytky bunek, ktery je nutno

z cirkulace odstranit fagocytdzou, a to pfimo,
vazbou na receptory Fc, C3b nebo CRP.
— Inhibice destickové agregace snizuje riziko .
trombozy.

23 vegomes o sosns YN T
¢ _ CRP se vaze na LDL. 10 VE D
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Negativni proteiny akutni faze

— Pokles albuminu, transferinu, kortisol-binding globulinu, transthyretinu a

vitamin A binding proteinu vedou doCasné ke zvySene nabidce volnych
hormonu, které se na tyto bilkoviny obvykle vazou.

— Transthyretin (prealbumin vazici thyroxin, transportuje hormony stitneé zlazy z
plexus choroideus do mozkomisniho moku) inhibuje produkci IL-18 monocyty
a endotelialnimi bunkami. Jeho pokles je tedy mozno povazovat za
prozanétlivy mechanismus. Tyto zmény krevnich bilkovinnych profilu zfejmé
castecne souvisi s hladovenim a katabolismem ve svalech. Jde také o
nabidku aminokyselin pro produkci pozitivnich proteinu akutni faze.
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Cytokiny

— Definice je problematicka. Podle dnesnich
kriterii se povazuje za generické Jméeno e’
velmi variabilni skupiny solubilnich proteind L \
a peptidu, které funguji jako humoralni AL e
pusobky v piko- az nM koncentracich a !

které moduluji funkéni aktivity jednotlivych =

bunék a tkani za fyziologickych a

patofyziologickych podminek. Tyto procesy N

také modifikuji interakci mezi burfikami S

pfimo a ovliviiuji procesy v extracelularni o4

mair | X. Nature Reviews Immunology volume 19, pages205-217(2019)
MUNI
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Cytokiny

—~>Pusobi také jako rustové faktory (mitogenné nebo antimitogenné),
jako celularni ,survival® faktory (zabranujici apoptdéze) a jako
faktory transformacni.

- Glykoproteiny sekretované bunkami klasickymi sekrecCnimi
cestami. Mnohé ve forme vazané na membrany. Rovnovaha mezi
solubilnimi a membranovymi formami zrejmé sama o0 sobe
regulujicim faktorem. VeétSina se neskladuje v bunkach (krome
TGFB a PDGF v destickach).
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Rozdily mezi cytokiny a peptidovymi
hormony

- Cytokiny pusobi na SirSi spektrum bunék nez hormony
—->Cytokiny nejsou produkovany specializovanymi  bunkami

organizovanymi do specializovanych zlaz

—>Mista jejich sekrece primarne neurcuji misto jejich cilového

pusobeni (nékteré cytokiny jsou totozné s enzymy-PD-ECGF)
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Cytokiny

»Nenavozuji odpoved prfimo. Stimuluji nebo inhibuji produkci
specifickych DNA vaznych proteinu, které kontroluji expresi
dalSich genu. Cytokin ve vazbé na receptor vyvolava (hod)
expresi immediate early response genes (IEG, nekolik set).
Genové produkty téchto genu se pak vazou na promotorové
elementy tzv. delayed early response genes (DEG).



Cytokiny

» pleiotropni, t]. vykazuji nekolikere biologicke aktivity.

» Cytokiny s mnohonasobnymi ucinky se cato ve svych aktivitach
presahuji a jednotlive bunky vstupuji do interakce s nimi
zdanlivé identickym zpusobem.

»Jsou tedy funk¢éne nahraditelné, nebo alespon castecné

funkcné kompenzovatelne.
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m e



Cytokiny

>Uginné modulatory b&hem embryogeneze a organogeneze.
Jejich aktivity v pozdéjSim zivoté se mohou od pusobeni v tomto
obdobi vyrazne lisit.

—->Typy cytokinu (nazvy cCasto podle bunééného puvodu nebo
prvni objevené funkce:

-2 Interleukiny, lymfokiny, monokiny, interferony, CSF aj.
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IL-1 family

IL-1, IL-18, IL-33 IL-6 family ULV
IL-6R
IL-1R
family
- SHP2 v. DD RIPKT Non-ubiquitylated RIPK
‘. on-ubiquitylate: 1
MYD88 g TRADD T actiSe gaspases
} STAT3.  TRAF2/5 Non-ubiquitylated RIPK1 \-\"’—
IRAK1/4 ¥ clAP1/2 inactive caspases .
| [ biquitylated RIPK1 | \ ; Pro-caspase 8
TRAF6 : ’ Homodimerization ‘ : : I
\ ] l : CTAKT . RIPK1 e .
- : . Pro-caspase
; SOCst - P : P
4 Pro-inflammation : pzltﬁfvgy : p’;ﬂtﬁpg > i MLKL Apoptosis
i} i : : way : : :
| Pro-or/and anti : o : : Necroptosis | .. :
. .., Y, Damaging the oral
: el : mucosa barrier
NF-«B Pro-inflammatory “/socst Pro-inflammatory
U [ | cytokines VNN [ [SOCS3| (Eaiiau | cytokines

) 0000000000000000000000000000000 ¢

. 2 ‘u
» M Promotion of myeloid cells
f Differentiation of Th1, Th2, TH17 -—f- Plasma cell development and Ig production : Induction of ost:;oclastic activity
f Pro-inflammatory cytokines secretion 4 Differentiation of Th17 4 Suppression of osteoblastic activity
‘f Promotion of myeloid cells ‘f Inhibition on Treg

4 Pro-inflammatory cytokines secretion
International Journal of Oral Science volume 11, Article number: 30 (2019)
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“‘cytokine storm”

— extreme increase in inflammatory

cytokines, including IL-1p3, IL-2, IL-

6, IL-7, IL-8, IL-10, granulocyte-

colony stimulating factor (G-CSF),

granulocyte macrophage-colony
stimulating factor (GM-CSF),
Interferon-inducible protein-10
(IP10), monocyte chemotactic

protein 1 (MCP1), macrophage

iInflammation protein-1a, IFN-y, and

TNF-a.

. NKG2A
) NKG2A
b Y I
CD8* T cell NK cell ;& ‘
/@‘\ £ /—\\\\' - :
(@
/ T cell NK cell
\— -—// \'~— = exhaustion exhaustion
* |
GO o l B l IL-2, TNF-a, IFN-y
Lymphopenia T cell activation Lymphocyte dysfunction
1 t !
The immunopathology of COVID-19
| } !
Abnormalities of Increased production of T
granulocytes and monocytes cytokines ncreased antibodies

Yo \5) o. 9 oo © .o

001:)0° OD O
gﬁg o%ooooooooo T)- )"ﬂ(
LA 0000000 0O

RN 50000 09¢ Y "‘ o
NeutrophllT Monocyte l © Qr

Eosinophil l Basophil l

IL-1B, IL-1RA, IL-2, IL6, IL7,

IL-8, IL-, IL-10, IL-17, TNF-a,

IFN-y, G-CSF, GM-CSF, IP10,
MCP1, MIP1a, etc. T

v r X r

IgG T Total antibodiesT

Signal Transduction and Targeted Therapy volume 5, Article number: 128 (2020)
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Dendritic cell
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Chemotaxe

—>Je fizeny pohyb bunék v koncentraChim gradientu solubilnich
extracelularnich latek.

- Chemotaktickeé faktory, chemotaxiny nebo chemoatraktanty.

—->Pozitivni chemotaxe=bunky smeruji do mist s vySSi koncentraci
chemotaktickych faktory (CHF).

—->Negativni chemotaxe=bunky se pohybuji od mist s vysSi koncentraci
CHF.

—->Chemokineze=bunky se pohybuji nerizenée

- Chemoinvaze=bunky se pohybuji pres bazalni membranu
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Chemotakticky aktivni faktory

— Funkce:

> Ugast v imunitni odpovédi

- Zanét

-> Hojeni ran

- Celkove systemove reakce po tkanovem nebo

organovem poskozeni
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Chemotakticky aktivni faktory

—->C5A

- Oligopeptidy bakterialniho puvodu

- Intermedialni produkty lipidovych metabolismu (AA a LTB4)
- Cytokiny, rustové factory

- Chemokiny
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Chemotakticky aktivni faktory

—>Biologicka aktivita téchto faktoru je fizena pomoci specifickych
receptort na bunéném povrchu, jejich exprese je pozitivhé

nebo negativhé modulovana temer vsemi cytokiny.

-V chemotakticke odpovedi bunek se aktivhé ucastni take

extracelularni matrix, celularni adhesivni molekuly, cytoskelet a

nékteré nizkomolekularni substance.
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Chemokiny

—>Tvofi rodinu cytokinu, indukovatelnych prozanétlivou aktivaci.
8-10kDa, 20-50% sekvencni homologie, podobna geneticka a
terciarni struktura. VSechny tyto proteiny poskytuji mnozstvi
konzervovanych cysteinovych zbytku, které se ucastni v tvorbé

intramolekularnich disulfidovych vazeb.
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Funkce chemokinu

=> 1. esencialni mediatory normalniho pohybu leukocytu
=>2. podpora zanetu
=> 3. indukce chemotaxe

=>4. aktivace zanetlivych bunek
=a/ aktivace granulocytu a makrofagu s naslednym oxidativnim vzplanutim, degranulaci a
releasem lysosomalnich enzymu
=b/ovlivnéni imunitnich bunék k odpovédi na suboptimalni mnozstvi zanétlivych mediatoru
= ¢/ mocné uvoliovaci faktory pro histamin z bazofill

=>5. indukce proliferace a aktivace NK (CHAK-chemokine-activated Killer)

=>»6. modulace hemopoézy (BFU-E, CFU-GH, CFU-GEMM)

=>» 7. modulace angiogenezy

=>» 8. modulace nadorového rustu

=>9. ucast v patogeneze infekci viry HIV (chemokiny mohou suprimovat infekci

HIV-1, chemokinové receptory slouzi prostfednictvim MUNI
MED
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Hojeni ran

—Je opravny proces, ktery navazuje na poskozeni kuze a mékkych
tkani.

—Hojeni je interakce komplexni kaskady bunecnych reakci, které
vedou k obnoveni povrchu, rekonstrukci a o obnoveni napéti
poskozené tkane.

—Hojeni je systémovy proces, tradiChe popisovany tremi fazemi:
zanet, proliferace, remodelace
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Hojeni ran

—Zanetliva faze: vytvari se trombus a zanetlivé bunky
odstrani debris poskozené tkane.

— Proliferacni  faze: epitelizace, fibroplazie a
angiogeneze; vytvari se granulacni tkan a rana se
zacCina stahovat.

— Remodelacni faze: Kolagenni vlakna vytvareni pevné
vazby s jinymi kolagennimi vlakny a molekulami bilkovin:
tak se zvysuje napeti v jizve.
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|. Zanetliva faze

— Trvani:od poskozeni 2-5 dni
— Hemostaza

— Vazokonstrikce

— Agregace desticek

— Koagulace

— Zanet

— Vazodilatace

— Fagocytoza

WOUND HEALING

Hemostasis & Coagulation
-—Blood clot

W

Fibroblast - _

——

Macrophage —— =5

Blood vessel — _E ) . . .
Proliferative & Migration
P

Fibroblasts ' : 47
proliferating ™ —————_5 W% °

— i

Inflammation
- -Scab

Subcutaneousfat — 7%

Remodeling
Freshly healed———— _
epidermis NG AR
_,—r-""-’. z
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Zanetliva faze

— Télo rychle odpovida na jakekoliv naruseni kozniho povrchu.

—Na zacatku procesu hojeni se rozviji vaskularni a celularni
odpoved na poskozeni.

— HIubSi poranéni kuze vede k poskozeni mikrocirkulace a
naslednému krvaceni.

— Béhem sekund se dochazi k vazokonstrikci v miste poskozeni,
ktera ma za cil omezit mistne krvaceni.

—V prubéhu minut se Kkrvaceni zastavuje pomoci aktivace
primarni hemostazy (aktivace a agregace desticek) a
koagulace (tvorba trombu).
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Zanetliva faze

v'Vazokonstrikce rozvijejici se v dusledku incize klize se rozviji
pod vlivem adrenalinu, noradrenalinu, prostaglandinu, serotoninu
a tromboxanu. Vazokonstrikce zpusobi doCasné vyblednuti rany
a slouzi k redukci krvaceni po tkanovem poskozeni.

v'Endotelialni bunky se retrahuji a tim odkryvaji subendotelialni
kolagen, na nemz jsou schopny se uchytit krevni desticky.

v Adheze desticek na exponovany kolagen a adhezivita desticek
vu€i ostatnim destickam se uskuteCniuje prostfednictvim
adhezivnich glykoproteinu: fibrinogenu, floronektinu,
trombospondinu a von Willebrandova factoru.
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Zaneétliva faze
— Desticky také uvolnuji chemoatrakcni faktory pro:

— Neutrofily

v'omezuji infekci
v'povolavaji makrofagy.

— Makrofagy

v'$tépi a odstranuji tkariovou debris
v'aktivuji odpovéd fibroblastu

— Zanétliva faze trva asi 24 hod. Navazuje na ni proliferativni faze

hojivého procesu
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Zanetliva faze

— Adhese, aktivace a agregace desticek vede k tvorbé bilého trombu
(destiCky+fibrin).

v'Adhese destiCek na exponovany kolagen vede k jejich aktivaci,
jejimz dusledkem je degranulace. V prubéhu degranulace se
uvolnuji chemotakticke a rustove faktory:

v platelet-derived growth factor (PDGF)

v'proteazy

v'vazoaktivni latky (ADP, serotonin, histamin).
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Zanetliva faze

— Nasleduje aktivace koagulacni kaskady - vede k aktivaci trombinu,
ktery aktivuje fibrinogen na fibrin.

— Trombin podporuje také migraci zanetlivych bunék do mista
poskozeni prostrednictvim zvysené cevni permeabillity.

— Produkce fibrinu je pro proces hojeni ran zcela zasadni a e
primarni slozkou ranné matrix, do které migruji zanétlive bunky,
desticky a plasmaticke proteiny. Odstraneni fibrinu komplikuje
hojeni ran.
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Zanetliva faze

— Vysledkem aktivace primarni (destiCky) a sekundarni hemostazy (aktivace
koagulaénich kaskad) v prubéhu procesu hojeni ran je tvorba srazeniny v
misté poskozeni.

— Tvorba srazeniny se omezuje na trvani a misto tkanoveho poskozeni.

— Tvorba srazeniny ustava, Jak ustava aktivace hemostazy. Nasledne |e
plasminogen aktivovan na plasmin, ktery stimuluje fibrinolyzu a dale
pomaha v lyze bunek v misté poskozeni.

— Tvorba srazeniny je mistneé omezovana prostrednictvim endotelialnich
bunek, ktere produkuji prostacyklin PGI2 (antiagregacni a vazodilatacCni
ucmky) V miste poskozeni se uplatnuji take faktory prirozene antikoagulace
(antitrombin Il vyvazuje aktivované vitamin-K dependentni koagulacni
faktory, protein C a protein S vazou aktivovane faktory V a Vlil).
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ll. Proliferacni faze

— Trvani:

2 dny az 3 tydny

— Granulace
— Fibroblasty vytvareji kolagen

—tkan vy
neovas

nlnuje defekt a vede k
Kularizaci

— Kontrakce
— Konce ran se slepuji a redukuji

defekt

— Epitelizace

— se uskutecnuje ve vihkem prostredi

— Bunky cestuji az 3 cm ve vsech
smerech

@ Proteo lysis o f basement mem brane @ Anastomosis
@ endothelial cell prolif d mig ® Re-establishment of the blood flow
@ longati f sprouting | due to chemotaxis ® Restore of basement membrane

Journal of Theoretical Biology 459, 2018, 1-17
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Proliferacni faze

—Na povrchu rany se behem 24-72 hodin epidermalni bunky
dostavaji do mitoticke aktivity. Tyto bunky pak migruji pres povrch
rany.

— Fibroblasty proliferuji v hlubsich vrstvach rany. Tyto fibroblasty
zacCinaji syntetizovat malé mnozstvi kolagenu, ktery predstavuje

jakési “leseni” usnadnujici migraci a dalSi proliferaci fibroblastu.

Il
M

N1

U
ED



Proliferacni faze

— Granulacni tkan se sklada

— z kapilarnich klicek nove vznikajicich ve vyvijejici se kolagenni
matrix

— objevuje se v hlubsich vrstvach rany.

— Proliferacni faze trva od 24 do 72 hodin a prechazi do remodelacni

faze procesu hojeni
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Proliferacni faze

—Za 4 az 5 dni od poskozeni zacCinaji fibroblasty produkovat velké
mnozstvi kolagenu a proteoglykanu.

— Kolagenni vilakna lezi puvodné nahodné, pozdéji jsou organizovana
do pevnych svazku.

— Proteoglykany podporuji tvorbu kolagennich vlaken, ale presne neni
jejich role dosud znama. Za 2-3 tydny zhojena rana odolava normailni
zatéZi, ale odolnost rany se buduje jesté nékolik dalSich mésicu.
Fibroblasticka faze trva 15-20 dni a potom se rana dostava do
remodelacni faze hojeni.
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Proliferacni faze
Epitelizace
— Epidermis se rekonstruuje z okraju ran a zbytku vlasovych folikulu

(z keratinocytu)
— Keratinocyty putuji pres misto rany
— Behem migrace a po ni se neodermis diferencuje a stratifikuje

— Epitelizaci pomaha vihke prostredi
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Ill. Remodelujici faze

—tri tydny az 2 roky
— vytvari se novy kolagen, ktery
zvysSuje tenzni napeti v jizve.

— Jizevnata tkan je presto nanejvys z

80% stejné silna jako tkan puvodni.

WOUND HEALING

Hemostasis & Coagulation
-—Blood clot

W

Inflammation

= —-Scab
Fibroblast L~
Macrophage —— =5 sl
Proliferative & Migration
—— -
Fibroblasts ' . -
proliferating ~ ————— 5 N

Subcutaneous fat — %
Remodeling
Freshly healed —— — :
epidermis N A
_a—”-’. 3

(l;reersmh:g healed - 4
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Tvorba jizvy

— Proces hojeni je velmi podobny ve vSech tkanich a je relativhe
nezavisly na typu poskozeni, mala variabilita je v relativnim podilu
ruznych elementu, které se na vysledku hojeni podileji.

— Konecnym produktem hojeni je jizva. Jedna se o relativhé
avaskularni a acelularni masu kolagenu, ktera slouzi k obnoveni
tkanove integrity, sily a funkce.

—Zpozdeni v procesu hojeni vede k dlouhodobéemu
nezhojenému defektu, zatimco

—abnormalni proces hojeni vede k tvorbé abnormalnich jizev.
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COMPONENTS OF WOUND HEALING

Cell Types Involved

Coaquiation Platelets
Process o
Platelets
Inflammatory (’ /.:j-;}' Macrophages
Process ks Neutrophils
g 2
Migratorys ——— nacpages
: ymphocyt
Praliferative %_/_‘__,_b- Fibroblasts
Process Epithelial cells
Endothelial celis
Remodeling <> | Fibroblasts
Process
Injury Hours Days Weeks

Kane DP, KrasnerD. It Chone Wound Care, 2 ed, Heakh Management Publications Ing 1997:.14




Remodelacni faze

— Behem remodelacni faze fibroblasty opusti misto rany a kolagen
je remodelovan do organizovangjsi matrix.
— Tenzni napeti zhojené rany se zvysuje az do jednoho roku po

poskozeni. Kozni defekty maji vysledné 70-80% puvodni ,sily”.
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Hojeni se muze zpozdit nékolika faktory:

— Ischemie

— Suché okoli rany

— Infekce

— Cizi telesa

— Protizanetliva terapie

— Nutricni deficity
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Mistni faktory ovlivnujici hojeni ran

— Mechanické poskozeni

— Infekce

— Edém

— Mistni podminky (vihkost, pH ...)
— Ischémie/nekroza

— lonizujici zareni

— Nizka pO2

— Cizi telesa
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Regionalni faktory ovlivnujici hojeni ran

— Arterialni insuficience
—Venodzni insuficience

— Neuropatie
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Systemove faktory ovlivnujici hojeni ran

— Neadekvatni perfuze
— Zanet

—Vyziva

— Metabolické nemoci

— Imunosuprese

— Nemoci pojivove tkane

— Koureni
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Hojeni: akutni rany

— Akutni rana se obvykle hoji kontinualné a v odhadnutelném
casovém horizontu

— ObycCejné se hoji per primam

— Zvysena reaktivita behem hojeni akutnich ran:

— Keloidy

— Hypetroficke jizvy
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Hojeni: chronicke defekty

— V pripade selhani nebo opozdeni hojiveho procesu

— Neodpovidavost na normalni rustové signaly

— Opakovane trauma, spatna perfuze /oxygenace tkani, excesivni
zanet

— Systémova onemocneni

— Geneticke faktory
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Dékuji za pozornost

»1 just need a closer look..."
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Inflamasom

— Multiproteinove komplexy, které se aktivuji pri zanétu.

— Inflamasom se obvykle sklada z cytoplasmaticke
senzorové molekuly (NLRP3), adaptacniho (,apoptosis
associated specklike protein containing caspase
recruitment domain®) proteinu a efektorové prokaspazy-1.

— Inflamasom reguluje aktivaci kaspazy -1, coz ma za
nasledek sekreci interleukinu- 13 a interleukinu-18.

— K aktivaci inflamasomu vedou infekce, stres nebo jiné

imunologicke signaly, které se ucCastni zanetu.

— NLRP3 inflamasom se ucastni imunologickych regulaci,

interakci receptor-ligand béhem zanétu,
,microbialassociated molecular patterns®, ,danger” a
,2pathogen associated molecular patterns®.

_ Ugastni se taky cytokinovych a chemokinovych zanétlivych

reakci v PNS a CNS.

'..

TLR4
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J Mol Biol. 2017 Oct 12. pii: S0022-2836(17) 30471-0. doi:

10.1016/j.jmb.2017.10.001
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» THE SYSTEMIC INFLAMMATORY
RESPONSE SYNDROME® (SIRS)

— Klinicka manifestace nespecifickeho zanétu, vyznamna pricina
morbidity a mortality a vedouci pricina smrti na jednotkach
intenzivni péce.

— SIRS muze byt iniciovan mnoha pficinami, v€etné infekce,

zavaznost kolisat az k zivot ohrozujicimu stavu.
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Zavazne poskozeni nebo infekce

— Zavazné poSkozeni nebo infekce zaCinaji tim, ze jsou rozpoznany alarminy, které se
primarné skladaji z mikrobialnich produktu a poskozené tkané.

— Vrozeny imunitni systém na zakladé vrozenych rekogni¢nich receptoru (PRRs — ,pattern
recognition receptors®) rozpoznava cizi antigeny a poSkozené buriky. PRRs jsou
exprimovany na mnoha bunécnych liniich (myeloidni, endotelialni a epitelialni).

— PRRs detekuji konzervované mikrobialni komponenty zvané ,pathogen-associated molecular
patterns (PAMPSs)", stejné jako hostitelské molekuly derivované z poSkozenych bunék,

zname jako ,damage-associated molecular patterns (DAMPS)".
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PRRS

— PRRs zahrnuji Toll-like receptory (TLRs), C-type lectin receptory
(CLRs), nucleotide-binding oligomerization domain (NOD)-like
receptors (NLRs), retinoic-acidinducible gene-| (RIG-I)-like
receptors (RLRs) a receptor pro ziskané produkty glykaces
(RAGE).

— Velky pocet, diverzita a redundance se uplatnuji v ramci

optimalizace imunitni odpoved.i.
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PRRS

— Na zakladé rozpoznani hostitelskych PAMPs nebo DAMPs PRRs iniciuji komplexni soubor
signalnich udalosti , které indukuji hostitelskou obranyschopnou odpoved. Jedna se o
povolavani a fosforylaci intracelularnich intermedialnich latek, coz vede Castecné k aktivaci
genu okamzité odpovédi.

— PRRs aktivace a nasledna signalizace vede k nespecifickym i pro patogen specifickym
bunéénym odpovédim, které maji zajistit eliminaci stresoru nebo prevenci jejich uplatnéni.
Témito stresory jsou mikrobialni infekce nebo tkanové poskozeni.

— Suprese mikrobialni replikace, invaze Mb do tkani a diseminace z mista infekce zahrnuji
mnoho bunék vrozeného imunitniho systému: neutrofily (PMNs), monocyty/makrofagy (Mo),
dendritické bunky (DCs), natural killer (NK) bunky a innate lymphoid cells (ILCs) . Tyto bunky
hraji kliCovou roli v Casné zanétlivé odpovédi.
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Toll-like receptory

— Zatim u ¢lovéka znamo 13 riznych TLRs.

— NEé&které exprimovany na plasmatické membrané bunék (TLRs 1, 2, 4, 5, 6) jako konstantni
soucast lokalniho prostredi

— Jiné jsou v endosomalnich kompartmentech (TLRs 3, 7, 8, 9, 11, 12, 13), kde vnimaji signaly
nebezpecCi pro hostitele, mikrobialni proteiny a nukleové kyseliny.

— TLRs na plasmatickych membranach detekuji vnejSi mikrobialni komponenty a cirkulujici
signaly poskozeni, jako jsou lipopolysacharidy (LPS), fosfolipidy, zymosan, flagellin,
peptidoglycan, ST00A8/9 a ,endogenous high-mobility group box (HMGB)" nuklearni proteiny
z bunék poskozenych distresem.

— Cytoplasmatické TLRs detekuji virové nebo mikrobialni nukleove kyseliny a mitochondrialni
nukleové kyseliny asociované se posSkozenim bunky.

— TLRs hraji centralni roli v iniciaci vrozené imunitni odpovédi ve spolupraci s jinymi PRRs
prostfednictvim riznych i pfesahujicich se pathways.
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NETosis and patophisiology of disorders

— Neutrophil extracellular traps (NETS) are p—

formed by activated neutrophils during the

Neutrophil Activation
]

process of NETosis in which the nuclear [/ | Il ! { P——
Elevated cfDNA| myeloperoxidase A in dialysate
material is released into extracellular space, i o Elevated cfDNA
in plasma
. . . . ft
including DNA molecules, citrullinated hemodialysis
histones, and neutrophil granule enzymes, NETOSIS vital NETOSIS
I i Impairéd/ El\t d NETosi 277
such as elastase. This material forms NETS clearance evated NETosis
networks that are able not only to physically Autoimmunity: Endothelial cell dysfunction
SLE (NETs deposition in kidneys) Cardiovascular damage
. . Rheumatoid Arthritis? Thl'_ombosis _
entrap bacteria but also to provide elevated Diabetes | ? Sterile inflammation

concentration of bactericidal components.

Inflammation Research
May 2017, Volume 66, Issue 5, pp 369-378
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Nadorove bunky se neridi regulacnimi
signaly pro bunecnou smrt

zdravé bunky mohou Zzit jen za pfitomnosti ristovych faktoru, jinak odumiraji
apoptdézou x nadorové bunky prezivaji i bez rustovych faktoru

zdrave bunky s poskozenou DNA odumiraji apoptozou x nadorove bunky
prezivaji i s poskozenou DNA

rezistence k apoptoze je jednim z duvodu prodlouzené zivotaschopnosti
nadorovych bunek



Apoptoza a nadory

zvysSena exprese bcl-2 zaznamenana
u riznych pevnych nadoru, leukémii i
lymfomu

zvysSena exprese bcl-2 je nepriznivy
faktor: zvysena odolnost na
chemoterapii

terapie zamérené na ovlivneni
apoptdzy se mohou uplatnit pri [éCbe
nekterych nadorovych i
nenadorovych chorob
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