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Patofyziologie chronického zanetu,
etiopatogeneze, dusledky, systémovy
zanét, SIRS, MODS



Imunitni system

— Imunitni systém = bunky, tkané a molekuly,
které zprostredkovavaji odolnost vuci infekcim
Imunologie = studium struktury a funkce
imunitniho systemu
Imunita = odolnost hostitele vuéi patogenim a
jejich toxickym ucéinkum
Imunitni odpoved’ = kolektivni a koordinovana
reakce na zavedeni cizich latek do jedince
zprostredkovana bunkami a molekulami
imunitniho systému
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Uloha imunitniho systému

— Obrana proti mikrobum
Obrana proti nadoru

Homeostaza: destrukce abnormalnich nebo mrtvych bunék (napr.
mrtvé Cervené nebo bilé krvinky, komplex antigen-protilatka)
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Slozky imunitniho systemu

— Mandle a adenoidy
Brzlik
Lymfatickeé uzliny
Slezina
Peyerovy platy
slepe strevo
Lymfatické cévy
Kostni dren

Lymfocyty Protilatky
T-lymfocyty Komplement
B-lymfocyty, plazmatické bunky Cytokiny
NK lymfocyty Interleukiny
Monocyty, makrofagy Interferony
Granulocyty
neutrofily
eosinofily
bazofily
MUNI
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Typy imunitni odpovedi

— Vrozena (neadaptivni) imunita
prvni linie imunitni odpovedi
spoléha na mechanismy, které existuji pred infekci

— Ziskana (adaptivni) imunita
Druha linie odpovedi (pokud selze vrozena imunita)
spoléha na mechanismy zahrnujici buneécnou pamet
klicCové T- a B- lymfocyty
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Casovy prubéh
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Vrozena imunita

INNATE IMMUNE SYSTEM

— Na zakladé genetické vybavy

Spoléha na jiz existujici souCasti systemu

Rychla reakce: béhem nékolika minut po infekci

Neni konkrétni

Stejné molekuly / buriky reaguji na fadu
patogenu

Nema pamét

Stejna odpovéd po opakované expozici

Nevede k klonalni expanzi
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Vrozena imunita - mechanismy

— Mechanické bariéry / vylu€ovani na povrchu kuze, kyselé pH v
zaludku, rasinky
Humoralni mechanismy
Lysozymy, bazickeé proteiny, komplement, interferony
Mechanismy buneécnée obrany

prirozeni zabijeCi (NK bunky) neutrofily, makrofagy, zirne bunky,

bazofily, eosinofily
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Adaptivni imunita

— Zalozena na rezistenci ziskane behem zivota
Spoléha na genetické pozadi jedince i bunécny rust
Reakce je pomalejsi, v radu dni
Je konkrétni
Kazda bunka reaguje na jeden epitop na antigenu
Ma anamnestickou pamet
Opakovana expozice vede k rychlejsi a silnéjsi reakci
Vede k klonalni expanzi
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Adaptivni imunita - mechanismy

— Bunééné zprostredkovana imunitni odpovéd’
(CMIR)
T-lymfocyty
Eliminace intracelularnich mikrobu, které prezivaji
uvnitf fagocytld nebo jinych infikovanych bunék

Humoralni imunitni odpovéd’ (HIR)

B-lymfocyty

zprostfedkovana protilatkami

Eliminace intracelularnich mikrobu €i jejich toxinu
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Adaptivni Iimunita - mechanismy

Memory pool/

Naive pool Long term immunity




MHC

— Hilavni histokompatibilni komplex (MHC) je soucasti genomu vSech

obratlovcu, které kéduji molekuly dalezité pro imunitni rozpoznavani.

U lidi je MHC shluk genl umisténych na chromozomu 6, které koduiji
proteiny MHC nazyvané take lidsky leukocytarni antigen (HLA).

MHC proteiny jsou sadou proteint na povrchu bunék a v ramci adaptivni
Casti imunitniho systému jsou nutné pro prezentaci antigenu, cozzase
urcuje jeho histokompatibilitu.

Hlavni funkci molekul MHC je vazat se na peptidové antigeny a zobrazit
je na bunééném povrchu k rozpoznani prislusnymi T-burikami.

Z mnoha genu v lidském MHC jsou povazovany za dulezité ty, které koduji

MHC proteiny tfidy I, tfidy Il a tfidy ll.

Cytotoxic T cell

Major

Complex
I

B-micro globulin

1

MHC
Class
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Mechanismus pusobeni MHC |

Glykoproteiny MHC tfidy | pfedstavuji antigeny endogenniho puvodu pro TCR CD8+ T-bunék.

Endogenni peptidy pochazeji z degradace intracelularnich proteint, v€etné virovych nebo nadorovych antigenud v infikovanych nebo transformovanych burikach,
prostfednictvim proteazomu. Produkty degradace se translokuji z cytoplazmy do endoplazmatického retikula (ER), kde jsou naneseny na molekuly MHC tfidy |
prostfednictvim komplexu obsahujiciho peptid, ktery zahrnuje ER transportér spojeny se zpracovanim antigenu (TAP1 / 2), tapasin, oxidoreduktazu ERp57 a
chaperonovy protein kalretikulin.

Buné&né komponenty podilejici se na prezentaci endogennich antigen(, od proteazomovych podjednotek po peptid-zavadéci komplex, se souhrnné oznaduiji
jako (APM). CD8 + T lymfocyty exprimuji kromé receptort T-bunék (TCR) receptory CD8. Kdyz se cytotoxicky T bunécny receptor CD8 pfipoji k molekule MHC
tfidy | a TCR zapada do epitopu v molekule MHC tfidy I, CD8 + T lymfocyty spousti u buriky apoptézu. To pomaha zprostfedkovat bunénou imunitu, coz je

primarni prostfedek k boji s nékterymi intracelularnimi patogeny, jako jsou viry a nékteré bakterie.
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Funkce MHC |

Zpracovani a prezentace antigenu

Jaderna burika normalné obsahuje peptidy, vétSinou viastni peptidy odvozené z obratu bilkovin a vadnych ribozomalnich produktt. Také

béhem virové infekce, infekce intracelularnich mikroorganismu nebo rakovinové transformace jsou takové proteiny degradované uvnitf

buriky proteazomy také naneseny na molekuly MHC tfidy | a zobrazeny na buné&éném povrchu.

Odmitnutitransplantace

Béhem transplantace organu nebo kmenovych bunék samotné molekuly MHC pUsobi jako antigeny a mohou u pfijemce vyvolatimunitni
odpoveéd zpusobujici odmitnuti transplantatu. Vzhledem k tomu, Ze variace MHC v lidské populaci je vysoka a zadni dva jedinci kromé

U
E

identickych dvojCat neexprimuiji stejné molekuly MHC, mohou zprostfedkovat odmitnutitransplantatu. |V|
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Mechanismus pusobeni MHC II

Molekuly MHC tridy Il prezentuji antigen exogenniho pivodu CD4+ T-buikam.

Fagocyty, jako jsou makrofagy a nezralé dendritické buriky, pfijimaji patogeny fagocytézou do fagozomd, které
fuzuji s lysozomy a kyselé enzymy $tépi vychytany protein na mnoho riznych peptida.

Béhem syntézy molekul MHC tfidy Il jsou molekuly transportovany z endoplazmatického retikula (ER) pfes Golgiho
do endozomalnich kompartmentl. Produkované fetézce a a B jsou spojeny se specialnim polypeptidem znamym
jako invariantni fetézec (li). Il zabranuje endogennim peptidim ve vazbé na molekuly MHC tfidy .

Po odstranéni Il v kyselych endozomalnich kompartmentech jsou peptidy schopné se na MHC vazat.

Molekuly MHC tridy Il s peptidem jsou poté transportovany na povrch membrany pro prezentaci antigenu.

Komplex peptid: MHC tridy Il je pak rozpoznan pfibuznym receptorem T bunék (TCR) pomocnych Tbunék.
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Funkce MHC II

— Proteiny MHC tfidy | jsou kédovany geny HLA-A, HLA-Ba

e MHC-1 & MHC-II
HLA-C kddujicimi molekuly HLA-A, HLA-B a HLA-C. Class | molecule Class Il molecule
_——— Peptide-binding ——
Molekuly tfidy | se nachazeji prakticky na v&ech jadernych e

burikach v téle, véetné krevnich desti¢ek. Klicové vyjimky jsou  Membrnedisal | ‘

domains \ A

pozorovany u bunék v sitnici a mozku a bezjadernych

Membrane-proximal - «3

Cervenych krvinek. domains

(lg-fold structure)

Jsou rozpoznavany ko-receptory CD8 prostfednictvim

Transmembrane segment N DI
pOdjeantky MHC tﬁdy l 82 Cytoplasmic tail ‘ " DITVReoND

Tyto molekuly MHC tfidy | vzorkuji peptidy generované v
burice a signalizuji fyziologicky stav bunky efektorovym

burikam imunitniho systému, zejména CD8 + T lymfocytim.
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Funkce MHC II

Zapojeni TCR — peptid: MHC tridy Il je zasadnipro

indukci a regulaci adaptivni imunity vybérem zralého

repertoaru CD4 + T bunék v brzliku a aktivaci téchto
lymfocytd na periferii.

Bezpecné pfipojeni k molekule MHC prezentovanym
peptidem zajistuje stabilni vazbu peptidu, coz zvySuje
rozpoznavani antigenu T bunkami, recruitment T bunéka
spravnou imunitni reakci.

Vzhledem k tomu, Ze odebiraji a prezentuji antigeny z
exogennich zdroju, jsou molekuly MHC tfidy Il kriticky
vyznamné pro zahajeni imunitni odpovédi specifické pro

antigen.
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Figure 5.20 The Immune System, 3ed. (© Garland Science 2009)
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Chronic inflammation

Healthy
inflammation

Acute
inflammation

Tissue/immune
response

1

Resolution

l

Cellular and tissue
homeostasis

Initiating stimulus
(trauma/infection)

Failure to resolve

Excessive
inflammation

Excessive immune/
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Zanet

Acute Vs. Chronic Inflammation

Allergic Cardiovascular
Reaction Disease
‘::‘:;""‘{:' Neurological
Disease
Intection / Autoimmune
\ /y Disease
Trauma Acute ’ Chronic Rheumatoid
Injury = [ Inflammation Inflammation] = Arthritis

Burns / Q Cancer

/ Lupus
Laceration,
Cuts, Wounds Fibromyalgia
Frostbite Chronic Fatigue
Syndrome
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Chronicky zanet

o Chronic inflammation (CI) arises from multiple factors,

including inflammatory mediators from immune and non-

immune cells.

o These factors become more prevalent with aging and
contribute to Cl-related diseases.

o Cl-related diseases, in turn, further activate immune
cells, creating a bidirectional cycle of inflammation and
pathology.

o Different organ-specific diseases likely share common
inflammatory mechanisms and etiologies.

o A multidisciplinary approach is essential to study
inflammation before, during, and after disease onset.

o Future priorities: discovery of biomarkers, computational
data integration, advanced imaging/sensing, and clinical
translation for early detection and prevention.
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Clinical translation

Potential contributors and therapeutic targets:

e Accumulation of senescent cells

e Unresolved infection

* Dysbiosis

» Activated microglia and macrophages
* Cytokine and chemokine dysregulation

e Imbalance between pro-inflammation
mediators and pro-resolution mediators

* Gene mutations

* Epigenetic modifications

e Lifestyle risk factors
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Chronicky zanet

— Podle prubéhu rozliSujeme:

« zanét akutni (asi 2 tydny)

+ zanét subakutni (3 - 6 tydn()

» chronicky (déle nez 6 tydna)

— Podle charakteru zanétlivych projeva rozdélujeme:

+ zanéty nespecifické - Siroka skupina zanétu, jejichz klinické projevy jsou podobné, ale
pFiCina je rizna. Napfiklad celkové infekce, které probihaji jako bakteriemie (v krvi koluji
bakterie), sepse s. septikémie (v krvi koluji mikroorganismy a jejich toxiny, pyemie (v krvi
koluji shluky mikroorganismu a jejich toxiny, dochazi k vytvareni zanétlivych trombu,
pfipadné abscesy), virémie (v krvi koluji viry

* specifické zanéty - jsou zanéty u nichZ je mozné jednoznacné urcit z klinickych a

20 Zapati prezentace

morfologickych projev, které jsou odlisné od zanétd nespecifickych - tuberkuldza, syfilis.

Podle prevazujicich zmén v
histologickém nalezu rozliSujeme:
-zanét alterativni (prevazuji poruchy
bunécného metabolismu a zanét
prechazi do obrazu nekrdzy)

-zanét exudativni (tvori se tekutina
- vypotek, mize dojit k infiltraci)
-zanét proliferativni (previadaji
hojivé procesy, tkan se hoji
meénécenou tkani - vazivem)
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Charakteristicke rysy chronickeho zanetu

Behem chronickeého zanetu vznika masivni infiltrace tkane hlavne
bunkami imunitniho systému, které sem prestoupi z krevniho

reciste. Prestup bunek je fizen hlavne chemotakticky v reakci na
prozanetlivé substance (cytokiny aj.). Imunitni bunecné elementy

Isou zastoupeny lymfocyty, eozinofily, makrofagy, plazmatickymi
bunkami a dendritickymi bunkami.

Dale se v misté zanétu vyskytuje znacné mnozstvi fibroblastu,

které neustale produkuji vazivo a proto jsou mista chronického
zanetu vetsinou opouzdrena tuhou vazivovou tkani, a v neposledni
rade jsou zde | endotelove bunky. NUNT

21 Zapati prezentace
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https://www.wikiskripta.eu/w/Chemotaxe
https://www.wikiskripta.eu/w/B-lymfocyt
https://www.wikiskripta.eu/w/Dendritick%C3%A9_bu%C5%88ky
https://www.wikiskripta.eu/w/B-lymfocyt
https://www.wikiskripta.eu/w/Vazivo
https://www.wikiskripta.eu/w/Bu%C5%88ky_c%C3%A9vn%C3%ADho_endotelu

Zanety exsudativni povrchove
— Zanety maji ctyri slozky:

« alterativni

« exudativni

e proliferacni
* Imunitni

— Exsudativni povrchovy zanet ma nejvic vyjadrenou exudaci a vyskytuje s
na seroze, sliznici.

— Exudace = tvorba zanetliveho vypotku, exudatu. RozSifeni kapilar, zvyseni
propustnosti pro bilkoviny (albuminy, globuliny, fibrinogen), erytrocyty a bunky

zanétliveho infiltratu (neutrofily, makrofagy, lymfocyty, plazmocyty, endotelolidl Il 1

22 Zapati prezentace

buriky kapilar, fibroblasty). MED



https://www.wikiskripta.eu/w/Neutrofiln%C3%AD_granulocyty
https://www.wikiskripta.eu/w/Makrof%C3%A1gy
https://www.wikiskripta.eu/w/Plazmatick%C3%A9_b%C3%ADlkoviny
https://www.wikiskripta.eu/w/%C4%8Cerven%C3%A9_krvinky

Serdzni povrchovy zanet

— Serdzni exudat — Cira, slamové Zluta, ridka tekutina.
— Priklady: exém, herpes, kataralni bronchopneumonie.

— Hojeni: ubytek exudace, pripadné reepitelizace.
Hnisavy povrchovy zanet

— Hnisavy exudat — vazka, husta tekutina, bilozluta, zlutozelena, modra (infekce

pseudomonadou), Cervena (primes krve). NicCi tkané — kolikvacni nekroza!

— Priklady: akutni kataralneé hnisava bronchopneumonie, pustuly, panaricia (stafylokokoveé
infekce kuze), hnisava angina, hnisava apendicitida, hnisava pleuritida (empyém), hnisava

sinusitida, hnisava peritonitida.

3z HENEUbytek exudace, pripadné reepitelizace.
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https://www.wikiskripta.eu/w/Nekr%C3%B3za
https://www.wikiskripta.eu/w/Peritonitida

Fibrinézni povrchovy zanet

 Fibrindzni exudat — bilozluty, vioCky nebo tuha hmota. Lepivy

« Pablanovy zanét — pablana — tuha, ostfe ohranic¢ena, bilozZluta, riGzné pevné Ine. Tvofi ji fibrin a

nekroticka sliznice. Podle hloubky nekrézy (poméru fibrin/nekréza) délime zanét:

* Krupozni — malo nekrdzy, hodné fibrinu, pablana Ize lehce sloupnout, spodina nekrvaci, hoji se
reepitelizaci. Prikladem je mononukledzova angina.

» Diftericky — stejné fibrinu jako nekrozy, pablana Ine pevné. Prikladem je zaskrt, bacilarni
dyzenterie.

» PriSkvarovy — hodné nekrdzy, malo fibrinu, hoji se granulacni tkani a jizvou. Pfikladem jsou
popaleniny, poleptani.

 Fibrindzni zanét na ser6ze — makro ,nalety fibrinu“ — tuhé, lepkave, bilozluté.

» Priklad: ser6za apendixu, zZluCniku, ovaria u apendicitidy, cholecystitidy a ooforitidy (nebo

salpingitidy), serdza zaludku nad chronickym peptickym viedem, peritoneum a serdza stfev po

operaci, difuzni fibrindzni peritonitida.

* Hojeni: organizace granulacni tkani, jizva, srusty (mechanicky ileus). M
26 Zapati prezentace |\/
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https://www.wikiskripta.eu/w/Nekr%C3%B3za
https://www.wikiskripta.eu/w/Peritoneum

Zanety exsudativni intersticialni

— Ma slozku:
« alterativni
» exudativni
 proliferacni

 Imunitni

— Exudace je tvorba zanétlivého vypotku, exudatu. RozSifeni kapilar, zvyseni propustnosti pro
bilkoviny (albuminy, globuliny, fibrinogen), erytrocyty a bunky zanétliveho infiltratu (neutrofily,
makrofagy, lymfocyty, plazmocyty, endotelové bunky kapilar, fibroblasty). Podle pfevazujici

slozky je exsudat: serozni, fibrindzni, hnisavy, serofibrinézni, hemoragicky... MUNI
27 Zapati prezentace
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Serozni intersticialni zanet
Hnisavy intersticialni zanet
— Absces

— Absces je dutina vyplnéna hnisem, ohraniCena forma.

e akutni

 chronicky — ohrani€eny pyogenni (hnisotvornou) membranou

— Hojeni: provali se pisteli, dutina bud' zkolabuje a zajizvi se, nebo nezkolabuje (napf. v kosti), pyogenni membrana

bude stale produkovat hnis a pistél se stane chronickou (hrozi sekundarni amyloidéza).

=
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Hnisavy intersticialni zanet

— Flegmona
Flegmona je akutni neohrani€ena forma zanétu, ktera se Sifi v kuZzi,
podkozi a dalsich mekkych tkanich. Tkan je rozbredla a vytékaji z
ni kapénky hnisu. Projevuje se plosnym, teplym, Cervenym az
cervenofialovym Sificim se edémem kuze a podkozi, ktery neni tak
ostfe ohranieny jako u erysipelu a je mnohem bolestivéjsi. Casto
vznika jako komplikace drobnych ranek a odrenin u deti. Patri take
mezi pooperacni komplikace hojeni ran.

Prubéh: tendence k hojeni mizivé, spis se Sifi.

=
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28

Dalsi typy intersticialniho zanetu

Fibrindzni intersticialni zanet
— Loziska jsou mikroskopicka, nejsou videt.
— Priklady: revmaticka horecka, polyarteriitis nodosa, lupus.
— Hojeni: drobné jizvy.

Gangrenodzni intersticialni zanet

— Hnilobna, sedozelena, pachnouci a rozpadajici se tkan.

— Priklady: apendicitida, nadory, aspiracni pneumonie (vdechnuty
odstipnuty zub, kus nadoru).

— Prubéh: apendix praskne a pacient zemre na sterkoralni
peritonitidu, na gangrénu plic.
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Tkane a bunky zapojeneé do zanetlive
reakce :

Tekutina a bilkoviny plazmy, cirkulujici bunky, cévy a pojivova tkan

Cirkulujici bunky: neutrofily, monocyty, eozinofily, lymfocyty, bazofily a krevni desticCky.

* Bunky pojivové tkané jsou zirné bunky, fibroblasty pojivové tkané, rezidentni
makrofagy a lymfocyty.

Extracelularni matrix se sklada ze strukturnich fibréznich proteint (kolagen, elastin),
adhezivnich glykoproteinu (fibronektin, laminin, nefibrilarni kolagen, tenascin a dalsi) a
proteoglykanu
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Muze zanét zpusobit télu znacné
skody?

Chronic Inflammation

/NN

eurological Pulmonary Bone & Joint Metabolic Cardiovascular  [Autoimmune
Diseases Disease Disease Disorder Disease Disorders

Alzheimer's Asthma Osteoarthritis Type 2 Diabetes  Atherosclerosis IBD
Parkinson's COPD Osteopenia Renal Failure Heart Failure Crohn' Disease
Multiple Sclerosis Hay Fever Osteoporosis Fatty Liver Disease Stroke Colitis
Bronchitis Rheumatoid Arthritis Hypertension Lupus
Multiple Sclerosis
Type 1 Diabetes IVI
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Morfologicky vyvoj chronickeho zanettu

ACUTE INFLAMMATION RESOLUTION
* Vascular changes * Clearance of injurious stimuli
* Neutrophil recruitment * Clearance of mediators and acute
* Mediators inflammatory cells
* Replacement of injured cells
* Normal function

* Infarction

* Bacterial infections
* Toxins

* Trauma

Progression

Healing

e

= Viral infections

* Chronic infections
* Persistent injury
* Autoimmune diseases

FIBROSIS
* Loss of function
CHRONIC INFLAMMATION
* Angiogenesis
* Mononuclear cell infiltrate
* Fibrosis (scar)

© Elsevier. Kumar et al: Robbins Basic Pathology 8e - www.studentconsult.com
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Role makrofagu v chronickém zanétu |

*

HIV-1 —® Microbial translocation

N

S ; Systemic
Dyslipid
Ysrl St inflammation

Native PLA2 Tat
LOL PC-PLC )| 9p120

2
Lpl;LL\Az .. » tAdhesion molecules
e » T1CCL2- mediated chemotaxis

Monocyte

e I .S
s T nal dysfunction
@ PI-PLCy - a E“dot\’\e\\a Y Lp-PLA2
Y PC-BILE
pre— (o
A 2
e -

BLOOD VESSEL

__ ROS = oty , , [2 2085
g - B - 2 - | o \
P, e il e G ‘
Endothelial e Y
cell . LOCAL INFLAMMATION P . %
Tat e o
9p120 IL-6 CCL2 IL-1B A
M-CSF TNFa. @/ "ﬂ
v PLA2 Plaque e®
PC-PLC development Foam cell
= dl'-f?L ) tinkd uptake necrosis/apoptosis
modification
- 1 PRRs 8 lipiduptake PI-PLCP HIV-1
=z ROS £ ) 1 Cytokine secretion & B |pH ) Tat
° ® _— ® > — O T ® |
PI-PLCy .. },“.. [ ) -
Oxidized Nef - 1ROS ) ) 90 2
LDL el L 09
Macrophage - (
Foam cell
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Uloha makrofagt v chronickém zanétu a

remodelaci ECM

Makrofagy hraji klicovou roli v
sekreci komponent ECM a pfi
remodelaci ECM.

Jsou hlavnimi zdroji matrix
metaloproteinaz (MMP) a
tkanovych inhibitord
metaloproteinaz (TIMP) a jsou
primarnimi burnkami
zapojenymi do fagocytozy
bunécénych zbytkl a infekénich
agens.

NONIMMUNE
ACTIVATION
(endotoxin,

Cytokine (IFN-Y) |

fibronectin,

mediators) Activated nl;{;jopt\age

TISSUE INJURY

* Toxic oxygen metabolites
* Proteases

* Neutrophil chemotactic

* Coagulation factors
* AA meatabolites
* Nitric oxide

FIBROSIS

* Growth factors
(PDGF, FGF, TGFp)

* Fibrogenic cytokines

* Angiogenesis
factors (FGF)

* "Remodeling”
collagenesis
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Uloha neutrofilti v chronickém zanétu a
remodelaci ECM

, VI o . ; Beneficial effects 1 Detrimental effects

Nedavno bylo zjisténo, ze aktivované 3
. v . ’ s ’ i ROS "OH DNA damage

neutrofily tvori neutrofilni extracelularni | o] Liid peroxidation

. s s es o. 1 . 3 Protein oxidation
pasti (NETs), ktere se podileji na (o= 0 T vou
. . s v 37 Inhibition of neutrophil recruitment
imunitnich odpovédich na patogeny. Neutrophl apoptoss 7

Trapping of pro-inflammatory cytokines

MPO

NETs se skladaji z chromatinu a
granuldrnich proteind, véetné jaderné
DNA, histont, MMP-9, myeloperoxidazy

Annexin A, Elastase

. s s v
(MPO), neutrofilni elastazy (NE) a Q -
) - Structural damages
katepsinu G. " Epithelial barrer disruption
o]
Lipoxin A, MMP-9
ResolvinE, <€---——._______ ‘-\

Protectin D, Cytokines/ Chemokines

’ Neutrophil recruitment ‘

LTB,

Zapati prezentace
Angiogenesis -
88 NETosis  NETs



Autoimunita — proc je chronicka od pocatku

Zakladni princip

— Autoimunitni onemocneni = porucha imunologicke tolerance

— Imunitni systém napada vlastni tkane, geneticka predispozice

— Vlastni antigen nelze odstranit — zanet se trvale udrzuje

Mechanismy chroni€nosti

— Trvaly zdroj antigenu — telo samo je ,cilem”

— Porucha tolerance — centralni (thymus, KD) i periferni (Treg
selhani), nelze spontanné obnovit

— Autoreaktivni pamét'ové bunky — dlouhodoba aktivace i po klidu

— Cytokiny (IL-1, IL-6, TNF-a) — udrzuji zanetlivé prostredi i bez
noveho antigenniho podnetu
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Dusledky a prubéh autoimunitniho zanétu
Patofyziologicky cyklus

— Poskozeni tkane

— Uvolnéni novych autoantigenu/aktivace bunék

— Dalsi aktivace imunity

— Bludny kruh — trvaly zanét + reparace — fibréza, atrofie, ztrata
funkce organu
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Dusledky zavislé na véku

(A)

(B)

o

Propagation of senescence

Immune attack

. v e
| acTia-4 Y aPD-1

Key: @ Tumor cell @ ccul
,* Senescent 0O a2
cell ® ccLs

OiI-6

@iLs @ Cytotoxic
o1 Tcell
@ HGF .
# EGF ‘0 Macrophage
# Amphiregulin

/l"\

(23 i
@ NK cell

Tumor proliferation

TRENDS in Immunology

Zapati prezentace
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Low-grade zanet

— Subklinicka porucha vyhodnocena jako rizikovy faktor pro radu
chronickych onemocneni, vCetne nadorovych onemocneni,
kardiovaskularnich onemocneni (CVD) a neurodegenerativnich
chorob.

— Spojitost mezi low-grade zanetem a mortalitou byla vySSi u vysoce
rizikovych subjektu, jako jsou pacienti s diabetem 2. typu nebo s
anamnezou kardiovaskularnich onemocneni.
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Dysfunkce VAT a DM2-asociovane patologicke
zmeny

— Dysregulovana expanze a hypertrofie visceralniho tukove tkané

(VAT) béhem obezity vedou k tkanové hypoxii, zméné sekrecniho Immune cells
T M19, neutrophils TYPE 2 Glycolysis
. L ., ., : . ~. OBESITY e ympnocyies -~ [ DIABETES e oucose
profilu adipokinu, cytokinu/chemokinu a bioaktivnich lipidu. Rovnéz R — poiyol Lathway fuctoses
o - - . ’ B . ] ; o Secretome GIUCOSE --ereercmceeeneeeip UG [.;,.. X
meéni distribuci a mnozstvi imunitnich bunék v tkani. Adipokines; 1 leptin, 4 adiponectin
Cytokines: T TNFa, IL18, IL6, IL8, dysfunctional VAT A
IL12p70, IL13 Hiicoglbests intracellular glycation of
— Hyperglykémie — nerovnovaha pfi diabetu a pretizeni polyolove = e * M 74 )polyils NADPH delpetion R
loactive lipids: xidative stress
e'C°sg"‘é’l'ggiI'[;‘;:’;;gfégﬁgv"‘s- G(Ijglﬁaclll;lggf X R%S%clcunujlauon A(iEs
drahy — zpusobuje vyCerpani NADPH a hromadéni sorbitolu. To ; , RAGE
.................... p» portal vein signalling
' Cellular senescence: NFKB signalling
nasledné vede k rozsahlé glykaci proteint dychaciho fetézce, coz 5 Mitochondrial dysfunction e
—_— R' » I DNA da':nage p()SA//pSO inf NLRP3
nsulin Resistance __| telomere shortening TNFa nflammasome
SAT, liver, muscle Epigenetic alteration proiL18 IL1B
zpusobuje posSkozeni bunék vyvolanim oxidaéniho a _ SYSTEMIC " il

" INFLAMMATION

Journal of Endocrinology 257, 1, 2023

MUNI
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endoplazmatického retikula stresu prostrednictvim zvySené

produkce cytosolickych reaktivnich forem kysliku (ROS).



Factory prispivajici k chronickému zanetu u DM2

— Dysfunkéni tukova tkar, abnormalni metabolicka th;':”yttt p’*l";dggdft'f.g

aktivace leukocytu, DAMPs uvolnované z poskozené 1 l
.. Continuous [ alure o

tkané a endotelu, a nadmérna produkce cytokin(i ” g o
senescentnimi bufikami v ramci fenotypu sekrece  NPLAMMATION
spojeného se senescenci (SASP). u'n/h«

— Selhani rezoluce zanétu je spojena se zménénym s B il |
profilem ,specialized pro-resolving lipid mediators® S |
(SPM), spolu s DAMPs pochazejicimi z sekundarniho s foeagssm

podkozeni tkané a nereagovanim senescentnich . DPN (permmeral mnbpathy)

* DR (retinopathy)
* DFU (non-healing wounds)

imunitnich bunék na regulacni signaly.

Journal of Endocrinology 257, 1, 2023
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Metainflammation

— Metabolicky zanét (metainflammation) odkazuje na chronicky low-grade systémovy zanét

pohaneny metabolickymi poruchami.

— Evolucni vyhodou silného obranného systému je zfejma ochrana pred patogeny, pricemz

silna imunitni odpovéd zavisi na energetickych zdrojich.

— Kromé tukové tkaneé dochazi u obezity k infiltraci imunitnich bunék i v mnoha dalSich tkanich,

jako je hypotalamus, jatra, svaly, pankreatické ostruvky a stfeva.

Immunocmetabolic disease clusters

(obesity, diabetes, CVD, cancer, neurodegeneration, asthma)

Liver Adipose tissue

Hepatocytes Blcod vessel

Sinusoids Immune celis Adipocyte

Pancreas Brain

Immunometabolic dysfunction

Ageing and premature death

Nature volume 542, pages177-185 (2017)
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Integrace metabolicke a zanetlive
signhalizace

PKC (protein kinase C), JNK (c-Jun N-
terminal kinase) a IKK (IkappaB kinase)
mohou signalizovat:
— mnozstvi imunitnich odpovedi (v€etné
vrozenych a adaptivnich odpovedi,

rezoluce zanétu)

—

£ tei \

- { nucl y

= G5 N YAYAYA YAYAYA g
Metabolic genes Inflammatory genes

/‘Tinognnmm, gluconscgenesis, (Cytokina/chemokine

sterol synthesis) axpression)

— metabolickych odpovédi (pusobeni
inzulinu, glukagonu nebo FGF21,
metabolismus mastnych kyselin a

cholesterolu, regulace chuti k jidlu atd.). ~ Netrevelume 342 pagesi77=185 2017)
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Tumor-iniciujici zanet

— Minimalné 15-20 % vSech nadoru je
pfedchazeno infekci, chronickym zanétem
nebo autoimunitou v dané lokalité.

— Low-grade zanet vyvolany obezitou,
hyperglykemii a nadmernym hromadenim
lipidd ma obecné systémovou povahu a muze
podporovat nebo zvySovat riziko nadorového
bujeni, v€etné nadoru jater, slinivky bfisni,

tlustého streva, prsu a dalsich malignit.

Microbes;

“danger signals”

Injury

l

—————

Epithelium

Proliferation,
epithelial restoration

Epithelium

Immune response
back to homeostasis

) Q
v.o\v

Epithelium

, ® Inflammatory mediators

Pl

Macrophage
=% DC
N St
e & = o ® Cytokines
: L — a0 © ® =
Oncogenic —| pmonocyte”, @ " Og
event g o lu
] Excessive proliferation
_'- ,_"_:, = No functional restoration
—— || ‘ ! -
“elele Chronic inflammation
I ; Immunosuppression
) Tumoerigenesis
Microbes; y

“danger signals”

- Sy
R "Qg-»._j‘ /10
Cleve

Tumor

Immunity, Volume 51, Issue 1,

16 July 2019

Makrofdgy a neutrofily jsou silnymi producenty reaktivnich
forem kysliku (ROS) a dusiku (RNI), které vyvolavaji
mutace. Proto mZe indukce chronického zanétu vést k
zvySené mutagenezi, coz zvysuje pravdépodobnost
nahromadéni mutaci v normalni tkani.
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Tumor-asociovany zanet

— Nadory dfive definované jako ,ne-zanétlivé” najimaji
imunitni buriky a zvysuji expresi zanétlivych mediatord,
aby podpofily rast nadoru a pretvorily nadorové
mikroprostredi (TME) ve svUj prospéch, coz vedlo k
terminu ,zanét asociovany s nadorem®.

— Slozité vzajemné interakce mezi vSemi bunkami

(nadorovymi, stromalnimi a imunitnimi) v TME formuji

polarizaci aktivovanych imunitnich bunék (pro myeloidni

bunky a lymfocyty) stejné jako fibroblasty spojené s

nadorem a stavy diferenciace epitelialnich bunék.

.» Stem cells Pro-tumor _
o e CAF =17
' : ! “ '
'y [ e'® Y
Bulk . Tumor-
cells ancpn F'brODIaStS restrictive
epnthellal cells A CAF

Pro-tumor/
tissue repair/
immuno-
supression
A
\‘ .

Macrophage

%

Neutrophul

B cell Y

Immunosupression
growth factors

Innate lymphoid cells

Dendrltic cell
)".‘
Anti-tumor,tiumor-

restricting immune
response induction

Immunity, Volume 51, Issue 1, 16 July 2019

MUNI
MED



Fibroza

— Nedostatecne zvladnuti nebo
eliminace spoustécich faktoru

muze zhorSit zanétlivou odpovéd

a vest k chronickému procesu
hojeni ran, pri nemz dochazi k
pokracCujicimu poskozeni tkani,
jejich oprave a regeneraci, coz
nakonec vyusti ve fibrozu.

— Dulezita je zména funkce
tkané/organu

Infactions
Toxins .
—»| Drugs . [ Epithelial/
—»| Trauma endothelial damage

Recurrent TSLP | IL-1 IL-1, TNF, free radicals,
inflammation | IL-25 | IL-6 coagulation pathway activation,
IL-33 | TNF EMT
Skl |

Adaptive Immuna <= _ | Innate immuna | _ > Fibroblast ]
activation activation ! activation
Ty (12 (L)) /er AMN Eos Ma mﬂ age ‘ —
1.1 (B Basq ».4 st P——
_{ _}’ bt D T Smooth muscle actin
IL-18 T Collagen synthesis
Au'/L IT(‘FH‘ T Matrix deposition
IL-17
Inflammation and f Myofi broblast activation 1 > Persistent myofibroblast
cell recruitment | | Tissue repair activation
: Bl YES
lrritant N Healmg and
removed? homeos stasis
¢ NO N

P‘."S's‘e"' —p VFcbrO:s:s ) <€
irntant YBORS:
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Fibroza

* Fibroza je charakterizovana nadmérnym
ukladanim extracelularni matrix, které je
dusledkem dysregulované odpovédi na hojeni a
opravu tkane.

* Fibroza je konecnym vysledkem chronickych
zanétlivych reakci vyvolanych riznymi podnéty,
vcetné pretrvavajicich infekci, autoimunitnich
reakci, alergickych reakci, chemickych faktord,

ozarovani a poranéni tkani.

Zapati prezentace

Inflammation / Tissue damage ]
Local recruitment nﬁ‘trahon
Aclivation Achvahon
Matrix- Resident Hematopoietic Relevance
turnover Fibroblasts Fibrocytes for organ-
(MMPs) function ?

2 Matrix &
¥ producing cells ¥

LN .
G X i
’.-.'.I\' ‘ “ . N E

& _
Fxbros:s% % % % § %thmsi.q

Matthias Mack, Matrix Biology, Volumes 68-69, 2018,
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Hlavni tkané postizené fibrozou a mozné
faktory, ktere k nim prispivaji

— Jatra — Virova hepatitida, schistosomdza a alkoholismus jsou hlavnimi pri¢inami cirhdzy po celém svéte.

— Plice — intersticialni plicni onemocnéni (IPS) zahrnuji rozmanity soubor poruch, u nichZ jsou plicni zanét a fibr6za kone¢nymi
spole¢nymi patologickymi projevy. Existuje vice nez 150 riznych pfi€in IPS, v€etné sarkoiddzy, silikdzy, Iékovych reakci a infekci,
stejné jako kolagenovych cévnich onemocnéni, jako je revmatoidni artritida a systémova skler6za (sklerodermie). Idiopaticka plicni
fibréza, nej¢astéjsi typ IPS, nema zadnou znamou pficinu

— Onemocnéni ledvin — Diabetes poSkozuje a zjizvuje ledviny, coz muze vést k postupné ztraté funkce. Nelé€ena hypertenze muize
prispét k srde€nim a cévnim onemocnénim

— Srdce a cévni onemocnéni — Po infarktu maze zjizvena tkan zhorsit schopnost srdce pumpovat krev. Hypertenze, ateroskleréza a
restendza takeé pfispivaji

— Oko — Makularni degenerace, retinalni a vitrealni retinopatie muze vést ke slepoté

— Kuze — v€etné keloidu a hypertrofickych jizev. Systémova skler6za a sklerodermie, popaleniny a genetické faktory mohou také pfispét

— Slinivka bfisni — Spatné pochopené, ale mozné autoimunitni/dédiéné pficiny

— Stfevo — Crohnova choroba / zanétlivé onemocnéni stfev. Patogenni orgnanismy

— Mozek — Alzheimerova choroba, AIDS

— Kostni dfen — rakovina a starnuti

— Multiorganova fibréza — (a) V dusledku chirurgickych komplikaci; mezi vnitfnimi organy se maze tvofit jizevnata tkan, ktera zplsobuje
kontrakturu, bolest a v nékterych pfripadech i neplodnost; b) fibréza vyvolana chemoterapeutickymi Iéky; c) fibroza vyvolana zarenim v
dUsledku onkologické terapie/nahodné expozice; d) mechanicka zranéni

MUNI

MED

J Pathol. 2008 Jan; 214(2): 199-210



Bunky vrozené imunity pri fibroze

IFN-y IL-17

g

— Dysregulovane vrozené a o s
/Daas"a%e.?g"g% |

adaptivni imunitni reakce
jsou hlavnimi prispevatel
K fibroze.

' /’
Nos | i [JANS
TNF-0 -
ROS || 1 Phagocytosis
IL-1B /0 >

/‘,
J

' ,
\ /

* K fibréze vSak mohou
pfispivat i bun&&né vnitini RN
modifikace ve T V =l
fibroblastech a jinych i
strukturnich burikach B
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Jaterni fibroza

Mediatory a DAMPs uvolnované
posSkozenymi hepatocyty, aktivuji
Kupfferovy bunky, makrofagy, NK

bunky a T a B lymfocyty a moduluji
aktivaci HSC (hvézdicovitych bunék)

prostfednictvim ruznych cytokinu.
Dlouhodoba aktivace HSC
podporuje akumulaci ECM

(extracelularni matrix) a remodelaci
struktury tkane, coz vede k postupné

Signal Transduction and Targeted Therapy volume 7, Article number: 206 (2022)

jaterni fibroze.

4

Bile ductule «—

Portal vein |«

Endothelial cells | <

Kupffer cells «-

- ~» | Central vein
)3 | Hepatocytes
— / .» [ Macrophages
> Hepatic stellate cells

* | Hepatic arte%iole

Injured
hepatocytes @‘:3)

Normal liver
' Alcohol ‘
Virus 4
o .} >
»

(CTGF | (L1 |
IL-33 CXCL4
N | TNF-a

4

' |> '

e @ 0 @

* Neutrophils| (Kupffer[Macrophages| T cells! [Bcells] [LSECs

4
Hepatic stellate cells

1 Reversion

cells
L~ \ " N 8 s Y
TNF-a cCL3 TGF-8| (e
IL-1B cCL4 IFN-y ‘ (TNFa
POGF-B8
-

Fibrosis

I
|
I
I
I

] ]

* e )

——— T > ‘/'

il f’/ ‘
C_ -

| &

Activated hepatic stellate cells

Fibronectin Collagen



Plicni fibroza

Poskozené alveolarni epitelialni buriky J} ‘-\. ; I
aktivuji makrofagy, neutrofily a e o L
eosinofily, coz vede k sekreci cytokinu, =) .( p ,‘C
jako jsou TGF-B, IL-1B8 a TNF-a. Tyto [533[3@?'*5 ')
cytokiny zprostredkovavaji diferenciaci N
fibroblastu na myofibroblasty a epitel- -’ N [ !
mesenchymalni tranzici, coz ma za JL . 23 )
nasledek ukladani ECM (extracelularni B

matrix) v misté poranéni.

Signal Transduction and Targeted Therapy volume 7, Article number: 206 (2022)
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Plicni fibroza

Pneumocyty druhého radu - maji nékolik klicovych

funkci:

— Produkce surfaktantu

— Regenerace plicni tkané v misté alveolarniho
poskozeni mnozi regenerujici pneumocyty Il. typu
(mohou nahradit pneumocyty I. typu) a fibroblasty,
které indukuji zmnozeni ECM.

— Imunitni funkce - uvolfiuji cytokiny a chemokiny,

které reguluji zanét a imunitni odpoved.

le

|
‘ Epithelial cells

njury
N .
] AEC?2 fails to o
e e :’ re-establish the E} faoue renale
/ alveolar epithelium P

l [ Inflammatory cell migration J

. EGF, TGF-a, VEGF, FGF X Endothelial cells i
® | ” | migration & prollferatlon)

‘ Alveolar macrophages | ( Pulmonary capillary ‘

angiogenesis

l EGF, PDGF, TGF-, IL-1

/’—\ i IL-1, IL-6, IL-8, MCP-1 ‘
3) g 5 " ‘ Inflammatory ‘
[ AT ) v ( o o |

response

T Nh = ; 770 l Myofibroblasts ]
Fibroblasts / \
Disorganized ECM a-Smooth muscle actin 4
Synthesize ECM
ground substance, Excessive deposition Intracellular tensiont
collagen, fibronectin
Thick alveolar walls Fibrogenesist

Arch. Pharm. Res. 44, 499-513 (2021) IVI U I\I I
ME D



Covid-19 a plicni fibroza - ratio Ang Il:Ang 1-7

s ;v . ’ v s = ®
— RAAS pomaha regulovat zanét a plicni onemocnéni, Jako" - Angiotensinogen
e/ N e
je idiopaticka plicni fibroza, astma a chronicka obstrukéni tave = ® @l @
o Y TMPRSS2 Ang 1 _ ~ Ang1-9
C J— TACE
plicni nemoc (CHOPN). ey _ @l @/ l@
Spike (S) protein
v . ’ , . ; . - Angll » Ang1-7 =———= Alamandin
_ Prostfednictvim receptoru AT1R vykonavéa angiotenzin I " _A// 91 : *“l °

(Ang II) biologické funkce, jako je podpora vazokonstrikce,

zanétu, fibrézy, poskozeni plic a vzniku edému. Naopak l
prostiednictvim receptort Mas podporuji metabolity Ang v ) I temmcton R vodiution
ACPEZ ! Fibrosis Inflammation} Vasodilation
1-9 nebo Ang 1-7 vazodilataci, snizovani zanétu a inhibici Ang IWAng1-7 ratiof| | Lund damage b
=

vzniku edému.

— Hlavnim zdrojem ACE2 (angiotenzin konvertujiciho
Arch. Pharm. Res. 44, 499-513 (2021)

enzymu 2) jsou pneumocyty typu Il, které hraji kliCovou

= =
m e
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Srdecni myofibroblasty

— Fibroblasty byly identifikovany a charakterizovany ve (0.0. TGFB, Angll, Mechano,)  p oo

, . , . e ; . ; Quiescent Fibroblast
zdravém, infarktem a tlakovym pfetizenim postizeném G
A
v

-

myo kard u » Proliferative Burst
» Tissue Structure/Integrity : In.creaseq Adhesion Complexes
* Homeostatic ECM Turnover : IESC?ISI Mlg(rjatlon cchipmiog
v ’ ¥ . . . vy ° p z : , : . production
— Pfi zvySeném mechanickém napéti a pusobeni Electncal GondlLtlion/1nstiaio . 4 POSTN production/secretion

profibrotickych mediatoru (napf. TGF(, Angll) dochazi k

De-differentiation Sustained Stress

aktivaci rezidentnich srdecnich fibroblastl. Tyto bunky se & Reversion ? Differentiated Myofibroblast Jog. T6F6, Angll

Removal of stressor
infiltruji a expanduji v misté poskozeni a zaCinaji or Intervention
remOde|OV8.t eXtraC6|U|érnl' matrIX (ECM) : ll;lg(?;leafjhesion complexes
— Cytoplasmic actin
A POSTN
, , o v s v . . — GSMA

— Nedavné dukazy naznacuji, ze myofibroblasty jsou ~ FN
Extensive Stress Fiber Network (aSMA) ~— Collagens
. . . i « 111 ECM production (e.g. FN, Collagens)
schopny dediferenciace po odstranéni stresovych * Abllity to Contract Surround Tissue
* Resistance to Cell Death

podnétt‘] Circulation Research
Volume 127, Number 3, 2020
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Mitochondrialni mechanismy diferenciace a
perzistence myofibroblastu

mtROS-induced
Fibrotic Gene Expression

— Myofibroblasty jsou odolné vU i TGFE, Angll, Mechanical Tenslon

B Resistance to Apoptosis

bunécné smrti, coz vede K jejich

pretrvavani v poskozeném srdci a

}
nasledne k maladaptivni
&

remodelaci tkane.

— Uvolnovani mitochondrialniho

cytochromu c (Cyto c) je
zabraneno diky zvySené expresi /\fr—jéa —

antiapoptotickych faktoru

Fibrdtié Gene Progrém o

Circulation Research
Volume 127, Number 3, 2020
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Bunecna smrt a chronicky zanet

— Bunécna smrt muze byt jak

dusledkem, tak pfi¢inou zanétu,

coz muze byt u chronickych
onemocneni obtizné rozlisit.
— Nadmerna nebo spatne
regulovana bunecna smrt je
stale Casteji uznavana jako
prispivajici faktor k
chronickému zanetu.

Zapati prezentace

~N
Anti-inflammator: y R flammatory
ytokines ytokines
Apoptosis " Survival
.. .\\\..
Efferocytosis ® . [ Y
))::V [N 000C o0
o & o
—
Phagocyte
A
Post-apoptot Necroptosis Pyroptosis
necrosis
°
e L)
; S
2000C
o
o o o o

0®
. @
[ ] @
l -
®
Loss of cellular integrity, necrotic morphology, release of )
pro-inflammatory cytokines, chemokines an

Nature Reviews Rheumatology volume 16, pages496—-513 (2020)
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Immunogenic cell death

When exposed to different immunogenic cell death (ICD)
inducers, including OVs, cancer cells are under extreme
ER stress and undergo ICD. Dying cancer cells express
various damage-associated molecular patterns
(DAMPSs), including the release of high mobility group
box 1 (HMGBL1) from the nucleus, translocation and cell
surface exposure of calreticulin (ecto-CRT) and heat
shock proteins HSP70/90, and extracellular secretion of
ATP, Annexin A1 (AXNA1l), cytokines, chemokines, and
nucleic acids. Exposure to DAMPs serves as a "find me"
signal which recruits immature DC to TME and induces
the maturation of DC. Ecto-CRT provides a pro-
phagocytic signal that promotes the phagocytosis of
antigens by DC. In addition, HMGB1 and HSP70/90
assist in promoting the processing of phagocytic cargo
by binding to toll-like receptors (TLRS), thereby
escalating antigen engulfment, processing, and
presentation to T cells to mediate tumor-specific immune
response and protective immunological memory.

Zapati prezentace

@ ICD induction

| N >
o
Certain chemotherapies .
Radiotherapy 5)) 2 1 &/
Photodynamic therapy o794 "« NS Y

Oncolytic viruses

SN Antitumor
N immune 4
Tumor \ @ response G
® Immunofogical

memory

Memory T cells
CD8' CTLs

2023Frontiers in Immunology 13:1038226

T cell clonal
expansion

s

i cD28

<
AW

Naive CD8+ T cell

©)

DC
maturation /
\/,_. v

CcD80
-

cog

MHC

Tumor antigen
engulfment &
activation of
immature DC

\\/ 7_)
-

/

Mature DC

@ Antigen presenting
and T cell priming

= =
N —
o=

[—



The progession of infection/sepsis
In acute cases

infection >
bacteraemia >
LPS >
sepsis >
septic shock >
SIRS >
multiple organ failure
SIRS (MOF/MODS) >

DEATH

Sepse

DOI: 10.1039/c5ib00158g



SIRS - syndrom systemove zanetlive
odpovedi

— nespecificka, generalizovana zaneétliva odpoved organismu,
vyvolana infekcnimi nebo neinfekcnimi podnéty

— Intenzivni zanetliva odpoved na primarni lokalni, mnohocCetne a
jinak komplexni poskozeni

— Pri SIRS se nasledny zanet neomezuje na oblast, kde zanéet
vznikl, ale siri se do celéeho tela

— | béezny zaneét se siri do celého tela — rozdil oproti SIRS spociva v
tom, ze u SIRS prestavaji fungovat mechanismy kontroly zanétu

l
M

Il I

U
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Examples of Inciting Factors of SIRS

SIRS

* Burns * Anaerobic bacteria
* Chemical aspiration * Fungi
— Generalizovany deregulovany destruktivni * Heatstroke . " Products of gram-
* Immune-mediated disease negative bacteria
Proces * Ischemic organ necrosis * Products of gram-
X . p , p ;o , spleni ' itive b '
— Casto spojen s devastaci vzdalenych organti . (2.5 0= | Dose acene
— U hypersenzitivnich osob se SIRS miZe projevit . [t " Viruses

| pFi pusobeni velmi malého mnoZstvi antigenu

Klasifikace:
— 1) septicky SIRS — spojeny s infekci
— 2) nesepticky SIRS — po tezkem
traumatu, hypoxemie, popaleniny,
otravy, inkompatibilni transfuze

Trauma

MUNI
ME D

[ Blood borne infection and bacteremia



Distinctions Between SIRS & Sepsis

- y SIRS Clinical manifestation of systemic
S e ptl c ky S I R S inflammation, which results from
either:
* |nfectious insult (septic SIRS)

* Noninfectious insult (nonseptic
SIRS)

— Diseminovana mikrobialni infekce &5 Clircal maniestaton of SRS, sec-
— 50 % - grampozitivni bakterie, 30 organism

SEVERE Sepsis—with associated SIRS—with

% - gramnegativni bakterie, 5 %  seesis 1 or more of the following

* Arterial hypotension

- pOIym|krOb|é|n|’ |nfekty, 5 % * Organ dysfunction
. , v * Hypoperfusion; abnormalities
kvasinky a plisné a 1 % anaeroby suggestive of hypoperfusion
may include hyperlactatemnia and
— 1/3 postizenych umira oliguria
SEPTIC Despite adequate intravascular fluid
SHOCK resuscitation, sepsis-associated:
. P ’ * Acute circulatory failure
Prl marni S I RS * Persistent arterial hypotension
4 4 MODS Physiclogic derangements of at least
Sekundarni SIRS

2 major organ systems associated

with SIRS (see Table 4)
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A_ —§ystemic
INFECTION == SIRS - {_{'2:&'::;”" = SEPSIS
. @ * l\ ~§yndrome

DEATH
B.

SEPTIC SHOCK

SEVERE SEPSIS + HYPOTENSION

SEVERE SEPSIS

ungemiz SEPSIS + END ORGAN DAMAGE
INFECTION
SEPSIS

SIRS + INFECTION

SIRS

Temp. <36 or >38°C, HR >90mm=r, RR >205umme OF PACO; <320,
WBC <4,000 or >12,000 s, or >10% Bands

INFECTION
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Sepse

Na rozdil od nekomplikované a
lokalizované infekce je sepse
mnohostrannym narusenim jemné
vyladéné imunologickeé rovnovahy
zanétu a protizanétlivych faktora.

Upregulace pro- a protizanétlivych
drah vede k celosystémovemu
uvoliovani cytokint, mediator a
molekul souvisejicich s patogeny,
coz vede k aktivaci koagulacnich a
komplementovych kaskad.

Inflammatory response

Innate immune system Adaptive immune system

Humoral immune response
* Activation of B cells, neutrophils, * Production of Immunoglobulins
myeloid-derived supressor cells (i.e. 1gM, 1gG)

Early response Cellular immune response
* Release of IL-1, IL-6, IL-8,
IL-12, IL-18, TNF-a, IFN-y
* Activation of complement,
coagulation, phagocytes

~

* Decrease of HLA-DR expression

TLR + T- cell exhaustion
* Apoptosis of immune cells Recovery
(i.e. lymphocytes, monocytes and antigen-
presenting cells)
PAMPs

Anti-inflammatory events

Immunoparalysis ~
Nosocomial infections
Viral reactivation
Endotoxin tolerance, &

Front. Med., 14 May 2021 \



Pro-inflammatory
response

Homeostasis

Anti-inflammatory
mechanisms

Protective immunity

Localized innate immune

response

mediators
* Leukocyte recruitment
* Complement activation
= Coagulation activation

Local repair mechanisms

* Inhibition and resolution
of inflammation

* Tissue repair

* Return to homeostasis

*» Release of pro-inflammatory

Sepsis

Excessive inflammation

Leukocytes and Endothelium
parenchymal cells o Ralease of

* Release of pro-inflammatory pro-inflammatory

mediators mediators
» Cellinjury with release * T Adhesive and
of DAMPs procoagulant properties

» | Barrier function

[ Plateters______Jothers |

= Release of pro-inflammatory = Coagulation activation
mediators {microvascular thrombosis)

* Activation of neutrophils * Complement activation
and the endothelium

* Microvascular thrombi

Immune suppression

CD4' T cells CD8' T cells
* T Apoptosis

= T Apoptosis
* Exhaustion » Exhaustion
* T, 2 cell polarization * | Cytoxic function

* | Apoptosis * Reprogramming of

* T Immature cells with macrophages to an M2
decreased antimicrobial phenotype
functions * Reduced HLA-DR
expression
Cowen 7
* Apoptosis of B cells and * Expansion of regu(atory
follicular DCs T celland MDS

populations

Nature Reviews | Immunology

Nature Reviews Immunology volume 17, pages407—-420 (2017)

A

Racteria, antigen Inflammatory signal

Activation of complement,

fibrinolytic activity
l Liver
Neutrophil activation, / Macrophawge IL-8,
Release of proteases ‘ elc. l
Metabolism of o
arachidonic acid e ; @ ~
Lactate  Histamin Procalcitonin % @

~ |} 7

Tissue damage

Prolonged in inflammatory response,
Organ disfunction
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C-reactive protein



Odpoved’ po interakci s patogeny

Charakterizovano jak

e prozanétlivymi odpovédmi (nahore na panelu, v
cervené), tak

* imunosupresivnimi protizanétlivymi odpovédmi
(dole na panelu, v modré).

Smeér, rozsah a trvani téchto reakci jsou uréovany jak
faktory hostitele (napfr. genetické charakteristiky,
vek, souvisejici onemocnéni a léky), tak faktory
patogenu (napf. mikrobidlni zatéz a virulence).

Dlsledkem prehnané zanétlivé reakce je poskozeni
tkani a nekrdéza bunék, coz vede k uvolnéni DAMPs,
které podporuji zanét tim, Ze plsobi na stejné
receptory PRR, které jsou aktivovany patogeny.

Proinflammatory response Excessive inflammation causing collateral damage (tissue injury)

Damage-associated

. ° Perpetuation of inflammation molecular patterns

.3

B ) P2

Cytokines ) ® ‘Z % <
(6] @

Proteases e ¢ | /

Reactive oxygen species Complement products Coagulation proteases &
L »A"\\ Leukocyte activation

Pathogen factors

Load

Virulence

Pathogen-associated )
molecular patterns

Complement activation Coagulation activation Necrotic cell death

Inhibition of proinflammatory
gene transcription

Impaired function

4 Neuroendocrine regulation ‘
of immune cells

Host-pathogen interaction

Brain i
- A Vagus A Apoptosis of T, B,
| RLRs nerve > Celiac and dendritic cells
Endosome ganglion s R o
DA - " |
Lives v Pl D Antiinflammatory cytokines
Host cell intesti;’le Spleen @0 Soluble cytokine receptors

Negative regulators

Expansion of regulatory of TLR signaling

\ Norepinephrine

T and myeloid /2R Epigenetic regulation
Host factors Hypothalamic— suppressor cells [ 6
Environment pituitary—  — Acetylcholine e T
Genetics adrenal axis ( ‘). ; py N
Age Inhibition of proinflammatory — & ‘
Othévilliesses cytokine production Impaired .-

Y
Adrenal —> Catecholamines

gland Cortisol
Antiinflammatory response Immunosuppression with enhanced susceptibility to secondary infections

phagocytosis

Medications

MUNI
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Genomicky podklad

= Environment Supervised classification Biological interpretation

* Geneti
Transkriptomy leukocytl — exprese 70—-80 % + Demographics Elevated gene expression

v v p . Lo v v . Patients with sepsis 4 * Pro-inflammatory signallin
mérenych RNA transkriptd v téchto bufikach je = Anii-kiflameatory sonellion
vyrazné zmeéneéna ve srovnani se zdravymi

— @ r‘m @ @ rﬂ| * Mitochondrial dysfunction

o®©

bunkami. Infection e o e o 0 o ReducedAd g:neex::mslon
* Adaptive immunity

Byly identifikovany zmeény genové exprese, o e @, W? 'M'M‘ I?&‘J&:&&ﬁ:‘i&:‘:ﬁ,‘;"

které zahrnuji zvySenou exprese genl ? : ? s —> Sepsis ;z:'givct; — ¥ + mTOR signalling

Unsupervised classification Patient endotypes

Patients with sepsis

a mitochondrialnich drah, a snizenou expresi
genU, které maji funkce v adaptivni imunité, s 20 2 0 o

prezentaci antigend, iniciaci translace a - . .?'!‘?in‘?im. :@l@’!:\‘ BRI
signalizaci mTOR. E— TRTRTRTRT 2T 274

Endotype 3 Endotype 4

zapojenych do prozanétlivych, protizanétlivych @’n‘ ,i,'ﬂ'
¥

Velka ¢ast heterogenity v odpovédi hostitele Nature Reviews | Immunology
z(Ostava nevysvétlena!
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a Normal endothelium b Septic endothelium

Endotelialni bariéra

Activated
monocyte

Porucha endotelové bariéry je zakladni

patofyziologicky proces, ktery nastava lony;ocanyx ; e 5 ef
v, . . / . / v © —
brzy pri sepsi a zejména septickém sSoku. P LLES S 1990999 ASaa
R I . N O S . 7 v 7 \1 '.f/ ~ N\ J L .a ~ Y
egulace genu i je zvysena a P i
v 7 ’v ’ ndothelium  junction
nadmérnd produkce NO vede ke sniZeni oo’ s
Vaskula,rnl,ho tonu @ LFA1 @ t-PA 0 TXA, © Chemokines @=» Heparan =@ P-selectin
7 oo ® PGl © PAF © Cytokines = TFPI o000 VE-cadherin =8 E-selectin
@ NO B PAI-1 © ROS and MPO am TM =L ESL1 and/or PSGL1 e |CAM1
Nature Reviews | Disease Primers
helial barrier f { leuk Y i dothelial barrier “, fi
in systemic inflammation
' [--“ \ 4 & vascular lumen
NI, o!
i Be N /\ .ﬂ\ ‘ & (.> i
_:: - 4 m NO T 1 /, ;: . ‘ ) Hypotfnslon
\'—._\:» .:.l_m— == o e "7%# __ / PP ﬂcmm;nory .l |
] = & r gay e Loss of :
0 TN‘F-B IFNB o0 0 @ | S i)
- : ' eN OS * % :" - \\/? £ 2- proteins
[ = * | N OSX S dU”“ e O i k'pi
" - - ‘_;“ > Vascular leakage lema
+| Vascular tone ¢ T ' .
1 *==—_Claudin

~—=  Connexin
==ssss= VE-Cadherin
Actin

Tissue hypoperfusion & ischemia IVI U I\I I



Sepsi indukovana koagulopatie

Sepse je spojena s koagulopatii, ktera je vyznamnou komplikaci a
prispiva k rozvoji organové dysfunkce.

Mezinarodni spole¢nost pro trombdzu a hemostazu (ISTH) -
"ziskany syndrom charakterizovany intravaskularni aktivaci
koagulace se ztratou lokalizace vyplyvajici z ruznych pfi€in. Muze
pochazet z mikrovaskulatury a zpusobit jeji poSkozeni, které, pokud
je dostateCné zavazné, muze zpusobit organovou dysfunkci.,
systémova aktivace koagulace s potlacenou fibrinolyzou, ktera vede
k organové dysfunkci v kombinaci se systémovym zanétem

Poskozeni endotelu muze byt rozhodujici pro prabéh onemocnéni

bunky ztraci antikoagulacni funkci a podporuji koagulaci snizenou expresi
trombomodulinu a heparan sulfatu na buné¢ném povrchu a

zvySSuji expresi tkanového faktoru (TF)

pro-inflammatory serine protease thrombin activates the G-protein coupled
protease-activated receptor-1 of endothelial cells, enhancing endothelial
responses such as hyperpermeability, adhesion molecule expression, and
cytokine production

Sepsis-Induced Coagulopathy (SIQ) ‘l )

Local Inflammation:

Immuno-thrombosis: Systemic Inflammation: Hemostasis Exhaustion:

Macrophages & TLR4 Platelet activation W . Catecholamines _Increased fibrinolysis
IL-8, LTBs Endothelial damage Porfserymg Glycocalyx shedding ~ orsening - Thrombocytopenia
DAMPs & PAMPS Hypercoagulable EvVs _PefUsion  spiNg Shock_, pic

Endothelial activation NETosis Tissue Platelet consumption

Local vasodilators
Capillary leak

Increased PAI-1
Fibrinolytic shutdown

Hypoxia  Factor consumption

Increased tPA

“Thick" TEG Tracing “Thin" TEG Tracing
Short R TEG/ROTEM on

Wide MA i arroy

Decreased LY30 Tracmgs ncreas

Y ic Factors Disruptive to H
Acidosis
Hypothermia
Crystalloid dilution
Medication
Co-morbidities

Increased Q SHINE ttra
catecholamines ™" {Plasmin
Hypercoagulable Vesicles

/_\ | Fibrinogen
i Pro-thrombotic { D-dimer
A endothelium Platelet & Factor
\ cccccc ption I
bearing TF and PS Worsening
ibrinolysis

'PAHe/ tissue hypoxia
tTar ‘\ Immuno-
thrombosis

HFibrinogen Platelet Activation Widespread
{ D-dimer microthrombosis

\ = > & organ injury
Microthrombosis ”

Front. Physiol., 27 February 2023

Endothelial Activation

Simultaneous
bleeding and clotting



Sepse a prokoagulacni stav

Sepse vede k celkovému prokoagulaénimu stavu v

mikrocirkulaci alespon tfemi mechanismy:

1. Tvorba trombinu zprostfedkovana tkafiovym
faktorem (Seda),

2. Dysfunkce endogennich antikoagulacnich
mechanismu (oranzova),

3. naru$ené odstranovani fibrinu kvuli potlaceni
fibrinolytického systému (modra) zvySenymi
hladinami inhibitoru aktivatoru plasminogenu 1
(PAI1), ktery inhibuje aktivitu tkanoveho
aktivatoru plasminogenu (tPA) a urokinazového
aktivatoru plasminogenu (uPA).

4. Koagulace a fibrinolyza Uzce spolupracuje s
komplementovym systémem (zelena).

5. Fibroblasty, pericyty a epitelialni bunky exprimuji

tkanovy faktor pfi zanétem vyvolaném poskozeni

Cév.

6. Dale je tento proces usnadnén neutrofilnimi
extracelularnimi trapy (NETS) uvolnénymi ze
smrti neutrofilQ.

1T™M lEPCR
o] o] o] o] o] o] o] o] o] o] o] o] o] = o o] o]
Impaired anticoagulant ‘ LGl - Endothelial
: ycocalyx “qTrp 1 Glycocalyx
mechanisms TFPI cell Actlvate 4 Protem
'/Jj. rotel (
: it & f Blood
(@3 | FiXaFXa.FXla,| (A Tissue factor> o>
/ \(— thrombin and i = ThromE[[‘/
= r =
/\Czb\ \Cl) - ! plasmin o IC O\T/ef_'\c € F_X I"E&;) (\953\
ia W AL — ERT .
Activation of \ = /’?_ (Fvila) _’l'— (FVilla)— Ql_\_" tlthromt_)D T—L ~
p n - Sl - £
C5) Monocyte e NP 1 — (TPAIL)
complement N, Y , N )} bit=—
p == ] P C PlasmmOQen ? (tp/ tPA ]
fcs@ (Csa) T— \]
Membrane dtta( = = = —— . ( uPA
complex (Prothrombim— _Thrombin > Plasmin B
=== E l i — Impaired
Lo | fAibrinolysis
| \«\u rovascular R YSIS |
Platelet onn "'3

| Activation of coagulation

T Tissue factor

0%

l | thrombosis ‘~

C“JOOO

Oi NET release

D J T

s

Nature Reviews Immunology volume 17, pages407-420 (2017)

Perivascular cells

Nature Reviews | Immunology
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Anticoagulacni drahy a sepse

Tendence k trombdze béhem sepse je zvySovana soucasné
oslabenou aktivitou tfi hlavnich antikoagulacnich cest:

Antitrombin je hlavni inhibitor trombinu a FXa,
Inhibitor tkanoveého faktoru (TFPI) je hlavni inhibitor
komplexu tkanoveého faktoru—FVlla. Antikoagulacni
vlastnosti antitrombinu a TFPI jsou podporovany

glykokalyxem, coz je vrstva glykoproteinu a polysacharidd,

ktera pokryva endotel. BEhem sepse je kontinuita
endotelového glykokalyxu narusena, coz zvySuje
vaskularni permeabilitu a poSkozuje funkci antitrombinu a
TFPI.

Systém proteinu C je narusen v dusledku nékolika faktord,

nejvyznamneji snizenou syntézou proteinu C jatry,
zvySenou spotiebou proteinu C a narusenou aktivaci
proteinu C v dusledku snizené exprese TM na
endotelovych bunkach.

Procoagulant pathways Anticoagulant pathways

—>» Plasminogen
activators

Y

Plasminogen

Factor Xa il T
L :
Factor Va4~ Q@
Plasmin
Prothrombin
Fibrin
Thrombin
@ FDP
@ 95
Increased u/@/ Impaired

fibrinogen ?\) fibrinolysis
\ Enhanced formation /

of fibrin blood clots

Thrombosis of small vessels

Impaired tissue perfusion
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m e
O =

Nature volume 420, pages885-891 (2002) |V



Sepsi indukovana kardiomyopatie (SIC)

» kardiovaskularni abnormality behem

sepse - znamé jiz vice nez 50 let o, B A
* vnitfni a reverzibilni systolicka a myopathy

diastolicka dysfunkce leve i prave strany

srdce vyvolana sepsi covated v

* potencialni reverzibilita pozorovana v
mnoha studiich

« Makroskopickeé i mikroskopicke nalezy b Amergic peinoey
myokarditidy byly zaznamenany pfi e arae: —. _SG:uc R ot gl
pitvé, zatimco byl pozorovan dukaz oot — N o iy i
neischemického srdecniho poskozeni o e _—
kompatibilniho se zané&tem nebo e e
tka’hOVOU aCid(’)ZOU Hollenberg, S.M., Singer, M. Nat Rev Cardiol 18, 4M—U N I

434 (2021).
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Patofyziologie SIC

Prispiva fada cirkulujicich faktoru

« zahrnuji jak molekularni vzory spojené s
patogeny (PAMP), jako je
lipopolysacharid (LPS), tak molekularni
vzory souvisejici s nebezpecCim hostitele
(DAMP)

« Mezi tyto endogenni signaly nebezpeci
patri cytokiny, proteiny tepelného soku,
high-mobility group box 1, histony,
aktivovane slozky komplementu a
mitochondrialni DNA.

 Interakce Siroké skaly signalnich cest
namisto jednotlivého faktoru

Front. Immunol., 24 August 2017



Mitochondrie

Krome sve role v produkci ATP hraji mitochondrie take
zasadni roli v mnoha dalSich bunécnych funkcich

Homeostaza vapniku,

metabolismus hormond,

termoregulace,

tvorba reaktivnich forem kysliku a dusiku,
bunécna signalizace,

kliCové regulatory apoptozy a bunécné smrti.

Mitochondrialni dysfunkce a bioenergetické selhani
jsou tak stale vice uznavany jako ustredni bod
patofyziologie mnoha kardiovaskularnich onemocneéni.
Tato zjisteni naznacuiji kliCovou roli jak bunécného
bioenergetického deficitu, tak konkrétnégji
mitochondrialni dysfunkce a metabolického vypnuti v
patogenezi organoveho selhani vyvolaného sepsi.

Function Pathophysiology EF | CO
Normal N |
systolic \ CR |
function \G % B
Systole
LV systolic Y €\ ® Reduced LV contractility and
dysfunction 4’/;\]; (“z\\,%r\ﬂ increased LVESV
“\\ ( EF may appear normal if low ‘/— 3
( afterload (hypovolemia/low SVR)
V%({ e LV dilation may occur
LV SY?}OIG_/ ) o Hyperdynamic contractility of LV
hyperdynamic \/ C ¢ Pseudohypertrophy of the LV
function wall may be seen " f/‘
¢ [f normal preload, CO is elevated
* May indicate hypovolemia
) ® Reduced LVESV
Systole
Y Dynamic LVOT obstruction:
o Anterior movement of mitral valve " 'l
against interventricular septum due to
high flow obstructs outflow from LV
e Can lead to severely reduced CO
LV diastolic Impaired relaxation of ventricl
AT o Impaired relaxation of ventricle re-
y duces filling leading to decreased CO ‘/_ '}
® Reduced LVEDV
RV Systole o Reduced contractility of RV,
dysfunction Y 77 increased RV ESV
* Due to ventricular interdependence,
RV dilation reduces LV filling 1/‘ 3

® Reduced LVEDV and reduced CO
® May occur concomitantly with LV

systolic or diastolic dysfunction

Front. Cardiovasc. Med., 14 July 2023 M E
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Sepse a dysfunkce srdce - srnuti

4

Pro-inflammatory cytokines ‘T

(TNF-t, IL-1)
Nitric oxide T

Reactive oxygen species ‘T

!

N

Mitoechondrial
dysfunction

-y

/ Cardiac dysfunction

A

1

Disturbed
calcium trafficking

- pB-adrenergic signaling
dysregulation

Suzuki, T., Suzuki, Y., Okuda, J. et al. j intensive care 5, 22 (2017).

=

=

m &
O =



Vicefaktorové modely - streva

Osa strevo-jatra-plice

» K iniciaci zanétlivého stavu miiZe o 1“@-@
. s ’ . v , o S o .\ e eat g epsis
dojit v kterémkoli z t&chto organt po o s H 0 T R e

traumatu nebo $oku. — @@.U@U e

« Stfevo muze propoustét zanétlivé
mediatory do portalniho obéhu, coz
zpusobuje reakci v jatrech.

« Zanetlive mediatory pak putuji v

L
Futher d
of the bar
PAMPs

_____________

jaterni Zile do doIni duté Zilyado ™" |s s R e
* Plice se mohou poranit a samy \JK .- R T il

Permeability i i

........................

uvolnit zanétlive latky, ktere
systémove putuji do vzdalenych
organu (véetné strev).



PROPOSED EVENTS IN MULTIORGAN FAILURE

Initiator Pathways Effector Pathways

Trauma,
ischemia,
bacteria,
LPS, etc.

Inflamatory
mediators

. Bacteria',."'
* Endotoxin *
¢ Inflammatory mediators

Local effects -

~and * Neutrophil
mediator release accumulation

into circulation | « Tissue injury

a

* Excessive splanchnic vasoconstriction
* Neutrophil activation

\Lymphatics/

* Bacteria
* Endotoxin
* Inflammatory mediators

A

LPS, Lipopolysaccharide.
Gut-liver-lung axis in response to shock and hemorrhage Martinez-Mier G, Toledo-Pereyra LH,
Ward PA: J Trauma 51:408, 2001.
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Se sepsi asociovana encefalopatie

Sepsis Associated

- je definovana jako difuzni Encephalopathy iy _
cerebralni dysfunkce, ktera vznika B Bl :, @ i ¥
v disledku systémové odpovédi & \ H = %
na infekci, pficemz neexistuiji | S ) §%v}@<vw m,] ——
klinické nebo laboratorni dilkazy o c®e 8\ TR,

Infekci mozku nebo jinych
priCinach encefalopatie.

* Projevuje se od mirného deliria a
zmenen reci az po koma.

e Systémovy a centralni zanét,

* permeabilizace hematoencefalické
bariéry (BBB),

* ischemie sekundarni k systémové
vazodilataci,

* mitochondridlni dysfunkce, IVI U N I

* soucasné metabolické poruchy, Front. Neurol., 29 September 2022

* akumulace toxickych neuropeptidd. MED

Gut dysbiosis




Shrnuti patofyziologie sepse

Pri pfimé aktivaci imunitnich a endotelialnich bunék PAMPs T ———
dochazi k masivnimu uvolnéni zanétlivych mediatoru, které e i i
ovlivhuji kazdy system v téle.

* ARDS
* Endothelial leakage

« Aktivace CNS, ktera pusobi cholinergnim + Garciomyopathy
protizanétlivymi aktivitami a méni neuroendokrinni T —— s
A 1 S 1 1 & { * Hypoalbuminemia
cv)dpoyed kvrevgt’,llam reakce téla na infekci a zvySeni e o N S———
sanci na preziti.
« Kardiovaskularni dysfunkce hraje centralni roli v [+ Acute kiney injury |

patogenezi sepse, pficemz hlavni roli maji vazoplegie,
* Emergency hematopoiesis

ﬁ - ‘{ * Release of eicosanoids

hypovolemie, poruchy mikrocirkulace a kardiomyopatie. |.iioreoionens
« Zménény endotel vede k rozvoji syndromu akutni _\ « Enterocyte apoptosis
¢ Intestine injury

d e C h OVé t |’S n é (A R D S) . e Translocation of bacteria and toxins

« PFimé ucinky cytokinl a toxinl spolu s poklesem pritoku
krve vedou k akutnimu poskozeni ledvin (AKI).

« Zanétliva reakce a ischemie méni permeabilitu strevni
bariéry, coz umoziiuje vstup bakterii a jejich metabolita.

« Jak bakterialni produkty, tak zanétlivé mediatory
ovliviiuji progenitorové burky v kostni dreni.

© EMBO
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Ruzné aspekty imunologické dysfunkce

Infection

leading
to sepsis

Quantitative and
qualitative alterations in
antigen presentation,
B, T, NK lymphocytes,
activation of PD1

‘ T cell counts and function

‘ Antigen presentation

Low Ig levels

N %wzmté P N A
n IgG ‘é’ A IgA ‘ ’ﬁ: IgM

Defects in neutrophil
mediated immunity

} | one )

f Neutrophil adhesion

Endothelial / Tissue damage e e (R

Immature neutrophils in non-survivors

f Neutrophil serine protease

Immunosuppressive
hypercytokinemia

1I-1RA

T IL-10

Proinflammatory
hypercytokinemia

MCP-1 TNF-a

1 IL-6 IL-8

Complement
consumption

ll ca | [FactorB | [

Defective bacterial
killing /
Persistence of NETs

SO
te D
“ ; x
A0

Viral reactivation

14

Immuno-
patholog

Poor control of
infection

Front. Med., 14 May 2021
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Preprocalcitonin 1-14

Procalcitonin: Slibny nastroj ——
%

nebo jen dalsi precenovany test? = = u

Unique epitopes
for detection Figure modeled after [2]

« PCT (prokalcitonin) je produkovan v

C-bunkach stitné zlazy, kde je A e 5
nasledné rozstépen na N-terminalni

PCT, C-terminalni katakalcin a aktivni Physilogic Calctonin ]/ \ TE———
kalcitonin. Za normalnich [ ”'“"“"’"ce'ﬁsmm'" "“*Ca'c'*°"‘"'"$evs‘=

fyziologickych podminek neni PCT

obvykle vylu€ovan do krevniho obéhu. A \ ( CT-mANA )
Pre PCT Pre!PCT

- Béhem sepse vSak ruzné tkane _—\ |
mohou zagit produkovat a vylugovat ro ) K )
PCT, ktery zustava v krevnim obéhu el + HERA Qumm.enssues mcwomc:_
nezménén a neni degradovan, coz ho Motre T . HYPOTHALAMUS
gini uZiteGnym biomarkerem pro THYROID C-CELLS - NEUROENDOCRINE CELLS
detekci infekci a zanétu spojeného se MUNI

Int J Med Sci 2020; 17(3):332-337.

sepsi. ' MED



The progession of infection/sepsis
In acute cases

infection >
bacteraemia >
LPS >
sepsis >
septic shock >
SIRS >

- multiple organ failure

Sok (MOF/MODS) >
Refrakterni sok DEATH
MODS

DOI: 10.1039/c5ib00158g



Sok - definice

— Tézka hypoperfuze tkani spojena se snizenim dodavky kysliku organum
— Pritomnost systémové hypotenze (z ruznych pficin)
—P=0QxR
—Q~CO=8Vxf
— CO zavisi na:
a) funkci srdce
b) zilnim navratu (—preload) ~ CO
* R — systémova rezistence (hl. arteriol) - afterload
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Katergorie soku

Category Hemodynamics Causes
Hypovolemic | | preload Hemorrhage, Gl losses,
T SVR third spacing, burns
1.CO
Distributive 1 preload Sepsis, anaphylaxis,
1l SVR neurogenic shock,
1L €O pancreatitis
Cardiogenic | T preload Myocardial infarction,
T SVR symptomatic bradycar-
166 dia, valvular disease,
heart blocks, end-stage
heart failure
Obstructive ! preload Pulmonary embolism,
T SVR tension pneumothorax,
1.60 pericardial tamponade

84
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Sok

Blood and fluid
compartment

Heart

Zapati prezentace

Imbalance

Shock

0O, supply
O, demand

Vascular system

Circulatory system

MUNI
MED



Neurogenni sok — specialita

Hypothalamus

¢ > Efferent

R&/Tl'éw / Vagus nerve

— stav nerovnovahy mezi sympatickou a Aferent
parasympatickou regulaci srdecni Cinnosti a hladke
svaloviny cév. Dominantnimi priznaky jsou hluboka
vazodilatace s relativni hypovolemii, zatimco objem
krve zustava nezménén, alespon zpocatku.

Carotid sinus

Intermediolateral
column

7216
25

— Pfimé poSkozeni center pro regulaci krevniho obéhu v

g Sympathetic
) o ) ) . Aortic arch Y fib
dusledku komprese (poranéni mozkoveho kmene), ischemie Thoracic baroreceptors R
. ; ., i . o “low pressure” Sympathetic Greater and lesser Solanchnic
(napf. trombdzy bazilarni tepny) nebo vlivu [éku receptors trunk 9 splanchnic nerves P

vessels

— Zmeénéné aferentné k obéhovému centru v prodlouzené
miSe v dusledku strachu, stresu nebo bolesti nebo
dysregulovanych vagovych reflexu

Vasoconstrictor

Supply vessels of great

— Preruseni sestupného spojeni z bulbarnich regulacnich muscles
center do michy; zejména u pacientu, ktefi utrpéli trauma
hrudni pétefe (paraplegie) Dtsch Arztebl Int. 2018 Nov; 115(45): 757-768.

Zapati prezentace

MUNI
MED



Faze soku

— Kompenzace inicialni priciny
— Dekompenzace
— Refrakterni sok
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Casna faze

—V Casnem soku dochazi ke kompenzaci modulaci srdecniho
vydeje a cévniho tonu autonomnim nervovym systemem.

— Karoticke baroreceptory reaguji na snizeny krevni tlak spustenim
zvysene signalizace sympatiku.

— Tato sympaticka odpoved zprostredkovana autonomnim
nervovym systemem vede ke zvyseni kontraktility a srdecni
frekvence, Cimz se zvysuje srdecCni vydej.

88

= =
m e



Kompenzacni mechanismy a jejich limity

— Aktivace sympatiku (desitky sekund)

— Aktivace RAAS (cca hodina)
— Vasokonstrikce (je-li mozna — ale vede ke snizené dodavce
krve) 75 T(acrgg/arc‘iic)a
. , , ] . Bradykardie > min
— Vasodilatace ve vybranych organech (zejm. myokard) £ (< 60/min)
— Pozitivné motrchpv)[u u0|’nek osympatlku na srdce (je-li mozny) — 3 sof ;/c)blast St
ale za cenu vyssich naroku na myokard = 0=z
— Zvyseni TF — ale pfi vysoké frekvenci CO klesa g . e
v r - vr r ’ . P 2 2o > min
— Udrzeni cirkulujiciho volumu snizenim diurézy — ale za cenu Z >
akutniho renalniho selhani Ey N
v 4 4 ’ . 0 g :
— Presun tkani na anaerobni metabolismus — ale za cenu | 0 20 40 60 80 100 120 140 160 180 200 220 240
ATP a T laktatu (acidéza) Srdecni frekvence (/min)

— Zrychlené dychani — ale narusta relativni podil mrtvého
prostoru vlivem mélkého dychani

— Posun saturacni kfivky hemoglobinu doprava (12,3-DPG)

— Hyperglykémie — ale utilizace Glc v periférii je snizena

= =
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Dekompenzace soku

— |l TK

— | diuréza

— Hypoperfuze mozku — zhorSeni mentalnich funkci
— Akrocyanoza

— Tachypnoe

— Zlata hodinka“
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Refrakterni sok

1) Vazodilatace < hypoperfuze
— Endotelialni bunky disponuji dvéma izoformami syntazy oxidu

dusnatého — konstitutivni (eNOS) a inducibilni (iNOS) —
— Pri trvajici hypoxii endotelialnich bunék je vystupnovana aktivita  oawace roceusanomissues B TS

iNOS (primarné fyziologicky mechanismus) l l [ '
— Vznikly NO tak prohlubuje hypotenzi cowss P::?SEE%E‘E’E?EEZL::R mersaseo
— Laktacidéza > hypotenze (laktat — prognosticky faktor) LA[}:T.C —

e ¢

2) Hypoxie myokardu ¢>snizeni kontraktility DECREASED CARDIAC OUTRUT 4 b
— Snizeni perfuze myokardu vede k J, CO, coz dale snizuje TISSUE HYPOXIA AND VITAL ORGAN

DAMAGE

koronarni pritok
— Myokard nebenefituje z posunu saturacni krivky hemoglobinu —
extrakce kysliku z krve je uz fyziologicky na maximu

3) Hypoperfuze mozku <> J aktivity sympatiku
— Snizeni perfuze vazomotorického centra vede nejdrive k
hyperaktivité SNS, ktera je vSak vystfidana jeho utlumem
— To vede k  perfuze mozku
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Potencialni patofyziologicke mechanismy
vedouci k MODS

 Cirkulujici imunitni/zanétlivé mediatory

* Primarni bunecné poskozeni

* Mitochondrialni poskozeni/down-regulace
* NedostateCna perfuze tkani/organu

Hypoperfuzni

Ischemie/reperfuze
Mikroagregace a/nebo DIC

« Difuzni poskozeni endotelialnich bunek
« Cirkulujici humoralni faktory

* Proteinova kaloricky deficit

« Translokace bakterialnich toxinu

« Nezadouci ucinek fizené lécby nebo IékU I




Definitions

Multiple Organ Dysfunction Syndrome “MODS”

1991 Consensus conference of the American College of Chest Physicians
(ACCP) and the Society of Critical Care Medicine (SCCM)

Dysfunction replaced failure to accentuate the reversible
nature of the condition

Underlying concept

Sepsis, systemic inflammatory response syndrome (SIRS), acute
respiratory distress syndrome (ARDS), and MODS are closely related
phenomena
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Definice syndromu systemove zanetlive
odpovedi (SIRS) a syndromu mnohocetné
organove dysfunkce (MODS)

Syndrom systemové zanetlivé odpovedi Syndrom mnohocetné organové
dysfunkce

S}’S:té”[‘?Vé zanetliva pdpqvéd’vr]a rizne zé’vainé PFitomnost zmé&néné funkce zahrnujici

kKlinické inzulty se projevuje dvéma nebo vice z alespori dva nebo vice orgédnovych

nasledujicich stavu: systému u akutné nemocného pacienta

Teplota > 38 °C nebo < 36 °C tak, ze homeostazu nelze udrzet bez

. o | s intervence
Tepova frekvence > 90 tepu/min

Dechova frekvence > 20 decht/min nebo Paco?2
< 32 mmHg (nebo zavislost na ventilatoru)
Pocet bilych krvinek > 12 000 bunék/mm3, <
4000 bunék/mm3 nebo > 10% band forem

= =
m e
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100 -

75 -

50 -

25 -

1 2 3 4 5

Number of failing organs

Mortality in intensive care unit black
Mortality to hospital discharge black + dark grey
Mortality to 1 year black + dark grey + light grey.

Mayr VD et al Causes of death and determinants of outcome in critically ill patients Crit Care 10:R154, 2006.

inflammatory Mmassive

diseases ~ lissue :
(lupus, vasculitis...) |njU|'Y/ISChemla
: multiple
bacterial :
fungal transtusions

viral

protozoal burns

neoplasia

other
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Definice

VétsSina systému hodnoceni organového selhani prifazuje hodnoty
Sesti organovym systémum

Respiracni
Kardiovaskularni
Renalni
Hematologicky
Hepaticky

CNS

CNS

Altered
consciousness
Confusion
Psychosis

Cardiovascular

Respiratory

Tachycardia

Hypotension

Altered CVP
Altered PAOP

Tachypnea
Pao, <70 mm Hg
Sao, <90%
Pao,/Fio, <300

Renal

Oliguria
Anuria
4Creatinine

Hepatic

Coagulation

Jaundice
+Enzymes
YvAlbumin
APT

yPlatelets
APT/APTT
vProtein C
AD-dimer

Pathogenesis of multiple organ dysfunction Crit Care Clin

2000;16:337-352
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Skére selhani vice systémovych organu

Organ failure Criteria

Cardiovascular Heart rate = 54/min

Mean arterial pressure £ 49 mm Hg or systolic blood pressure < 60 mm Hg

Ventricular tachycardia or fibrillation

PH < 7.24 with PaC0O2 £ 49 mm Hg

Respiratory Respiratory rate < 5/min or = 49/min

PaCO2 > 50 mm Hg

Alveolar to arterial oxygen tension gradient 2 350 mm Hg

Dependent on ventilator or CPAP on second day of OSF

Renal Urine output £479/mL/24 hours or < 159 mL/8 hours

Blood urea nitrogen > 100 mg/dL

Creatinine > 3.5 mg/dL

Hematologic White blood cell count £ 1000/mm3

Platelets < 20,000/mm3

Hematocrit £ 20%

Neurologic Glasgow coma score < 6 (in the absence of sedation)

97 Abbreviations: CPAP, continuous positive airway pressure; OSF, organ system failure; PaCO2, arterial CO, tension.
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Definice a klasifikace organove dysfunkce
(MODS score)

Function No organ dysfunction/failure Organ dysfunction Organ failure

Pulmonary PaO,/FiO, ratio > 300 PaO,/FiO, ratio = 250 PaO,/FiO, ratio <250

Renal Creatinine < 2.0 mg/dl Creatinine >2.0 mg/dl; doubling of Continuous veno-venous
creatinine In patients with previous haemofiltration
compensated renal failure

Hepatic Bilirubin <2 mg/dl; ASAT/ALAT within ~ Bilirubin 2 to 5 mg/dl; ASAT/ALAT < Bilirubin >5 mg/dl; ASAT/ALAT >

Haematologic

Cardiovascular

Gastrointestinal

normal range

Thrombocytes within normal range;
normal coagulation

Normal blood pressure; no vasoactive
drugs except dopamine <5 ng/kg per
minute

Normal gastrointestinal function, no
bleeding

Central nervous system GCS =12

three times normal value

Thrombocyte decrease > 25%;
abnormal PT/aPTT with and without
bleeding

Fluid resuscitation > 50% of normal
need and/or dopamine >5 ug/kg per
minute, dobutamine <10 pg/kg per
minute, phenylephrine

lleus >7 days or bleeding requiring <
six blood products per 24 hours

GCS 9-11

three times normal value

Haemorrhagic diathesis; massive
transfusion five blood products per
hour or > 10 blood products per 24
hours

Dobutamine >10 ug/kg per minute,
AVP, epinephrine, norepinephrine,

combination of catecholamines, IABP,
VAD

Massive bleeding requiring > six
blood products per 24 hours

GCS<8

Mayr VD et al Causes of death and determinants of outcome in critically ill patients Crit Care 10:R154, 2006.
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Zanetlivy model

« MODS je zplsobeno extrémni nerovhovahou
mezi systemovou zanéetlivou odpovéedi a
protiregulacni (protizanétlivou) reakci.

« Muze byt aktivovano fadou vnéjSich a
vhitfnich faktoru, v€etné prozanétlivych
(napf. infekce, sepse, Sok a trauma) a
imunosuprese (napf. infekce a steroidy).

 Nerovnovaha ve prospech zanétlivé reakce
zpUsobuje ztratu schopnosti hostitele
lokalizovat zanét na pocCatecCni vyvolavaci
faktor, coz vede k systémovému zanétu a
posSkozeni tkane.

~ ~ Transcriptional factors ™,

- (NFxB, NF-IL-6 etc.)
o it N

- ( jnﬂammatory mediator;:;_)- 3

tResponsrveness o, .

el I - _\- vasoconstrictors
ST s My ocardlal luncuon‘ e
| = ] viye
<l__e_ufoiyle—atjt:e;slgq> \ Vascular relaxation> \\
' === A \\
b | Vascularinjury |- —; T \ F|bnno|ysss\) l ‘
‘ —is /ﬁAntl-coa ulation system > ‘
= ' = -.-\ ’ Coa tati : 9 e ys a | Endotoxic shock |
<_Leukocyte migration > e N nagulation system> \ \
et = / \ \A
P 3 IR ; '
] Release of proteases and ROSS (ﬁ;sue ede_rié) ~ @i6) | .| Hypoperfusion
S p
) T ~ | Tissue hypoxia
d | Tissue destruction f_/ N4 s
— o '\_ -_____.-""
e <, MOF/MODS (' e
Positive feedback /_‘\ =y
VN

Karima et. al, The molecular pathogenesis of endotoxic shock
and organ failure Mol Med Today 1 March 1999, 123-132'\[' U N I
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Bioenergeticky model

Viceorganova dysfunkce - dusledek
dysregulace mitochondrii

Mitochondrialni aktivita je snizena jako
ochranny reflex viéi podnécujicim faktorim
Neschopnost obnovit mitochondrialni funkci
ma za nasledek samoopakuijici se cyklus
poskozeni bunék, ktery dale vypina
mitochondrie (shutdown of mitochondria)
Nalezy naznacuji spise metabolické vypnuti
nez strukturalni poskozeni jako kliCovy
patofyziologicky mechanismus

1 Fission Mitophagy @ release

induction

| Fusion

(0]
Incomplete e Apoptotic &
autophagy?/¢——==\f.:\} o pathway )
N (/ \;}l - Cardiolipin activation 0
\/ \ Q 7 oxidation
N
. Cytochrome C )
2 s,
\
\ 0\
N
\

% ETC dysfunction

1 Biogenesis
Dysfunctional
mitochondria?

Mitochondria — SR

tethering
disruption? VS
| Mitochondrial
mass
Sarcoplasmic Calcium [:]T NADPH Reprogramm(ng
Reticulum 4 and hibernation

overload \ . Oxidase

1iNOS

!

NAD*
depletion?

Giacomo Stanzani, et al. Biochimica et Biophysica Acta (BBA) - Mnneﬂlal\Fa:Eis of
Disease, Volume 1865, Issue 4, 2019. M E D



Progrese bioenergetické dysfunkce

prolonged
7~ inflammation \

endocrine no [l direct  tissue genetic
effects onoo- [l ¢tokine hypoxia downregulation
%, N

\

inhibition
damage
decreased protein synthesis

Sh“td°‘”“< mitochondrial activity

phase

ATP turnover

metabolic shutdown

3 : biochemical/physiological dysfunction ... “MOF”

/ other
echanisms

endocrine mitochondrial recovery
(“biogenesis”)

NO

recovery

phase
1 metabolic activity

4

N recovery of organ function M U N I
ED

Mervyn Singer, Mitochondrial function in sepsis: Acute phase versus multiple organ failure (Crit Care Med 2007; 35) M




SIRS a Covid-19

Hyperinflammation = COMPLICATED COURSE:
ARDS/MODS

Physiclogical Inflammation & UNCOMPLICATED COURSE:

Intensity of immune response

Time = RECOVERY
Immunosuppression = COMPLICATED COURSE:
ARDS/MODS
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Patogeneze Covid-19 — klicové udalosti

Key events

Physiological Host Response
L Viral Entry & Ealy lnfection

I Host Immune Rosponie

Pathogenic Host Response

TiLe TG.CSF
TR0 TIFNy
T2 TTNF
TIP10  TMIP1a
o Viral infection via ACE2 and  * DAMP/PAMPs recognition * Excossive infiltration of * Extra-pulmonary cegan
TMPRSS2 ¢ Pro-inflammatory cytokine and imenume colls In the lungs involvernent
* Active replication and virl chemokine releaso * Systemic overproduction of * Activation of
roloase, Causing pyroprosis o Monocytes, macrophages and pro-inflammatory cytokines procoagulant
virus.specific T cell recruitment #nd sberrant regulation response
¢ Elmination of infected cells
Time since symploms onset
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SIRS, MODS and Covid-19

2

SIRS - Multiorgan failure 4
S
9 -3 o g
% © Mo activation
p—
e Ok LT R L L e e T v
o L PO —
e £ -2
3 O — -
£ T Tand NKcell =~ _ s
a - = -
g exhaustion - o @ §
Uncontrolled infectionx S
Secondary infections v g
? T T T T T T T T T | 1 -
3 2 -1 T 6 8 10 12 14 16 18 20 22
Infection onset

Medical requirement Days
Hospitalization

Pneumonia

Cytokine storm

Clinical & immunological
features

Basal p
Coagulopathies

Asymptomatic

v

Resolution of
infection
Host antiviral response

Humoral
response

Hypoxemia

Acute phase reactants
|

Severity biomarkers

D-Demer, T platedets, antiphospholipéd Abs

Decreased antiviral cells

Decreased antibody

Therapeutic strategies

Adoptive NK and T cell

Inflammation
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Endothelial cells MICROVESSELS / Microvascular dysfunction ——————»

*fﬂb Pericytes
-
™YY \'* »

SARS-Cov-2

/1 / : Mucrovaspular ACUTE CORONARY

endothelial
T * ' dyslunction SYNDROME
J CORONARY ARTERY /‘
R - 7.' \*

—» Endothelial cells G'b

2
Viral
invasion g
Plaque instability rupture
INFLAMMATION
> o
-
e A ® IL-6, IL-7, IL-22, CXCL 10
o = ° T
Macrophage @4 .20 e & elte o . o %
e 59 o °' (R @ X »
CDZOS‘ o=¢ ™ oo - .300000.
< 'u',.‘,'°-'oao.
@ Immune A ST PE Qi
activation

* —, t METABOLIC Fulminant
\\ ACTIVITY myocarditis @

—»( mYyocArDITIS ) — HEART FAILURE

- CK
Myocardial damage t OYSFUNCTION > { ARRHYTHMIA

= =
m e
O =



Dekuji za pozornost

{ amanolo®sts mode
sence, pedple woud realse
they dont Kaow Jhat

they're tal¥iag obout

microblolo®sts ore just

Know what IL-17 does

Jeolous becouse they domt
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Patogeneze onemocneni Covid-19

— Koronaviry patri do Celedi Coronaviridae v radu Nidovirales
— Nazev koronavirus - korona predstavuje hroty podobné korune na vngjsim

povrchu viru; proto byl pojmenovan jako koronavirus

— Koronaviry jsou obalené viry, minimalni velikosti (prumér 65-125 nm) a
obsahuji jednovlaknovou RNA jako nukleovy material o velikosti od 26 do 32
Kb

\]
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Covid-19

— Virus, ktery zpusobuje COVID-19, je znamy jako SARS-CoV-2.
_ Zda se, ze se poprvé objevil ve Wuhanu v Ciné& koncem roku 2019.
— Vypuknuti se od té doby rozsifilo po celé Ciné do dalSich zemi po celémsvéts.

— Do konce ledna byla WHO prohlasena za mimofadnou udalost v oblasti vefejného zdravi s novymkoronavirem.

— Mezi nejCastéji hlasené pfiznaky patfi horeCka, suchy kasel a unava a v mirnych pfipadech mohou lidé mit jen rymu nebo bolest v

krku.

wviiv s

pFipady jsou fatalni.
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Lidskeé koronaviry

— Nejpravdepodobnegjsim ekologickym
rezervoarem pro koronaviry jsou netopyri, SARS-CoV

ale predpoklada se, Ze virus preskodil m

druhovou bariéru pro Cloveka z jiného
Bat CoV MERS-CoV

mezihostitele.
— Timto hostitelskym prostfednim zvifetem V 8 ’

by mohlo byt domaci zvire, divoké zvire
2019 nCoV

nebo domestikované divoké zvire, které
dosud nebylo identifikovano. -
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Covid-19 timeline

Dec. 31, 2019

Jan. 7

Jan. 11

Jan. 13

©

0

China alerts World Health
Organization (WHO) to
several cases of pneumonia
with no known cause in
Wuhan. The disease goes on
to be named COVID-19.

©

WHO officials announce they
have identified a new virus

named SARS-CoV-2 that causes
COVID-19. It belongs to the
coronavirus family, which includes
viruses that cause SARS, MERS
and the common cold.

©

China announces
the first death
linked to
COVID-19.

WHO reports the
first case outside of
China in Thailand.

Feb. 26

Feb. 29

Mar. 11

Apr. 2

Apr. 10

_Q

National Institutes of
Health (NIH) begin the
first clinical trial in the U.S.
for a potential COVID-19
treatment, remdesivir, an
antiviral drug originally
developed to treat Ebola.

©

The FDA took
steps to expand
novel coronavirus
testing to
hospital clinical
microbiology
laboratories.

©

WHO declares
COVID-19 a
pandemic, with

©

Confirmed cases of
COVID-19 top
1 million worldwide.

more than 100,000
cases and 4,000
deaths in 114
countries.

©

Global deaths
due to
COVID-19 top
100,000.
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Patogeneze onemocneni Covid-19

1. COVID-19 virus
In environment/~ .
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2. Virus entry to lung

111 Zapati prezentace

Life cycle of COVID-19
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4. Virus binding to
ACE-2 receptor by
spike protein

5. Virus entry to
Type-2
pneumocytes by
membrane
invagination

6. SS RNA

released by virus “ \
}

Golgi apparatus e

7. Various virus
protein

synthesized by l
host cell \ ﬁ

RNA dependent i
RNA polymerase
AT

v
1’:\‘

"l

Type 2
pneumocyt

ﬁ

10 New virus
released by
host cell by
exocytosis

9. New virus
synthesized
by host cell

9. Packaging of
SS viral RNA
and protein
coating in sER

8. Viral RNA
synthesis by RNA
dependent RNA
polymerase
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Patogeneze onemocneni Covid-19

| TMPRSS2
ACE2 receptor
‘Amphopem\
Ang Il activation ——» M. «—— Directviral .
l Mye10|d cell invasion ’%{%&

Complement Reduced actnianon \» l \
activation Ang1-7  Gytokine storm
—
Heme™

Tubular epithelial
o “ / and podocyte
Hypercoagulability and T— damage

Microangiopathy ‘
{} Rhabdomyolysis
Sepsis ATN w s
g V- > -Interstitial Inflamation
-y N v -Podocytopathy
Hypoxia and -Microangiopathy

Acute Cardiac and Lung Injury  hypotension -Collapsing glomerulopathy
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Patogeneze onemocneni Covid-19

— Koronavirus je jednim z hlavnich patogenu, které se primarné
zaméruji na lidsky dychaci systém. Predchozi ohniska koronaviru
(CoV) zahrnuji zavazny akutni respiracni syndrom (SARS) -CoV a
respiracni syndrom na Strednim vychode (MERS) -CoV, které byly
drive charakterizovany jako latky, ktere predstavuji velkou hrozbu
pro verejné zdravi. Na konci prosince 2019 byl do nemocnic prijat
soubor pacientu s pocatecni diagnézou pneumonie neznamé
etiologie.
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Faze Covid-19

Phases of Covid-19

Presymptomatic

/ phase

. Virus

Late
Hyperinflammatory
phase
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