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Definice zanetu

Souhrn reakci na poruseni integrity organismu
* Ochrana proti infikovani
* Lokalizace poskozeni

* Regenerace, zahojeni

Inzult (patogenni faktor) vyvolavajici zanétlivou reakci

Biologicky (mikroorganismy, parazité)

Fyzikalni (zareni, termické vlivy)

Chemicky (toxiny, Ziraviny)

Metabolicky (hypoxie, poruchy metabolismu)



Rozdéleni zanetu

Dle ohraniceni
* |okalni

* systémovy

Dle dynamiky
e akutni

* chronicky

Dle efektu
e obranny

e autoagresivni (deregulovany, delokalizovany)



Symptomy zanétu

Makroskopicka uroven
e calor —vyssi teplota 7
* rubor - zarudnuti, erytém

- (Celsus, De Medicina, 1. stoleti)
* tumor — zdureni, otok

e dolor — bolest -

e functio laesa — porucha funkce (R. Virchow, 19. stoleti)

Mikroskopicka uroven serdzni
nehnisavy

e alterace —zmeény v tkani hnisavy
fibrindzni

* exsudace — zanétlivy exsudat (tekutina a proteiny), bunky (infiltrat) gangrendzni

» proliferace - tvorba granulacni a vazivové tkané (jizva)

http://penelope.uchicago.edu/Thayer/E/Roman/Texts/Celsus/home.html



Prubéh zanétu

Produkty bunék a traumatizovanych tkani vedou k:

e ZvysSeni permeability cév (pri poranéni kratka vazokonstrikce), prostup plazmatické tekutiny do
extravaskularniho prostoru

« Zvyseni prilnavosti endotelii, exprese adhezivnich molekul, usnadnujici migraci lymfocyt(

 Zmeény v regulaci teploty

* OQOvlivnéni nervovych zakonceni

Souhra slozek nespecifické (vrozené) a specifické imunity, v zavislosti na délce trvani zanétu a

intenzité



Horecka

Zvyseni télesné teploty v klidu ucinkem patogenniho podnétu
* Infekcni agens, trauma, inkompatibilni transfuze
» ZvySena produkce prozanétlivych cytokint (IL-1, TNF, IL-6), prostaglandiny (pyrogeny)

* Plsobeni na hypotalamické termoregulacni centrum

Jéinky (mediatora) horeéky na funkce organismu

* Nervovy systém (bolest, Unava, spavost)

* Kardiovaskularni systém (zvyseny tep, +1 °C => +10 tep(l za minutu)
* Metabolismu (urychleni [atkové premény, 40 °C => 50% navic)

* Respiracni systém (zrychlené dychani)

e Travici systém (snizena Cinnost, porusena resorpce Zivin)

e Ledviny (snizenda tvorba modi, bilkovina v moci)
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https://www.semanticscholar.org/paper/Fever-and-the-thermal-regulation-of-immunity%3A-the-Evans-Repasky/1f6af26441b91283fa996849daba93b073¢c3d200



Systémy realizujici zanétovou odpoveéd’

* Leukocyty

* Endotel

e Desticky

* Plazmaticky koagulacni systém
 Komplement

* Proteiny akutni faze



Vrozena imunita
ne az tak uplné nespecificka... rozeznavani:

 Pathogen-associated molecular patterns (PAMPs)

e pochazeji z mikroorganismu, evolu¢né konzervované molekuly typické pro patogeny
» bakteridlni sacharidy (lipopolysacharidy, také LPS, mandza), nukleové kyseliny (bakterialni nebo viralni
DNA nebo RNA), bakterialni peptidy (flagelin), peptidoglykany a lipoteichoicka kyselina (gram pozitivni

bakterie), N-formylmethionin, lipoproteiny a glukany, chitin

 Damage (danger)-associated molecular patterns (DAMPs)

* pochazeji ze stresovanych nebo poskozenych bunék hostitele, zalezi ¢asto na kontextu

 HSPs, HMBG1, hyaluronan, ATP, adenosin, kyselina mocova, heparin sulfat, DNA, RNA, TNF-a, IL-1(3, IFNa

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3443751/



PAMPs a DAMPs jsou rozpoznavany prostrednictvim:

e Pattern recognition receptory (PRRs)

predevsim na burnkach prezentujicich antigen (ale i mimo bunky imunitniho systému)
membranové Toll-like receptory (TLRs)

membranové C-type lectin receptory

cytoplazmatické retinoid acid-inducible gene | (RIG-I)-like receptory (RLRs)

cytoplazmatické nucleotide-binding oligomerization domain (NOD)-like receptory (NLRs)

* Po rozpoznani a navazani na receptor dochazi k aktivaci bunék a expresi

molekul modulujicich zanét (cytokiny, chemokiny, adhezivni molekuly)

rychl3, relativné nespecificka reakce (minuty), bez imunologické paméti
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2668232/



https://www.nature.com/articles/s41577-019-0215-7/figures/1
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* Antigen presentation

Dendritic cells

* Phagocytosis

* Antigen presentation

» Release of inflammatory
mediators

Neutrophils

* Phagocytosis

* Degranulation

* Release of inflammatory
mediators

Mast cells

* Degranulation

* Release of inflammatory
mediators

NK cells

» Cytotoxicity

* Release of inflammatory
mediators

Eosinophils

* Degranulation

» Cytotoxicity

* Release of inflammatory
mediators

A
\ 4

DAMPs produced
by damaged cells

A
Y

b Non-immune cells

O

\ €

~

Epithelial cells

* Tumorigenesis

¢ Release of inflammatory
mediators

Endothelial cells

* Immune cell
recruitment

* Release of inflammatory
mediators

Fibroblasts

* Immunoregulation

* Release of inflammatory
mediators

/

c Adaptive immune cells

T cells

e Assist the activation of
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Leukocyty

Multipotential hematopoietic
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https://oerpub.github.io/epubjs-demo-book/content/m46036.xhtml



Komplementovy systém

Invading pathogen

C1

C1 binds to an antigen-

antibody complex on an

invading pathogen, causing

/ complement components C2
and C4 to split in two.

C3 convertase (D Fragments from C2 and C4 combine to
form an enzyme called C3 convertase.

c3 (T ) C8convertase splits in two. One of
the fragments from C3 joins C3

Eterac(i:tgn with factors P, convertase to form C5 convertase.
,an

C3a attracts phagocytes

@ C3a = @ 7 % yoinfection site
C3b () N '

/ 197

C3b binds to the surface C5 &) C5 convertase splits C5 in two.

of the pathogen. / \

C5a (O Q C5b

ST

A fragment from C5 joins C6, C7, C8, and C9 to form
the membrane attack complex, which makes a hole
in the pathogen's plasma membrane. Water rushes
into the hyperosmotic cytoplasm, causing the
pathogen to lyse.

https://upload.wikimedia.org/wikipedia/commons/0/0b/2212_Complement_Cascade_and_Function.jpg



Komplementovy systém

(A)

Opsonization and phagocytosis

el

Microbe

Binding of C3b (or Cab)  Recognition of bound C3b  [phagocytosis
to microbe (opsonization) Y Phagocyte C3b receptor ot microke
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https://www.sciencedirect.com/topics/engineering/complement-cascade
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https://www.youtube.com/watch?v=LaG3nKGotZs&ab_channel=0smosis



Endotel

Udrzovani cévniho tonu, vazoaktivita, adheze

Exprese receptort

P-Selectin, E-selectin

ICAM, intercellular adhesion molecule

JAM, junctional adhesion molecule

PECAM1, platelet/endothelial cell adhesion molecule 1
VE-cadherin, vascular endothelial cadherin

VCAM1, vascular cell adhesion protein 1

ligandy

PSGL1, P-selectin glycoprotein ligand 1
LFA1, lymphocyte function-associated antigen 1
VLA4, very late antigen 4

https://www.nature.com/articles/nri3399
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Regulace vazodilatace

Oxid dusnaty (NO)
klicova role ve vazodilataci, antitrombicka aktivita

<D mmm L
Produkovan NO-syntazou NADPH— > [EEET — >NADP

0, ‘m @

* konstitutivni i inducibilni formy enzymu (nNOS, eNOS, iNOS)

* regulace pratoku krve cévami, difuze NO z endotelii do bunék
hladké svaloviny, inhibice krevnich desticek

* riziko vzniku peroxynitritu (ONOO~) a oxidativniho poskozeni
okoli

Prostacyklin (PGI2)

* lipidovy mediator, syntetizovan z kyseliny arachidonové
(membranové fosfolipidy)

* enzym cykolooxygenaza

https://science.sciencemag.org/content/258/5090/1861
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EDITORIAL
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The Molecule of the Year is nitric oxide, NO, a molecule of vctsa(ilityand P that has

buru h iccnemmanygum In thc phercitisa ical, but in the body
small lled doses it ily beneficial. It helps maintain blood pressure by

dnlanng blood vessels, helpsknllfomp\ dersinthe i P isa major bioch

cal mediator of penile and is probably a major biochemical of l

memory, These are just a few of its mxny mlcs. \\)nch are just beginning tobe duuwmd and
they are d d in the acc le of the Year story (p. 1862). That NO plays
so many roles is not surprising because thc same biological second messengers usually are used
in many diverse systems, but a gas was indeed a surprise for an endogenous role, and a labile and
toxic gas even more so. As the first surprise of such an unlikely agent was overcome, the gas as
a messenger seemed logical because it could pass through biological membeanes readily and
oxidize foreign substances,

NO's role in sexual dysfunction, that of imp pports further a new liberation
from old mental straitjackets. The future is sure to bring more insights into the effect on complex
processes such as 1Q, bad behavior, and alcoholism by single genes or chemical reactions. Many
people will be happy to leam that some forms of sexual dysfunction may not be caused by
psychiatric disorders or the failure of a masriage but may instead reflect a deficiency in a chemical
reaction that can be compensated for by medical treatment. New research on the role of NO may
also lead to new insights into the loss of memory, which is so debilitating to so many.

Thnwus Mokculz oﬁhe Yeuromeagamdwwsthal scientific rewards can come from

g The r«ent idential election focused on the persistent

lonofprwxdxu)oband i ies. Hopefully, the political and social
scientists advising our leaders will pursue lhuc problcms with the same cmuva!y that charac-

terized the research on NO. The new, the unexpected, and the i will be needed to

address these social problems. In addition, our elected officials as well as the general public
must fxc unpleasant realities, including the need for the United States to work hard 1o

dard of living in petitive wotld and the need to be open-minded enough
to welcome unexpected solutions such as gaseous messengers.

Every year Science picks a Molecule of the Year along the lines described in our editorial
of 22 December 1989. Molecule is a term we use to emphasize that we are honoring the
discovery rather than the people who made the discovery, not because people are unimportant
but because many other awards honor the discoverers, and most discoveries involve the
contributions of many pmple Asin the case of “people prizes,” there are many “runner-up”
discoveries that are wh ity but, in our opinion, are not yet quite as
developed as our \vlnner For enmplc omofour runners-up, the discovery of the structure of

ion, but the way enzymes fix nitrogen is
bound to be ofgmt importance to agriculture. As more intense farming and cheaper fuel
become the necessities of the future, better mechanisms for nitrogen fixation become more
important. Enzymes certainly appear 1o have solved the problem better than
solutions so far. The hope is that the enzyme mechanism and the chemical knowledge can bc
combined to make a new solution that will benefit millions. The widespread use of super-
computers is not a sudden event, but the increased utility of this powerful tool in industry and
science for applications such as aircraft design and oil exploration will solve many problems
that were previously beyond approe

All of the up are d in the ory. This year they are an
impressive group ranging from discoveries thax are already being :pplnzd such as ftml diagnosis
and treatment (in utero treatment of a fetus to correct its defic and ing fetal
usut madu!un-ﬂhl’arkmsm;dm) xoth«edmmmw(mnwalawwlhax

seems i le, for example, RNA. In addition, there are landmarks such
:sdsempplngdchmmosoma Y and 21, which will certainly lead to medical discoveries, and
the use of imaging to diagn mcdlcal blems and to locare arcas of the
brain identified with specific thought p Those wh i the
of sci hould think fora about the incredibl devel thathave slipped into
everyday life without headlines. The Molecule of the Year and the runners- uparea good place
to start for the discoveries that will inevitably make the future better than the pas
Daniel E. Kuhland. Je.

SCIENCE « VOL.. 25§ » 18 DECEMBER 1992 1861




https://www.nejm.org/doi/full/10.1056/nejmra051884
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Figure 1. Regulation of the Relaxation of Vascular Smooth Muscle by Nitric Oxide.

Nitric oxide activates soluble guanylyl cyclase, leading to the activation of cyclic guanosine 3’, 5"-monophosphate
(cGMP)—dependent protein kinase (cGKIl). In turn, cGKI decreases the sensitivity of myosin to calcium-induced con-
traction and lowers the intracellular calcium concentration by activating calcium-sensitive potassium channels and
inhibiting the release of calcium from the sarcoplasmic reticulum. cGMP is degraded by phosphodiesterase type 5,
which is inhibited by sildenafil and zaprinast. GTP denotes guanosine triphosphate.




Prozanétova a hemostaticka role endotelu
vazokonstrikce, aktivace krevnich desticek a plazmatického koagulacniho systému

* endotelin1

e tromboxan A2

* noradrenalin

* enzym konvertujici angiotenzin (ACE), angiotenzin Il

» von Willebrand(v faktor (vWf¢)

* tkanovy faktor

* exprese membranovych fosfolipidl => vhodna matrix pro aktivaci desticek a plazmatického koagulacniho systému



Plazmaticky koagulac¢ni systém a desticky

Platelet adhesion =  Platelet activation = Platelet aggregation

VWF O
VWF receptor 2=
Collagen ©
Collagen receptor J=
GP lib/llla receptor J=

Thrombus

Fibrinogen

https://blog.antiaging.com/wp-content/uploads/2016/07/thrombus-evolution.jpg



Mediatory zanetu

* lipidové mediatory

* volné radikaly (ROS) \

Neutrophil
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https://www.researchgate.net/publication/321466965_Bioanalytical_Methods_for_Hypochlorous_Acid_Detection_Recent_Advances_and_Challenges/figures?lo=1



Mediatory zanetu
Cytokiny

Ruznoroda skupina malych proteinli secernovanych za tcelem komunikace mezi bunkami

Ve

e Autokrinni, parakrinni a endokrinni ucinky

* Plsobeni v prekryvajicich se sitich, redundance, ¢asto pleiotropni efekty, zavislé na bunéc¢ném kontextu

activation of
- ) Jene expresson
signaling molecules signal

| transducton\
Y
,—

f— NS

AL

Pruducer CE" #

receptor binding

Biological /

Response

..
|

Target Cell

https://old.abmgood.com/marketing/knowledge_base/growth_factors_cytokines_introduction.php



Interferony

Regulace nespecifické imunity, antivirové a antiproliferativni ucinky (IFNa, IFNB, IFNy, IFNA)
Interleukiny

Rlst a diferenciace leukocytt (IL-1, IL-6, IL-12, IL-17, IL-18, IL-4, IL-10, IL-11, IL-13)
Chemokiny

Chemotaxe (IL-8, MCP1, RANTES)

Kolonie stimulujici faktory

Stimulace progenitor(, podpora ristu a diferenciace (M-CSF, GM-CSF, G-CSF)

Tumor nekrotizujici faktory

Prozdnétlivé plsobeni, aktivace cytotoxickych T lymfocytl (TNFa, TNFPB)



https://www.omicscouts.com/en/signallingscout.html
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Systémov{/ za nét, souhra plsobeni inzultu a cytokinl

SIRS (syndrom systémové zanétové odpovédi, systemic inflammatory response syndrome)
* teplota nad 38 °C nebo pod 36 °C

* tep nad 90/min

» dechova frekvence nad 20/min nebo CO2 pod 32 mmHg

* leukocyty nad 12 tis./ul nebo pod 4 tis./pl nebo vic jak 10 % nezralych forem

Sepse
SIRS z infekCnich pficin
(i pdvodné neinfekéni rozvinuty SIRS zpravidla pfechazi v sepsi — selhani mikrocirkulace stfevni stény, proniknuti bakterii do cirkulace)

MODS (syndrom multiorgdnového selhani, Multiple organ dysfunction syndrome)

pritomnost takovych zmén organovych funkci Ze homeostdza nemuze byt udrzena bez intervence
e primarni MODS — pfimé plsobeni inzultu (tézké trauma, cirkulacni selhani)

* sekundarni MODS — autoagresivni plsobeni zanétu

Syndrom akutni dechové tisné (ARDS, acute respiratory distress syndrome, adult respiratory distress syndrome)

* zvySena propustnost plicnich kapilar
* akumulace tekutiny v parenchymu a alveolech
* poskozeni epitelu alveoll

https://www.ncbi.nlm.nih.gov/books/NBK547669/



Diseminovana intravaskularni koagulace (DIC)

systémova aktivace koagulace (infekce, trauma, nadory, porodni komplikace, potransfusni reakce)
* intravaskularni depozice fibrinu => trombdzy, ischemie a organova selhani
* vycCerpani desticek a koagulacnich faktor( => krvaceni

Tissue factor

prmﬁﬂam%atory : - expression F|brm deposition ——3n [ [ '

. Ccytokines ==V q’ ? . =< ‘
Y, 2

@ {)

. Insufficient
Impairment of removal

anticoagulant
mechanisms ‘ /

Plasmmog
activator inhibitor 1

— e
Endothelial cell

https://www.nejm.org/doi/10.1056/NEJMra1208626



,..While the general concept of an excessive or uncontrolled release of proinflammatory cytokines is

[ s
CytO kl ny Se bou rl eoe well known, an actual definition of what constitutes a cytokine storm is lacking...”

cytokinova boure (hypercytokinemie)
* deregulace plisobeni prozanétlivych cytokin(
* systémové plsobeni vedouci k MODS

ORIGINAL ARTICLE

Shock and Multiple-Organ Dysfunction after Self-Administration of

. Salmonella Endotoxin

Angelo M. Taveira da Silva, Helen C. Kaulbach, Francis S. Chuidian, David R. Lambert, Anthony F. Suffredini, and Robert L. Danner

% ORIGINAL ARTICLE

Cytokine Storm in a Phase 1 Trial of the Anti-CD28 Monoclonal Antibody
TGN1412

1 hour — simultaneously, the six men begin suffering excruciating headaches, shivering, back pain, gut pain,
diarrhoea, swelling and nausea

4 hrs — all have fevers, are flushed, their blood pressure drops dangerously low and their hearts start to race.
Blood tests show their lymphocytes and monocytes are fast vanishing.

5 hrs — one patient begins fighting for his breath. All suffer lung pain. They are all given steroids and other
medications to ease inflammation.

12 hrs — the patient fighting for his breath is so bad that he has to be taken into intensive care and put on a
ventilator to keep him alive. Suntharalingam decides to take all the volunteers into intensive care as a precaution.
24 hrs — two people are on ventilators, and the four others need support with breathing.

48 hrs — the four least affected men start to recover, but all six begin to suffer multi-organ failure, and have to be
attached to kidney machines...

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3294426/



Co stoji za nachylnosti k cytokinové boufri?

* hyperfunkéni varianty Toll-like receptorl (TLR1, TLR4)?

e polymorfismy v SOCS (supresory cytokinoveé signalizace)?
e original antigenic sin?

* imunosenescence, Inflamm-aging

e environmentalni faktory?

* vitamin D status?

e Something Completely Different?



SARS-CoV-2 koagulopatie
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https://www.nature.com/articles/s41577-020-0331-4/figures/2
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— Tissue damage

— Hypoxia

— Hypotension

— Organ dysfunction
— Organ failure
— Death

https://mariaromanova.org/illustration.html#gallery-3



Chronicky zanet

» perzistujici infekce (TBC, Syfilis, Lepra)

* prolongovana expozice iritantum

e opakované akutni zanéty

e primarné chronicky zanét — nizce virulentni agens, sterilni zanét (silikdza)
e autoimunitni zanéty (trvalé ukladani imunokomplexu)

* nezname priciny



Chronicky zanet

obezita jako chronicky zanétlivy stav

Pulmonary
adipose tissue

Periadventitial
adipose tissue

Perirenal
adipose tissue

Bone marrow
adipose tissue

Epicardial
adipose tissue

Subcutaneous
adipose tissue

Visceral
adipose tissue

Lean with normal
metabolic function

< Inflammation
< Metabolic control
« Vascular function

Blood vessel

Anti-inflammatory adipokines
Adiponectin
SFRP5

https://www.semanticscholar.org/paper/Adipokines-in-inflammation-and-metabolic-disease-Ouchi-Parker/b409ed2312330ef9a123f5eb700e93537ee9c21c/figure/3
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Secretory cells of

adipose tissue
Cytokine and cytokine-

like proteins Adlpokmes

TNFor Leptin

IL-6 Adiponectin
Visfatin/Nampt/PBEF

MCP-1 ‘

- Vaspin
Resistin * Adipocytes RBP4
Progranulin * Precursor cells FGF21

. —
¢ Endothelial cells BMPs
Proteins of the * Eﬂacmpr:fges Nesfatin-1
. . * Foam cells .
fibrinolytic system Cathepsins

¢ Neutrophils

PAI-1 h o
: * Lymphocytes Omentin
Tissue factor * Fibroblasts Lipocalin

e Others

and hundreds more

\

Complement and

complement-related proteins
Adipsin Proteins of RAS
Complement factor B Angiotensinogen
ASP
CTRPs Y Endocannabinoids and
Lipid transport other lipids
Enzymes Apolipoprotein E Anandamide
DPP-4 Cholesterol ester transfer protein 2-AG
Lipoprotein lipase Free fatty acids

TRENDS in Pharmacological Sciences

Figure 1. Factors released or secreted by adipose tissue. Adipocytes, immune cells, fibroblasts, endothelial cells, and others contribute to the release of metabolites, lipids,
and adipokines. Examples of adipose tissue-derived molecules are provided here. Abbreviations: 2-AG, 2-Arachidonoylglycerol; ASP, acylating simulation protein; BMPs,
bone morphogenetic proteins; CTRPs, C1g/TNF-related proteins; FGF21, fibroblast growth factor 21; MCP-1, monocyte chemotactic protein-1; PAI-1, plasminogen activator
inhibitor-1; RAS, renin angiotensin system; RBP4, retinol binding protein 4. Modified from [3,5,6].



Mozek a zanéet

a Neurodegeneration
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Alzheimerova choroba

neurodegenerativni onemocnéni mozku, nejcastéjsi pricina demence, 90% pfipadu se vyskytuje sporadicky, role polymorfismu ApoE €4

u familidrni formy mutace napt. v PSEN1 a PSEN2 (podjednotky enzymu stépici amyloid precursor protein, APP)

Molekuldrni mechanismus nejasny: pravdépodobna role produktd metabolismu APP a vznik amyloidnich plaktl, abnormalni fosforylace proteinu Tau
(neurofibrilarni klubicka), odumirani neuron(, vyrazna imunitni slozka

Casty vyskyt AD u Downova syndromu (trisomie 21. chromosomu => extra kopie APP)

Healthy Brain

Healthy f IO
Neuron Tau Protein R l ), | 77, __ Cerebral
'\ =~ 5 ’a "‘- N Cortex
| ‘»A_sr\ N e = /
Dendrites ’ W4 NS
. Y J " ‘l— _AI/

\ y
A

3 Sy L /
i e~ L
Axon/ 7n ™ 3 & 70 o Hippocampus
W =4
‘ Mlcrotubules 5 Mild

Alzheimer’s Disease

: ' Cortical
— & | —— Shrinkage

Moderately

: Enlarged
~_— Ventricles

Diseased Plaque

~_  Shrinking
Neuron )

~ Hippocampus
Severe

Alzheimer’s Disease
~ _ Severe
& V¢ 7 =~ Cortical
» i/—, Disintegrating 3 .. Shrinkage
/7./ Microtubules == J& =
e \ Severely
s : 3 - __~ Enlarged
Ventricles

> T~ 7 Severe
= : "~ =<_ Shrinkage of
¢ ,- ) Hippocampus

http://www.brightfocus.org/sites/default/files/styles/full_width/public/BFF_2015MedIllust_Progression_of_Alzheimers.jpg?itok=tDpLI9sm9



V hlavni roli glie?
Mikroglie —rezidentni imunitni bunky v CNS, Siroké spektrum fenotypu, pohyblivost, fagocytéza a udrzovani homeostdzy, produkce

cytokinl (prozdnétlivé cytokiny jsou soucasti konsolidace paméti), aktivace je spojend s AD (ale je to Spatné?), mozna role receptoru TREM?2

(Triggering receptor expressed on myeloid cells 2)

Astrocyty — protektivni uloha v CNS, tvorba glialni jizvy, regulace zanétu, produkce cytokinl, neurotransmiter(i, zmény tvaru i molekuldrnich

funkci po stimulaci

Oligodendrocyty — obklopuji axony neuront a vytvareji na nich myelin, produkce trofickych faktord, pfisun metabolit(

https://en.wikipedia.org/wiki/Glia#/media/File:Glial_Cell_Types.png
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Secondary hits, e.g.,
brain trauma, systemic
inflammation, midlife
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Cytokine Involvement in AD pathology

TNF-a TNF-a is involved in inducing acute phase inflammation and is
elevated in AD serum, cerebrospinal fluid (CSF) and cortex
(Tarkowski et al., 1999, 2003). Anti-TNF-a treatment reduces A
deposition, behavioral impairments, and inflammation in AD animal
models suggesting TNF-a is detrimental factor in AD (Russo et al.,
2012; Tweedie et al., 2012; Detrait et al., 2014; Gabbita et al.,
2015). However, one study suggests that TNF-a expression in APP
transgenic mice at early stage induces glial uptake of Ag
(Chakrabarty et al., 2011). Additionally, neuronal TNF-a expression
in 3xTg AD mice promotes neuronal death (Janelsins et al., 2008).

IL-1B IL-1B is rapidly secreted in response to injury and is an important
mediator of inflammatory response as well as cell proliferation,
differentiation and apoptosis. IL-1p has been found at high levels
near the sites of AB plaques (Griffin et al., 1989; Das and Potter,
1995; Licastro et al., 2000). Overexpression of IL-1p in APP/PS1
mice activates a phagocytic population of microglia and reduces Af
plaques (Ghosh et al., 2013; Cherry et al., 2015). Furthermore, mice
deficient in the receptor for IL-18 have lower recruitment of
microglia to Ap plaques, supporting the idea that IL-18 can mediate
microglial chemotaxis (Kamphuis et al., 2012).

Phagocytosis
Removal of AR and NFT

: - Inappropriate synapse removal
Synaptic pruning

IL-6 IL-6 may be both proinflammatory and anti-inflammatory and is . . .
elevated in the plasma, CSF, and brain of AD patients (Ershler and CytOklne S|gnahng
Keller, 2000; Licastro et al., 2000, 2003; Shibata et al., 2002; Immune cell recruitment Neurotoxicity»
Baranowska-Bik et al., 2008; Galimberti et al., 2008). 5 ‘i S o .
Triggers phagocytosis Chronic immune activation

IL-10 IL-10, also known as cytokine synthesis inhibitory factor (CSIF), is
an anti-inflammatory cytokine upregulated in AD patients
(Guillot-Sestier et al., 2015). Overexpression of IL-10 in AD animal
models reduces microglial phagocytosis of A leading to cognitive
impairment (Chakrabarty et al., 2015; Guillot-Sestier et al., 2015).

TGF-B TGF-B is an immunosuppressive cytokine that protects neurons
against damage. A genetic polymorphism in in TGFB1 is associated
with the risk of developing AD (Luedecking et al., 2000). Post
mortem AD brains contain increased levels, specifically in A
plagues (van der Wal et al., 1993; Chao et al., 1994). Long-term
overexpression of TGF-B by astrocytes can increase A clearance
by microglia and improve cognitive impairment (Wyss-Coray et al.,
2001; Chen et al., 2015). Conversely, TGF-p induces astrocyte
aggregation and AB deposition near brain microvessels (Ueberham
etal., 2005).

IFN-y IFN-y is a proinflammatory regulatory cytokine that activates
microglia. It is primarily produced by T cells and natural killer cells
but can also be secreted by microglia and astrocytes (Fultz et al.,
1993). IFN-y is upregulated in the AD brain (Huberman et al., 1994)
and a polymorphism is associated with fast progressing AD,
suggesting it could play a detrimental role in the course of AD
(Asselineau et al., 2015).

Glial proliferation and activation

Anti-inflammatory cytokine release

Phagocytosis Chronic pro-inflammatory release
Trophic support

https://www.frontiersin.org/articles/10.3389/fnagi.2019.00337/full
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Table 1 Specific characteristics of inflammation in various tissues and diseases

Disease/tissue

Main characteristics of inflammation

Main pathways/markers

Specific complications Immunotherapy

Sepsis

Inflammation of the
gastrointestinal tract

Rheumatoid arthritis

Atherosclerosis

Neurodegenerative
diseases

Liver disease

e Exaggerated inflammation and
inappropriate endothelial activation
combined with immunoparalysis

e Permanent structural and functional
alterations

e Ulcers, strictures, fistulas

e Disturbed motility and barrier
function

e Autoantibodies/immune complexes
¢ Proinflammatory cytokines

e Macrophage influx

e Pathogenic T and B cells

¢ Dyslipidemia and cholesterol
deposition

e Monocyte and lymphocyte
influx in intima

e Activation of inflammasomes
and cytokines

e Peripheral infection/inflammation—
induced activation of microglial cells

e B-amyloid fibrils

e Acute liver failure
e Hepatic acute-phase response
e Steatosis

e Cholestasis, hypergamma-
globulinemia, fibrosis

e Increased cytokines/acute-phase
proteins

e Activation of complement,
coagulation and endothelial cells

e |ncreased circulating cytokines and
acute-phase proteins

e Decreased neutrophil function

e TNF, IL-1B, IL-6, IL-12, IL-18 and
IL-23

o [FN-y*IL-17+IL-22+ Ty17 cells
* RANKL

e Anti—citrullinated peptides

¢ |[nflammasome and cytokines

e hsCRP

e TREMZ2, CD33, PLCGZ2
* LRRK2, C9orf72, TBK1, CHCHD10

e Activation of inflammasomes and
IL-1B

e |L-1a and other proinflammatory
cytokines

e TGF-B for fibrosis

e Septic shock

e Multiple-organ
failure

e Opportunistic
infections

e Peptic ulcer disease
e Chronic pancreatitis
e Celiac disease

e Crohn’s disease

e Ulcerative colitis

e Joint inflammation

e Personalized immunotherapy:
in hyperinflammation, IL-1Ra,
anti-Cha; in immunoparalysis,
rIFN-y, GM-CSF, anti-PD1, rIL7

e Corticosteroids

e Antibodies to TNF, IL-12,
IL-23 or integrin o4B7

e Anti-TNF, IL-1Ra, Anti-IL-6R,

e Angina pectoris
e Acute myocardial
infarction

e Stroke

e Alzheimer’s disease
e Parkinson’s disease

e Amyotrophic lateral
sclerosis

e Acute and chronic
hepatitis

¢ Nonalcoholic fatty
liver disease

e Cirrhosis

e JAK-STAT inhibitors

e Statins, including
methotrexate and anti-IL-1p
(canakinumab) currently in trials

¢ Not yet available

e Not yet available



Diabetes e |nfiltration of pancreatic islets with
innate and adaptive immune cells
and beta-cell apoptosis in T1D

® Low-grade innate inflammation
in adipose tissue, liver and islets;
insulin resistance and beta-cell
apoptosis in T2D

Lung disease ¢ [nflammation and hyper-reactivity
e Fibrosis
Chronic kidney e | ow-grade inflammation
disease
Inflammatory e Inflammation with exaggerated T,,2
skin diseases (Alzheimer's disease) or Ty17 (psoriasis)
¢ |Inflammation in apocrine glands (HS)
Autoinflammatory e Sterile inflammation in joints
syndromes (e.g., deficiency  and peritoneum, fever, systemic
of IL-1Ra, FMF, HIDS, inflammation
cryopyrin-associated periodic
syndrome)
Cancer-related e |nfiltration of tumor-associated
inflammation macrophages with strong

immunosuppressive activity

* Proinflammatory cytokines eMacrovascular com-

IL-1p and TNF plications (myocardial
¢ InT1D, also T cell-mediated infarction, stroke, clau-
beta-cell killing dication)

eMicrovascular
complications (kidney,
ocular, neuronal)

® T2 and IL-4/1L-5/IL-13 allergic * Asthma
responses (asthma) ¢ COPD
*Polymorphonuclear leukocyte and * Idiopathic pulmonary

macrophage infiltrate, cytokines (COPD)  fiprosis

* TGF, integrin a B¢, platelet-derived
growth factor § (idiopathic pulmonary
fibrosis)

e NLRP3 inflammasome, IL1j, IL-6, e Kidney insufficiency
PGEZ2, TGF-p

*Ty17, T2, antimicrobial peptides ® Psoriasis

* T2, filaggrin ¢ Atopic dermatitis

e [L-1p and TNF (HS) e HS

* nflammasome/IL-1B pathway * Amyloid deposition
IL-1/IL-1Ra balance (FMF)

e NF-xB perturbations
e Type | IFN production

* M2 macrophage phenotype ¢ T cell exhaustion and
® Checkpoint proteins PD-1, PD-L1 and ~ @nergy
CTLA-4 e Tumor progression

e |L-1B, IL-6, TNF, IL-4, IL-10 and TGF-b
® Pentraxin-3

e Anti-IL-1 (anakinra,
canakinumab)

* Anti-TNF

® Corticosteroids
* Anti-IL5

¢ |L-1Ra (anakinra)

e |L-1 soluble receptor
(rilonacept)

* Antibodies to TNF, IL-17,
IL-17R, IL-23 (psoriasis)

¢ Anti-TNF and anti-IL-1 (HS)

¢ Anti-IL-1 therapies (anakinra,
canakinumab, gevokizumab,
rilonacept)

e TNF inhibitors

e JAK-STAT inhibitors

¢ Checkpoint blockade: antibodies
to PD-1, PD-L1 and CTLA-4

e |[mmunostimulatory: BCG,

muramyl dipeptide (mifamurtide),
p-glucan

FMF, familial Mediterranean fever; HIDS, hyperimmunoglobulinemia D and periodic fever syndrome; HS, hidradenitis suppurativa; hsCRP, high-sensitivity C-reactive
protein; T1D, type | diabetes; COPD, chronic obstructive pulmonary disease; BCG, Mycobacterium bovis bacillus Calmette—-Guerin; GM-CSF, granulocyte-macrophage

colony-stimulating factor; r, recombinant.

https://www.nature.com/articles/ni.3790



Chronicky zanét asociovany s rakovinou

Neoplastic progression

Pro-inflammatory
cytokines

DC migration and
antigen presentation

Tumour-promoting
Pro-growth

Tissue expansion
Malignant conversion

Innate immune
response
Serum proteins.

Cell-death inhibition
Genomic instability
Fibroblast activation
Matrix metabolism

Angiogenesis

activation

Secondary lymphoid organs
Adaptive immune response

\_{

Anti-tumour

T-cell-mediated cytotoxicity

(FAS, perforin and/or cytokine pathways)
Antibody-dependent cell-mediated cytotoxicity
Antibody-induced complement-mediated lysis

https://www.nature.com/articles/nature01322

https://www.astro.org/Patient-Care-and-Research/Research/Professional-Development/Research-Primers/Tumor-Immune-Interactions

Table 1 Chronic inflammatory conditions associated with neoplasms

Pathologic condition

Associated neoplasm(s)

Aetiologic agent

Asbestosis, silicosis

Mesothelioma, lung
carcinoma

Asbestos fibres, silica
particles

Bronchitis

LLung carcinoma

Silica, asbestos, smoking
(nitrosamines, peroxides)

Cystitis, bladder
inflammation

Bladder carcinoma

Chronic indwelling, urinary
catheters

Gingivitis, lichen planus

Oral squamous cell
carcinoma

Inflammatory bowel

disease, Crohn’s disease,

chronic ulcerative colitis

Colorectal carcinoma

Lichen sclerosus

Vulvar squamous cell
carcinoma

Chronic pancreatitis,
hereditary pancreatitis

Pancreatic carcinoma

Alcholism, mutation in
trypsinogen gene on Ch. 7

Reflux oesophagitis,
Barrett's oesophagus

Oesophageal carcinoma

Gastric acids

Sialadenitis

Salivary gland carcinoma

'ijjgren syndrome,
Hashimoto’s thyroiditis

MALT lymphoma

Skin inflammation

Melanoma

Ultraviolet light

Cancers associated with infectious agents

'Opfsthorchis, Cholangitis

Cholangiosarcoma, colon
carcnoma

Liver flukes (Opisthorchis
viverrinj), bile acids

Chronic cholecystitis

Gall bladder cancer

Bacteria, gall bladder stones

Gastritis/ulcers

Gastric adenocarcinoma,
MALT

Helicobacter pylori

.I'-‘|'epatitis Hepatocellular carcinoma  Hepatitis B and/or C virus
Mononucleosis B-cell non-Hodgkin's Epstein-Barr Virus
lymphoma, Burkitts
lymphoma,
AIDS Non-Hodgkin's lymphoma, Human immunodeficiency

squamous cell carcinomas,
Kaposi's sarcoma

virus, human herpesvirus
type 8

Osteomyelitis

Skin carcinoma in
draining sinuses

Bacterial infection

Pelvic inflammatory
disease, chronic cervicitis

QOvarian carcinoma,
cervical/anal carcinoma

Gonnorrhoea, chlamydia,
human papillomavirus

Chronic cystitis

Bladder, liver, rectal
carcinoma, follicular
lymphoma of the spleen

Schistosomiasis




