Academic lectures for general medicine GENERAL
Summer course 3rd year
Upcisted 2001 2011 PATHOPHYSIOLOGY

CHRONICKY ZAPAL

R. A. Benacka, MD, PhD, prof.
Department of Pathophysiology Medical faculty,

Safarik University, KosSice

Figures and tables in this presentation were adapted from various printed and
electronic resorces and serve strictly for educational purposes.




Charakteristika

Df: Ako je chronicky zapal definovany ?

= frvanie. zapalové ochorenie pretrvavajuce viac ako 8 tyzdnov,
mesiace, roky; subakutny zapal (2-8 tyzdnov)

= priebeh: aktivny zapal s tkanivovou alteraciou a hojenie -
regeneracia idu simultanne, resp. cyklicky, alternaciou;

= histologia. nepritomnost Ne, prevaha Mo/Mf, T- Ly, plazmatickych
bb., Fib, pritomnost zvlastnych buniek u granulomatézneho zapalu
(epiteloidné, gigantické bb.)

A) Chronicky zapal = pokraCovanie neukon¢eného akutneho zapalu;
B) DIhodoby proces s rekurenciami rézne intenz. akutnych vzplanuti;

C) Od zaciatku ide o ,iny ako akutny zapal®, prebiehajuci inzidudzne, s e
nizkou intenzitou ( low —grade), ¢asto asymptomaticky.  HEABTATIACKS,

Pa: Morfologické zvlastnosti:

= Mene| vyrazné vaskularne zmeny, extracelul. hmota (slabé
zaCervenanie, tuhy indurat, fibrotizacia),

Dr. Barry Marshall, Dr. Robin Warren s
Nobelovou cenou za medicinu za
presadenie myslienky Ze pri¢inou
chronickej vredovej choroby méZze byt H.
pylori. Teraz oslavuiju, predtym by ich
ubili Capicami.

= Bludny kruh: repetitivne cykly -> destrukcia — reparacia; tkanivova
alteracia je vyraznejSia ako u akutneho zapalu; prejavy hojenia,
nahrada (angiogenéza, fibréza).

Cely rad tzv. civilizénych ochoreni dneska je v podstate nepovSimnutym chronickym zapal@ro ¥m i magazin Time, malo
Studenti lekarskych fakult a lekari. Je mozné Ze cely rad ,low-grade” zapalowswogu mikrobialnu alebo imunitnud prinu.



Chronicky zapal- navaznos’

ACUTE INFLAMMATION RESOLUTION
» Vascular changes = Clearance ol injurious stimuli
= Neutrophil racruitment * Clearance of mediators and acule
» Mediators inflammatory cells

* Replacement of injured cells
* Normal function

= |nfarction
« Bacterial infections

= Toxins
* Trauma

Healing

Healing
« \firal infections
* Chronic infections i
. Pers_is[ent injunf'yr FIBROSIS
* Autoimmune diseases * Loss of function
CHRONIC INFLAMMATION
* Angiogenesis
* Mononuclear cell infiltrate TUMORS

* Fibrosis (scar) « Angiogenesis

e Cell transformation



Fenotyp chronického zapalu

= Monocyty, makrofagy, T-lymfocyty, B- lymfocyty,
Fibroblasty

= Masivna monocytarna infiltracia; leukocytoza,
monocytdza; aktivované makrofagy = prevaha
sekreCnej nad fagocytarnou aktivitou + mitoticka
stimulacia

NONIMMUNE ”
ACTIVATION - ]
[Encatoxin, C}rtaluna (IFN-T)
fibronectin, > | = |
chemical
mediators) A':”‘-'-ilEdﬂnj_Elffc'phage

=S e

= Transformacia buniek — granulomatézny zapal
(gigantické bunky, vretenovité bunky), ATS
(penovité bunky), Kupferove bunky, atd.

= \lystupriovana mitoticka aktivita !!! (angioge-
néza, tvorba spojiva -> firotizacia, celularizacia)

TISEUE INJURY FIBROSIS

* Toxic corygen melabolites = Growth factors

+ Prolaases [PDGF, FGF, TGF[)

+ Neutrophil chematactic + Fibrogenic cytokines
factors * Angiogenesis

+ Coagulation factors factors (FGF)

* AA metabolites * “Remodeling”
* Nitric oxide collagenesis



Aktivacia chronicke] zapalove] odpovede
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Nature Reviews | Immunclogy
A Acute inflammation Activated macrophages infiltrate diseased organs. Macrophage phenotype shifts: stimulate resident fibroblasts to
expression of a-smooth muscle actin (aSMA) and enhanced extracellular matrix (ECM) production. In the setting of severe or persistent
injury, or aprofibrotic milieu, thisfibrosis. b | This proinfkammatory fibrocytes have properties of both macrophages and fibroblasts.
As damage subsides, fibrocytes respond to local cues to downregulate their inflammatory responses and adopt a fibroblastic phenotype
to promote repair and, in some pathological conditions, remodelling and fibrosis.



Aktivacia fibrocytov

Fibrocytes: emerging effector cells in chronic

inflammation . .
Ronald A. Reilkdf#“*Richard Bucala & Erical. Herzog ::‘;:I"S‘E_*:E" - N Repair
Nature Reviews Immunology, 427-435 (June 2011)
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Pri¢iny chronického zapalu

= Perzistentné infekcie urcitymi mikrobmi: nizka toxicita, rezistencia, oneskorena hypersenzitivita,
typ IV, granulomatdzna reakcia

Baktérie: Mycobacterium tuberculosis, Mycobacterium leprae, Treponema pallidum,
Neisseria gonnorhoea, Listeria monocytogenenes, Legionella, Borrelia
burgdorferi (Lymska choroba). Helicobacter pylori

Virusy Hepatitis v. A, C, E; Herpex simplex 2, Eppstein -Barrovej v.; Huby Candida,
Aspergillus, Actinomyces ; Prvoky Coccidiosis, a pod.

Parazity Mria fudska (Enterobius vermicularis), BiCikovec tenkohlavy (Trichuris
trichiura), Skrkavka detska (Ascaris lumbricoides), Pasomnica (Taenia saginata,

= Dlhodoba expozicia na endogénne, exogénne toxické agens: iritabilny, nedegradovatelny
material,

Exogénne depozity, toxiny: Koza a podkozné vazivo: tetovanie, kusky kovu, dreva,
popaleninové a implantacné jazvy, Zaprasenia pltc: pneumokoniozy (uhlie), silica-
kremicCitany (silikoza), azbestoza, berylidza, farmarske pluca; Iné tkaniva: implantaty,
intrauterinné telieska,

Endogénne depozity: ateroskleroza (lipoperoxidy), arterioskler6za, reumatoidna artritida,
dna

= Imunologické ochorenia: Autoimunitné ochorenia (reumatoidna arthritida, lupus erythematodes
a pribuzné kolagenozy vaskulitidy; Hypersenzitivita,



1. Perzistentny supurativny zapal

= Typicky priklad protrahovaného akutneho pyogénneho zapalu s nedokonenym zhojenim: chronicky
absces
= Chronicky absces (na rozdiel od akutneho) méze byt malo bolestivy alebo bezbolestny, bez hortcky,

opuchu; infekcia je obalena viac a viac fibréznym vakom tvoriac granulém uprostred s neinfekénym
tkanivom bez hnisu alebo hnisom ( akutne exacerbacie)

= Priciny: a ) Imunodeficiencie: nedostato¢ny pocet leukocytov in situ, granulocytarne funckné defekty (vr.
DFA1 & 2, humoralny imunodeficit, b) Nadmerna infekcia ( rezistentné baktérie) , c) Nedegradovatelny
material ( napr. sutury, kusky dreva. kovu, tetovanie + infekcia); d) slaba drenaz ;

= Predisponujuce ochorenia : diabetes mellitus, vyCerpavajuce chronické ochorenia , AIDS

= Priklady: periodentalne (odontogénne) abscesy (lokusy) v stomatolégii; abscesy makkého spojiva
(perianalne, podkozné, pemphigus ), pleuralna dutina (empyém), piiicny abscess kosti vratane
celusti (osteomyelitida), mozgové abscesy ( anaerdbne org.; Neisseria meningitis); Staphylococcus
aureus, Streptococci, Anaerdby (mycobacteria, neisseria, clostridium perfringens), apendicitida,
divertikulitida, v istom Case je na Skodu aj ochranny fibrozny obal abscesu;

= |iecba: ,uni pus ibi evacua‘

= QObligatérne anaerdby: (Bacteroides, Clostridium, ne-sporulujice a sporulujuce strikiné anaerdby;,
Peptostreptococcus, Fusobacterium, Porphyromonas, Prevotella, Veillonella, Propionibacterium,
Actinomyces; Staphylococcus spp., Escherichia coli, Shewanella oneidensis, and Listeria spp.

= Fakultativne anaeroby: Enterobacteriaceae (oportunisti (E.coli, Klebsiella pneumoniae, Proteus mirabilis,
Serratia); patogénne (Salmonella, Shigella & Yersinia pestis), Vibrionaceae (Aeromonas , Vibrio),
Pasteurellaceae (Pasteurella, Haemophilus)




Absces

[ 7 Nutrient

c . oo~ artery
."\ y ! et P {\ Blood vessel
- ( 1
e N Medullary ’ il .,
LN \‘\[ S Osteomyelitida
Sy, > | /

Staphylococcus aureus
in bone tissue

Elevated—
raised by pus

Microabscesssforms

withiin loops, of metaphysis
’! . .
I

Necrotic cortical
bone results from
& cutoff blood supply

infected fus-filled abscess
rarély expandsinta epiphysis

& | Gingival abscess
surrounding NN __

Lissyes

Periapical abscess [***“i
Apical periodontitis

Sequestrum

Soft tissue

Chronic osteomyelitis involving 3
the metaphysis of the tibia 1 1
phy: ? \J{l.."




Absces

Abscesy prsnejl’azy

-

Lactatlonal abscess

Central ar
subaredslar abscess

Fat —\
Skin associated ’
abscess ?,_;
i o
=

Rib

2™ Pectorails
major muscle
Intercostal
muscle

Peripheral ——
parenchymal

ahscess

Akutne perianalne abscesy a fistuly pri
crevnych zépaloch ( IBD) mézu prépo
M chronicity

Ischiorectal abscess Perianal

™ Hair

-

|

| | Supralevator

i abscess 41 7
7

Intersphincteric

abscess abscess

Epsdarmis

Darmis

fe bzl
e

s A
Inflammation  —————-—

AbRrass




2. Granulomatozny zapal

= Specificky histologicky obraz; epiteloidné bunky; gigantické bunky = fuzia viacerych buniek; ( 20 a
viac jadier) usporiadané periférne (Langhanov-typ buniekl ) alebo neusporiadane (foreign body-type
giant cell) ; gigantické bunky su na periférii alebo v centre granulému

Typy:

Imunitné granudémy : nerozpustné Ciastocky indukujuce celularnu odpoved; Mf trasformované na
epitheloidné bunky a mnohojadrové gigantické bunky Priklady: Baktérie: Tuberkul6za. Lepra,
Parasites (Schistosomiaza); Huby: Histoplasmoza, Blastomykdza

Granuléom z cudzich telies: slaba zapalova odpoved, epiteloidné a gigantické bunky nie su v
strede ale na kraji Iézie a obsahuju cudzie telieska v centre granulému .Priklady: Kovové CiastoCky,
prach, berylidza, slikdza, azbestoza,
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Tuberculoma
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Granulom

= Thl bunky, Tc bunky, B bunky,

= Mnohojadrové gigantické bunky,
vretenovité bunky, finroblasty

= Nekrotické zvysky tkaniva, zvysky
bakterii, makrofagov,

= Atenuované baktérie

a Initiation of immune response

Antigenic activation
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I 4 Ramakrishnan L.: Revisiting the role of the granuloma in
G ran u I I l tuberculosis. Nature Reviews Immunology 12, 352-366, 201
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3. Chronicka zapalova stresova odpov (CISR)

= Rekurentné akutne zapaly v mladosti ; bacilonosi¢i —

perpetuacie infekcie; nedolieCené infekcie — Skola,
zamestananie; oslabenie imunity ( relativna resp.
absolutna imunodeficiencia na pozadi narokov
Stres, malo spanku; vysoko zaneprazdneni, Uspesni
i neuspesni fudia; stres; neschopnost vypnut (
ukoncit’ zapal);

Pretrvavajlca ,zapalova“ mobilizaéna odpoved
odpoved nizkej arovne (small camp fire - out of
control forest fire) — ,bursts off*

Genetické pozadie, osobnostna typoldgia

,Burst- out”

Ateroskleréza (coronary heart disease, ischemicka
ceivna mozgova prihoda);endokarditidy,
myokarditidy, Hypertenzia

Nadory — chronicky zapal je zrejme hlavnym
,Spustacom” vzniku (?) progresie nadorov
Autoimunitné ochorenia (ulcerative colitis, Crohn’s
disease, Rheumatoid arthritis, psoriasis. Vaskulitidy,
Wegenerova granulomatéza, Sarkoid6za

Alergie ( asthma), urtikaria

Metabolicky X syndrom, Steat6za, Typ 2 DM,
Obezita,

Sy

Skin problems or red, bloodshot eyes

Bolesti kibov, svalov

Pretrvavajlci kaSel (spasticita az prejavy astmy),
plny nos po akut. respir. inf.

= Hypertenzia , hyperglykémia
= Sy. dradzdivého ¢reva (konstipacia, hnacka)
= Unava, spavost letargia

La:
= 1 High Sensitivity C-Reactive Protein (HS-CRP) >

10x (norma < 10 mg/l).

1 ESR (FW, Fahraeus Westergren)

4 (mm/h) < age/2; ¢ (mm/hod) < (age + 10) / 2.

1 Homocysteine, Ferritin

1 HDL, cholesterol

1 Monocytes (secondary indicator of inflammation)
Hyperglykémia > 6,4 mmol/l

Hypertenzia 130/85 mmHg

Nadorové ochorenia rieSené protizapalovymi liekmi pokles
rizika o 33% Pokles vahy zniZuje riziko nadorov i
chronickych zapalov vSeobecne

Distribucia tuku na pase (oproti bokom) indikuje pro.zapalovy
stav pro-inflammatory state;

Kumulacia tuku okolo orginov a abdomin. Dutine pri strese (
kortizol)



Chronicky zapal nizkej Urovne v patogenéze
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Ochorenia na podklade chronickeho zapalu

= Chronicka aktivna hepatitida
= Chronicka pankreatitida, cholelitiaza
= Chronicka gastritida, pepticky TN

Py ",
~" Cardiovascular

)
J

vredova chorba zalidka a duodena [-*’  Atoscoress \

" Lupoidna (autoimunitnd) hepatitis - wraoen S\ Cogmyopany / y - N

= Endokraditida, myokarditida, [Emm T [ e
kardiomytopatie = ey

= Chronicka obstrukéna N a
bronchopulmonarna choroba P G hmarise o

= Chronicka nasosinusitida, f@\ fammaton S o

" Chronicka periodontitida N seemea 4

= Parkinsonova choroba, — ¥ p
Alzeheimerova choroba AT N

= Chronicka obstruk¢na choroba pltc e W

= Chronicka perionditida Nl /e

® Lupus erythematoides,
= Sclerosis multiplex



Ateroskleroza

= Aterogenéza je chronicky zapalovy proces: obsah platu
- depozity amorfnych lipidov) , monocyty, makrofagy,
trasformované bunky (penové), T lymfocyty,

= Postihuje vybrané typy ciev: velke a stredne velkée
elasticke a muskularne artérie, (vény stredného kalibru)
ateroskler6za nie je arterioskleréza

= Tvorba plakov nie je proces zriedkavy; i u deti, dorast

= Premyvanie” ciev tukmi vratane cholestrolu (lipidizacia)
je proces normalny, zvySuje nepriepustnost; prvym
krokom je skor endotelialna dysfunkcia nez poskodenie,
denudation, toto je vSak hybnou silou progresie

= evidentné ,rizikove faktory” :  zvySené hladiny
modifikované LDL, volné kys. radikaly (napr. fajcenie),
hypertension, diabetes, genetické alteracie, zvysena
hladina homocysteinu, herpesviruses, Chlamydia
pneumoniae

= | okalne zvySenie adhezitivity pre Leu a Tro; narast
permeability, skor prokoagulacné ako antikoagulacné
nastavenie

in your blood. The cholesterol level should
be under 200 mg/d! and the triglyceride

level under 150 mg/dl.

Too much fat in blood
increases risk of blocked
artery and heart disease.
4
\/
=~ Foods high in fat make
the liver produce more
cholesterol, which is carried

if Most cholesterol is " inﬂblood o lipgpmisne
made in the liver. “ﬂ’ri 8 l’;' (LDLs. VLDLs,
5 @ and HDLs).
L
..'-I.. ‘:;.:

Atherosclerosis—deposits of
lipids (plaques) in artery

walls—can lead to serious § E ; .
. Fe " HDLs can help remove
diseases. o i
v fats from blood.

g t LDLs can clog arteries.

Hyperlipidemia usually has
no obvious symptoms, but fat
deposits (xanthomas) can
build under the skin when
lipid levels are very high.
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The blood clot that blocked the coronary artery is treated, usually

f 15 E‘.N first by clot-busting medicines. You may take other drugs, including
W ) aspirin and cholesterol-lowering drugs (statins).
Pain is often described as crushing, heavy, or pressurelike.

s'u‘_v Clot blocking the artery
AT y

A heart attack, or MI, occurs
when arteries carrying blood
to your heart muscles are
blocked. Then heart muscles
don't get enough oxygen and
are injured or die.

The doctor will examine you and take blood samples. The
doctor will also order electrocardiography (ECG), which may
show areas of the heart that have been damaged.

Dead muscle (infarct)

mn

Trytom

ideal bc Chest pain is the most

common symptom.

Eat a low-fat diet.




Aterogeneza

Smooth-muscle

1. Endotelialna dysfunkcia

- ZvySenie permeability pre lipoproteiny a iné
plazmatické proteiny cestou: NO,.PGI2,, PDGF,
angiotenzinu Il, endotelin.

- ZvySenie expresie adhezivnych molekul: L-selektin,
integrinov, dostickoveé, endotelialne adheziny (E a P-
selektin, ICAM 1, VCAM 1),

- migrécia Leu stimulovana cestou oxidovaného
LDL; monocytarneho chemotactického proteinu 1,
IL-8, PDGF, Mf-CSF, osteopontinom.

2. Tvorba ateromu

- ukladanie esterifikovaného cholesterolu; penove
bunky (Mo(Mf): oxLDL, Mf-CSF, TNFa IL-1

- migracia lissomyocytov : PDGF, FGF 2, TGF £3;
- altivacia T-Ly : TNFa, IL-2, GM- CSF

- adherencia a agregacia Tro: Int, Sel-P fibrin,
TXAZ,.



Aterogeneza

3. Pokrocila komplikovana lézia

- tvorba fibrozneho uzaveru depizity fibrinu a
polyaminoglykanov, aktivita PDGF, TGFbeta, IL-1,
TNFa, osteopontinu

- nekroticko - apopoticky proces, proteolyza

- kontinualna invazia Mo/Mf na popud Mf CSF, Mo

Macrophage ;ccumulalion Forrr;\ation of Fibrous-cap formation ChemOtaktinU 1 a OXi LDL

necrotic core

4. Nestabilny plat

- ruptara finrdznej Ciapocky, ulceracia,
aterotromboza v désledku proteolytického na
travania ( Mf — metaloproteinazy)

- degradacia matrix; krvacanie z vasa vasorum
alebo z lumenu cievy, tvorba trombu a okluzia
artérie

Plagque rupture Thinning 6f fibrous cap Hemorrhage from plaque
microvessels




Chronicky zapal — Trasformacie buniek

Circulating QCT4 and
Fibrocyty i makroféqv: prekurzor mesenchymal  Tissue-resident haematopoietic
CD14+ (CikalUjl'JCi pOOI) stem cell mesenchymal cell | growth factors .
. — 'Y ... } __________ - CD14° circulating
Mo- Mf (GM-CSF) Toll-like receptor : vt monocyte
(TLR) aktivacia, phagocytosis, TH1 : . \
cytokiny; transendotelialna migracia ' ;
Mo-fibrocyte : TH2 cytokiny, TGFpR1, + | Apoptotic | T lcell | [Transendothelial
' yt yt _ ,y B " v | debris —> | ::;Irtokines g migration

semaforin 7A a apoptotické bunky; s b : : : :
a-smooth muscle actin; E : ?;mﬂphm'" — I:_,lrlzack?rl\les — | +—| Phagocytosis |
fibroblastické prechody 5 b ' = : _

: ) : TG |8 || omecse |
Fibroblasty reprogramované na ! S Ll U '
hematopoetické kmenové bunky a i :

rediferencované na myeloidné bunky l n ‘m
// C’?/ /C? / a O )

Fibroblast  Fibroeyte
(tissue resident) E T1 | (circulating Mac muhage
A o of tissue (tissue resident)
i | Epithelial-ar resident)
i | endothelial-mesenchymal
| transition

o[o[o]o]o;

Epithelial or endothelial cells
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Chronicky zapal — cesta k nadorom

First phase - inflammation

PMN activation

Neutrophil IL-6
recruitment receptor
shredding

Environmental
Chemoaftractants
recruit ngutrophils
Local acute
Endothelium
inflammatory —_— tiuettn —_—
response
Autoantigen Promaotion of neutrophilic

apoptosis

Acute Inflammation |

l

Anti-tumor Ig

IL-2
INFy

M1 Macrophage polarity

Innate anti-Tumor Cell Cytotoxicity

—_ —> —>

CTL Mediated Killing

Tumor Rejection

Second phase - prolonged inflammation

| Mononuclear shift |

sIL BH complex
Monocyte
§°‘_31 . recruitment

gp130 mediated
trans-signaling

Chronlc Inflammation |

l

IL-4 IL-6
lli-'égﬁ IL10 IL-10
IL13 Stromal Ig/IC

'? M2 Macrophage polartity
$ Antigen presentation
{ cTL Mediated Killing

Tumor Promotion

Acute inflammatory

WEe
%LO

Chronic inflammatory
immune response

% Tecoll proliferation
and cytoking
Fephge— | SBCTENON




Chronic systemic inflammation (SI)

chronic activation of the innate immune system,
udrzovana produkcia pro-inflammatory cytokines

result of external (biological, chemical agents) or
internal (genetic mutations/variations) factors.

lack of control by tolerogenic dendritic cells and T-
regulatory cells (Treg When a DC presents an
antigen to a Treg cell, a signal is then sent to the
nucleus of the DC, resulting in the production of
Indoleamine 2,3- Dioxygenase (IDO). IDO inhibits T
cell responses by depleting tryptophan and
producing kynurenine, which is toxic to the cell.

Individuals susceptible to developing chronic
systemic inflammation appear to lack proper
functioning of Treg cells and TDCs. In these
individuals, a lack of control of inflammatory
processes results in multiple chemical and food
intolerances, autoimmune diseases and many other
symptoms and diseases.

\\

Chronic fatigue syndrome
Systemic vasculitis e.g. SLE, PAN

Sarcoidosis — a disease that mainly affects the
lungs, brain, joints and eyes, found most often in
young African-American women.

Diabetes mellitus — an imbalance in blood
glucose (sugar) levels.

Ulcerative colitis - an inflammatory bowel
disease

Hypertension (high blood pressure)
Metabolic syndrome

AIDS - a disease caused by a virus that
cripples the body’s immune defenses.

Grave's disease — a thyroid disorder, most
often in women, which can cause a goiter
(swelling in the front part of the neck) and
protruding eyes.

Systemic lupus erythematosus — a connective
tissue disorder involving mainly the skin, joints
and kidneys.

Rheumatoid arthritis



