Imunopatologické reakce v kontextu
patofyziologie

Imunodeficity
Hypersensitivita

Alergie
Autoimunita as autoimunitni nemoci




Klasifikace poruch imunity

* imunodeficity
— problém nespecifické (fagocytdza, komplement) nebo specifické imunity (T
Ci B lymfocyty, protilatky)

* primarni, vrozené (detailnéji viz Imunologie)
— genetika

e sekundarni, ziskané

— nemoci GIT (malabsorpce), ledvin (nefroticky sy), kostni dfené (aplasie, leukemie), vyzivy
(kachexie), nadory, infekce (AIDS), ....

* hypersenzitivni reakce - vyhradneé zalezitost specifické (adaptivni)
imunity!!!
— alergie (mechanizmus napf: viz Resp. systém - astma bronchiale)

— autoimunitni nemoci
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Fyziologické pouzit

imunitni systém
(nespecificka/vrozena
a specificka /ziskana
imunita)

invaze a
rekognice
cizorodého

stimulace zevnimi faktory
béhem vyvoje imunitniho
systému (tj. porod/kolonizace,
prodélané infekce, vvyziva/stt.
mikrobiom, (ne)hygiena,
vakcinace aj.)

V AN ] °

| imunitniho systému

genetika (MHC a
non-MHC lokusy)

mikroorganizmy
(bakterie, viry, paraziti,
plisné)
toxiny

nadorové bunky
cizorodé bunky a
tkané (vc.
transplantace)

Tonsils and adenoids

=
Lymph nodes
Lymphatic vessels

Thymus

Lymph nodes —L "C
Spleen
Peyer's patches
Appendix
\ * Lymph nodes
l
Bone marrow = Lymphatic vessels

ucelna imunitni reakce

obnoveni plivodniho stavu
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Patologicka aktivita imunitniho systému

genetika (rizikové MHC a

non-MHC lokusy/alel
v/alely) patologicka reaktivita vUCi

ZEVNIM antigenGm, které by

M antigenul : alergie
normalné meély byt tolerovany

hypersenzitivni reakce
typ -1V (V)

specifického
imunitniho systému

autoimunitni
/ patologicka reaktivita vici nemoci
VLASTNIM antigentim, které by
patologicka stimulace zevnimi normalné mély byt tolerovany

faktory anebo naopak jeji absence
(senzibilizace alergeny, infekce,
ATB, mikrobiom streva a jinde aj.)
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Imunopatologické reakce v€. autoimunity jsou zalezitosti
adaptivni (specifické) imunity!!!
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Hypersenzitivni reakce (Coombs & Gell)

Type | Type Il Type IlI Type IV
Immune
IgE IgG Tul cell Tu2 cell CTL
reactant 9 l9G 9 n1 cells w2 cells
Antigen Soluble Cell- or matrix- Cell-surface Soluble Soluble Soluble Cell-associated
9 antigen associated receptor antigen antigen antigen antigen
antigen
Complement, " IgE production,
Effector. Mast-cell FcR* cells Antlltbody Complement, Macrophage eosinophil Cvtotoxicit
mechanism activation (phagocytes, o ell:s phagocytes activation activation, 4 Y
NK cells) o mastocytosis
» immune A
platelets . comlex "O ®
“ ’ ® i o ®
> G blood =
+ . vessel @ Tu2
complement \ IL-4 2" NN\
{} 0 {} IL-5 &eotaxin
g @
vew v v
chemokines, cytotoxins,
cytokines, inflammatory
cytotoxins mediators
Example of Allergic rhinitis, Some drug Chronic urticaria Sarumisicisass d:::;:icttis ::::‘::“; Graft
hypel.'sensmwty asthma, SySRpAIic allerg.l oy (antibody against Arthus reaction tuberculin chronic allergic rejection
reaction anaphylaxis (e.g. penicillin) FCeRla) reaction rhinitis

Figure 13-1 Immunobiology, 7ed.
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PRINCIPY IMUNITNI TOLERANCE
(AUTOTOLERANCE)
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Imunitni tolerance vs. autoimunita a autoimunitni nemoci

L
m l

e autoimunita = imunitni reaktivita proti vlastnim antigenlm (,,self” antigeny)
— plvodni predstava
* autoimunita = nezaddouci fenomén (,,horror autotoxicus®, Paul Ehrlich)
— ale ve skutecnosti bézny (nicméné klinicky némy) fenomén
» prokazatelnd existence autoreaktivnich klon( T-lymfocyt(

* vznik autoreaktivnich lymfocytl je nevyhnutelny, protoze ma-li imunitni systém reagovat na obrovské spektrum potencidlné skodlivych
antigen(, musi byt schopen generovat velké mnozstvi nahodnych kombinaci v systémech detekujicich antigeny (tj. molekul
imunoglobulinG/protilatek a TCR receptort T-lymfocyt()

— musi byt tudiz zarucena tolerance vlastnich neposkozenych bunék (self tolerance) na vice trovnich
e centralni

* periferni
. ., Surface immunoglobulin Antibody T-cell receptor
e autoimunitni choroby or B-cell receptor
— detekovatelné morfologické Slien bincing antigen-binding site
v 7 v 7 s'te _ 'ﬁ
a funkéni poskozeni / SRUN

— variable regions —
light chain

— constant regions —
heavy chain

transmembrane
region

transmembrane
region

a chain B chain

Figure 3.1 The Immune System, 3ed. (© Garland Science 2009)
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Jak se dosahuje diverzity receptoru lymfocytu (B a T)

Heavy chain Somaticka rekombinace (maturace) a
REL D ¢ ___  selekce variant
| D | - B-lymfocyty — v bone marrow (kostni
- : dreni)
| ; - T-lymfocyty v thymu

rekombinace vede k produkci obrovského
|kl c mnozstvi nahodnych variant vc.
nevyhnutelné i autoreaktivnich

a-chain locus Chromosome 14

Vx70-80 Jox61 C

B-chain locus Chromosome 7

T Vpx52 Dg1  JB1x6 Cgy D JBox7 C
T lymfocyt - D R 0 . 1
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Centralni a periferni tolerance B lymfocytu

* moznosti v pripadé autoreaktivity
— apoptodza
— receptor editing

* protoze stimulace B lymfocytl periferné vyzaduje spolupraci Th lymf., kontrola
prip. autoreaktivity T lymfocytl musi byt dislednéjsi = existence
specializovaného organu (thymus)

Central tolerance Peripheral tolerance
(bone marrow) (lymphoid organ: spleen, lymph node)

%@ @{ Folicle
:@ |
< ?%T

exclusion

Self-reactive
B Iymphocytes 2o,
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antigen —> 93
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Normalni mechanizmus aktivace T lymfocytu

T cells enter lymph node across high
endothelial venules in the cortex

S o

oo =

o GOs
s

<L

4
T cells that do not encounter specific
[antigen leave lymph node through lymphatics

‘

NOL
oOo
G20

4
T cells monitor antigen presented by
macrophages and dendritic cells

K 5

=~

T cells that encounter specific antigen
proliferate and differentiate to effector cells

QN0

oO°
oOo
e ©

N

Figure 8-4 Immunobiology, 6/e. (© Garland Science 2005)

e dulezitym aspektem pfi pfip. aktivaci T-
lymfocytU je pritomnost signaliza€nich
molekul v lokalnim mikroprostredi

— tj. vramci architektury imunitniho systému
— tzn. pro-zanétoveé prostredi usmeéernuje
aktivaci jak T lymfocytt tak APCs

e prakticky to znamena, ze infekce, které
zpravidla navozuji poskozenim zanét
doprovazeny produkci pro-zanétovych
cytokinu (napf. interferon-gama)
cirkulujicich imunitnim systémem
(lymfatiky) do lymfatickych uzlin
umoznuji v téchto specializovanych
mistech, kde dochazi k prezentaci ciziho
antigenu APCs, aktivaci imunitni
odpovédi
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Naivni T lymfocyty vyzaduji ke své aktivaci 2 signaly

Co-stimulatory signal
and specific signal

Specific signal alone

AW 4

antigen-presenting cell

stimulator

. rz

antigen-presenting cell

N7
Activates T cell

T cell becomes anergic

Figure 6-19 part 1 of 2 The Inmune System, 2/e (© Garland Science 2005)

The co-stimulatory molecule B7 on
the dendritic cell binds CD28 on
the naive T cell

6 naive T cell

\
y.

dendritic cell

Figure 6-9 The Immune System, 2/e (© Garland Science 2005)
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HLA antigeny

HLA-I A,B a C a HLA-II DP, DQ a DR jsou extrémné polymorfni (mnoho populacné
béznych alel), vétsina lidi jsou heterozygoti a exprese je ko-dominantni (tj. obé alely

HLA-A B.C jsou reprezentovany na povrchu bunék)
-present peptide oo NG S G S e )
antigens to CD8 MHC class | HLA locus Nllllmbor of
Teells and Human MHC class | isotypes =
interact i P A 506
with NK-cells B 872
MHC C 274
HLA-E,G class | £ 3
-interact O O O O O O 2 1:
with NK-cells — = — iy o
HLA-A HLA-B HLA-C HLA-E HLA-F HLA-G DMA 4
HLA-F DMB 7
= Human MHC class Il isotypes ok %
DOB 4
HLA-DP,DQ,DR
- present peptide| gs:: 1:3
antigens to CD4 MHC
Tcells class i DQA1 25
DQB1 66
HLA-DM,DO a B a B a f a B a B DRA 2
-regulate peptide] HLADM  HLADO  HLADP  HLA-DQ  HLA-DR DRB1 466
loading of DRB3 37
DP,DQ,DR [ highly polymorphic [] polymorphic  [I] oligomorphic [ ] monomorphic g::‘s‘ 1:

Figure 5.25 The Immune System, 3ed. (© Garland Science 2009)
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Aktivace T lymfocytu vede k jejich proliferaci ve funkcné
ruznorodé efektorové bunky

CD8 T cells: CDA T cells:
peptide + MHC class | peptide + MHC class I
Cytotoxic (killer) T cells Tyl cells T,2 cells CDA4 T cells: peptide + MHC class Il
7,2 colls I I Tu17 colls Ty colls I g Colls
cytokines ,MQ
L4, LS, . - )N"\
13 :/®l = o —
& 8
Abroblasts, Iimmature
epithelial cells dendritic cell
chemodines
virus-inl}‘ected <alkilor antigen-specific r < 97 o .- ' = > =it R _F
e i B cell ~gmal 0 o % — Q
bacteria i \ eosinophit ({2 Pt o0 /o ¥
macrophage (l S ,\3’ D e ) /' H(‘;-p\/ @um
2z 9 o 9 o 2 ()& & +%) mam P " ¥ @
Extotnicl [Macrophage” B-cell- Y (e T1 || =™, || G | lmel ) D)
activating activating 7/ =l -l 2 ) cell xC/ :
effector Others offactor Others effecior Others , i (—) B 1287, N e,
molecules molecules molecules S vacrerta | - P sty matsmstion Y-col actwation
IL-3 = S . AP B AT
Pel’forin IFN"Y GI&T‘C-‘SYF Tlrll-;?ﬁ ".'4 GM'CSF Figure 9.28 laneway's immunchiclogy, Sed. (0 Garland Sclence 2013)
Granzymes | rnF.g TNF-o (IL-2) > )
g;:wg:'dn L CD40ligand | - CXCL2 CD4I(L)'|1igand CCLI1(;(£<-)?axin)
Fas ligand (GROB) CCL17 (TARC)

Figure 8-31 Immunobiology, 6/e. (© Garland Science 2005)
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Funkce T lymf. (CD4/CD8) se |isi pr

cytokinoveho profilu

imarne podle jejich

Effects on Eff § Effects on Effect of
Cytokine T-cell source ect of Cytokine T-cell source ek
- . . * ) . t
Hematopoietic | Other somatic |gene knockout Hematopoietic | Other somatic |gene Knockou
B cells Tcells |Macrophages ce|fs i Sk Hcells | Macrophages cells cells
. Stimulates ; L T-cell Growth factor
- Stimulates NK ; Tyl, Ty2 for progenitor
Interleukin-2 (IL-2) Naive, Tu1, growth and Growth = = responses Interleukin-3 (IL-3) Hls “HEs - - - progen - -
some CD8 ohat . cell growth some CTL hematopoietic
J-chain synthesis IBD cells (multi-CSF)
Differentiation - Activation, ; Antiviral Susceptible to . Activates, Activates Resistance
Interferon-+y (IFN-vy) Tyl, CTL IgG2a synthesis miibits Tid T MHC class | ﬁf(mé:tlfss T MHC class I||| mycobacteria, L%Toc:[ n?l:'rr\?:-'s T“1’s°mgTH2' - = induoesj = microvascular ||| to Gram -ve
mouse cell growth and class Il and class Il i (ol some CTL NO production endothelium sepsis
( ) some viruses
— 7 Production of
Lymphotoxin Tul, Activates, Activates Kills ;ﬁ;ﬁfg& Granulocyte- Activation aranulocytes and
(LT, TNF-B) some CTL Inhibits Kills induces neutrophils ||[fibroblasts andff s o ed macrophage Tyt some T2, | pece o tition Inhibits Differentiation (| = acrophages = o
NO production p tumor cells g colony-stimulating some CTL ” to dendritic (myelopoiesis)
spleen factor (GM-CSF) growth ? cells and dendritic
Figure 8-32 part 1 of 3 Immunobiology, 6/e. (© Garland Science 2005) cells
Transforming Inhibits growth| | [Inhibits growth i i Inhibits/
b ¢ Inhibits Activates : Death at
growth factor-3 CD4 T cells IgA switch romotes et . stimulates
(TGF-B) gfactor psurvival activation neutrophils cell growth ~10 weeks
Figure 8-32 part 3 of 3 Immunobiology, 6/e. (© Garland Science 2005)
Effects on
Cytokine T-cell source — - enEeﬁke:;:lIout
B cells Tcells |Macrophages Hematopoietic | Other somatic |9
cells cells
Activation, growth] o
Inhibits
in-4 (IL- 19G1, IgE Growth, T Growth of - No T.2
Interleukin-4 (IL-4) T2 TMHC class ||| survival m:c(::trisgt';gge mast cells ° T
induction
Interleukin-5 (IL-5) Mihise: T Eosinophil Reduced
T2 Differentiation & = growth and = inophili
IgA synthesis differentiation cosinoph’ia
R e T2, (human: e Inhibits cytokine ||| Co-stimulates _
Interleukin-10 (IL-10) | 4% T Tol) T MHC class lI||[ InhibitsT,1 s et all rowih IBD

Figure 8-32 part 2 of 3 Immunobiology, 6/e. (© Garland Science 2005)
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EFFECTOR FUNCTIONS OF TH1 CELLS

Priklad dusledku aktivace Thl lymfocytu

\—r = i~ == S = v’l
lm-\y/and N b \/
CD40 ligand Fas ligand or LT IL-2 IL-3 + GM-CSF TNF- + LT CXCL2
diapedesis
A
DR
.,, @ X chemotaxis
'.\l I s *

66

X

Kills chronically

- site of infection

Activates

Activates infected Induces T-cell Induces er:gti)'t‘l:'il:::m Eaisas
macrophage macrophages, proliferation, macrophage matrolhacs i A
to destroy releasing bacteria| | increasing the differentiation adhest onpa i dg andt] | t6accs n‘:ul agt Sat
engulfed to be destroyed number of in the bone fismblocd vessal| | ‘sisofistection
bacteria by healthy effector T cells marrow it site of
macrophages infaction
Activation Killing

Proliferation Feed back Entry to tissue Recruitment
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Normalni aktivace Th lymfocytu je zasadne o
zavisla na ,,lokalnim prostredi”

Tlymphocyte [ Seeres”

Adbeson e

Molecules TCR VN Interleukins 1-12
LFA-1,CD2 = Azm,ﬁd,\/ Interferons
CD4,CD8 Tumour necrosis factors

* T-lymfocyty exprimuji CD4 receptor pro MHC-II molekuly LFA3, ICAM-1 et .

CD28, B ete. G N
* antigeny infekéniho organismu nebo cizorodé tkané jsou zpracovany na e
peptidy v APCs (B-lymf., makrofagy a dendritické bb.) a tyto peptidy jsou

navazany na MHC-Il molekuly a rozpoznany T-lymfocyty pomoci jejich TCR
— MHC restrikce

» celd rfada dalSich adheznich molekul, rdstovych faktord a cytokint jsou
nezbytné pro signalizaci mezi T- lymfocytem a APCs Professional

Antigen

Inflammatory

Presentation Environment

e pouze pokud jsou vsechny tyto signaly korektni, dojde k aktivaci T-lymfocytu g, COR8/B7 et

— nasledna agresivni reakce spociva v pomnozeni prisl. klonu T- lymf. a zvyseni
jejich schopnosti destruovat dalsi infikované bb.

og. IFN- , IL-2 etc

Immunological tissues
eg lymph-nodes

e veéetSina molekul nutnych k aktivaci viz vySe neni mimo imunitni systém

dostupna (exprimovana)

* vtomto pfipadé i kdyz je antigen rozpoznan T-lymfocytem, nenastane "Self" : tolerance
agresivni odpoved ale naopak se spisSe podpofi tolerance

* toto proti-zanétové prostfedi muze byt podpofeno proti-zanétovymi e e
cytokiny jako IL-4 a IL-10, které mohou byt produkovana zdravymi tkanémi Ereoatiion SO | Barrnment
nebo populaci regulacnich T-lymfocytU o6 NoB7 prosent @ 6.4, 10, T ot

Normal self tissues
eg. pancreatic islets




NAVOZENIi AUTOTOLERANCE
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Vlyzva pro specificky imunitni systéem

e self * non-self
— lidsky genom cca 30,000 genu — mikroorganismy

: ’/' S

» 20,000 proteint
— peptidy/antigeny
— post translacni modifikace a splice-varianty

— tisice typu diferencovanych bunék

— desetitisice dalSich organizm
— pozmeneéené tkané

— komplexita stavby bunky — déleni —
regenerace — hojeni apod.

* miliony az miliardy viru, bakterii aj.
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Thymus

capsule

trabeculae

Cortex sub-

capsular
epithelium

cortico-
= medullary
junction

Medulla -

Hassall's
corpuscle

cortical
epithelial cell

thymocyte
(bone marrow
origin)

medullary
epithelial cell

dendritic cell
(bone marrow
origin)
macrophage

(bone marrow
origin)

Figure 7-8 part 1 of 2 Immunobiology, 6/e. (© Garland Science 2005)




Centralni tolerance T lymfocytu — thymus

Figure 7.1 The Immune System, 3ed. (© Garland Science 2009)

Subcapsular
region Immature CD37478"

double-negative thymocytes

O/ (§ O cort'i‘call i
D Oag epithelial
Cortex > & 00 & ool
©® Immature CD3*4*8*
double-positive thymocytes
Cortico-
|
mﬁﬂ,‘;ﬁ,’ﬁ dendritic
cell
medullary
thymocytes epithelial
Medulla © %937 cell
@ venule macrophage

Figure 7-14 Immunobiology, 6/e. (© Garland Science 2005)

diferenciace a zaroven selekce

0
T-cell progenitors develop in 2 A :
the bone marrow and migrate Positive ?:dm“mg:sWWt'm
to the thymus

Figure 7-2 part 1 of 2 Immunobiology, 6/e. (© Garland Science 2005)
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Princip centralni tolerance — maturace thymocytu

From Bone Marrow

Thymic Cortex

Thymic Medulla

.
——

/§—
anhgon
Epithelial Cell

Mature

Mature
COo8' T,

\ 11 | cell

Thymocyte Maturation

Stage 1: Positive Selection

Stage 2: Negative Selection

nezralé thymocyty z kostni drené
podstupuiji , T-cell receptor (TCR)
rearrangement”

krok 1: CD4+8+ thymocyty v
prostredi thymu podstupuji tzv. MHC
restrikci, tj. pouze ty CD4+8+
thymocyty, které interaguji s MHC-
prezentovanymi antigeny na
epitelialnich bb. thymu dostavaji
signaly k preziti (tj. anti-apoptotické)
= pozitivni selekce

— ostatni jsou odstranény apoptézou

krok 2: spociva v negativni selekci
thymocytU, které prezily krok 1
— thymocyty reagujici (asociujici) s
vlastnimi MHC a antigeny jsou
odstranény apoptozou
— zbyvajici thymocyty pak maturuji do
CD4+ T-helper (Th) nebo CD8+
cytotoxickych (Tc) bb.

* tj. exprimuiji jiz jen dané znaky
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Role MHC v selekci T lymfocytu

HHC Class |: MHC Class Il:
All nucleated cells B cells . . i . . .
APC's Exogenous antigenic peptide Exogenous antigenic peptide

binds within groove binds within groove
Macrophages

A o
DP
o
B o« DQ
p,m
C DR

Fhbe
Bt
B
B
e
B

LT
R 3
S Eibibti ittt il
R b

Cell membrane

Human HLA complex .
Cytoplasmic
Complex Cytoplasmic tail
tail
MHC class

2

Region DP

Gene bp
products | ap

23|38 |*=
=3
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Peptide generation & loading on MHC

z cytoplazmy (napf. virové)
proteazom (+IFNy)
kratsi délky

Infected cell

Antigen____
fragment |

Class I MHC
molecule

T cell
receptor

(a) Cytotoxic T cell

z endozomu (napf. extracelularni
fagocytované)

lyzozomalni proteazy generuji peptidy delsi

délky /

Microbe Antigen-
@ Antigen presenting
associates cell
with MHC
molecule
Antigen
fragment
Class 11 MHC
molecule
T cell
aT cell " . receptor
recognizes
combination " O |
()  HelperT cell

Dusledek HLA polymorfismu

- rtzné spektrum peptidd
schopnych se navazat

- riznd konformace navazanych
peptidd

- a nasledné rozdilna intenzita
interakce s TCR
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Selekce T lymfocytu v thymu je podminéna afinitou
jejich TCR k antigeniim/ peptidim MHC I

Peripheral T cell ! Affinity |

repertoire . threshold |

1 r ) ——

o~ |

-

O

o}

=

P
b :

o Death by neglect Positive selection + Negative
2 (apoptosis) (survival and ' . selection
9 differentiation) ~ . (apoptosis)
© ' '

2 :

N :

Low Intermediate High

Affinity of TCR-peptide-MHC interaction

Nature Reviews | Immunology
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Kvantitativni hledisko

Death by
neglect

T

Number of thymocytes
Do 0O OOQO‘
00 0¥
© 9090
O

O Oc

N

Lymph node

Provide immune

responses 10

foreign antigens

Thymus e afinita T-lymf. receptoru (TCR) k vlastnim peptid—MHC ligandim

je naprosto zasadnim parametrem urcujicim osud nezralych
v thymocytu v thymu
- 'eT“ Negative solection — progenitory, které Zadnou nebo velmi malou afinitu jsou nepouzitelné a
onal deletion . °
%0 e zaniknou (die by neglect)
S:o?,go- = | * toto je pfipad naprosté vétsiny thymocyt(
(&) . oy , , v v ;e .
0,990 S0 oo — jestlize ma TCR nizkou az stredni afinitu pro self-peptid—MHC, pak
o 0000000~00<>0 . v v 2 . )
88°o°° \.9\%\0\6080(:%% progenitor preziva a diferencuje
000 007000 %00 * tento proces se nazyva pozitivni selekce
@ ”“‘-./ . -V ’7 . . . . .
l — jestlize ma progenitor vysokou afinitu pro self-peptid—MHC, pak jsou
selection mozné nasledujici scénare:
Traq Colls . . v : 4
oot IELS * (1) progenitor je odstranén procesem negativni selekce
baliicc — mechanismem klonalni delece (= apoptdza), je mozny taky receptor editing ¢i anergie
! l (tj. preziti ale neschopnost reakce proti antigenu)
00, e * (2) z ¢asti vysoce afinitnich self-reaktivnich progenitort se diferencuji buriky s
®0000 e o 'regulaénim'l fenotypem
000 © Regulate ;. y . , . fe s .y,
00 %g immune — neni uplné jasné co rozhoduje o konvkretnlm OSL!dU vysoce self-reaktlvnlho
0%00 0O responses thymocytu, tedy jestli bude odstranén negativni selekci nebo diferencovan v
regulacni T lymfocyt
L R i e — prikladem regulaénich T-lymfocytl jsou IEL (intestinal epithelial lymphocyte), NKT bb.
Copyriont ,]atuf; S:j;;i‘ﬁ'm'lfn‘;:gt;‘y’ (natural killer T cell), Tg,, bb. (CD4*CD25* regulatory T cell)

MUNI
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Thymus opoustéji kompetentni ale ,naivni“ T lymfocyty, které musi
byt v pripade potreby aktivovany v periferii

Mature §icolls ericoditer Activated T cells proliferate

f?;:h%';::::gl;:‘;:&me and migrate into peripheral
organs and are activated sites to eliminate infection

Q\mtes kills

4l

AN e

Mature T cells migrate to the Activated T cells migrate to
peripheral lymphoid organs sites of infection

Figure 7-2 part 2 of 2 Immunobiology, 6/e. (© Garland Science 2005)
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Molekularni mechanizmy periferni autotolerance

NEZBYTNA, CENTRALNI BY SAMA O SOBE NESTACILA!!!

— neni mozné exprimovat vsechny self-antigeny v thymu a zajistit
eliminaci veskerého poolu auto-agresivnich T lymfocyt(

(1) malé mnoistvi self-reaktivni lymfocyta (prezivsich klonani
deleci) nevyhnutelné unika centralnim mechanismim a
opousti thymus
— autoreaktivni B & T lymfocyty jsou normalné pritomny u
zdravych lidi
* protoze k tomu, aby byly aktivovany potrebuji mnoho dodatecnych
signdlli zejm. od bb. nespecifické imunity
— atyto jsou obvykle dostupné pfri infekci nebo poskozeni tkani

(2) zamérné preziti nékterych autoreaktivnich T bb.
diferencovanych do perifernich Treg podporuje imunitni
toleranci

— CD4+CD25+ tvoricca 5 -10% vSech CD4 bb.
— jejich vyvoj a udrzovani je vysoce zavislé na ko-stimulaci a IL-2
— Treg exprimuji CD25, TNFa receptor, CTLA-4 a Foxp3

— lokalné ve tkanich kontroluji intenzitu zanétové odpovédi
pfimym efektem na efektorové T lymfocyty nebo

dendritické bb.
— suprese zanétové odpovedi je rovnéz zavisla na
cytokinech (TGF-b/ IL-10)

Deletional tolerance (recessive)

Self-reactive T cells
are deleted in the
thymus. Occasionally,
self-reactive T cells
may escape deletion

In the periphery
such escaped
self-reactive T cells
can cause tissue
damage

Regulatory tolerance (dominant)

Q

APC

T cell specific for
self antigen becomes
a regulatory T cell

(Treg

Cytokines (IL-10 and
TGF-B) produced by
Treg inhibit other
self-reactive T cells

Figure 13-14 biology, 6/e. (© Garland Science 2005)
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Existuji jeste dalsi

Treg lymfocytu které jsou inducibilni

J

;
g
CD4+ CD25* FOXP3* SS9
Theg cell =
Anti
G@ ©) A @
s
Naive CD8* CD8* regulatory T cell
Thymus CD25- T cel :
(foreign or seﬂ)
g
_ V) g
Naive CD4* \ T3 cell £
CD25- T cell §
TRl cell N
Nature Reviews | Immunology

i (CD25-) subpopulace supresorovych

Thymocyte  TCR

Sey Y 1%

N <@e@ s

B /\ /

\

Regulatory

Thymic Selection

1. Positive Selection
Low-Affinity self-ligandson
thymic cortical epithelial
cells

2. Negative Selection
High-Affinity self-ligandson
thymicmedullary epithelial
and BM-derived cells

CD4 or CD8*

Tcells
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Shrnuti mechanizmu autotolerance

Layers of self-tolerance

Type of tolerance Mechanism Site of action
Central tolerance Deletion Thymus
Editing Bone marrow

Antigen segregation

Physical barrier to
self-antigen access
to lymphoid system

Peripheral organs
(eg, thyroid, pancreas)

Peripheral anergy

Cellular inactivation by
weak signaling without
co-stimulus

Secondary lymphoid tissue

Regulatory cells

Suppression by cytokines,
intercellular signals

Secondary lymphoid tissue
and sites of inflammation

Cytokine deviation

Differentiation to Th2 cells,
limiting inflammatory
cytokine secretion

Secondary lymphoid tissue
and sites of inflammation

Clonal exhaustion

Apoptosis post-activation

Secondary lymphoid tissue
and sites of inflammation

Figure 13-16 Immunobiology, 6/e. (© Garland Science 2005)
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AKTIVACNIi A EFEKTOROVE
MECHANIZMY AUTOIMUNITY
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Molekularni mechanismy abnormalni B nebo T cell
aktivace, tj. autoimunity

(1) geneticky podminéné selhani centralni nebo periferni auto-
tolerance

(2) mechanismy spojené s infekci

— produkce pro-zanétovych/ko-stimulacnich molekul

— zkrizena reaktivita (molekularni mimikry)

— polyklonalni aktivace B lymfocutl viry a bakteriemi

(3) uvolnéni puvodné sekvestrovanych antigent

— mnoha mista v organismu jsou tzv. ,imunologicky privilegovana“

(4) hapteny se mohou (napfr. po vazbé na povrchy) stat imunogennimi

(5) nepriméreneé vysoka, abnormalni MHC exprese
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Molekularni mechanismy abnormalni B nebo T cell
aktivace, tj. autoimunity

* (1) geneticky podminéné selhani centralni nebo periferni auto-tolerance
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Unikatni exprese TRAs (tissue restricted antigens) v thymu

e transkripcni faktor AIRE (Autolmmune REgulator), chromosom 219g22.3

— AIRE protein - transkripcni faktor exprimovany v lymfoidnich organech kontroluje expresi cca
4,000 protein kédujicich gen(

* role vindukci imunitni tolerance

— kontroluje expresi dllezitych ,self-antigent”, zejm. téch, které jsou jinak exprimovany jen v
endokrinnich zlazach, na drovni epitelialnich bunék thymu

Under control of the AIRE
Individual organs of the In the thymus, T cells arise| | protein, thymic medullary
body expres capable of recognizing cells express tissue-
tissue-specific antigens tissue-specific antigens specific proteins, deleting
tissue-reactive T cells

N

)

In the absence of AIRE,
T cells reactive to tissue-
specifc antigens mature
and leave the thymus

e o |retina

® O
ovaries

I

Figure 13-9 Immunobiology, 6/e. (© Garland Science 2005)
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Priklad (1): APS 1 — geneticky podminéné selhani negativni

selekce v thymu

e autoimunni polyglandularni
syndrom typu 1 (APS1)

— autozomalné recesivni

— defektni gen AIRE
(Autolmmune REgulator),
chromosom 21g22.3

Negative
selection

\
).
Positive 7 S
y selection P——» @ /® @

Regulatory
Effector T cells T cells

CTLA4 FOXP3

Autoreact ive T cells

PTPN22 Q

* endokrinopatie u APS 1 / \\

Thyroid gland Pancreas Adrenal gland
==
oAl
HLA DR3/4 HLA DR3/4

Small intestine

HLA DQ2/8

|

Environmental factors and activated innate immunity

=5
me



Geneticka predispozice k autoimunitnim nemocem

¢ Si I N é ((\fa StO Mon Oge nn |’) Associations of HLA serotype with susceptibility to autoimmune disease
— SkU pina aUtOimunitnl’Ch pOlygIandUIérniCh Disease HLA allele Relative risk | Sex ratio (9: 3"
syn d rom CI Ankylosing spondylitis B27 87.4 0.3
» defekt AIRE = APS 1 (syn. APECED (autoimunni e B27 " D
polyendokrinopatie — candidiasis -
ektodermalni dystrofie), Whitaker(v syndrom) GROr PSSR i 150 -
— M. Addison, + hypoparathyreoidismus, dalsi Multiple sclerosis DR2 4.8 10
* heterogenni geneticky defekt = APS 2 T = - .
(Schmidtd d )
chnmiatuv synarom
— M. Addison, hypothyreoidismus, TIDM SRR DR3 2.5 #
e defekt FoxP3 = IPEX (immune dysfunction, Systemic lupus erythematosus DR3 5.8 10-20
polyendocrinopathy, and enteropathy, X- e TR T
lin ked) diabetes mellitus heterozygote ~25 “
° p 0O Iy g enn I' Rheumatoid arthritis DR4 4.2 3
e MHC a| ely Pemphigus vulgaris DR4 14.4 ~1
d Jlné geny Hashimoto's thyroiditis DR5 3.2 4-5

Figure 13-20 Immunobiology, 6/e. (© Garland Science 2005)
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Priklady non-MHC genetickych variant asociovanych s rizikem
autoimunitnich nemoci

Gene Phenotype of mutant or Mechanism of failure of Human disease?
knockout mouse tolerance
AIRE Destruction of endocrine organs by Failure of central tolerance Autoimmune polyendocrine
antibodies, lymphocytes syndrome (APS)
C4 SLE Defective clearance of immune SLE
complexes; failure of B cell tolerance?
CTLA-4 Lymphoprolferation; T cell infitrates in  Failure of anergy in CD4" T cells CTLA-4 polymorphisms

multiple organs, especially heart; lethal
by 3-4 weeks

associated with several
autoimmune diseases

Fas/FasL Anti-DNA and other autoantibodies; Defective deletion of anergic self- Autoimmune lymphoproliferative
immune comple); nephritis; arthritis; reactive B cells; reduced deletion of  syndrome (ALPS)
lymphoproliferation mature CD4* T cells

FoxP3  Multi-organ lymphocytic infiltrates, Deficiency of regulatory T cells IPEX
wasting

IL-2; IL- Inflammatory bowel disease; anti- Defective development, survival or None known

2Ra/p erythrocyte and anti-DNA function of regulatory T celis
autoantibodies

SHP-1 Multiple autoantibodies Failure of negative regulation of B cells None known

PTPN22 Increased lymphocyte proliferation, Reduced inhibition by tyrosine PTPN22 polymorphisms are
antibody production phosphatase? associated with several

autoimmune diseases
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Molekularni mechanismy abnormalni B nebo T cell
aktivace, tj. autoimunity

* (1) geneticky podminéné selhani centralni nebo periferni auto-tolerance
* (2) mechanismy spojené s infekci

— produkce pro-zanétovych/ko-stimulaénich molekul

— zkrizena reaktivita (molekularni mimikry)

— polyklonalni aktivace B lymfocytu viry a bakteriemi
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Priklad (2): Role infekci v rozvoji autoimunity

@ "Resting" T cell
tissue APC 8
ﬂ
Self-
tolerance

Self

antigen Self-tolerance
) APC expresses
* Microbe costimulatory  Self-
' molecules reactive
v Activation T cell
Activation Ol —
of APCs |
Self Self—\

Presentation of
antigen by APC

Activation
Mqlegular of T cells
mimicry —

Mi : Self-reactive T cell
icrobial  that recognizes
antigen  mijcrobial peptide

Autoimmunity

© Elsevier. Abbas et al: Cellular and Molecular Inmunology 6e - www.studentconsult.com
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Mechanismy (1) a (2), tj. infekce Ci poskozeni tkané na pozadi
genetické dispozice, predstavuji nejcastéjsi mechanismy autoimunity

Infection, inflammation

Genetic susceptibility

q e
Susceptibility 1 —
genes nfections,
L] =y produkee
inflammation prozanétovych cytokinu
Teste a exprese
‘g, kostimulacnich molekul
1 -
Failure of Activation of
self-tolerance tissue APCs
Influx of e
ﬁ lse"‘reaCtive letflvrzg?:?l\g
ymphocytes i
into tissues lymphocytes

Self-reactive
lymphocytes

Tissue injury:
autoimmune disease

© Elsevier. Abbas et al: Cellular and Molecular Inmunology 6e - www.studentconsult.com
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Molekularni mimikry

sekvencni nebo strukturni

identita nebo podobnost

mikrobu s tkdnémi

hostitele

— auto-agresivni reakce je pak
totozna jako ta ucastnici se
eliminace patogenu

— avsak i zde je velmi Casta
spoluucast genetické
predispozice

e zejm. nosiCi nékterych MHC Il
alel

e ale téZz MHC | — napf. HLA B27

Associations of infection with immune-mediated tissue damage

Infection

HLA association

Consequence

Group A Streptococcus

Rheumatic fever
(carditis, polyarthritis)

Chlamydia trachomatis HLA-B27 Reiter's syndrome (arthritis)
Shigella flexneri,
Salmonella typhimurium,
Salmonella enteritidis, HLA-B27 Reactive arthritis
Yersinia enterocolitica,
Campylobacter jejuni

' . Chronic arthritis
Borrelia burgdorferi HLA-DR2, DR4 in Lyme disease
Coxsackie A virus,
Coxsackie B virus, HLA-DQ2, IDDM
echoviruses, HLS;?‘QB

rubella

Figure 11-30 The Immune System, 2/e (© Garland Science 2005)
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TABLE 20-3 MOLECULAR MIMICRY BETWEEN PROTEINS OF INFECTIOUS
ORGANISMS AND HUMAN HOST PROTEINS

Protein® Residue’ Sequence’

Human cytomegalovirus IE2 79 PI>PLGRPDED
HLA-DR molecule &0 VTELGRPDAE
Poliovirus VP2 70 STTKESRGTT
Acetylcholine receptor 176 TVIKESRGTK
Papilloma virus E2 76 SLHLESLKDS
Insulin receptor 66 VYGLESLKDL
Rabies virus glycoprotein 147 TKESLVIIS

Insulin recepror Tivd MKESLVISE

Klebsiella pneumoniae nitrogenase 186 SEQ TDREDE
HLA-B27 molecule 70 KAQTDREDL
Adenovirus 12 EIB 324 LRRGMFRPSOCHN
a-Gliadin 206 LGQGS FRPSOOQN
Human immunodeficiency virus p24 160 GVETTTZPS

Human IgG constant region 466 GCGVETTTEPS

Measles virus P3 13 LECIRALK
Corticotropin 18 LECIRACK

Measles virus P'3 »n EISDNLGOQE

Myelin basic protein 6l EISFKLGOQE

*ln cach pair, the human protein is sted second. The proteins in cach pair have been shown to exhiilsa immanologic Ofoss-meactivity.
tEasch number indicates the posdtion in the iniact proiein of the amino-terminal amino sckd in the listed segquende,

fAamine acil retidues ane indicated by single-letter code. ldentical residues are shown in bloe.
SOURCE: ﬂ.dllﬂt\d from MABA Oddutone, 1987, Call S0:R1%.
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Revmaticka horecka jako priklad molekularni mimikry

* Etiologie: beta-hemolyticky Streptococcus sk. A (tonzilitida, faryngitida)
* Patogeneze: Ab reaguji s antigeny pojivové tkané u vnimavych (disponovanych) jedinct — autoimunitni reakce (za 2- 3
tydny) — zanét (T lymfocyty, makrofagy) — pojivova tkan srdce (= chlopné), kiize, mozek, klouby
* Akutni revmaticka horecka — akutni zanét
— srdce — pankarditida, endokarditika, myokarditida
— kbze — erythema marginatum
— CNS —chorea minor (Sydenhamova, ,tanec sv. Vita“)
— migrujici polyartritida
* Chronicka revmaticka horecka

— deformity srde¢nich chlopni Streptococcal cell wall Some antibodies cross-react with
. nejtypict&ji mitralni stenéza stimulates antibody response heart tissue, causing rheumatic fever
5{{} bacteria éé
plasma cell *

.|
=

<
%z%‘z

antibodies

of in blood
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Figure 11-29 The Immune System, 2/e (© Garland Science 2005)



Molekularni mechanismy abnormalni B nebo T cell
aktivace, tj. autoimunity

* (1) geneticky podminéné selhani centralni nebo periferni auto-tolerance
* (2) mechanismy spojené s infekci

— produkce pro-zanétovych/ko-stimulacnich molekul

— zkrizena reaktivita (molekularni mimikry)

— polyklonalni aktivace B lymfocytu viry a bakteriemi
* (3) uvolnéni plivodné sekvestrovanych antigent

— mnoha mista v organismu jsou tzv. ,,imunologicky privilegovana“
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Priklad (3): Ztrata ,,imunitni privilegovanosti“

« drivéjsi predstava , sekvestrovanych antigen(“

* byla nahrazena spise funkcni konceptem
»,imunologického privilegia®

auto-antigeny jsou separovany od auto-reaktivnich T-
lymfocytl anatomickymi bariérami

anatomické poméry mohou hrat svou roli

absence lymfatické drenaze

vysoka konstitutivni exprese FasL — apoptdza T lymf.
absence APCs

nizka exprese MHC | antigen(

vysoka exprese povrchovych molekul inhibujicich
komplement

vysokd koncentrace proti-zanétovych cytokinl (napt. TGFb)
aj

» priklady

oko — sympaticka oftalmie jako nasledek penetrujicich
poranéni
varlata — anti-sperm & orchitis

brain (BBB) — cirk. protilatky proti myelin basic protein jako
nasledek poruchy integrity BBB

uterus (placenta) — aborty
vlasova folikl - alopecie

/

Trauma to one eye results
in the release of sequestered
Intraocular protein antigens

a Immune-privileged site:

e.g. eye or reproductive organs

Constitutive
expression
of FasL

—

Fas
Activated
inflammatory
T cell

l

r ‘ FasL

Immune-
s privileged
tissue

Effector T cells return via
bloodstream and encounter
antigen in both eyes

Released intraocular antigen
Is carried to lymph nodes
and activates T cells

)
o
0°°




Molekularni mechanismy abnormalni B nebo T cell
aktivace, tj. autoimunity

* (1) geneticky podminéné selhani centralni nebo periferni auto-tolerance
(2) mechanismy spojené s infekci

— produkce pro-zanétovych/ko-stimulacnich molekul

— zkrizena reaktivita (molekularni mimikry)

— polyklonalni aktivace B lymfocytu viry a bakteriemi

(3) uvolnéni pavodné sekvestrovanych antigenu

— mnoha mista v organismu jsou tzv. ,,imunologicky privilegovana“

(4) hapteny se mohou (napf. po vazbé na povrchy) stat imunogennimi

(5) neprimérene vysoka, abnormalni MHC exprese
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Priklad (5): abnormalni exprese antigenu MHC II. tridy v

neimunitnich bb.

« MHC Il antigeny jsou normalné
exprimovany pouze nékterymi typy bunék!

* nasledkem patologické aktivace pro-
zanétovymi cytokiny (IFNy) se toto muze
zmenit

— MHCII je pak exprimovano spolecné s tkanové
specifickymi Ag

* muUze dojit k aktivaci auto-reaktivnich T
lymfocytU

e priklady

— pankreas

* [ bb. normalné exprimuji velmi malo MHC | a vibec
MHC II

* [ bb. u TIDM maji vysokou expresi MHC | a Il
— je to nasledek pro-zanétové stimulace pfi infekci?
— podobné je tomu u v pripadé folikularnich
bunék stitné zlazy
* autoimunitni thyroiditida (Hashimoto)

Thyroid cells do not normally
express HLA class Il molecules

IFN-y receptor

b

JL

thyroid
epithelial

Pl cell

Vi
Activated T cells recognize thyroid
peptides presented by HLA class Il
and induce autoimmune thyroid disease

=

IFN-y produced during infection or
nonspecific inflammation induces
HLA class Il expression
on thyroid cells

IFN-y
N7 HLA class Il molecules

LT

Autoimmune thyroid disease

\/ thyroid
epithelial
/—\ cell

Figure 11-32 The Immune System, 2/e (© Garland Science 2005)
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AUTOIMUNITA A PRINCIPY
ETIOPATOGENEZE AUTOIMUNITNICH
NEMOCI
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Autoimunitni nemoci (AN)

postihuji cca 3 - 5% populace
jsou vysledkem selhani mechanismi normalné zajistujicich udrzeni
auto-tolerance u B nebo T nebo obou typl lymfocytU

— nicmeéneé patologicka autoimunitni odpoved je obvykle cilena na omezené
mnozstvi autoantigenu, ktera vede k poskozeni tkani, je velmi specificka,
vétsSina imunitni tolerance zGstdva zachovana

hlavni faktory, které prispivaji k rozvoji AN jsou
— geneticka dispozice (obvykle polygenni)
— faktory vnéjsiho prostredi jako spoustéce procesu

* typicky infekce, deficit vitaminu D (a jinych mikronutrient?), vyziva?, ... : A":zi':a';‘e"“e
AN se mohou manifestovat jako nemoci
— systémové Environment
— organove specifické Immune :}&:
regulation

razné efektorové mechanismy se podili na poskozeni tkani u rznych AN
— (A) bunkami zprostredkovana imunita (hypersensitivni reakce typu V)
— (B) protilatkami zprostfedkovana imunita (hypersensitivita typu I, 111, V)
»epitope spreading” (podili se typicky na progresi a exacerbaci AN):

— autoimunitni reakce pldvodné namirena proti jednomu auto-antigenu, kterd
poskodi danou tkan timto uvolni dalsi antigeny, které stimuluji imunitni
odpoved
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Systémoveé vs. organove specifické AN

Organ-specific autoimmune diseases

Systemic autoimmune diseases

Type | diabetes mellitus

Rheumatoid arthritis

Goodpasture's syndrome

Scleroderma

Multiple sclerosis

Graves' disease
Hashimoto's thyroiditis
Autoimmune pernicious anemia
Autoimmune Addison's disease
Vitiligo

Systemic lupus erythematosus
Primary Sjogren's syndrome
Polymyositis

Myasthenia gravis

Figure 13-1 Immunobiology, 6/e. (© Garland Science 2005)

= ==
m e
O =



Type | (insulin-dependent)
diabetes melitus

Rheumatoid arthritis

Multiple sclerosis,
experimental autoimmune
encephalomyelitis

Inflammatory bowel
disease (Crohn's,
ulcerative colitis)

Peripheral neuritis

Autoimmune myocarditis

Specificity of
pathogenic T cells

Islet cell antigens (insulin,

glutamic acid
decarboxylase, others)

Unknown antigen in joint
synovium

Myelin basic protein,
proteolipid protein

Unknown

P2 protein of peripheral
nerve myelin

Myocardial proteins

Human disease

(A) Priklady bunécnych (T-lymf. zprostfredkovanych) AN

Animal models

Yes, specfficity of T celis not NOD mouse, BB rat, transgenic

established

Yes, specificity of T celis
and role of antibody not
established

Yes; T cells recognize
myelin antigens

Yes

Guillain-Barre syndrome

Yes (post-viral myocarditis);

specificity of T cells not
established

mouse models

Collagen-induced arthritis, others

EAE induced by immunization with
CNS myelin antigens; TCR
transgenic models

Colitis induced by depletion of
regulatory T cells, knockout of IL-10

Induced by immunization with
peripheral nerve myelin antigens

Induced by immunization with
myosin or infection by Coxsackie
virus
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(B) Priklady AN zprostredkovanych tkanove specifickymi

protilatkami

Disease

Autoimmune
hemolytic anemia
Autoimmune
thrombocytopenic
purpura
Pemphigus
vulgaris

Vasculitis caused
by ANCA

Goodpasture’s
syndrome

Acute rheumatic
fever

Myasthenia gravis

Graves' disease
(hyperthyroidism)

Insulin-resistant
diabetes

Pernicious anemia

Target antigen

Erythrocyte membrane proteins (Rh
blood group antigens, | antigen)

Platelet membrane proteins (gplib:liia
integrin)

Proteins in intercellular junctions of
epidermal cells (epidermal cadherin)

Neutrophil granule proteins, presumably
released from activated neutrophils

Noncollagenous protein in basement
membranes of kidney glomeruli and lung
alveoli

Streptococcal cell wall antigen; antibody
cross-reacts with myocardial antigen
Acetyicholine receptor

TSH receptor

Insulin receptor

Intrinsic factor of gastric parietal cells

Mechanisms of disease

Opsonization and phagocytosis of
erythrocytes

Opsonization and phagocytosis of
platelets

Antibody-mediated activation of
proteases, disruption of intercellular
adhesions

Neutrophil degranulation and
inflammation

Complement- and Fc receptor-
mediated inflammation

Inflammation, macrophage activation
Antibody inhibits acetyicholine binding,
down-modulates receptors

Antibody-mediated stimulation of TSH
receptors

Antibody inhibits binding of insulin

Neutralzation of intrinsic factor,
decreased absorption of vitamin B,,

Clinicopathologic
manifestations

Hemolysis, anemia

Bleeding

Skin vesicles (bullae)

Vasculitis

Nephritis, lung
hemorrhage

Myocarditis, arthritis

Muscle weakness,
paralysis
Hyperthyroidism

Hyperglycemia,
ketoacidosis
Abnormal

erythropoiesis,
anemia
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AN podle typu prevazujici hypersens. reakce —typ I, lll a IV

Autoimmune disease

Autoantigen

Consequence

Autoimmune disease

Autoantigen

Consequence

Antibody agains

t cell-surface or matrix antigens (type Il)

Immune-complex disease (type Ill)

Autoimmune hemolytic
anemia

Rh blood group antigens,
| antigen

Destruction of red blood cells
by complement and phagocytes
anemia

Subacute bacterial
endocarditis

Bacterial antigen

Glomerulonephritis

Autoimmune
thrombocytopenia purpura

Platelet integrin
gplib:llla

Abnormal bleeding

Mixed essential
cryoglobulinemia

Rheumatoid factor IgG
complexes (with or
without hepatitis C antigens)

Systemic vasculitis

Goodpasture's syndrome

Non-collagenous domain of
basement membrane
collagen type IV

Glomerulonephritis,
pulmonary hemorrhage

Systemic lupus
erythematosus

DNA, histones, ribosomes,
snRNP, scRNP

Glomerulonephritis,
vasculitis, arthritis

Pemphigus vulgaris

Epidermal cadherin

Blistering of skin

Acute rheumatic fever

Streptococcal cell wall antigens.
Antibodies cross-react
with cardiac muscle

Arthritis,
myocarditis,
late scarring of heart valves

Graves' disease

Thyroid-stimulating hormone
receptor

Hyperthyroidism

Myasthenia gravis

Acetylcholine receptor

Progressive weakness

Insulin-resistant diabetes

Insulin receptor (antagonist)

Hyperglycemia, ketoacidosis

Hypoglycemia

Insulin receptor (agonist)

Hypoglycemia

Figure 11-1 part 2 of 3 The Immune System, 2/e (©

Garland Science 2005)

Autoimmune disease

Autoantigen

Consequence

T cell-mediated disease (type IV)

Insulin-dependent
diabetes mellitus

Pancreatic
(3-cell antigen

B-cell destruction

Rheumatoid arthritis

Unknown synovial
joint antigen

Joint inflammation and
destruction

Multiple sclerosis

Myelin basic protein,
proteolipid protein

Brain degeneration.
Paralysis

Celiac disease

Gluten modified by tissue

Figure 11-1 part 1 of 3 The Immune System, 2/e (© Garland Science 2005)

transglutaminase

Malabsorption of nutrients
Atrophy of intestinal villi

Figure 11-1 part 3 of 3 The Immune System, 2/e (© Garland Science 2005)
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Prevalence a pohlavné specifické rozdily

v Ve

e  Pohlavni rozdily v prevalenci AN mohou byt z ¢asti pripsany pravé ucinku
pohlavnich hormon
— vyznamné ovliviiuji genovou expresi (genomické ucinky)
— zjednodusSené receno estrogeny mohou napomahat rozvoji AN, zatimco testosteron
tomu spise brani
e Pohlavni rozdily v intenzité imunitni odpovédi

G — S — @ produkuji vyssi titry protilatek a maji obecné silnéjsi imunitni odpovéd neZ &

Rheumatoid arthritis — — @ maji mirné vyssi hladiny kortisolu nez &
Hashimoto's thyridiis | — @ maji vice CD4+ T-bb. a vy3si sérovy IgM
Vitligo : «  Téhotenstvi
Tyoeldiabetes | | — Q@ b&hem gravidity zvysuji intenzitu TH2-odpovédi
Pemidous anemia [] — hormondlni zmény (placenta) ustavuji silné proti-zanétové prostredi (spolecné s
Muttiple sclerosis | | kortizo!em) y . v 1 ey v
Glomenianephyits [ ] Fantie — nefnoi;E?r;)LsEtredkovane TH2-odpovédi se v gravidité zhorsuji
Systemic Lupus E. | .| Male — nemoci zprostfedkované TH1-odpovédi se v gravidité zlepsuji

* napf. RA nebo MS

— nékteré nemoci zlistavaji beze zmény, ale mohou ovliviiovat fetus/dité
200 40 &0 800 1000 1200 N . o
* napf. Graves-Basedowova nemoc — prestup protilatek placentou

Rate per 100000 — hodné AN vnikd aZ postpartum
* hypotéza mikrochimerismu
— fetdlni buriky se dostavaji do obéhu matky a perzistuji zde velmi dlouho
— napozadi gen. dispozice ro mlze bat spoustéc
* muzskd DNA?

Sjogren syndrome |
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PRIKLADY NEKTERYCH SYSTEMOVYCH AN (SLE A
REVMATOIDNI ARTRITIDA)
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Systéemovy lupus erythematodes (SLE)

e postihuje mnoho organt s rliznou inteznitou
— kbze (motylovy exantém)
— cévy (vaskulitida)
— ledviny (imunokomplexova glomerulonefritida)
— klouby (artritidy, ¢asto migrujici)
— CNS (encefalopatie)
— pleura
- aj.
* imunitni mechanismy

— abnormalni aktivace DNA specifickych B lymf. aktivaci jejich TLR9 (vazi
CpG motivy patogent) a DNA receptor(l antigeny uvolnénymi z
apoptotickych bb.

— produkce Ab proti jadernym proteinim

* dsDNA (double stranded)
* RNA-protein komplexy
* histony

— tvori se imunokomplexy (napf. anti-dsDNS-DNA) a tyto se deponuji na
predilekénich mistech (napf. glomerulus, synovie, cévni sténa) nebo na
mistech zvysené bunécné smrti/poskozeni a tudiz produkce DAMPs

* toto vysvétluje vznik motylového exantému po expozici UV-svétlu (=
indukuje apoptdzu keratinocytll)
e velmi variabilni klinicky pribéh
— 80% pacientl prezivd 10 let od dg.




,Epitope spreading” in SLE

1-specific
T cell

L4

Figure 11-34 part 2 of 3 The Immune System, 2/e (© Garland Science 2005)
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Revmatoidni artritida (RA)

* jednaznejc. AN
— postihuje cca 1 - 2% celosvétové populace
— 75% pacientu jsou Zeny mezi 40 - 60 lety
* RA typicky vede k symetrickému postizeni malych
kloubt (inicialné)
— arovnéz k extra-artikularnim projevim zahrnujicim srdce,
ledviny, oci aj.
* molekularni mechanismy

— T-lymf. zprostredkovana, ale kjou rovnéz pro dukovany Ab

* revmatoidni faktor (Rf): IgM (ale téz IgG, IgD, ...) protilatka proti
Fc fragmentu I1gG

— HLA-DR4 asociace (MHC I)
* mechanismus tkanového poskozeni

— invaze T lymf. do synovie a produkce pro-zanétovych
cytokind

— akumulace imunitnich bb. v kloubu (kost, chrupavka,
okolni tkan) a chron. zanét

— zanét vede k destrukci kloubu a zjizveni
— pozdéji klouby deformuiji (typicka ulndrni deviace prstl)




- R - Molekularni mechanismy ucastnici se RA

DX w2 (o  Tlymf. (,primérné CD_{H pamétové bb.) invadujici synovidlni
%O/ S membranu produkuji IL-2 a IFN-gama
A iy e skrze mezibunécéné kontakty a prostrednictvim cytokin(
Zovrg_{o e (produkovanych také APCs jako IFN-gama, TNFa a IL—17)I ,
G TIENB == o tyto T lymfocyty aktivuji monocyty, makrofagy a synovialni
e fibroblasty
PSR | * tyto poté produkuji pro-zanétové cytokiny, zejm. TNF-a, IL-
.« Q=" O 1 a IL-6 a vedou k chronickému zanétu
A F oy T . tytovcytokiny ro_vnéi,aktivujl' celou .Faglu genU typicch_h pro
=Gl zanét jako matrixové metalloproteinazy (MMPs) zapojené v
Y N ) tkanove degradaci
DA L * TNF-a a IL-1 rovnéz indukuji expresi RANK na makrofazich,
K které po interakci s RANKL na stromalnich bb. nebo T lymf.
g | o ] diferencuji v osteoklasty a resorbuji a destruuji kost
A Q" g * krom toho, rovnéz chondrocyty jsou aktivovany a také
AN secernuji MMPs

Nature Reviews | Drug Discovery
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/anétova odpoved synovialn

Capsuio

Synodum

Neutrophd

Cartiage

Synoviocytes

Bone

Osteociast

Forobiast

: Macrophagoe
- Donaritic cel
T cel

Pasma cel

B col

‘ Extensive
angiogenesis

Mas: col

Hyporplastic
synaval kning

Nature Reviews | Drug Discovery

V 4

membrany ('synovitis')

transendotelialni influx a/nebo lokalni aktivace celé
rady mononuklearnich bb. jako jsou T, B lymfocyty,
plasmatické, dendritické bb., makrofazy, zirné bb.
potencuji lokalni novotvorbu cév

lymfoidni infiltrat muze tvofit difusni nebo (Castéji)
folikularni strukturu

vystylajici vrstva kloubu se stava hyperplastickou
(tloustka >20 bunék) a synovidlni membrana
expanduje a tvori villi

nicméné hlavni znamkou RA je destrukce kosti

destruktivni ¢ast synovialni membrany se nazyva
'panus’, pricemz hlavnim destruktivnim bunécnym
elementem jsou osteoklasty

— destrukce vétSinou zacina na rozhrani chrupavka — kost —
synovialni membrana
polymorfonuklearni leukocyty se nachazi ve velkém
mnozstvi v kloubni tekutiné, jejich enzymy spolecné
S enzymy secernovanymi synoviocyty a chondrocyty
vedou k degradaci chrupavky
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PRIKLADY AN V GIT (CELIAKIE A
NESPECIFICKE STREVNI ZANETY)
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GIT je lokalizaci mnoha béznych AN

e autoimunitni
— slinné Zlazy (Sjogrentv syndrom)
— zaludek (atroficka gastritida)
— jatra (primarni sklerozujici cholangitida, primarni biliarni cirhdza, autoimunitni hepatitida)
— pankreas (autoimunitni pankreatitida)

* ale také alergii - potravni alergeny
— napf. na mlécné produkty (presnéji nékteré mlécné proteiny)

— odlisné oproti laktdzové intoleranci v dUsledku deficitu enzymu laktazy
* pomérné béznd —zejm. s ohledem na to, Ze celozivotni schopnost travit mléko (v¢. laktdzy) je povazovana za normalni stav
* avsSak vétSina savcl a i ¢ast lidské populace ztraci aktivitu laktazy po odstaveni

* tzn. celoZivotni perzistence aktivity maze byt povazovana za abnormalni
— geneticky polymorfismus v promotoru genu pro laktdzu vykazuje geografickd distribuce zjevné jako disledek genetické selekce
» nejvyssi prevalence persistence laktdzy v Evropé je u Skandinavcl (~90 %)
» Vv Ceské populaci ~70 %
» nejnizsi ve Stredomoti (Turci ~ 20 %)
» mimo Evropu je frekvence persistence vysoka napt. u nomadskych populaci Sev. Afriky

* ddvodem pro selekci persistencniho haplotypu v sev. Evropé muzZe byt schopnost konzumovat potravu bohatou na kalcium v sirtuaci
nizké tvorby vit. D v tomto klimatickém pasmu

* manifestace

— strfevni dyskomfort po poziti cerstvého mléka (ale ne po fermentovanych produktech jako napf. jogurt nebo syr)
— pruUjem, flatulence, bolesti bficha
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Atroficka gastritida

» destrukce parietalnich bb.
cytotOX|ckym| T-lymfocyty

ve snaze zajistit produkci HCl se
kompensatorné T gastrin (z G bb. v antru)

* tento stimuluje proliferaci ECL bb. (ve
fundu)

* riziko maligni transformace (=
prekancerdza) v karcinoid

* rovnéz protilatky proti

* vnitfnimu faktoru (IF) a komplex(im
IF/B12

* Na/K-ATPaze
e carbonic anhydrase
gastrinovému receptoru

. dusledky

— achlorhydrie vedouci k sideropenické
anemii

— pozdéji megaloblastova (pernicidzni)
anemie

— prekancerdza

normalni regulace

Parietal
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(Histamine) Cell
B Gastrin
H Histamine
B SST
¥ Adid
Ht+

G Cell

(Gastrin) +
5
LT Funous®
Stomach

/\ Pancreas
@ e
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il (Hisiami?\e)
3
& I
§ 1
‘b\ : DYSPLASIA
i {
4 Ce" ! CARCINOID
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4NTRUM ! FUNDUS'
e
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#® .. ge GGEW
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small intestine
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SMALL INTESTINE LARGE INTESTINE

Muscularis Intestinal

Mucosae

Intestinal
Villi

Glands in
the Submucosa

Tunica
Submucosa

Tunica
Muscularis

Externa Lymphatic

Nodules
in the Submucosa

Myenteric
Nerve Plexus
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Celiakie

typical celiac
disease

atypical celiac
disease

individuals who could
potentially develop
celiac disease

healthy individuals

HLA = Human Leukocyte antigen.

synonyma: celiakalni sprue, gluten-sensitivni
enteropatie, glutenova intolerance

T-lymf. zprostfedkovana autoimunitni reakce
proti stfevni sliznici (zejm. duodena a jejuna)
iniciovana glutenem a jeho stéepnymi produkty
(gliadiny)

prevalence ~1% populace

— ale zfejme vyssi protoze je pod-diagnostikovana
manifestace:

— Casto zacCina v détstvi po ukonceni kojeni a za
zavedeni stravy obsahujici obiloviny (ale pomérné s
dlouhou latenci)

— ale mlze se manifestovat kdykoliv béhem Zivota
symptomy jsou velmi variabilni!!l

— typicka

— netypicka
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Patofyziologie celiakie

* etiologie
— geneticka predisposice
e varianty v MHC Il genech
— DQ2 a DQS8 haplotypy
— celiakie je ¢asto asociovana a jinymi
autoimunitnimi onemocnénimi, napr. TIDM

* non-HLA alely

— zevni faktory

e gluten v dieté

— gluten je tvoren dvéma komponentami (= peptidy) gliadinem
a gluteninovymi polypeptidy
» tzn. je to heterogenni smés gliadind (prolamind) a
glutenind

— je relativneé rezistentni k digesci GIT enzymy a umoznuje tedy
to, Ze pomeérné imunogenni peptidy se dostanou az ke strevni
sliznici

* infekce adenoviry
molekularni mimikry pri poskozeni strevni bariéry
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Co je gluten?

GLUTENIN

gluten (= proteiny) je soucast endospermy obilovin (zejm.
psSenice)
— “gluten” je termin uzivany specificky pro kombinaci
prolaminovych proteinu (zvanych gliadiny) a glutelinovych
proteinu (zvanych gluteniny), které se vyskytuji v obilninach

e gluten je obsazen v mnoha obilovindch/zrnech:
— presnice, jeCmen, bulgur, zZito, Spalda, oves, kamut, semolina aj.
e gluten neni obsazen v:

GLUTEN (GLIADIN + GLUTENIN)

— ryze (vSechny druhy), pohanka, amarant, quinoa, kukurice, proso Bran:
/7 /7 v « o vy s Ve v V4 gg:,c,;f.b:';, \
* gluten dodava téstu elasticity a déla tedy pecivo pruznym a B viamins,
mekkym pri soucasné pevnosti Grain of Wheat,

¢ v ) . : y o . Barley or Rye
— napr. tésto na pizzu se krasné natahuje a téstoviny jsou elastické
Endosperm:

kdyz se tvaruji a zaroven se nelamou
Provides energy

— tudiz vytvaret rovnocenné kvalitni produkty bez glutenu je Carvoyarsies,
pomerne obtizné

Antioxidants,
B vitamins,
vitamin €




Patofyziologie celiakie

 HLA-DQ2 a HLA-DQS8 preferencné vazi negativné nabité
peptidy, nicméné glutenové peptidy je normalné nemaji
— enzym transglutaminaza 2 (TG2) muzZe modifikovat glutenové
peptidy jak vytvorenim negativniho ndboje deaminaci nebo
cross-linkovanim gliadinovych peptidd navzajem nebo s TG2
enzymem samotnym
— TG2 je zpravidla exprimovan intraceluldarné v inaktivni formé a
je uvolnén pri zdnétu nebo poskozeni bb.

* tedy za normalnich okolnosti jsou glutenové proteiny nezménény a
nevazi HLA-DQ

* pfi pfitomnosti TG2 jsou glutenové peptidy presentovany CD4+ bb.
a uvolfiuje se IFNy, ktery zpusobuje zanét

* toto prohlubuje poskozeni a dalsi uvolnéni TG2 a tvofi jakysi bludny
kruh

— HLA-DQS8 zpravidla vaze peptidy chudé na proliny a teprve po
nékolika krocich deaminace to je dosazeno toho, ze se
glutenové peptidy stanou imunogennimi

e aktivované gluten-specifické CD4+ Thl secernuji vysoké
hladiny pro-zdnétovych cytokinl (napf. IFNg a IL-2, které
potencuji aktivaci intra-epitelovych cytotoxickych CD8+
T lymfocytd

* Th2 odpovéd — cestou B-lymf. — vede k produkci
protilatek proti gliadinu, retikulinu a transglutaminaze

o 0 O
O Dietary gluten O

ML rufh W (ljﬁri TG?() ‘Peptldes

MECHSATNRIEQIS.»»)» Pemeabmw » Gut lumen

increase K . s alvie A 2% g s &

1 @o A BT r) z8 £ biode | P4 o ¥
CHEMlCAL>>>>>>> W b £ ¥ ’y;' ::‘., o
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»»)»toainsv v g E b e X e 8
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Depiction of the intestinal mucosa with emphasis on the factors involved in
the development of celiac disease in individuals with HLA-DQ2/DQ8 positive



Manifestace celiakie

dUsledkem auto-agresivniho zanétu je vilozni
atrofie s hyperplasii str. krypt a intra-
epitelialni lymfocytozou (= typické markery
celiakie)

klinicky pribéh & symptomy

prijem
bolest bricha
nadymani
malabsorpce makro- a mikronutrient, vitaminu,
stopovych prvkd

* hypo-/malnutrice nebo vahovy Ubytek
ne-gastrointestinalni manifestace

» déti: maly vzrist, anemie, neurologické symptomy

* dospéli: dermatitis herpetiformis, anemie, snizena
kostni densita, infertilita, drazdivy tracnik,
dyspepsie, ezofagealni reflux, neurologické
symptomy

po 20 - 40 letech je riziko str. lymfomu cca 50%
a karcinomu cca 10%

UprpPER JEJUNAL MucosaL IMMUNOPATHOLOGY

PRE-INFILTRATIVE INFILTRATIVE ; £

Other 5%
Abdominal Pain 5%

Weight Loss 6%

Bone disease 6%
Diarrhea 43%

Anemia 8%

Incidental 10%

Screening 17%

=5
me



"Maybe she's gluten intolerant.”
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ldiopatické strevni zanety (inflammatory bowel diseases, I1BD)

* jak Crohnova nemoc (CD) tak ulcerdzni kolitida
(UC) vykazuji nékteré spolecné znaky
— manifestace u mladych dospélych
— klinicky prabéh
* intermitentni exacerbace strfidané s remisemi
— geneticka predispozice
* ackoliv rlzné geny u CD a UC

— abnormalni reaktivita nespecifického imunitniho
systému na str. mikrobiom (bakterie)
— abnormalni lymfocytarni aktivita a nasl. cytokinové
spektrum
* predominance Th1/Th17 u CD
e atypicka Th2 u UC

 |okalizace

— m. Crohn — jakykoliv segment GIT, transmuralni,
granulomatozni zanét

— ulcerdzni kolitida —pouze rektum a kolon, zanét
omezen na mukozu




Imunitni systém streva

Epithelial Gut microflora Gut lumen
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unikatni s ohledem na blizkost intraluminalnich bakterii,
které jsou oddéleny od nize lezici lamina propria pouze
jednou vrstvou epitelovych bb.

epitelova vrstva je tvorena absorptivnimi a
sekretorickymi bb., gobletovymi bb (tvorba ochranného
hlenu) a Panetovymi bb.

imunitni M bb. a dendritické bb. kontroluji obsah
stfevniho lumen

— za normalnich podminek jsou imunitni bb. stfevni mukdzy z
velké ¢asti tolerantni aby zabranili zanétové odpovédi na
prospésné komensalni bakterie ve strevée

— makrofagy a dendritické bb. maji zasadni roli: stf. makrofagy
jsou zapojeny ve fagocytdze patogen( a odstranovani bunécné
debris

— narozdil od jinych makrofagl stfevni makrofagy neprodukuiji
pro-zanétové cytokiny

* maji down-regulovanu expresi nékterych povrchovych receptoru
jako CD14 (ktery reguluje odpovéd na lipopolysacharid) a
nékterych TLRs

— CD103+ dendritické bb. ve strevé vedou k tvorbé regulacnich T
lymf., které jsou zapojeny v navozeni tolerance

— proti-zdnétové prostredi strevni sliznice je podporovano
cytokiny jako IL-10 a TGFb
pritomnost patogennich bakterii nebo naruseni
epitelidlni bariéry vede k aktivaci a migraci
dendritick{/ch bb. do mesenterickych uzlin, kde aktiv
naivni T lymf., které nasledné podstupuiji dlferenC|a \I\‘I}/'l

e



Etiologie nespecifickych strevnich zanéetu

» genetické faktory umoznuji abnormalni imunitni odpovéd nespecifického imunitniho systému
— CD

* mutace vedou k porusené expresi pattern-recognition receptora (PRRs), napr. Toll-like receptory (UC) nebo NOD2 a
abnormalni aktivité autofagie — bakterialni invaze a defektni odstrafiovani bakterii — Inizka produkce pro-zanétovych

cytokinli — granulomatodzni léze

— UC
* primdarné porucha intestinalni bariéry (tight junctions) — excesivni produkce pro-zanétovych cytokind (TNFa) — zdnétova
infiltrace mukdzy leukocyty

— abnormalni adaptivni imunitni odpovéd je zrejmé sekundarni
» zjistého pohledu mohou byt tedy CD a UC povaZovany za imunodeficience T°'e“”‘”°e'

e environmentalni faktory o
— incidence roste v Evropé i Sev. Americe ‘ '

Environmental

sV . 7 . Vd e v Vd . 7 v .o i L i
— totéZ je nyni evidentni na jizni hemisféfe a v Asii o selivi (R ol oo
‘"FJS%‘S{"

* mikrobidlni faktory

— strevni mikrofldra je velmi komplexni Acute ~ CoP -
i inflammation S g Genetically §
* Bacteroidestes Tolerance ¥ immunoregulation, @ susggptnb!e
*  Firmicutes controlled failure of repair or
. . inflammation bacterial clearance
* Actionobacteria
* Preoteobacteria Chits

inflammation

— a je modifikovana mnoha faktory
» zpusob porodu (vaginalni vs. CS), uzivani ATB (zvlasté v détstvi), typ diety, aditiva, xenobiotika, |éky apod.
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Crohnova choroba

* =ileitis terminalis, enteritis regionalis
Ascending

* chronické idiopatické zanétlivé onemocnéni prevazneée tenkého streva colon
— ale mlze postihnout kterykoliv Usek GIT pocinaje Ustni dutinou aZ po anus
— projevuje se typicky mezi 3. az 6. dekadou, Castéji u zen

e patogeneze (multifaktorialni)

Crohn's colitis
ulcers

& Descending

. , . . ’ , 7 . . ’ v g A dix % - colon
— genetické faktory (= dispozice) vedouci k abnormalni imunitni odpovédi ppond :
stfevni sliznice na prirozené bakterialni antigeny (normalné >500 bakt. crohn's iletis L
druht) — porucha produkce defensin( sall intestine

* mutace v genu CARD15
— spoustéci faktory nejsou znamy (infekce?) = u sterilnich zvirat se nerozvine
* lipopolysacharid, peptidoglykan, flagellin, ...
* prubéh — typicky stfidani exacerbace (bolest bricha, prijem, teploty,
kifece bficha, krev ve stolici (enterorhagie)/remise
— zanét str. stény ma granulomatozni charakter, postihuje vSechny vrstvy
stény
— vznikaji viedy a krvaceni
— penetrované viedy vedou ke vzniku pistéli (Casto periproktalni)
— postizené okrsky se stfidaji s nepostizenymi
e extraintestinalni projevy
— artritida
— postizeni oci (uveitis)




Etiopatogeneze CD

e multifaktoridlni

— genetické faktory (= predisposice) vede k
abnormalni imunitni odpovédi intest.
mukdzy na prirozené komenzalni bakterialni
antigeny (>500 bakt. kmend, aeroby a
anaeroby)

* normalné jsou kontrolovany produkci defensin(

* GWAS

— mutace v genu pro CARD15
— autofagicky protein ATG16L1
— mnoho dalSich locusl

— spoustéci environmentalni faktory nejsou
znamy (infekce?) = u sterilnich zvirat se
nerozvine

* lipopolysacharidy, peptidoglycany, flagelin, ...

* podezrelé jsou Mycobacteria, Listeria a Yersinia
(u poslednich dvou neni jasné)

INTESTINAL MICROFLORA

10"“micro-organisms, >500 differentes species

Lactobacilli

Streptococci
Lactobacilli

Enterobacteria
Enterococcus
Faecalis
Bacteroides
Bifidobacteria
Peptococcus
Peptostreptococe
Ruminococcus
Clostridia
Lactobacilli

and....

—

Stomach 10%°to 10°

I Duodenumm <104~5
Jejunum
lleum 10° to 10’
Colon 1
with 10% to 10'?
appendix

—
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a» ﬂ Bacteria
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\/ Cyto vasion

reakce na intraluminalni bakterie — normalne stav tzv.
“kontrolovaného zanéetu”

— intracelularni rekognice komponent stény bakterii
(pathogen-associated molecular patterns, PAMPs), napr.
muramyl-dipeptide (MDP) prostrednictvim NOD2 (produkt
CARD15 genu) vede oligomerizaci a aktivaci NFk-B

— sekrece chemokinl a defensini Panethovymi bb.
varianty NOD?2 asociované s Crohnovou ch. vedou k
deficientni epitelialni odpovéedi, ztrate bariérove funkce
a zvys. expozici stf. mikroflore

— porucha sekrece chemokinu a defensinU

— porucha exprese pattern-recognition receptors (PRRs), napt.
Toll-like receptory

— produkce zanétl. cytokin(
— aktivace dendritickych bb. a produkce Ig a aktivace Th1 lymf.

Crohnova choroba je tedy néco mezi autoimunitnim a
imunodeficientnim onemocnénim
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Defektni bakteria
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+Bacterial clearance

o) B ()
Chronic inflammatory tv\f)
" response—granulomatous O e (; < iocsillment
7 Sactan (@) &}p of neutrophils
\ \){

/

/

o O / Anubodles

Impaired acute

inflammatory
ol

+ NOD2-mediated response

amplification of 7
acute inflamma Gytoldnes and

tory
response / r\\\/\ Chemoklnes
\/ Defective post-

NOD2 ﬂ translational modifications
CNO ) in the Golgi apparatus
’}0 {Q_/‘ 4 Cytokine and

\ fﬁ chemokine secretion

°o
o

\ O

t Transport to
/ \; the lysosome

Macrophage //\ @ + Bacterial clearance in the
autophagolysosome

Ini clearance u CD

defektni post-translacni modifikace u
makrofagl sméruje cytokiny a chemokiny
do lysosomU a tim redukuje jejich sekreci a
vede k nizké migraci neutrofilt a
perzistenci bakterii ve stf. mukoze

porucha vezikularniho transportu redukuje
bakterialni clearance ve fagolysosomu

narusena integrita epitelialni bariéry
zvysuje mnozstvi bakterii a tedy zvysuje
resp. vyzaduje odpoved adaptivni imunity
mutace v NOD2 receptoru oemzuji akutni
zanetovou odpoved na bakterie a
amplifikuji chronicky zanét inhibici
transkripce IL-10
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Ulcerdzni kolitida

* max. incidence 20 — 40. rok veku
typicky bila rasa, severni gradient
e zanét je limitovan na sliznici

— zanét zacina na spodiné Lieberkuhnovych krypt. tl. stfeva
(infiltrace imun. bb.)

e zejm. rektum a sigmoideum

Proctosigmoiditis Universal colitis

T

— hyperemie sliznice, abscesy v kryptach a ulcerace, krvaceni, ® MedicineNet, Inc.
zanétl. pseudopolypy, event. striktury
 prubéh onemocnéni

— periodicky = exacerbace a remise (prtjem, krvaceni, bolest,
teploty)

— extraintestinalni manifestace (5 — 15%): polyarthritida,
osteoporosa, uveitida, cholangitida

— chronicky anemie, striktury, hemoroidy, karcinom
* pritézkém pribéhu je indikaci ke kolektomii
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Imunologie v kostce

Macrophage shows antigen to other The antigens activate the Helper T cells. Helper t cells start dividing to make
cells. more helper t cells.
= ‘\ i =
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Helper T cells activate the killer t Helper T cells then activate the B cells Antibodies attach onto bacteria.
cells so that they can kill off the so they can make a lot of antibodies
infected cells.
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Protiens attach themselves to And last the macrophages eat up pathogens
antibodies that are stuck on pathogens, that have antibodies stuck onto them.

then they destroy the pathogens.
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