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Beyond Gene Discovery in Inflammatory Bowel Disease: The Emerqging Role of Epigenetics
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+Virulence nékterych parazitd
podminéna pfitomnosti nékterych
bakterii (E. histolytica a E. coli nebo
S. dysenteriae.

*Vnimavost hostitele k virové infekci
je podminéna zvlastni konfiguraci
mikroorganismu

Infekce herpesvirem maze
podminovat resistenci vuci
nékterym bakterialnim infekcim.
*Antibiotika mohou signifikantné
zmenit sloZzeni mikroflory.

«Jasna korelace zjisténa mezi
mnohymi nemocemi a dysbiézou.
«Siroké uzivani antibiotik mdze byt
vyznamneé ve vztahu k
dramatickému narustu
autoimunnich nemaoci v poslednich
letech.

*Parazitarni infekce naopak
podporuiji resistenci vuci rozvoiji
autoimunitnich nemaoci.


http://www.sciencedirect.com/science/article/pii/S0092867412001043#gr2

Cell 2012; 148: 1258-12

ROZVOJ STREVNI MIKROFLORY
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AZ do porodu je GIT plodu sterilni, po narozeni za¢ina kolonizace GIT novorozence. Podle typu porodu se tato iniciace
podoba kolonizaci kuzZe (cisarsky fez) nebo kolonizaci vaginalni (vaginalni porod). BEhem prvnich tydnu Zivota je snizena
aktivita TLR, coz zfejmé& umozni stabilizaci stfevni kolonizace. Po zavedeni pevné vyZivy se zvySuje diverzita stfevni
mirkofléry a stfevni kolonizace se zacina podobat dospélému jedinci. V té dobé se imunitni systém ,uci“ rozliSovat mezi
»hodnymi“ a patogennimi bakteriemi. V dospélém véku je dosazeno relativné stabilniho (interindividualné odliSného)
slozeni stfevni mikrofléry, s dominantnim zastoupenim Bacteroidetes a Firmicutes. RUzné nemoci se signifikantné lisi

zmeénami ve stfevni mikrofléfe a produkci cytokint v GIT.
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Probiotics demonstrating a beneficial effect in clinical studies of eczema.
Type of clinical study Probiotic

Treatment Lactobacillus rhamnosus GG
Lactobacillus rhamnosus HNOOT
Lactobacillus sakei KCTC
Lactobacillus acidophilus La-5
Lactobacillus acidophilus-
Lactobacillus salivarius LSO
Lactobacillus fermentum VR
Bifidobacterium lactis Bb12
Bifidobacterium lactis UABLA-12=
Bifidobacterium bifidum

Prevention Lactobacillus rhamnosus GG
Lactobacillus rhamnosus LC705
Lactobacillus paracasei F19
Bifidobacterium breve Bb99

Propionibacterium freudenreichii—
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Pivotal roles of vitamins in the maintenance of immunologic homeostasis in the gut. Vitamin
A-derived retinoic acid promotes the differentiation of naive T cells to Treg cells and
simultaneously inhibits the induction of Th17 cells in the steady state. Like retinoic acid,
Vitamin D (as an active form1a,25-dihydroxyvitamin D;) inhibits the production of pro-
inflammatory cytokines such as IFN-y, IL-17 and IL-21 from T cells together with the promoted
differentiation of Treg cells. It also prevents differentiation and maturation of DCs and
increases the expression of tight junction protein such as claudins in the epithelial cells. Upon
the differentiation of Treg cells, they express high levels of vitamin B? receptor (folate
receptor 4, FR4), which essential for their survival. a-tocopherol, an isoform of vitamin E, can
inhibit T cell infiltration into intestine through the negative regulation of signal transduction
from VCAM-1 and ICAM-1 by antagonizing protein kinase C.

Vitamin D



https://www.ncbi.nlm.nih.gov/pubmed/28261016

Various roles of vitamins in the regulation of
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Vitamin A is converted to retinoic acid by retinal dehydrogenases (RALDH) expressing dendritic cells in the Peyer's
patches, which induces the expression of gut homing molecules (a4p7 integrin and CCR9) on antigenprimed cells (e.g.,
IgA* B cells) and allows them to traffic into the intestinal lamina propria. In the lamina propria, IgA* B cells differentiate
into IgA-producing plasma cells. IgA is then transported into the intestinal lumen, where it binds to pathogens to inhibit
their invasion and function. Vitamin B1 is essential for energy metabolism, especially maintenance of TCA cycle, and
therefore associates with maintenance of naive B cells which utilize predominantly TCA cycle for energy generation.
Vitamin B2 also involves in the energy metabolism of immune cells. In addition, bacterial metabolite of vitamin B2
activates mucosal associated invariant T (MAIT) cells via the presentation by major histocompatibility complex (MHC)
related protein MR1. Vitamin D enhances production of antimicrobial peptides from Paneth cells and macrophages via

vitamin D receptor, which provides an additional immunosurveillance system.


https://www.ncbi.nlm.nih.gov/pubmed/28261016

& IMUNITNI SYSTEM A JEHO FUNKCE
¢

rozlisuje vziteCné a skodlivé
zajistuje obranu organismu
zqjistuje imunitni dohled
navozuje mechanismy tolerance

snizena resistence k imunodeficience

patologické reakce na  dlergie
vnejsi antigeny

patologické reakce na  autoimunita
vnitrni antigeny

snizeny imunitni dohled 11 1l
onkologicka onemocneni



adsnod
tonsd

right subclavian ven

lymph noce

kidney

appendix

lymphatics

(©) Current Biology Ltd/Garland Publishing

left subclavan vein
thymus

heart

theracic duct

spleen

Peyers palch in
small inlestne

large inlestine

bocne marrow



Q Bacteria Nutrient extractior
Fungi == Mucosal —————
homeostasis
Helminths Immunotolerance Immunosurveillance
‘/\% Nutrient extraction
Bacteria
Altered
— MUCOSAl —
) homeostasis
Fungi
mmunotolerance  Immunosurveillance

The loss of universal helminth infection as occurred in earlier human evolution may alter the numbers or types of
bacterial and fungal commensals and thus affect normal mucosal tissue homeostasis. In susceptible or highly
exposed individuals, such alterations might alter the balance between immunotolerance, immunosurveillance and
nutrient extraction. This imbalance may contribute to the appearance of inflammatory systemic dysregulation at
mucosal surfaces, resulting in increases in asthma and allergic diseases, particularly in the setting of
environmental changes that have increased exposure to indoor allergens and pollutants, and even to increases in
obesity, which can be a risk factor for severe asthma.
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HLA - VYVO.J IMUNITY

« HLA jsou membranové glykoproteiny, kieré
pfedstavuji vrchol organizace fungovani
imunitnino systému

ve vyvoji imunitnino systému se objevuji az u obratlovcU



HLA - MHC-6p21.3

HLA molekuly jsou zodpoveédné za histokompatibilitu -
sluCitelnost tkani
kombinace HLA molekul je unikaini u kazdého jedince

jediny priklad shody HLA molekul predstavuji jednovajecna
dvojcata

HLA molekuly jsou zodpovédné za odvrzeni fransplantatu
histokompatibilni molekuly v této situaci funguiji jako
antigeny, které vyvolaji imunitni odpoved zamérenou na
odvrzeni stépu

v této souvislosti se tyto molekuly nazyvaiji transplantacni Ci
histokompatibilni antigeny



STRUKTURA HLA MOLEKUL  °

HLA molekuly se déli na 2 hlavni tridy: |. a Il.
tridy

HLA molekuly obou frid jsou glykoproteiny,
heterodimery, slozené ze dvou fetezcu

Struktura HLA molekul obou ftfid umoznuje
vazbu antigenu a kontakt s receptory T
lymfocytU




HLA GENY

chromozom 6
HLA oblast

HLAllLidy B C E A GF




LA A ANTIGENY

antfigeny, které jsou predkladdny imunitnimu
systému v kontextu s HLA molekulami, pochazeji
jednak z extraceluldarnino prostredi, tak zvané vnéjsi
antigeny, jednak jsou lokalizovany uvnitf bunky, tak
zvané vnitini antigeny.

povaha vnitfnich a vnéjsich antigenu se vyrazné lisi,
kazdy indukuje zcela jiny typ imunitni reakce

vnitini antigeny jsou prezentovany v souvislosti s
HLA I. tridy

vneéjsi antigeny jsou prezentovany v souvislosti s HLA
II. tridy



PREZENTACE ANTIGENU

Antigeny jsou molekuly, které vyvolaji imunitni odpoved.

Antigeny jsou vetsinou proteiny Ci glykoproteiny, nebo
polysacharidy.

Antigeny pochdzejici z vnéjsino prostredi se do
organismu dostanou pres gastrointestinaini trakt,
respiracni trakt, kUzi nebo arteficidlné napr. injekené.

(V4

Antigeny vnitini se nachdzeji pfimo v bunkdch, muoze se
jednat napr. o proteiny kdbdované virovymi geny nebo
proteiny kdbdované mutovanymi geny v naddorove
zmenéenych bunkach.



CESTY ZPRACOVAN| ANTIGENU

endogenni anfigeny, HLA Ltfidy! exogenni antigeny, HLA Il.tfidy




Ligand/

receptor/
I substrateé W
Alternative| HLDA |associate - .
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CBTNE N‘K lorll A p %Mting molecules; involved in lymphocyte 19/-
= X Jathoril read: ymAz T-cell development.

Non-peptide antigen presenting molecules; involved in lymphocyte

activation; related to thymic T-cell development. =

CD1b R1 T

N1 e - Non-peptide antigen presenting molecules; involved in lymphocyte activation; related| .,

CD3 =T rada

CD4 = T pomahace (helpery)*
CD8 = cytotoxicke T*

CD19 = B rada

CD10 = nezralé lymfoidni bunky*
CD34 = progenitory*

*I Jiné bunky
CD40/C D4OL

CpBp "‘]'_},Ié - Co-receptor molecule; binds to MHC class I.
p24, DRAP-1, CDE3, Maodulates cell adhesion and migration; triggers platelet activation; .
cD9 Platelet
MRP-1 CD81,CD82 | expressed on eosinophils and basophils. 124,26
cD10 CALLA, NEP B Zinc Metalloprotease; neutral endopeptidase; regulator of B-cell growth and 100/-
gp100 proliferation by hydrolysis of peptides with proliferative/anti-proliferative effects.

N11a | LFA-l1a _ Adhesion T In‘trar_ellu_lar adhesion_a_nd cc:-_—stimul._aﬂon; binds to ICAM-1, ICAM-2, ICAM-3; 170/ |



Mechanismus (kuzZe, sliznice,
Rizen IgE (akutni)

Rizeny burikami (opozdény/chronicky
zacatek)

Kombinovany IgE a fizeny bunkami
(opozdény/chronicky zacdatek)

» Akutni koprivka (puchyre, angioedém nebo
oboji)

e Kontaktni koprivka
» Atopicky ekzém/dermatitis
* Anafylaxe

e Food-associated", ,,exercise-induced"
anafylaxe

» OrdlIni alergicky syndrom (potravni alergicky
syndrom asociovany s precitlivélosti na pyly)

* Ndhla gastrointestindini hypoersinzitivita
» Atopicky ekzém/dermatitis
e Enterokoliticky syndrom indukovany proteiny

 Alergickd proktokolitida indukovand
potravinovymi proteiny

 Alergickd kontaktni dermatitis

* HeinerOv syndrome (plicni hypersenzitivni
onemocnéni u déti indukované pofravnimi
alergeny, nékdy s potizenim ledvin)

» Atopicky enkzém/dermatitis
» Eozinofilni esophagitis
* Eozinofilni gastroenteritis



ANAFYLAXE INIJUKOVANA CVICENIM (EIAN)

Vyskyt anafylaktickych symptomU (kozni, GIT, respiracni a kardiovaskularni
smptomy) rozvijejicich se po fyzickém cviceni.

U tretiny pripadu vyskyt kofaktorU [prijem potravy, teplota prostredi (teplo
nebo zima) a léky (NSAIDs)].

Pokud jsou ve hre faktory ingesce potravy, jednd se o ,food-dependent
EIANn (FDEIAN)". Zelenina, orisky, maso, morské potraviny. Pritomnost w5-
gliadinu v psenici, pokud dochdzi béhem traveni k senzitizaci na psenicny
wlipid transfer protein® (LTP).

Patofyziologické mechanismy: zvysend nebo porusend permeabilita v
CIT, alterace tkanové podpory IgE cross-linking transglutaminazou,
zvysend exprese cytokinU, redistribuce krve béhem cvic¢eni s ndslednou
degranulace mastocytd azmény v pH. Zatim jen hypotézy.

Prevence: zatim spekulace: pacient musi byt vybaven autoinjektorem s
epinefrinem.



2FOOD INDUCED"™ ALERGIE

Neprizniva reakce organismu na komponenty potravy
indukovand imunifnim systememe.

Vétsinou fizena IgE (hypersenzitivita i. typu)

Typy: anafylaxe, ,,food-dependent exercise-induced"
anafylaxe (FDEIA) a ,,oral allergy syndrome* (OAS).
Dveé tridy:

2. ffida: pylové alergie zpUsobuiji precitlivélost na
rostliny [,,pollen-food allergy syndrome* (PFAS)].

1. tfida: obvykle potfravinové alergeny (glykoproteiny)
reaguijici na teplo, enzymy a nizké pH velikosti 10 to 70
kD. ZpuUsobuiji alerginizaci cestou GIT a zodpovidaji za
systémoveé reakce.
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House-dust mite and faeces (80%) Pollen grains (70%)

500 um
20 um
| —
30 um
Domestic pets (40%) Moulds (20%)

@ Elsevier Science Ltd

Antigeny zpuUsobuijici alergickou rinitidu a astma



ALERGIE A ATOPIE

Atopie:
Familiarni vyskyt
Charakteristické reakce na alergeny z prostredi
Pritomnost cirkulujicich protilatek.
IgE protilatky pritomny u 30-40% populace
Korelace mezi IgE hladinami v séru a hyperreaktivitou
dychacich cest.
Genetické faktory a faktory prostredi ovliviuji hladiny
IgE.
Kandidatni geny pro IL-3, IL-4, IL-5, IL-9, IL-13 a GM-CSF -
cluster na 5g31-33.

Hygienickd teorie vzniku astmatu



Table 1. Genetic mutations associated with primary atopic disorders.

Altered process

Genes

Impaired TCR signaling and
cytoskeletal remodeling

ZAP70, CARD11, MALT1, WAS, WIPF1,
ARPC1B, DOCKS8, CARMILZ2

Altered cytokine signaling

STAT 3PN, STAT169F, STAT5BLOF, STAT5BCYY,
JAK1G9F, IL4RACYF, TGFBR1, TGFBR2,
ERBBZ2IP

T cell repertoire restriction

RAG1, RAG2, DCLRE1C, ADA, IL2RG,
IL7RA, CHD7, LIG4, ZAP70, 22q11del

Tolerance failure

FOXP3, IL2RA, STAT5B'YF, TGFBR1, TGF
BR2, WAS, CARD11, STAT15%F

Metabolic disturbance

PGM3, CARD11, MALT1

Skin barrier disruption

FLG, CDSN, DSG1, DSP, SPINK5S

Mast cell deregulation

KIT, PLCG2, ADGRE2, TPSAB1

J Exp Med. 2018 Apr 2;215(4):1009-1022


https://www.ncbi.nlm.nih.gov/pubmed/29549114

(D) Skin barrier disruption

L 1A% ) Mast cell deregulation

J Exp Med. 2018 Apr |(A) T cell activation
2:215(4):1009-1022

o o

ZAP70

(B) Cytokine signaling and tolerance
TGFBR2

TGF-
TGFBR1


https://www.ncbi.nlm.nih.gov/pubmed/29549114

K PREDCHOZIMU OBRAZKU:

Vlevo nahore: ziednodusené schéma pro alergickou senzitizaci a
reaktivitu s nevhodnou transkutdanni expozici imunitnich bunék
exogennimu alergenu v dusledku dysfunkce epitelidini bariéry. Naslednd
aktivace epitelidinich bunék vede k expresi IL-23, I-33, TSLP, které zahajuji
alergickou reakci

A aktivované dendritické bunky migruji do lymfatickych uzlin, které
drénuiji kzi, kde prezentuji antigen prostrednictvim MHCII naivhim CD4+T
lymfocytum. Tento komplex je rozpozndn TCR komplexem , coz vede k
clularni aktivaci. BEhem aktfivace T bunékdojde k mnoha intracelularnim
déjum, které v dUsledku mutaci genU vedou k porusenié aktivaci,
proliferaci, cytoskeletdlni remodelaci a fitness (oznaceno cerveng), coz
podporuje alergicke fenotypy u Cloveka.



Effects of allergic sensitization on antiviral responses—a complex interplay. viruses and allergens first
encounter barrier epidermis or respiratory epithelium, 1 genefic predisposition (polymorphisms
shown in bold italics) as well as allergen-induced impaired barrier function likely increases
susceptibility fo infection. 2 virus infection of either the skin keratinocytes or respiratory epithelial

cells results in secretion of pro-inflammatory cytokines and chemokines which recruit antigen
presenting cells (dcs and monocytes) and have 3 impaired antiviral type i ifn responses. allergen
stimulation of antigen presenting cells impairs anti-viral responses by 4 blocking type i ifn release
from plasmacytoid dcs and 5 inhibiting virus-induced antigen presentation and th1 differentiation
by monocytes, é ige receptor engagement also leads to additional pro-inflammatory cytokine
release and impairs monocyte phagocytosis. 7 th2 cytokines promote b cell class switching to
produce more ige, ehancing allergic effects. 8 this environment recruits additional allergic effector
cells (ilc2, eosinophils. and basophils) further increasing th2 mediated responses and inflammation.
9 culminating in a increase in the Th2/Th1 balance
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ATOPIC DERMATITIS (AD)

Is a chronic or chronically relapsing, eczematous, severely pruritic
skin disorder mostly associated with IgE elevation and skin barrier
dysfunction due to decreased filaggrin expression. The lesional
skin of AD exhibits Th2- and Th22-deviated immune reactions that
are progressive during disease chronicity. Th2 and Th22 cytokines
further deteriorate the skin barrier by inhibiting filaggrin expression.
Some IgEs are reactive to self-anfigens. The IgE autoreactivity may
precipitate the chronicity of AD. Upon activation of the ORAI1
calcium channel, atopic epidermis releases large amounts of
thymic stromal lymphopoietin (TSLP), which initiates the Th2 and
Th22 immune response. Th2-derived interleukin-31 and TSLP induce
an itch sensation. Taken together, TSLP/Th2/Th22 pathway is @
promising target for developing new therapeutics for AD.
Enhancing filaggrin expression using ligands for the aryl
hydrocarbon receptor may also be an adjunctive measure to
restore the disrupted barrier function specifically for AD.
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Skin barrier dysfunction and Th2/Th22-deviated immune reactions are the fundamental abnormality
in AD. Genetic mutations in filaggrin (FLG) cause barrier disruption and dehydration, which make
the external allergens permeable. The barrier-disrupted epidermis abundantly releases thymic
stromal lymphopoietin (TSLP), which triggers the Th2/Th22 immune response. The Th2/Th22 deviation
is further accelerated during disease progression, for example, from acute to chronic or childhood
to adult AD. In addition, Th1 but not Th17 cells tend to participate in the chronic phase of AD. Th2
cytokines (IL-4 and IL-13) stimulate B cells to produce IgE antibodies to allergens. Some IgEs react to
self-antigens. IgE autoreactivity also contributes to disease activity. In addition, IL-4, IL-13 and [L-22
are strong suppressors of FLG expression. Pruritus is evoked by TSLP and Th2-derived IL-31, and the
subsequent scratching further worsens skin barrier dysfunction. The release of TSLP from
keratinocytes is dependent on calcium influx regulated by the ORAIT channel. Targeting
TSLP/Th2/Th22 as well as ORAIT pathways is a promising strategy to overcome atopic inflammation.



https://www.ncbi.nlm.nih.gov/pubmed/28057434

Modern life style
Genetic variation and pollution

/mutation

Epigenetic modification

Change of gene expression /function
in either or both pathways

Dysregulation of Abnormal skin
innate/ adaptive barrier structure/

immunity function Allergy Asthma Clin
Immunol. 2016; 12: 52.

The schematic illustration of AD etiology. Genetic and epigenetic reasons lead to
the alteration of gene expression and function of AD associated genes. AD
associated genes majorly belong to two pathways: skin barrier and
innate/adaptive immunity. Dysregulation of innate/adaptive immune responses
and impaired skin barrier reciprocally affect each other to drive AD development.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5069938/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5069938/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5069938/

External stimuli

l Filaggrin ’ Cathelicidin LL37
Tight junctions Human beta-defensin-2

Ceramides Human beta-defensin-3

Acute phase Chronic phase

Figure 1. Schematic summary of main pathogenetic alterations of AD. AD is characterized by multifactorial
pathogenesis including skin barrier dysfunctions, alterations of microbiota and activation of several inflammatory
pathways. Filaggrin and tight junctions genes mutation and reduced ceramides levels contribute to the alterations of
skin barrier function. Moreover alterations of microbiota and colonization of S.aureus impair skin barrier. These
alterations results in an increased Th2 response mediated through an overexpression of TSLP by keratinocytes. In
AD is present an immunological biphasic response with an initial prevalent Th 2 cytokines profile, IL-4, IL-5 and
IL-13, with the coexistence of Th17 and Th22 responses. During the chronic phase there is a switch to Th1 cells
with Th2, Th17 and Th22 involvement.

Asian Pac J Allergy Immunol
2016; 34:98-108
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Figure 2. Main pathogenetic mechanisms and Toll Like Receptor2 (TLR2) activation

Asian Pac J Allergy Immunol 2016; 34:98-108



Alergen pronikd pres epitel
dychacich cest, Interakci s

gen prezentujici bunkou
(APC) se dostavda do spadové
lymfatické uzliny, kde je pomoci
CD4+ antigen prezentovdn Th2
lymfocytdm.

Ty se aktivuji a produkuiji
cytokiny (IL-13 — zvysend

sekrece hlenu; IL-4 —tvorba IgE
B-bunkami; IL-5 eosinofilie).

IgE se vazou na mastocyty @
pokud se dostanou
perivaskuldarné (senzitizace, zanét
v plicnim recCisti-TLR4), Cekaiji

na opakovany stret s alergenem.
Pokud dojde k vazbé alergenu
na IgE na bazofilu, dochdzi k
jeho degranulaci a uvolnuje se

Mucus

Histamines, eicosanoids, cytokines,
chemokines, enzymes, growth factors

Allergic Asthma histamin gj. (= vazodilatace,

APC, antigen-presenting cell; EpC, epithelial cell; GM-CSF, granulocyte brOﬂChIO|O|<OﬂSTI’I|(C€)
monocyte colony stimulating factor; MHC, major histocompatibility; TCR, T cell
receptor; TSLP, thymic stromal lymphopoietin

Atopicke astma bronchiale Mutat Res, 2010 August 7: 690(1-2); 24-39.
doi: 10.1016/j.mrfmmm.2009.09.005
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Non-allergen-induced

Allergen-induced

House dust mite Ozone

Pollen Cigarette smoke
Ragweed Diesel particles
Cockroach Infection

Mold Aspirin

Exercise

L Cold air

IL4
FCERIA HAVCR1 (TIM1 )

HLA CD14

IL10

Intrinsic
ADAM33

Heterogenita astmatu. Astma bronchiale je komplexni onemocnéni zptisobené mnoha
fakotry. Rozlisujeme alergické, nealergicke a intrinsické astma; u nékterych pacientii
pozorujeme piiznaky vSech forem. Alergické astma je indukovano alergeny a je fizeno
mechanismy T2 imunitni odpovédi. Nealergické astma je zptisobeno znecisténym
ovzdus$im nebo infekci. Na rozvoji této formy se nepodili cesta T, 2.



Clinical asthma

Requirement

phenotype for T,2 cell Mechanisms or effector cells

Allergen Yes IL-4, IL-5, IL-9, IL-13, TSLP, IL-25, IL-33, IL-17¢2
CD4* cells, DCs, eosinophils, mast cells,
basophils, NKT cells

Viral infection No IL-132 (T 2 cytokinese) alveolar
macrophages, NKT cells (innate immune
cells)

Air pollution, cigarette No IL-17, oxidative stress, small particles,

smoke, diesel particles, neutrophils, NKT cells

smoke

Aspirin No Leukotrienes, loss of prostaglandin E,

Obesity No Oxidative stresse

Severe, steroid resistant No IL-17, neutrophils, NKT cells2

Exercise, cold air No Heat tfransfer, change in mucosal
osmolality, cytokines?

Intrinsic 2 Smooth muscle irritability 2
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Iniciace alergické imunity je spusténa interakci alergena s
epitelialnimi buikami, coZ ma za nasledek uvolnéni cytokinli
TSLP (“thymic stromal lymphopoietin®), IL-33 a IL-25. TSLP
fidi pohyb a zrani dendritickych bunék (DC), které podporuji IL-
4 produkci (zelen€) v pomocnych T-bunikach. Kompetentni bunky
se posunuji do folikularnich oblasti lymfaticke uzliny a vyzravaji
do bun¢k Th2, které produku;ji IL-4, a moduluji ,,zapnuti* B
bunék do 1zotypu, ktery produkuje IgE. IgE se vaze na mastocyty
a bazofily a prodluzuje jejich preziti a facilituje pro alergen
specifickou aktivaci téchto bunék. 1L-33 podporuje uvolnéni IL-4
z bazofilt. IL-33 a IL-25 podporuje uvolnéni IL-13 a IL-5 z
tkanovych IL25R+ bunék (tyto bunky také uvolnuji IL-6, ktery
podporuje maturaci B lymfocytt a zlepsuje funkci regulacnich T-
bun¢k). IL-4, IL-5 a IL-13 z téchto bun€k podporuji finalni
diferenciaci a povolavani Th2 bunék do tkang, alternativni
aktivaci makrofagti (AAM) a povolavani eozinofil. Tyto efekty
jsou vyrazn¢ podpoteny aktivaci tkanovych Th2 bunék, které dale
zvySuji efekt Th2 cytokind na epitelialni bunky, hladkou
svalovinu a stromalni matrix. Tvoti se pamétove T- a B-bunky,
které urychluji reakci na opakovanou stimulaci alergenem.



TSLP

ISLP ("thymic stromal lymphopoietin®), -
uvolnovan primarnimi lidskymi epitelialnimi
bunkami jako odpoved na mikrobidalni
produkty (peptidoglycan, lipoteichoickd
kyselina a dvojvlaknova RNA), fyzikalni
%)I\?E)kozem' a prozanétlivé cytokiny (IL-1B ©
Exprese TSLP defekovana a dychacich
cestdch astmatiku

Exprese TSLP mRNA koreluje se zavaznosti
poskozenl.




Antlgen (Allergen)

Epithelium
Basement membrane

Mast cell activation

Antigen (allergen)
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Allergic inflammation

Indukce a efektorove mechanismy u hypersenzitivity 1. typu.
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Antigen prezentujici buiiky
v plicich.

()

(b)

Klicove jsou
dendritické bunky
(DCs). Po zpracovani
antigenu DCs
indukuji antigen
specifickou T2
bunécnou odpoved'.
TCr, T cell antigen
receptor.

Jako APC mohou
pusobit takeé jiné
bunky, které jsou
schopny iniciovat T2
odpovédi. Jsou to
bazofily, eozionofily,
mastocyty a prirozeni
zabijeci, kteti
exprimuji MHC class
Il @ kostimulac¢ni
molekuly:.

SCF, stem cell factor;
LTC,, leukotriene C,; Lin,
lineage.



Mediators:
Histamine
Tryptase
PAF/Lipid
proteases
Cytokines-chemokine
Nitric oxide
Endothelin

Cytoplasma

Granules

= | Inflammation

—p

Mastocyty s IgE uvoliuji
granula a mocné chemické
mediatory, které zpiisobuji
charakteristicke ptiznaky
alergie.
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Pro patogenezu astmatu je kliCova
aktivace adaptivni imunity, ale
dilezita je také ucast nespecifické
imunity, tedy nezavislé na stimulaci
alergenem.

IL-25 indukuje T2 cytokiny (IL-5a
IL-13) z ptirozenych helperti v
nepfitomnosti f T;2 bun¢k a
stimuluje NKT bunky k produkci
IL-13, coz podporuje AHr a
remodelaci dychacich cest.

IL-33 acts on multiple targets; it
stimulates mast cells, eosinophils,
basophils, natural helper cells and
NKT cells to elicit T,;2 cytokines.
TSLP activates mast cells and NKT
cells to secrete T,,2 cytokines. The
finding of these cytokines, IL-25, IL-
33 and TSLP, and cells of the innate
immune system greatly extends
understanding of the pathogenesis of
asthma.

Thymic stromal lymphopoietin-
TSLP



SPECIFICKA IMUNITA V PATOGENEZI ASTMATU

The induction of adaptive immunity requires antigen-presenting cells (APCs), and
dendritic cells (DCs) are the main type of APC involved in the induction of T,2
responses to allergens in asthma. In the lung,

DCs can be found throughout the conducting airways, interstitium, vasculature
and pleura and in bronchial lymph nodes. Lung DCs express many receptors,
including Toll-like receptors, Nod-like receptors and C-type lectin receptors and
upregulate the expression of several costimulatory molecules (such as CD80 and
CD86) and chemokines (such as CCL17 and CCL22) that attract T cells, eosinophils
and basophils into the lungs.

In humans, monocyte-derived conventional DCs promote T,2 responses by
secreting proinflammatory cytokines and upregulating the expression of
costimulatory molecules after antigen stimulation. Together these findings indicate
that lung DCs are the main APCs and are necessary for T2 cell stimulatfion during
airway inflammation.
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Figure 1| T cells involved in the induction of the allergic phenotype. Asthmais a heterogeneous disease that is
characterized by airway hyperresponsiveness (AHR), recruitment of inflammatory leukocytes to the lung and tissue
remodelling, including mucus production and airway smooth muscle changes. A number of different T cell subsets are
thought to influence the nature and magnitude of the allergic immune response by the cytokinesthat they secrete.
Thelper 2 (T, 2) cells are thought to promote eosinophil recruitment, in conjunction with nature killer T (NKT) cells and
CD&' T cells. By contrast, T 1 cellsand T 17 cells are thought to be associated with severe, steroid-resistant asthma, which
is often marked by neutrophilic infiltrates. Regulatory T (T, 5 CElls and subtypes of y§ T cells are able to downregulate
pulmonary immune responses and are thought to be important for maintenance of immune homeostasis in the lungs.

The nature and magnitude of allergic inflammation inthe lung is influenced by external environmental stimuli, such as
exposure to allergens and pollution as well as infection with pathogens. IFNy, interferon-y; IL, interleukin.




PATOGENEZE ASTMATU

Antigen-prezentujici bunky (dendritické) aktivuji Th2 T
bunky a zpusobuji uvolnéni cytokinU z téchto bunék,
které atrahuji mastocyty a eozinofily.

IL-2 a IL-4 aktivuji mastocyty k uvolnéni LTC4, PGD2 o
histaminu, které pusobi na hladkou svalovinu a cévy.

IL-3, IL-5 a GM-CSF pritahuji eozinofily; ty jsou pritahovany
faké chemokiny, které pusobi pres receptory typu 3 C-C
(CCR-3, 1j. eotaxin, RANTES, MCP-1, -3 a -4).

Aktivovane eosinofily uvolnuji LTC4, MBP (vetsi bazofilni
protein), ECP (eozinofiini = kationtovy protein) a
peroxiddzu (EPX), kterd jsou pro epitelidaini bunky toxicke.

IL-4 a IL-13 produkované aktivovanymi T bunkami udrzuji
alergickou reakci a zpusobuji sekreci hlenu a kontrakci
hladké svaloviny.



Trends Immunol. 2007 Jun;28(6):248-51. Epub 2007 Apr 27
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Schematic representation of asthma pathophysiology. A range of environmental factors interact
with the epithelium and dendritic cells to direct a Th2 inflammatory response, comprising mast cell
activation, and eosinophil, basophil and neutrophil recruitment. Growth factors and cytokines from
these cells also activate fibroblasts for new matrix deposition to remodel the airways and conftribute
to increased airway narrowing and asthma symptoms. Damage to the epithelium and the release
of a range of cytokines and growth factors sustains the inflammation and drives remodelling of the
airways in an aberrant ‘wound response’ to injury. Together, these two processes generate the
hyper-responsive airway characteristic of asthma

Y
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KLINICKE PRIZNAKY ASTMATU

Bronchioly se zuzuiji.

Rozviji se atelektdza (mikroskopickd, segmentdini
nebo lobdrni) v dusledku kompletni obstrukce
hlenovou zdtkou nebo v dUsledku edému
dychacich cest.

Pokles pomeéru ventilace/ perfuze vede ke snizene
saturaci arteridlni krve kyslikem.

Hyperinflace plic a hyperexpanze hrudniku snizuje
funk€nost a Ucinnost dychaciho svalstva.Rozviji se
emfyzém.
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Remodelace dychacich cest u astmatu
Key: ASM, airway smooth muscle; ECM, extracellular matrix; EMTU, epithelial

to mesenchymal trophic unit; Epc, EpC, epithelial cell; TGF-B, transforming
growth factor-3.
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doi: 10.1016/j.mrfmmm.2009.09.005
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REMODELACE DYCHACICH CEST

U chronického astmatu dochazi k alteraci struktury a
funkce formovanych elementu dychacich cest.

Depozice matrix proteinu, otok a celuldri infiltrace vedou
k expanzi submukdzy, coz vede ke zflusteni hladke
svaloviny a zuzeni dychacich cest.

Otok adventicie vede k retrakénim sildm z okolnich alveolu
na velke plose, coz vede k snazsSimu uzaveru dychacich
cest.

Spolecné se zvysenim kontraktility hladke svaloviny se rozviji
bronchidlni hyperresponzivita.

Epitel. Ztrata ciliarnino epitelu. Metaplazie.
Epitelialni bazdlni membrana.
Depozice kolagenu (typy I, lll a V) v lamina reticularis.

Depozice lamininu, tenascinu a fibronektinu + kolagenuU
vede ke ztlusténi bazdlni memibrdny



REMODELACE DYCHACICH CEST

Makrofagy a lymfocyty. /mnozené ve sliznicnich
membrandch dychoach cest a v alveolech.

Makrofadgy maiji roli ve vychytavani a prezentaci antigenu a
alergenu lymfocytOm.

Uvolnuiji prostaglandiny, thromboxan,leukotrieny C4 a B4 a
faktor —aktivujici  desticky). CD4 Iymfocy’ry (helpery) jsou
aktivovany. Uvolnuji cytokiny, které ovlivauji migraci a aktivaci
mastocytU (IL-3, IL-4, IL-9) a eosinofil0 (IL-3, IL-5, GM-CSF).

Produkce IlI-4 udrzuje Th2 fenotyp, coz podporuje produkci IgE
B lymfocyty.

Selektivni upregulation Th2 T bunék.
To je zfejmé ovlivnéno zejména dendritickymi burikami.



AUTOIMMUNNI NEMOCI(AIDS)

Epidemiologie: 8,5% osob v populaci

« Organove specifické [diabetes T1D, autoimmunni
nemoc stitné zlazy (AITD)] nebo

« Multiorganoveé postizeni nebo systémova manifestace
[(systémovy lupus erythematosus (SLE)].

Vétsina AlDs [rheumatoidni arthritis (RA), ankyldzni
spondylitis (AS), inflammatory bowel disease (IBD) o
roztrousena skleroza (MS)] ma orgdnovou predilekci
postizeni, ale ¢asto jsou pritomny také klinické
manifestace poruch mimo tento orgdn.

DUvody této odlisné manifestace jsou nejasné; podil
genetiky a epigenetiky.

Genome Medicine 2012, 4:6



AUTOIMMUNNI NEMOCI(AIDS)

Néktere rysy spolecné:
Predominance vyskytu u zen

Produkce autoprotilatek (napr. anficitrulindtové peptidove profilatky
pritomny u 70 az 80% pacientU s RA patients).

Familiarni vyskyt — sdilend genetickd predispozice

Spolecny vyskyt (,clustering”) jistych autoimunit mezi pribuznymi s RA, MS,
SLE, T1D qi.

Snad inverzni clustering RA a MS.

/rejmée extenzivni sdileni rizikovych alel v ramci tohoto spekira nemoci.
Ucast gend signdinich cest fidicich vrozenou imunitu, imunitni signalizaci
diferenciaci T-bunék a cytokiny a chemaokiny.

U RA je vice nez 50% nebo vice rizikovych alel sdileno s celiakii, psoridzou,
MS, SLE, T1D, AS a AITD.

Crohnova nemoc a ulcerativni kolitida spolecné sdileji mnoho alel, ale
relativné malo s dalsimi AlDs.

Genome Medicine 2012, 4:6



Avutoimunitni Hlavni fenotypické rysy
onemochnéni

Celiakie Netolarence gluténu s malabsorp&nimi projmy, s vildzni
_ atrofii stfevni sliznice

Diabetes I. typu (T1D) Hyperglykémie a makro- a miroangiopatii

Zanétliva onemocnéni streva Transmurdini leze v GIT (CN);

(Crohnova nemoc - CN a superficidlni kontinudini ulcerace tlustého streva (UK);
ulcerézni kolitida - UC)

Rheumatoidni artitida (RA) Chronické zdanétlivé onemocnéni kloubu s jejich

potencidlni destrukci
Juvenilni idiopaticka artritida Klinicky heterogenni skupina nemoci s chronickou

zAnétlivou artritidou u déti

Rozirousena skleréza Chronické zanétlivé onemocnéni CNS s demyelinizaci

A 10 A VT ITERT4Y (10 L1 X{TI Multiorgdnoveé postizeni

Spondyloartropatie Chronické zanétlivé onemocnéni charkteristické axidini a
periferni artritidou, entesitidou, dactilitidou a
extraartikuldrni manifestaci (uveitida, postizeni kUze)

Genome Medicine 2012, 4:6



PTPNZ2- IL18RAP- TAGAP- PUS10

TAGAP
SH2B3
TNFAIP3

UBE2L3

TNFSF15 TRAF1
TNFAIP3 CD40
CCNY KIAA1109
PTPN2
ICOSLG
VEGFA 'ﬁ'
ZGPAT
IL10 VEGFA ﬁ_’jjﬁ" ¢ i
IRGM ZGP# ~RL 19P8 Cp226
IKZF1 FCGR2A CcD40
ORMDL3 UBE2L3 IL10 LYo IRF8
PTPN2 FAIP3
IL18 RAP IRF5
PTPN22 IRF8
SH2B3
K =7
TNFAIP3 AD226
IL26 RGS* IL18RAP- TAGAP- CCR3
PTPN2- CTLA4 SH2B3

Figure 1. Overlap of associated loci among autoimmune diseases highlighted in this review. Loci depicted in red are those shared by more

than two autoimmune diseases. Loci depicted in black are those shared only by two autoimmune diseases. CD, Crohn's disease; CeD, celiac disease;

JIA, juvenile idiopathic arthritis; MS, multiple sclerosis; RA, rheumatoid arthritis; SLF, systemic lupus erythematosus; SpA, spondyloarthropathy; T1D,

type 1 diabetes; UC, ulcerative colitis.




Anti-citrullinated protein antibodies in sera
of patients with rheumatoid arthritis.

Sensitiv Specificity

Antigen ; Assa Correlation
S ity (%) (%) Y
Keratine 36-59 88-99 ELISA Early disease
. . ELISA
Filaggrin 76 96 CCP-] Unknown
CCP-patients ELISA . . .
oeplide lioraries 75.4 94.4-99 CCP-2 Severity and erosive disease
CCP-
combinatorial /5= 92-96.8 ELISA Early disease
. . 81.6 CCP-3
peptide libraries
. .. 60.9- Immuno
Fibrinogen/fibrin 83 95-98.7 blotting Unknown
Vimentin 47 98 Immyno Severity and erosive disease
blotting
MCV 64-82 97-98 ELISA Severity and rapid erosive disease
Collagen type Il 41 94 ELISA Early acute inflammation and early radiographic
damage
Collogentype | 32 99 ELISA Unknown
alpha-enolase  37-62 98 ELISA Unknown
BiP 95  Notknown MMYNO  jnnown
blofting

HSP-90 29 96 ELISA Interstitial
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PTM generates neoepitopes
on self proteins, responsible
of the pathogenesis
of autoimmune diseases

Karbamylace se objevuje na riznych aminokyselindch ruznymi mechanismy.
Homocitrulin je o jednu metylenovou skupinu delsi a je tvofen z lysinovych zbytki po
reakci cyanatu, ktery je v téle ptitomen v rovnovaze s ureou. VéEtSinou se tato reakce se
uskutecniuje béhem zanétu, kdy dochazi k uvolnovani myeloperoxidazy z neutrofild.
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Autoantibodies
Production

MPO convertuje thiocyanat na cyanat, coz zastavi karbamylaci.
PTM: post-translational modification; PC: plasma cells


http://www.sciencedirect.com/science/article/pii/S1568997216300519#gr1
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Reactome pathway g-value
Innate Immune System 3x107°

Neutrophil degranulation ~ 1x10°®

Cytokine Signaling in 2x10°®
Immune system

Hemostasis 2x108

Nephrin interactions 8x10°

Interferon alpha/beta 8x10°
signaling

Genes

PIK3AP1,MANBA,ACPP, TMEM173 MEFV,ADCY9,AGL,MAP3K11,ALDH3B1,ALOX5RASAL1,MPO,CUL3,CUL1,
ADCY4,AMPD3,ANXA2,ATP6V1E2,BIRC2,BIRC3, etc

MANBA,ACPP,TMEM173, AGL,ALDH3B1,ALOX5,MPO,AMPD3,ANXA2,ARG1,PYCARD,AZU1,CEACAMG6,UNC13D,
BST2,0LR1,P2RX1,MS4A3,CD44,CD59,etc

MCL1,MAP3K3,MAP3K11,ALOX5RASAL1,CUL3,CUL1,ANXA1,IFITM1,BIRC2,BIRC3,FASLG,SOCS1,EIF4G3,MX1,
TNFRSF25, TNFSF13,BCL2,NEDD4,SOCS2 etc

ACTN4,ACTN1,ANXA2,DGKZ APPATP2A2,MYB,CEACAM6, TNFRSF10D,NFE2,CAV1,SLC7A7,SLC7A6,0LR1,P2RX1,
CD9,SLC16A3,SERPINB2,CD44,TREM1,etc

ACTN4,ACTN1,NCK2,NCK1,WASL,PIK3R1,PIK3R2,MAGI2,KIRREL1,FYN,SPTBN1

IFITM1,SOCS1,MX1,BST2,0AS1,0AS2,0AS3,SAMHD1,RSAD2,1SG15,PSMB8,IFITM3,GBP2,USP18,HLA-A,
HLA-E,IFI27,IFIT1,IRF1,IRF5,IRF7

cross-SADs shared DMCs

Reactome pathway

TCR signaling,
Second messenger molecules,

g-value Genes

Translocation of ZAP-70 to Immunological synapse <1x10* CD3G,CD247,LCK,PSMA4

PD1-signaling;
CD3 and TCR phosporylation

Signaling by Interleukins
DCC mediated attractive signaling

6x10* IL12RB2,PSMA4,SMARCA4,LCK,S1PR1,IL6R,PTK2,STAT5B,SYNGAP1
2x10° ABLIM1,PTK2

Degree of epigenetic sharing across systemic autoimmune diseases.

Venn diagram showing the number of differentially methylated CpG sites in whole blood
comparing those obtained from EWAS results for SLE (blue), SjS (yellow) and RA (red).
Data was obtained from supplementary materials of Yeung et al., Imgerberg-Kreuz et al.
and Liu et al. Reactome pathway enrichment analyses were performed in the set of genes
showing overlapped DMCs using the ToppGene Suite database https://toppgene.cchmc.org.
g-value refers to adjusted P-values corrected for Benjamini & Hochberg False Discovery
Rate. DMCs: Differentially methylated CpG sites. SAD: Systemic autoimmune diseases



https://toppgene.cchmc.org/
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