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SOUHRN

Uvod: Atopicka dermatitida (AD) je chronické zanétlivé kozni onemocnéni s akutnimi
exacerbacemi a charakteristickymi klinickymi projevy. Zakladnim pilifem diagnostiky AD
je dikladnd anamnéza, zhodnoceni klinického stavu, doplnéné o kozni, ptipadné expozi¢ni
testy. Nedilnou soucésti je vySetieni specifickych IgE protilatek (sIgE) proti extraktovym
nebo molekuldrnim komponentam alergenii. U respiracnich forem alergického zanétu a pfi
podezieni na potravinovou alergii jsou recentné vyuzivany bio¢ipové multiplexni techniky.
Tyto analyzy by mohly najit své uplatnéni také pii diagnostice koznich projevi alergického
zanétu, jako je AD. Cilem této prace byla piesnéjsi identifikace vyvolavajicitho zdroje
potravinové a inhalacni alergie u pacienti s AD. Hodnotili jsme senzibiliza¢ni profily
u pacientll s mirnou, stfedné tézkou a tézkou formou AD a u podskupiny pacientl
s atopickou dermatitidou komplikovanou bronchidlnim astmatem a alergickou rymou.
Déle jsme se zabyvali senzibilizaci na molekularni komponenty v kontextu potravinové
alergie u pacientii s AD.

Metodika: Vzorky krevniho séra pochéazely od dospélych pacientd s AD. Hladiny sIgE
protilatek byly stanoveny multiplexnim syst¢émem ImmunoCAP ISAC. Disertacni prace
komentuje publikované vysledky védeckého tymu.

Vysledky: Nejcastéji byla u pacientii s AD zaznamenana senzibilizace na alergen pylu trav
(rPhl p 1) a alergen bfizy (rBet v 1). U pacientii s tézku formou AD byl prokazan
vyznamné castéjsi vyskyt senzibilizace na alergeny bojinku (rPhl p 1), roztocu (rDer f 2,
rDer p 2), plisni (rAlt a 6, rAsp f 6) a na zvifeci alergeny (rFel d 1, rFel d 4, rCan f 1,
rCanf 5, rEqu ¢ 1, nMus m 1). Vysledky klastrové analyzy odpovidaji asociaci
molekularnich komponent do proteinovych rodin dle jejich biochemickych charakteristik.
Vysledky analyzy molekularnich komponent byly také posuzovany v souvislosti
s klinickym pfinosem pro diagnostiku potravinové alergie u pacientli s AD.

Zavér: Vysledky prace znazoriuji detailni senzibilizacni profil pacientli s atopickou
dermatitidou a zaroven poukazuji na dtlezitost epidermalni bariéry, jejiz naruseni vede ke
zvySenému prostupu alergenii do organismu. Pfitomnost sIgE protilatek metodou ISAC
doporucujeme vysetfovat u dospélych jedinct s téZzkou formou atopické dermatitidy, kdy
zasadni roli v senzibilizaci mohou hrat predevsim hlavni alergeny pyli trav, stromd,
roztocu a zvireci alergeny. V tomto sméru doporucujeme zamétit vysSetieni sIgE protilatek
v ramci klinickych postupt a 1écby pacientit s AD se zvlastnim ohledem na riziko vzniku

zavaznych reakci.



SUMMARY

Background: Atopic dermatitis (AD) is a chronic inflammatory skin disease with acute
exacerbations and characteristic clinical manifestations. The diagnosis of AD is based on
the medical history, evaluation of clinical condition, supplemented by skin or exposure
tests. An integral part is also the examination of specific IgE antibodies against extract
allergen or single molecular component. Biochip multiplexing techniques have recently
been used for respiratory forms of allergic inflammation and when food allergy
is suspected. However, these analyses could find application in the diagnosis of cutaneous
manifestations of allergic inflammation, such as AD. The aim of this work was to more
acurately identify the source of food and inhalant allergy in patients with AD.
We evaluated sensitization profiles in patients with mild, moderate, and severe forms
of AD and in a subset of patients with AD complicated by bronchial asthma and allergic
rhinitis. We also addressed the sensitization to molecular components in the context
of food allergy in patients with AD.

Methods: Blood serum samples were taken from adult patients with AD. Levels of specific
IgE antibodies were determined by the ImmunoCAP ISAC multiplex system.
The dissertation thesis summarises already published results of our scientific team.
Results: Sensitization to grass pollen allergen (rPhl p 1) and birch pollen allergen
(rBet v 1) was most frequently reported in the patients with AD. Sensitization to following
molecular components of grasses (rPhl p 1), house dust mites (rDer f 2, rDer p 2), moulds
(rAlt a 6, rAsp £ 6), and animals (rFel d 1, rFel d 4, rCan f 1, rCan f 5, tEqu ¢ 1, nMus m 1)
was significantly more frequent in patients with severe form of AD. Results of cluster
analysis correspond to the molecular components into protein families grouped according
to their biochemical structure. The results of the molecular component analysis were also
tested in relation to the benefit for the clinical diagnosis of food allergy in patients with
AD.

Conclusions: Results of our work represent the detailed sensitization profile of patients
with atopic dermatitis and simultaneously point out the importance of the epidermal
barrier, the disruption of which leads to the increased penetration of allergens into the
body. Allergen specific IgE antibodies detected by the ISAC method is recommended to be
determined in adults with severe atopic dermatitis, where the main allergens of grass pollen
grains, trees, mites and animal allergens may play a crucial role in the sensitization.
We recommend the adoption of the assessment of the presence of specific IgE against
these components into the routine clinical procedures and treatment of patients with AD
with the special respect to the patients with the high risk of development of severe adverse

reactions after exposure to these allergens.



UvVoD

1 Atopicka dermatitida

Atopie je vrozend dispozice k pfecitlivélosti a rozvoji alergického onemocnéni.
Senzibilizovani jedinci reaguji na béznou expozici alergenim zvySenou produkci IgE
protilatek v krevnim séru a vznikem alergického zanétu s typickymi znaky. Alergicky
zanét se obvykle manifestuje v podob¢ alergickych onemocnéni jako je bronchialni astma
(AB), alergicka ryma (AR), atopické dermatitida (AD) a potravinova alergie (FA) (1).

Atopickd dermatitida je heterogenni chronické zéanétlivé onemocnéni kuze
s akutnimi exacerbacemi charakteristick¢é fadou klinickych projevl s vyznamnym
zapojenim imunitnich mechanism (1,2). Atopickou dermatitidou Casto zacind alergicky
zanétlivy proces, ktery pokracuje alergickou rhinitidou a bronchidlnim astmatem. Tento jev

byva oznacovan jako alergicky pochod (3,4).

1.1 Epidemiologie
Onemocnéni AD zac¢ind typicky v détském veéku a mize pokracovat do dospélosti.
Spise vyjimecné v dospélosti zacind. V détském veéku je proto zaznamendna vyssi

prevalence 10-20 % (5,6) nez v dospélosti 2,1-4.,9 % (7).

1.2 Imunopatogeneze

Atopicka dermatitida je heterogenni onemocnéni diferencujici se do fady fenotypt
dle nastupu onemocnéni, lokalizace koZnich lozisek, patofyziologie onemocnéni a dalSich
hledisek (2,8).

V ramci patofyziologie ji miZeme clenit na akutni a chronickou formu AD se
zapojenim odliSnych imunitnich mechanisma. Akutni fenotyp je spojen spiSe s alergickym
zanétem, IgE protilatkami a Th2 profilem imunitni reakce. U chronického typu pievazuje
Thl imunitni reaktivita se zapojenim neutrofilnich granulocyti a bez pfitomnosti
specifickych IgE protilatek (2).

Dle klinickych a imunologickych znakii lze AD rozlisit na alergickou formu
(extrinsitni), u které prevladaji charakteristiky IgE mediovanych reakci a na nealergickou
formu (intrinsitni), u které neni patrnd senzibilizace k inhalaénim a potravinovym
alergenim s fyziologickou produkei IgE protilatek. AvSak nécktefi autofi uvadeji,

ze rozliSeni AD na tyto formy neni moZné, protoZe intrinsitni forma miiZze ¢asem piejit
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ve formu extrinsitni. Dynamicky vztah mezi témito formami podporuji tidaje vyplyvajici
z hodnoceni atopické dermatitidy pti rozvoji respiracnich alergickych onemocnéni (9).
Pfi¢iny onemocnéni zatim nejsou zcela objasnény, ale v patogenezi byly prokazany
urCité genetické vlivy spojené s narusenim bariérovych funkci kize a deregulaci
imunitnich mechanismti (10—12). V posledni dob¢ je pozornost uptena také k dysbioze

postihujici mikrobiotu kiize a také zazivaciho traktu (13).

1.2.1 Geneticka predispozice

Genetickd predispozice onemocnéni byla podrobné zkoumdna s pouzitim
nejmodernéjsich metod molekularni biologie a genetiky. Postupné byl identifikovan velky
pocet gend a genovych polymorfismi spojenych s rizikem onemocnéni. Nejvyssi asociace
byly nalezeny u dvou skupin genl, jedna je spojena se strukturdlnimi abnormitami
epidermis a druha skupina souvisi s imunitni odpovédi (2). Stejné geny souvisejici
s bariérovymi funkcemi klze jsou deregulovany u atopické dermatitidy i psoridzy (14).
V obou ptipadech hraje naruseni epidermis spojené s imunitni reaktivitou kli¢ovou roli.
Jednim z nejlépe prozkoumanych genti je FLG koédujici profilaggrin, prekursor filaggrinu.
Filaggrin je strukturalni protein stratum corneum a interaguje s keratinovymi vlakny (8).
Profilaggrin se vyskytuje v polymerni form¢ a je proteolyticky Stépen a defosforylovan na
monomery filaggrinu, které agreguji s keratinovymi vlakny (15). Pfi degradaci filaggrinu
pfes jednotlivé aminokyseliny vznika z histidinu urokdnova kyselina zvysujici protektivitu
kiize proti UVB zafeni. Metabolizace pies glutamin vede ke vzniku pyrrolidon-5-
karboxylové kyseliny, kterda napomahad hydrataci kize a snizuje pH pokozky (8).
Homozygotni mutace genu FLG vyrazné zvysSuje riziko téZkych forem atopické
dermatitidy. S onemocnénim jsou spojeny i heterozygotni mutace, vyskytujici se u cca
10 % evropské populace. Mutace maji za nasledek az 50% sniZeni obsahu filaggrinu
v epidermis a zvySeni rizika atopické dermatitidy (16). Filaggrin je inkorporovan
do lipidovych vrstev kize. Jeho deficience je spojena se snizenou hydrataci stratum
corneum a s nadmérnou transepidermalni ztratou vody (TEWL, Transepidermal Water
Loss) (16). Tkdyz je deficience filaggrinu tésné asociovana se vznikem atopické
dermatitidy, neni mozné toto onemocnéni pfipsat pouze jedinému faktoru. Existuji pacienti
s téZkou formou choroby bez mutace FLG a deficience filaggrinu (2).

Silnéd asociace s atopickou dermatitidou byla popsdana u genl pro proteiny

involukrin a lorikrin, které jsou soucasti korneocytii (16). DalSim genem propojenym
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s atopickou dermatitidou je SPINK5 (Serine Protease Inhibitor Kazal-Type 5), ktery koduje
protein LEKTI (Lymphoepithelial Kazal-Type-related Inhibitor), coz je inhibitor
serinovych proteaz. Serinové protedzy maji vyznamny vliv na fyziologickou deskvamaci
stratum corneum a na kozni homeostazu. Regulace proteolyzy se podili na diferenciaci
keratinocytli a na udrzeni fyziologické kozni permeability (2). Polymorfismy v genu
SPINKS jsou spojeny se zvySenym rizikem tézSich forem atopické dermatitidy a mohou
ovlivitovat 1 sekreci nékterych cytokind, jako naptiklad TSLP (Thymic stromal
lymphopoietin) (17,18).

Dalsi velkou skupinou deregulovanych genti u atopické dermatitidy jsou geny
souvisejici s imunitni odpovédi. Asociace mezi vyskytem onemocnéni a zménami exprese
byly popsany u genil vrozené i adaptivni imunitni odpovédi (2). Z oblasti vrozené imunity
je tfeba na prvnim misté jmenovat geny pro antimikrobialni proteiny a peptidy (AMP).
Tyto vyznamné slozky obrany jsou vylucovany na povrch kize, kde maji silné
mikrobicidni uc¢inky. Byly popsany asociace mezi deficienci AMP a zvySenym rizikem
koznich infekci, coz mlze vést ke ztraté bariérovych funkci spojené se snazSim prinikem
alergent do kize a nésledné ke vzniku atopické dermatitidy (2). Modelovym piikladem
je gen pro B-defensin 1, jehoz SNP (Single Nucleotide Polymorphism) jsou asociovany
s tizi onemocnéni, zvySenim poctu eosinofild v lézich a hladinou specifickych IgE
protilatek (19). Také polymorfismy genti pro dozorové receptory (PRR, Pattern-
Recognition Receptor) mohou souviset se vznikem a rozvojem onemocnéni. U pacientl
s atopickou dermatitidou byly popsany zmény v genech pro TLR (Toll-like receptory),
zejména TLR2 (20), TLR4 (21) a TLRY9 (22), dale v genech pro NLR (NOD-like
receptory) (23). Tyto struktury vrozené imunity jsou urceny k identifikaci signala
nebezpeci spojenych s patogeny (PAMP, Pathogen-associated molecular patterns).
Rozpoznani PAMP struktur vede k aktivaci bun¢k a k pfepisu genii pro prozanétlivé
cytokiny ovliviiyjici mechanismy vrozené i1 adaptivni imunity. Je obecné piijimanou
predstavou, Ze atopicka dermatitida je onemocnéni spojené s aktivaci imunoregulacniho
subsetu pomocnych induktorovych T-lymfocyti Th2. Pro tento subset je typicky
cytokinovy profil zahrnuji zejména interleukiny IL-4, IL-5 a IL-13 (2,8,24). Nepiekvapi
proto, ze u pacientd s touto chorobou byly nalezeny polymorfismy v genech pro 1L-4
allL-13 a také v genech pro jejich receptory IL-4Ra a IL-13Ra (25,26). Asociaci
s vyskytem a tizi atopické dermatitidy vykazuji i geny pro dalsi cytokiny a chemokiny,

zejména IL-2 (27), IL-6 (28), IL-12 (29), IL-18 (30), IL-31 (31), IL-33 (32), RANTES
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(Regulated on Activation Normal T cell Expressed and Secreted) (33,34) a TSLP (35).
Dale byly popsany i s dermatitidou spojené polymorfismy v genech pro histaminovy
receptor H4 (HRH4) (36), vitamin D (37), TNFRSF6B (decoy receptor 3 z nadrodiny TNF
receptortt) (38) a transkripéni faktor STAT6 (Signal Transducer and Activator
of Transcription 6) (39,40).

Genetickd predispozice ma na vznik atopické dermatitidy vyznamny vliv, nicméné
nevysvétluje sama o sobé nastup onemocnéni. K dal$im dilezitym podminkam patii stav
a neporusenost bariérovych funkci kiize vcetné¢ optimalniho slozeni kozni mikrobioty
a také dysfunkce imunitniho systému vedouci k nepfiméfené reaktivité na vngjsi stimuly

typu alergent (8).

1.2.2 Epigenetika

Epigenetické mechanismy se uplatiiuji na celé¢ fadé urovni od transkripce
po translaci a maji zasadni roli pfi bunécné diferenciaci. Patii mezi n¢ tfi hlavni procesy,
jako je metylace DNA, modifikace histonovych proteinii a RNA interference. Vysledkem
procesu je zména, kterd vede ke snizeni nebo zvySeni exprese urcit¢ho genu bez zmény
nukleotidové sekvence DNA (genomu). Recentni poznatky ukazuji, ze epigenom je
dynamicky a méni se s ohledem na Zivotni prostfedi, vyzivu a starnuti organismu. Vyrazna
asociace s atopickou dermatitidou byla popsdna u epigenetickych zmén tykajicich se
regulace imunitnich odpovédi a strukturalnich abnormit ktize (35).

S atopickou dermatitidou jsou spojované demetylace a hypometylace v oblasti
promotoru FCERIG genu, které pfispivaji k nadmérné expresi vysokoafinniho receptoru
pro imunoglobulin E (FceRI) na monocytech a dendritickych bunkach (35). Demethylace
specifické regulatorni oblasti 7SLP genu vede ke zvySené expresi TSLP v koZnich 1ézich
u pacient s AD (41).

Bunécna proliferace a diferenciace mtize byt regulovana pomoci RNA interference,
tzn. prostiednictvim microRNA (jednovldknova nekddujici RNA, miRNA). MicroRNA se
obvykle vaZe na zédkladé¢ komplementarity na mRNA v nepiekladané oblasti (3'UTR) ¢imz
dochdzi kregulaci genové exprese na Urovni translace (24). Jsou znamy jiZ tisice
microRNA, avSak informace o nich souvisejici skonkrétnimi fyziologickymi
a patologickymi stavy jsou prozatim neuplné. Zajisté ale nepiekvapi, ze zvySena exprese
microRNA byla popsana jak u atopické dermatitidy, tak u psoridzy. Jednd se naptiklad
o miRNA-17-5p a miRNA-21 (2). Asociaci s vyskytem atopické dermatitidy vykazuji
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1 miRNA-146a, miRNA-155 a miRNA-223 (41). Zvysena exprese miRNA-155 byla také
popsana v souvislosti s expozici n€kterymi antigennimi stimuly (napf. alergeny roztoct
a superantigeny S. aureus) (42). Molekula miRNA-155 se za urcitych okolnosti podili
na regulaci diferenciace T lymfocytd do funkcnich subtypi Th17 a Treg T lymfocytt.
Zaroven je zvysSend exprese miRNA-155 spojovéna s inhibici exprese molekuly CTLA-4
(cytotoxicky T lymfocytarni antigen), coz vede ke zvySeni proliferace efektorovych

T lymfocyti az k chronickému zanétlivému stavu (2,35).

1.2.3 Abnormality v bariérové funkci kiiZe, lipidova dysbalance

Kiize neni pouze pasivni mechanickou bariérou, ktera chrani organismus pied
okolnim prostfedim a udrzuje jeho integritu, ale je povaZzovana za plnohodnotny imunitni
organ. Abnormality v bariérové funkci kiize asociované s atopickou dermatitidou jsou
charakteristické pfedev§im zvysenou ztratou transepidermalni vody, zménou pH, zvySenou
permeabilitou kiize a zménou ve slozeni lipidi. Zakladnim rysem atopické dermatitidy je
sucha az xeroticka ktize (43).

Ktuze je zhistologického hlediska tvofena nékolika zdkladnimi vrstvami.
Svrchni rohovatéjici vrstvu epidermis (stratum corneum) tvoii korneocyty, které obsahuji
proteiny, jako je lorikrin, involukrin, filaggrin a silnou vrstvu lipidd, ceramida s dlouhymi
fetézci, cholesterolem a volnymi mastnymi kyselinami, které tvoii tzv. lipidovou matrix.
Udrzeni optimalni hydratace kize ma za ukol vodu vazajici systém, ktery je tvoreny
spojenim ceramidovych struktur s proteiny metabolizovaného filaggrinu. Bylo prokazano,
ze zmény ve slozeni ceramidii vedou k naruSeni integrity kiize a ke snadnéjSimu priniku
alergentl do hlubsich vrstev kiize. Naptiklad zvySend produkce Th2 cytokinll je spojovana
s redukci volnych mastnych kyselin a ceramidt s dlouhymi fetézci (44).

V hlubSich vrstvach epidermis se nachdzeji epitelové bunky, keratinocyty,
které jako prvni pfichazeji do kontaktu s infekénimi agens a alergeny a vyrazné se zapojuji
do obranné faze zanétu. Kromé keratinocytli zde nachézime také Langerhansovy bunky
(dendritické kozni bunky), které rovnéz piispivaji k rozvoji zanétlivé reakce. Alergeny jsou
pravdépodobné prostfednicvim synergické vazby se strukturami patogennich mikrobti nebo
s polutanty okolniho prostfedi schopny tvofit komplexni struktury, které jsou
rozpoznavany dozorovymi PRR receptory na povrchu keratinocytll. Jednd se naptiklad
o receptory TLR1, 2, 4, 5 a 6. Dale mohou byt antigenni struktury rozpozndvany pomoci
C lektinovych CLR receptor. Prostfednictvim cytoplazmatickych NLR receptorti jsou

keratinocyty schopni sestavit funkéni inflamasom a produkovat prozanétlivé cytokiny
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IL-1pB a IL-18. Alergeny, které maji proteazovou aktivitu (napf. roztoci, spory plini a dalsi)
se mohou vazat na PAR receptory (protedzou aktivované receptory). Keratinocyty se
po kontaktu s infekénimi nebo alergennimi stimuly aktivuji a tvofi antimikrobialni peptidy
a proteiny (AMP) a zéaroven jsou zdrojem fady cytokini a chemokind, zejména IL-6,
TSLP, IL-31, IL-33, a IL-25, které¢ aktivuji dal$i imunitni bunky v klzi (rezidentni
mastocyty, eozinofily, pfirozené lymfoidni buiiky) a polarizuji imunitni odpovéd do
Th2 fenotypu. Molekula IL-31 je asociovana s pruritem a byla ve zvySené miie detekovana
v koznich 1ézich v akutni fazi atopické dermatitidy. Nékteré studie dokladaji korelaci IL-31
se zavaznosti atopické dermatitidy (45). Nedavné studie poukazuji na dulezitost IL-33,
ktery je asociovan s akutni fazi atopické dermatitidy a podili se na aktivaci pfirozenych
lymfoidnich bun¢k. TSLP je cytokin piibuzny IL-7, ktery je exprimovany piedev§im
keratinocyty a v mensi mife také zirnymi bunikami, fibroblasty a dendritickymi buiikami
kize. Je povazovan za jeden z hlavnich faktorti podilejicich se na polarizaci do
Th2 odpovédi (2).

AMP jsou povazovany za prvni linii humoralni obranné bariéry klize proti vnéj$im
stimulim. Jsou schopny inaktivovat a poSkodit patogenni agens, avSak do zna¢né miry
slouzi jako alarminy, které aktivuji dendritické bunky a nésledn¢ i T lymfocyty.
K nejdilezitéjSim zastupcim AMP tadime lidské p-defenziny (HBD-2, HBD-3),
katelicidin, jeho $tépny produkt LL-37, psoriazin, kalprotektin a ribonukledzu 7 (RNaza7)
(4,44). U pacientl s atopickou dermatitidou Casto dochazi k alteraci produkce katelicidinu
LL-37 a B-defenzinu HBD-2 (8). Th2 cytokinové prostfedi (napi. IL-4 a IL-13) vede
k inhibici exprese AMP a zaroven zvySuje predispozici kolonizace kmeny Staphylococcus
aureus, ¢cimz dochazi k dal§imu naruseni bariérové funkce kiize a zvyseni jeji permeability.

Hlubsi vrstva klize dermis je tvofena pfedevsim kolagenovymi a elastickymi vlakny
a zaroven je prostoupena fadou krevnich a lymfatickych cév. Zarovenl zde nalézame dalsi
subsety dendritickych bunék, jako jsou naptiklad plazmacytoidni dendritické bunky
(schopné odpovédét na virové podnéty) a myeloidni dendrititcké bunky podilejici se na
zanétlivé odpoveédi. Pomérmné hojné zde nalézdme piirozené lymfoidni bunky (ILC).
U pacientl s atopickou dermatitidou ptevladaji ILC typu 2, které jsou po aktivaci schopné
produkovat prozanétlivé cytokiny IL-4, IL-5 a IL-13. V okoli nervovych vldken nachazime

zirné bunky, které se po aktivaci okamzité degranuluji a podporuji obranny zanét (44).
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1.2.4 Dysfunkce imunitniho systému, polarizace do Th2 fenotypu

U vnimavych jedinci vede kontakt salergennimi stimuly k rozvoji
imunopatologické reakce I. typu, kterd je mediovana protilatkami tfidy IgE. Zaroven
dochazi k nevratnym zménam epitelovych bunck a ztraté integrity ktze. Jak uz bylo
zminéno, poskozené epitelové bunky produkuji fadu prozanétlivych mediatord, které
aktivuji napf. dermalni dendritické burniky, mastocyty, ILC-2 buiiky a nasledné polarizuji
imunitni odpoveéd’ do Th2 fenotypu. Dendritické buiitky mohou svymi vybézky prostupovat
pies endotelové bariéry a zaroven identifikovat i alergenni determinanty, které pronikly
poskozenym epitelem do subepitelového prostoru. Aktivované antigen prezentujici buiky
vystavuji na svém povrchu antigenni peptidy (odvozené z daného alergenu)
prostfednictvim molekul HLA II. tfidy. Zarovenl opoustéji epidermis a migruji cestou
aferentnich lymfatickych cest do spadovych lymfatickych uzlin, kde prezentuji alergenni
peptidy spolecné s kostimula¢nimi signaly naivnim ThO T lymfocytim. Cytokinové
prostiedi, které vytvareji vrozené imunitni bunky, polarizuje imunitni odpoveéd’ prevazné
do Th2 fenotypu, ktery dominuje u rozvijejiciho se alergického zanétu. Takto aktivované
buiiky se diky adheznim molekuldm a chemokinovym receptoriim dostavaji zpét do mista,
kde doslo ke vstupu alergenu do organismu. Kozni lymfocytarni antigen (CLA)
a chemokinové receptory CCR4 a CCR10 umoziji ptestup T lymfocytt z krevniho feciste
zpét do kize. Nové diferencované Th2 T lymfocyty podporuji zrani B lymfocyti a jejich
pfeménu na plazmatické buiky, které produkuji alergen specifické IgE protilatky.
Izotypovy piesmyk je fizen zejména interleukiny IL-4 a IL-13, které jsou produkovany
Th2 T lymfocyty, ale i rezidentnimi ILC-2, mastocyty, basofily a eozinofily. Vytvofené
alergen specifické IgE protilatky jsou uvolilovany do krevniho fecisté, kde se navazuji na
membranové FceRI receptory basofili a mastocytd, ¢imz dochazi k jejich senzibilizaci.
Timto se rozviji imunopatologicka reakce. Zakladnim znakem alergického zanétu je tvorba
protilatek tiidy IgE, které jsou specifické pro dany alergen (43,44).

Po opakovaném kontaktu s pfi¢innym alergenem je reakce imunitniho systému
velmi rychld. Antigenni struktury snaze pronikaji pfes poruSenou epidermalni bariéru
a setkdvaji se s zirnymi buitkami. Vazbou komplexniho nativniho alergenu na variabilni
casti specifickych IgE protildtek navazanych na FceRI receptory dochazi k premosténi
dvou a vice sousednich receptorii, coZz vede k aktivaci kaskady signalizacnich drah
a k degranulaci mastocytli (uvolnéni histaminu, heparinu a dalSich preformovanych

mediatort), dale k aktivaci transkripénich faktord a pfepisu geni pro prozanétlivé cytokiny

18



a chemokiny. Preformované mediatory mohou vést k podrazdéni perifernich nervt v kizi
ak rozvoji pruritu. Sekrece cytokind (napt. IL-4, 1IL-9, IL-13 a IL-25) vyvola lokalni
poskozeni tkan¢, zplsobi konstrikci hladkého svalstva, vasodilataci a zvySeni cévni
permeability. Eosinofilni granulocyty jsou do postizeného mista pfitahovany zejména IL-5
a eotaxiny, které jsou produkovany Th2 T Ilymfocyty a bunkami ILC-2.
Systémova odpoveéd’ organismu na antigenni struktury alergenu miize vyustit az v zivot
ohrozujici anafylaktickou reakci. Jednd se o akutni stav, ktery postihuje vice organu
(dychaci, kardiovaskuldrni a urogenitalni systém, kGzi a zazivaci trakt).
Uvolnéné prozanétlivé mediatory zplsobi zvySenou permeabilitu cév, laryngedlni edém,
bronchokonstrikci, vazodilataci, hypotenzi s naslednym otokem plic a mohou vést

az k multiorgdnovému selhani (43,44).

1.2.5 Vyznam Th17 a Th22 T lymfocyti u atopické dermatitidy

Krom¢ Th2 T lymfocytd byly v koznich 1ézich pacienti s AD identifikovany
1 funkéni subsety Thl, Th17 a Th22 T lymfocyt a jejich odpovidajici cytokiny, které
pfispivaji k rozmanitosti klinickych fenotypti AD (2). Funkéni subsety Th17 a Th22
T lymfocytdi maji dominantni postaveni v patogenezi poskozujiciho zanétu u pacientil
s psoridzou. Funk¢ni polarizace téchto subtypt je zprostiedkovana predevsim plisobenim
cytokinu IL-23, ktery je produkovan hlavné dendritickymi buitkami kize (44).

Funkéni subset Th17 T lymfocytd je charakteristicky produkci prozanétlivych
cytokini IL-17A, IL-17F a vmensi mife 1 [L-22. Thl7 T lymfocyty podporuji
Th2 imunitni odpoveéd’ a podileji se na obrané reakci proti bakteridlnim a fungalnim
stimulim. ZvySené zastoupeni Thl7 lymfocytl je spojovano s aktuni fazi atopické
dermatitidy, naopak v chronické fazi AD je jejich zastoupeni minoritni. Nékteré studie
popisuji zvySeny podil Th17 T lymfocytl u atopické dermatitidy ve spojitosti s kolonizaci
S. aureus, ktery produkuje celou fadu exotoxintl (napt. stafylokokovy enterotoxin B) (2).
Pritomnost Th17 T lymfocytd negativn¢ koreluje s vyskytem eozinofili a hladinou
specifickych IgE protilatek. Existuji také dikazy, Ze IL-17 mlZe negativné regulovat
expresi FLG genu a tim vstupovat do bariérovych funkei kiize (45).

Funkéni subtyp Th22 T lymfocyth je charakteristicky produkci cytokinu IL-22
bez soucasné sekrece IL-17 a je asociovan s chronickou fazi atopické dermatitidy. Hlavnim

producentem molekuly IL-22 jsou T lymfocyty subsetu Th22, ale mlzZe byt produkovéan
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1 Th17 T lymfocyty lokalizovanymi v kiizi. Cytokin IL-22 se podili pfedev§im na integrité
epitelovych bunék a zesiluje bariérové funkce ktize (2).

U chronické faze atopické dermatitidy dochazi ke zméné patologického
mechanismu, kde prevladéa polarizace do Thl odpovédi s dominantnimi cytokiny INF-y,
IL-12, IL-2. Dlouhodobé drazdéni poskozenych epitelovych bunck (keratinocyty, dermélni
dendritické bunky, Langerhansovy buiiky) byva pfi¢inou prfechodu do chronické faze
onemocnéni spojené s migraci neutrofilnich granulocyti do kiize vedouci k remodelaci
a fibrotizaci kozni tkan¢. Vysledkem byva lichenifikace a abnormalni proliferace

keratinocytl (44).

1.2.6 Vliv vnéjSich faktori véetné mikrobioty

Na vyssi prevalenci atopické dermatitidy se podileji i vlivy zevniho prostiedi. Mezi
vyznamné patii zivotni styl (dietni opatfeni, zapadni zpusob stravovani, hygienicka
hypotéza), faktory tykajici se Zivotniho prostfedi (cigaretovy kouf, znecisténé ovzdusi),
dlouhodoby stres, hormondlni vlivy a v neposledni fadé¢ proménné faktory v pribchu
téhotenstvi a po porodu (porod cisaiskym fezem, délka kojeni, uméla vyziva, koufeni
matky a dalsi) (35).

Etiopatogeneze AD je do zna¢né miry ovlivnéna expozici patogennimi agens
(PAMP) a slozenim stfevniho a kozniho mikrobiomu. V né€kolika studiich bylo dokazano,
7Ze nevyvazenost stravy a sni uzce souvisejici slozeni stfevniho mikrobiomu pfispiva
k rozvoji alergického zanétu. Rizikovym faktorem byva osidleni gastrointestinalniho traktu
bakteriemi kmene Bacteroidetes (E. coli) a Proteobacteria (C. difficile), které je spojovano
se sniZzenou indukci T regulacnich lymfocytli a zvySenou stfevni permeabilitou. Naopak
protektivni vliv na travici trakt ma ptevladajici zastoupeni bakterii kmene Firmicutes
(r. Lactobacillus) (8,44).

Druhové pestré a vyvazené sloZzeni kozniho mikrobiomu je zcela zéasadni
pro spravnou funkci kozni bariéry. Fyziologicky mikrobiom kiZe brani kolonizaci
patogennimi agens a ma vliv na vyvoj imunitniho systému. DileZité je zminit, Ze vétSina
interakci, které probihaji mezi nasimi buiikami a mikrobiotou je v rovnovéaze. Rada t&chto
interakci vede k modulaci nespecifické 1 specifické imunitni odpovédi. Mikrobiota se
podili na metabolismu koznich slozek, které vedou ke snizeni pH kiize, které vyrazné
pfispivd kudrZzeni kozni homeostdzy. Naopak zvySené pH klZze usnadiiuje rozvoj

mikrobidlnich koznich infekei a prohlubuje defekty kozni bariéry (8).
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Fyziologickd mikrobiota vytvaii spektrum plsobkti, napt. bakteriociny, kterymi
poskozuji patogenni mikroorganismy. Dysbalance ve slozeni kozni mikrobioty usnadiuje
vznik a prubéh fady koznich onemocnéni. U pacientii trpicich atopickou dermatitidou
je tato rovnovaha narusena predevSim kolonizaci kmeny S. aureus, které maji silny
prozanétlivy potencial a podileji se na exacerbaci AD (13). Mira kolonizace koreluje se
zavaznosti onemocnéni, tzn. Castéji jsou kolonizovéani pacienti s téZzkou formou AD.
S. aureus vstupuje do fady imunologickych procesti. Miize napiiklad vyvolat expanzi
B lymfocytli nezavisle na podpofe T lymfocyty, aktivaci epitelidlnich bunék a bunéck
vrozené imunity a tim zvysit produkci prozéanétlivych cytokint (TSLP, IL-4, IL-12
aIL-22) a podpofit funkéni polarizaci smérem k Th2 odpovédi (8,13). Soucasti kozni
mikrobioty jsou 1 kvasinky rodu Malassezia, které také ovliviiuji pribéh atopické
dermatitidy. Ve zdravé kazi vétSinou puasobi jako komenzalové, avSak u vnimavych
jedinct se podileji na zanétlivé odpovédi (46). Naopak kolonizace komenzalnimi kmeny
S. epidermidis a S. cohnii napomaha udrzet kozni homeostazu a zejména v détském véku

chréani pfed rozvojem atopické dermatitidy (13).

2 Diagnosticky postup u pacientii s atopickou dermatitidou

Pfi uréeni diagnézy atopické dermatitidy (AD) vychazime z dikladné rodinné
a osobni anamnézy, dale z dermatologického vySetfeni, kde se v diagnostice AD uplatiiuji
Hanifin-Rajkova kritéria (47). V ramci alergologického vySetfeni se ambulantné provadé;ji
kozni prick testy (SPT, skin prick test) k vySetfeni reaktivity na vyvolavajici alergen
zejména v piipadé Casnych IgE mediovanych reakci. Pfi podezieni na opozdény typ
imunopatologické reakce lze v dermatologické ambulanci provést kozni naplastové testy
tzv. atopické epikutanni testy (APT, atopy patch test), které slouzi k detekci
senzibilizovanych T lymfocytd. Nedilnou soucasti diagnostiky AD je laboratorni stanoveni

celkovych a specifickych IgE protilatek proti potravinovym a inhala¢nim alergentim (48).

2.1 Dermatologické vySetieni

Klinické projevy atopické dermatitidy jsou obecné velmi pestré. MlzZe se jednat
o mirné formy jako je pityriasis alba (suché, hypopigmentované skvrny), o typické projevy
AD v oblasti predilekénich mist az po rozsdhlé¢ formy charakteru erytrodermie.
Pti diagnostice AD postupujeme dle Hanifin-Rajkovych kritérii, které pro stanoveni
diagnézy AD vyZaduji pfitomnost alespon tfi ze ¢tyt hlavnich a tfi z dvaceti ¢ty vedlejSich

kritérii (47).
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Hlavnimi kritérii jsou: pruritus, atopickd osobni nebo rodinnd anamnéza, typicka
morfa v ur¢itém miste, chronicky nebo chronicko-recidivujici zanét ktize.

Mezi vedlejsi kritéria patii: ¢asné onemocnéni, pozitivni kozni prick testy, zvySena
sérova hladina IgE protilatek, bily dermografismus, xerosa, ichtyosis vulgaris, pytiriasis
alba, perifolikularni akcentace, folikularni keratosy, cheilitis, erytém na obliceji a krku,
infraorbitalni  vraska  (Dennie-Morganiiv ~ pfiznak), keratokonus, recidivujici
keratokonjunktivitidy, intenzivnéjsi svédéni klUze pii poceni, specificka lokalizace
dermatitidy, dale exogenni provokacni faktory nebo emocni faktory, které ovlivituji pritbch
onemocnéni ¢i infekce bakteriemi Staphylococcus aureus nebo viry Herpes simplex, které
mohou zpiisobit komplikace projevl atopické dermatitidy.

Zavaznost atopické dermatitidy lze hodnotit riznymi skorovacimi systémy,
napiiklad IGA (Investigator Global Assessment), EASI (Eczema Area and Severity Index),
SCORAD (SCORing Atopic Dermatitis) aj. (49).

Pro béznou praxi je ¢asto vyuzivan index SCORAD (SCORing Atopic Dermatitis),
ktery hodnoti jak subjektivni, tak objektivni symptomy atopické dermatitidy a byl navrzen
jiz v roce 1993 (50,51). Hodnoceni se skldda ze tfi casti, a to rozsahu postizené plochy,
intenzity onemocnéni a subjektivnich parametrd. Index SCORAD je hodnocen 0 az 25
bodu jako mirna forma AD, nad 25 boda do 50 bodi jako stfedné t€zka forma AD a nad 50
bodu jako tézka forma AD (50).

Skorovaci systém EASI je v dneSni dobé vyuzivan jak ke zhodnoceni zavaZnosti
AD, tak je povazovan za validni ukazatel G¢innosti biologické 1écby atopické dermatitidy
(napt. dupilumabem, humanni monoklonalni protilatkou proti alfa podjednotce receptort
pro IL-4 (IL-4Ra) a pro IL-13 (IL-13a)). V klinické praxi se uplatituji hodnoty EASI-50
(absolutni zlepSeni EASI skore > 50 % oproti vychozimu stavu) a EASI-75 (absolutni
zlepSeni EASI skore > 75 % oproti vychozimu stavu) (49,52).

Pouzitim skérovacich systémi jsou vysledky riznych studii v bézné praxi, jakoz
1 v observacnich nebo dvojit€ slepych randomizovanych klinickych studiich, lépe

porovnatelné (53).

2.2 Alergologické vySetieni
K zékladnim alergologickym vySetfenim IgE mediované alergické reakce patii
vedle podrobné anamnézy kozni prick testy (SPT, Skin Prick Test) se standardizovanymi

inhala¢nimi alergeny (pyly stromd, trav, plevele, zvifeci alergeny, rozto¢i domaciho prachu
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a spory plisni). Test spociva v intradermalni aplikaci alergenu na kazi predlokti
s naslednym odectenim indurace (velikost o priméru 3 mm a vice je povazovana
za pozitivni reakci) (54). S ohledem na omezenou dostupnost komeréné vyrabénych
diagnostickych extrakti pro SPT jsou pouzivany také prick-to-prick testy s nativnimi
potravinami, diky kterym muzeme testovat téméi jakoukoli potravinu, ale s urcitou

opatrnosti u potravin s histaminolibera¢nim tc¢inkem (48).

2.3 Nezadouci reakce na potraviny

Potravinové alergeny jsou vedle inhalacnich nejvyznamnéjSimi faktory
vyvolavajicimi alergicky zanét v patogenezi atopické dermatitidy. Urceni pfi¢innych
spoustécl nezadoucich reakci na potraviny je klicové pii diagnostice alergickych stavi
i z hlediska dietnich opatieni (55).

Nezadouci reakce na potraviny u disponovanych jedinci mizeme rozdélit na dveé
zakladni skupiny, které se nejcastcji projevuji jako potravinova alergie (FA) a potravinova
intolerance, které maji zcela odliSnou patofyziologii, Obrazek 1. Alergicka
(imunologickd) ptecitlivélost, tzv. potravinova alergie je nepiiméiend reakce imunitniho
systému na urcitou slozku potravy (zpravidla glykoprotein). Nealergicka (neimunologicka)
precitlivélost, tzv. potravinova intolerance neni zprostiedkovana imunitnim mechanismem

(56,57).

2.3.1 Potravinova intolerance

V pfipad€¢ potravinové intolerance se jedna o neZadouci reakce na potraviny
enzymové nebo farmakologické pficiny, resp. o neimunologicky podminéné reakce.
Typickym ptikladem je laktézova intolerance, ktera je zpisobena poklesem aktivity
enzymu laktdzy v mikrovilech tenkého stfeva (44,56). Dale sem patii histaminolibera¢ni
ucinky nékterych potravin bohatych na biogenni aminy (napf. uzeniny, syry, kyselé zeli,
vino, pivo a dalsi), které mohou vyvolat tzv. histaminovou intoleranci (HIT). Klinickymi
ptiznaky HIT ptfipomina alergickou reakci, avSak spousté¢em neni imunopatologicka
reakce, ale metabolicky podminénéd neschopnost organismu inaktivovat exogenni histamin
(pfijimany peroraln€) nebo dalsi biogenni aminy endogenniho pliivodu. Jednim z enzymi,
které se podileji na degradaci exogenniho histaminu deaminaci je diaminooxidaza (DAO).
Snizend aktivita nebo deficience DAO patii mezi Casté pficiny vzniku HIT. Laboratorné

1ze spolehlivé stanovit sérovou hladinu (nebo aktivitu) DAO (56).
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Nezadouci reakce na potraviny

.
l l

Vyskyt u v§ech Vyskyt jen u precitlivélych jedincu po

jedinci, kteri pozili poZiti i malého mnoZstvi potraviny

béZné nebo veétsi

mnoZzstvi potraviny

potravinova precitlivélost

toxické
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Lrobiologické
! mikrobiologické psychické
averze
farmakologické )
neznimy nealergicka alergicka
mechanismus | € precitlivélost precitlivélost
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defekty
IgE mediovana Non-IgE mediovana
potravinova potravinova alergie
alergie — T lymfocyty,
— IgE protilatky eosinofily

Obrazek 1: Klasifikace neZadoucich reakci na potraviny
Upraveno dle revidované alergologické nomenklatury hypersensitivnich reakci

na potraviny vychazejici z doporu¢eni EAACI (1,58).
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2.3.2 Potravinova alergie

Potravinovou alergii fadime mezi imunologicky podminéné reakce. Clenéni
imunopatologickych reakci vychazi z dopadt posSkozujiciho zdnétu na lidsky organismus
a castecné zahrnuje i klinické projevy vychazejici z téchto dopadt (44). Potravinova
alergie nejcastéji vznikd na podkladé imunopatologické (hypersenzitivni) reakce L. typu
zprostfedkované IgE protilatkami, jejiz mechanismus je popsdn vySe v Kkapitole
o imunopatogenezi atopické dermatitidy (57,59). Prevalence IgE zprostiedkované
potravinové alergie se v Evropé 1 USA pohybuje kolem 3-6% populace (48). Podil na
potravinové alergii mohou mit také imunopatologické reakce IV. typu opozdéné bunécéné
precitlivélosti. Imunopatologickou reakci IV. typu miizeme rozdélit do 4 podtypt, které
maji nejméné dva spole¢né rysy. Prvnim znakem je opozdéna reaktivita, kterd se rozviji
s odstupem hodin (dni) po kontaktu se spouStécim antigenem. Druhym rysem je
zprostiedkovani reakce bunikami imunitniho systému, kde klicové postaveni hraji
T lymfocyty, bunkky monocyto-makrofagového ptivodu a dendritické buiky (44). Soucasny
koncept hypersenzitivnich reakci ukazuje, ze 1. typ hypersenzitivni reaktivity je spojen
s podtypem IVb, ktery je zprostfedkovan aktivitou subsetu Th2 T lymfocytl. Tento subset
T lymfocyti je potiebny pro izotypové prepnuti B lymfocytd s vyslednou tvorbou
protilatek IgE. Rozsahlejsi imunopatologicka aktivita Th2 subsetu T lymfocyti vede
k akumulaci dal$ich bunék alergického zanétu, pfedevsim eosinofilnich granulocytt (44).

Na exacerbaci ekzémovych projevii se mohou podilet rlzné alergeny.
V kojeneckém a batolecim veéku byvaji za Casté projevy atopické dermatitidy mediované
IgE odpovédné predevSim potravinové alergeny, zejména kravské mléko, vejce, pSenice
a sOja. S pribyvajicim vékem se spektrum spoustécich alergeni méni a vyznam potravin
postupné klesd. U dospélych pacientl jsou Castymi spoustéci potravinové alergie ofechy,
semena, luSténiny, ryby, aditiva, zelenina a ovoce vcetné potravin rostlinného ptivodu

ve spojitosti s pylovou senzibilizaci (56,60).

2.4 Diagnostika potravinové alergie

Cilem diagnostického postupu potravinové alergie je identifikovat spoustéci
potravinu, odlisit skute¢nou alergii od senzibilizace, vyloucit potravinovou intoleranci
a sestavit U¢innou a znutricniho hlediska plnohodnotnou eliminaéni dietu (48,56).
Pti diagnostice FA vychazime z dikladnych anamnestickych tdaji vcetné posouzeni

rizikovych potravin a kofaktorGi ovliviujicich alergickou reakci (fyzickd ndmaha,
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farmakologickd anamnéza, potraviny bohaté na biogenni aminy a dalSi) a zaroven ze
zhodnoceni klinickych ptfiznakdt mozné potravinové alergie. V rdmci stanoveni diagndzy
casné IgE mediované reakce se pouzivaji SPT, prick-to-prick testy a laboratorni stanoveni
sérovych sIgE protilatek. Pfi podezfeni na opozdény typ imunopatologické reakce
se provadi APT test. VySetfeni specifickych protilatek izotypu IgG a IgGs neni pro
diagnostiku potravinové alergie nebo tolerance doporucovano (61,62). Vysledky
recentnich studii ukazuji, ze zvySené hladiny specifickych IgG protilatek proti potravinam
byly detekovéany i u zdravych jedinct bez klinické relevance. Na mechanismu zvyseni IgG
protilatek se miize podilet fada faktorti, avSak vzestup byva ptechodny. Naopak, muize
sveédcCit o navozeni imunologické tolerance souvisejici s ¢innosti regulacnich T lymfocyth
(56,63,64). Soucasti diagnostického postupu potravinové alergie je také eliminacni dieta,
kterd je indikovéana pfedevsim u mirné formy AD a slouzi k vylouceni podezielé potraviny
z jidelnicku. U stfedné tézké az t¢zké formy AD jsou dodrzovany piisnéjsi dietni opatieni
tzv. diagnosticka hypoalergenni dieta, pfi které jsou miniméalné¢ po dobu 4-6 tydnl
vylou€eny ze stravy podezielé a alergizujici potraviny. Dietni opatieni v diagnostice FA
jsou podrobnéji popsana v praktické ¢asti prace. Za jednoznaény diagnosticky test FA je
povazovan dvojit¢ zaslepeny placebem kontrolovany potravinovy expoziéni test
(DBPCFC, Double Blind, Placebo Controlled Food Challenge), ktery je téméf vyhradné
pouzivan pfi klinickych studiich. Test se nejcasteji provadi pomoci sérii kapsli, pfiCemz
jedna série obsahuje testovanou potravinu a v druhé sérii je tzv. placebo (jedna se vétSinou
o glukoézu). Vyznam dvojité zaslepené¢ho testu je takovy, Ze ani oSetfujici 1ékatf ani
nemocny neveédi, kdy je poddvana testovana potravina a kdy placebo (48). Ptiprava
1 provedeni DBPCFC testii je obvykle velmi ¢asové naro€né, proto se pro klinickou praxi
pouzivaji snaze proveditelné oteviené expozi¢ni testy s podezielou potravinou (OET, Open
Exposure Test) (56,57,65,66), jejichZ postup je podrobné&ji popsan v praktické ¢asti prace.
Pro potvrzeni klinické diagndzy potravinové alergie na podezielou potravinu hraje
zéasadni roli korelace vysledku kozniho testu (SPT nebo prick-to-prick) a sIgE protilatek
s anamnestickymi udaji, optimalné¢ i1 s vysledkem expozi¢niho testu. Pouhy prikaz
pozitivity sIgE protilatek proti testovanému potravinovému alergenu ¢i pozitivita koznich

testll neni dostatecny dikaz pro spravné stanoveni diagnozy FA (67).

2.5 Klinické reakce na potraviny u pacientii s atopickou dermatitidou
Alergické reakce na potraviny mizeme z imunopatologického hlediska rozdélit

na Casné (IgE mediované), pozdni (non-IgE mediované) a mediované kombinaci IgE
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a non-IgE mechanismt. U pacientti s AD jsou v prubéhu expozi¢niho testu popisovany
nasledujici 3 typy klinickych reakci (48,68):

Alergicka reakce casného typu (zprostiredkovana IgE) se bézné vyskytuje
do n€kolika minut (do 2 hodin) po poziti testované potraviny. Projevuje se okamzitym
nastupem urtikarie, erytému a angioedému (rty, usta, krk aj.), dale se mohou vyskytovat
dechové obtize, kardiovaskuldrni ptiznaky a postizeni gastrointestindlniho systému.
Izolovana, ekzematozni reakce pozdniho typu (non-IgE mediovand) se projevuje po 6 az
48 hodinach od poziti testované potraviny a manifestuje se v podob¢ exacerbaci koznich
lozisek a dale subakutnimi az chronickymi obtizemi. Poslednim typem jsou kombinované
reakce mediované IgE a non-IgE mechanismy, které se projevuji po poziti testované
potraviny (66).

Klinické pfiznaky Casné a pozdni alergické reakce, které se obvykle manifestuji
v pribéhu expozi¢niho testu po podani podezielé potraviny jsou shrnuty v Tabulka 1.
Avsak absenci uvedenych ptiznakd nelze zcela vyloucit moznou potravinovou alergii

(56,69).

Tabulka 1 Ptiznaky moZné potravinové alergie dle typu alergické reakce

IgE mediované reakce

(Casny typ) — do 2 hodin

Non-IgE mediované reakce

(pozdni typ) — 6 aZ 48 hodin

kaze erytém, pruritus erytém, pruritus

akutni urtikarie atopicka dermatitida

akutni angioedém

(rty, obli¢ej, kolem o¢i aj.)
gastrointestinalni | OAS ptiznaky podobné GER (EER)
systém bfisni diskomfort prijjem nebo zacpa

akutni bolesti biicha
nauzea a vomitus

akutni priijem

stolice s pifimési krve a/nebo hlenu
nechutenstvi

bris$ni diskomfort a bolesti bficha
perianalni erytém

bledost, inava, neprospivani
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IgE mediované reakce Non-IgE mediované reakce

(Casny typ) — do 2 hodin (pozdni typ) — 6 aZ 48 hodin
respiracni horni cesty dychaci: kongesce nazalni sliznice
systém kychani, otok hlasivek, svédéni | kasel

a kongesce nazalni sliznice
dolni cesty dychaci:
kasel, dusnost, piskoty

jiné systémova alergicka reakce,

anafylakticka reakce

OAS - orélni alergicky syndrom, GER — gastroezofagealni reflux, EER — extraezofagealni
reflux, upraveno dle (56,69).

2.6 Laboratorni diagnostika alergickych reakci

Laboratorn¢ diagnostické testy jsou nedilnou soucasti alergologického vySetfeni.
Miuzeme je rozdélit do dvou skupin dle typu imunopatologické reakce, a to na cCasné
(IgE mediované) a pozdni (non-IgE mediované). Mezi testy zaméfené na ¢asny typ reakce
fadime stanoveni eosinofilniho kationického proteinu, tryptazy, funkcéni test aktivace
basofili a vySetfeni sérovych hladin sIgE proti extraktovym nebo molekularné
definovanym alergeniim. Funk¢ni test aktivace lymfocytl a test blastické transformace 1ze
vyuzit pti diagnostice pozdniho typu reakce.

In-vitro testy vSak nelze pouzit jako ndhradu za klinické vySetfeni pacienta, které je

stézejni pri diagnostice alergickych stavi.

2.6.1 Test aktivace basofili

Test aktivace basofilii (BAT, Basophil Activation Test) patii do skupiny funkénich
bunécnych testl, které jsou provadény v den odbéru nesrazlivé periferni krve. Principem
testu je detekce exprese aktivanich povrchovych molekul basofilnich granulocytl
po kontaktu s alergenem pomoci pritokové cytometrie. Basofily jsou efektorové buiiky,
které maji na svém povrchu vysokoafinni IgE receptory (FceRI). Senzibilizovani jedinci
maji na téchto receptorech navazany antigen specifické IgE protilatky. Podminkou jejich

aktivace je vazba alergenu na variabilni ¢ast imunoglobulinu E a nésledné pfemosténi
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minimélné dvou sousednich receptorti, které vede k predani signalu do bunky. Dale mohou
byt buiiky aktivovany protilatkami anti-IgE nebo anti-FceRI (70).

Pro detekci basofilii z pIné krve lze vyuzit povrchové znaceni aktivacnich molekul
CD203c a CD63 pomoci fluorescenéné znacenych monoklonalnich protilatek. Znak
CD203c¢ je membranovd molekula s enzymatickou aktivitou nachazejici se v malém
mnozstvi na povrchu klidovych basofilti. Exprese CD203c se pii aktivaci basofilti také
zvysuje, ale je spojovana spiSe s postupnou aktivaci bunék. Dalsim aktivacnim znakem
je molekula CD63 exprimovana na povrchu intracelularnich granulich basofilt v klidovém
stavu. Pti aktivaci se cytoplazmatickd granula spojuji s povrchovou membranou a dochazi
tak k expresi znaku CD63 na povrchu basofilu. Na rozdil od exprese znaku CD203c je
aktivacni znak CD63 asociovan s rychlou degranulaci butiky, resp. s uvolnénim sekre¢nich

granul obsahujicich histamin a dal$i prozanétlivé mediatory (44,56).

2.6.2 Stanoveni eosinofilniho kationického proteinu

Eosinofilni kationicky protein (Eosinophile cationic protein, ECP) je jednim
z hlavnich kationickych proteinovych medidtor, ktery je produkovan aktivovanymi
eosinofilnimi granulocyty. ECP se nalézd v matrix eosinofilnich granul, ma vysoce
cytotoxické ucCinky a patfi do skupiny ribonukleaz A. V piipad¢, Ze jsou eosinofilni
granulocyty aktivovany, dochazi k jejich degranulaci a néasledné k poskozeni a deskvamaci
epitelovych bunék. Timto je zaroven zvySovana hyperreaktivita dychacich cest a postupné
se rozviji chronicky alergicky zanét. ECP je vyluCovan aktivovanymi eozinofily
do krevniho obéhu a v rdmci laboratorniho vySetfeni jeho koncentraci miizeme stanovit
zruznych télnich tekutin. B&Zné dostupné je vySetfeni z krevniho séra, kde je nutné
zdiiraznit, Ze hemolyza vzorku znehodnocuje vysledek analyzy.

V soucasné dobé mizZzeme stanoveni ECP vyuzit pfedevs§im ke sledovani zanétlivé
aktivity u pacientll s bronchidlnim astmatem a dale také ke sledovani prubéhu a tize

chronického alergického zanétu (71).

2.6.3 Stanoveni tryptazy

Tryptaza je enzym ze skupiny serinovych proteaz, ktery je spolu s histaminem
a s dalSimi plisobky uvoliiovan ze Zirnych bun€k po jejich aktivaci. Stanoveni tryptazy je
indikovano zejména pii diagnostice anafylaktické reakce, a to 1 post mortem, piipadné pii
podezieni na mastocytozu. Tryptaza se vyskytuje ve dvou hlavnich formach alfa a beta.

Alfa forma je uvolilovana kontinualné, zatimco beta forma je soucasti cytoplazmatickych
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granuli a je vylu€ovéana az po aktivaci Zirnych bunék. K jejimu uvolnéni mize dojit plisobenim
riznych stimull, piedevsim alergend, a vmensi miie i pusobenim fyzikalnich (teplo)
a chemickych vliva (Iéky). Laboratorné je stanovovéana celkova tryptaza (alfa i beta forma).
Kratkodob¢ zvySena hladina sérové tryptazy je povazovana za klinicky marker potvrzujici
zavaznou systémovou alergickou reakci az anafylakticky stav. Dle metodickych pokyna
CSAKI je pro stanoveni tryptazy pii anafylaktické reakci doporuovano odebrat vzorek
krevniho séra co nejdiive (15 min — 3 hodiny) po reakci a nasledné odbér opakovat s odstupem

24 hodin nebo pozdéji po odeznéni priznakt (72,73).

2.6.4 Stanoveni specifickych IgE protilatek proti extraktovym alergenim

Vysetieni sérovych hladin specifickych IgE protilditek je nedilnou soucasti
diagnostiky IgE mediovanych reakci. Je snadno dostupné a krevni odbér lze provést
v jakémkoli véku bez vysazeni medikace. VySetfeni je zejména vyhodné u pacientd,
u kterych nelze provést SPT (napi. pfi rozsdhlém koznim postizeni u AD) nebo pokud
nelze vysadit potencidlné interferujici 1écbu. Pro stanoveni sIgE jsou dostupné smeési
alergend, které se pouzivaji v rdmci screeningového alergologického vySetfeni, dale
jednotlivé extraktové alergeny a molekuldrné definované alergeny (molekularni
komponenty), které jsou podrobnéji popsany v kapitole o molekularni komponentové
diagnostice.

Vzhledem k celé fadé¢ komeréné dostupnych laboratornich souprav stanoveni sIgE
je standardizace metodiky a nasledné srovnani vysledki ¢asto velmi obtizné. Proto je pro
sledovani dynamiky sIgE v ¢ase vhodné provadét vySetieni stejnou analytickou metodou
idealn€ v jedné laboratofi. Zakladnim, dfive hojné pouzivanym principem stanoveni,
je reakce sIgE v séru pacienta s alergenem (antigenem) navazanym na nosic¢ s naslednou
detekci tohoto imunokomplexu na principu enzymoimunoanalyzy s méfenim barevné
zmeény. PresngjSich vysledkli lze dosdhnout pouzitim polo/automatickych technik
s fluorescen¢ni nebo chemiluminiscenéni detekci enzymem pifeménéného substratu
a vyuzitim technik s vysokou vazebnou kapacitou nosict alergentt v pevné fazi nebo
v kapalné podobé¢ (56).

V sou€asné dobé& jsou vrutinni analyze pro stanoveni sIgE protilatek proti
extraktovym alergenim bézn¢ dostupné dvé metody: systtm ImmunoCAP a systém
Immulite. V ptfipadé systému ImmunoCAP (Thermo Fisher Scientific, Phadia) jsou
alergeny kovalentn€ navazany na hydrofilnim derivatu celulozy, jehoz trojrozmérna

struktura poskytuje vysokou vazebnou kapacitu pro alergen. Detekce vzniklého
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imunokomplexu po piiddni pacientského séra probiha na principu fluorescencni
enzymoimunoanalyzy (FEIA, Fluorescence Enzyme Immunoassay). Druhym postupem je
IMMULITE™ 2000 (Siemens), ktery je plné automatizovany. Nejprve je do reakéni
nadobky pfiddna polystyrenova kulicka pokryta streptavidinem, ke které je pfidan
testovany biotinovany kapalny alergen. Vlastni analyza probiha na povrchu kulicky.
Po pfidani pacientského séra dojde k vychytani specifického IgE na alergen a detekce
vzniklého imunokomplexu je uskuteCnéna pomoci dal$i protilatky proti IgE znacené
enzymem na principu luminiscencni enzymoimunoanalyzy (LEIA, Luminescence Enzyme
Immunoassay) (74,75).

Hladina specifickych IgE protildtek je pro rutinné pouzivané laboratorni techniky
udavana ve specifickych jednotkdch U/ml (kU/1), které jsou blizké mezinarodnim
jednotkam IU/ml (kIU/1), pouzivanym pro vyjadieni koncentrace celkovych IgE protilatek.
Za zvySené hladiny sIgE jsou povazovany hodnoty vyssi nez 0,35 U/ml.
Dalsi doporu¢ovanou moznosti vyjadieni hladin sIgE jsou semikvantitativni tfidy
pozitivity, které zjednoduSuji interpretaci vysledkli a c¢éastecné stiraji rozdily mezi
jednotlivymi metodikami stanoveni sIgE. Z diivodu mozné falesné negativity vysledkt by
vySetfeni sIgE nemélo byt provadéno bezprostiedné po alergické reakci, ale mél by byt

zachovan odstup 3—-6 tydnii (56).

2.6.5 Molekularni komponentova diagnostika (CRD)

Dosavadni laboratorni testy jsou vétSinou zaloZené na alergenech ziskanych
z piirozenych zdrojii. Tyto alergeny pfedstavuji velmi komplexni smés alergennich
1 nealergennich bilkovin. Nékteré sloZky jsou druhové specifické, jiné zkiiZené reagujici,
ncékteré vyvolavaji zavazné klinické komplikace, jiné ne. Diagnostika zaloZend na
smésnych extraktech na tyto otdzky neni schopna odpovédét (44,76). Zasadni pfinos pro
diagnostiku IgE mediovanych alergickych stavli pfinesl pokrok v biotechnologiich a ve
vyzkumu alergeni na molekuldrni Urovni. Pro vySetfeni alergen specifickych IgE
protilatek proti molekularné¢ definovanym alergenlim, tzv. komponentam se vzil termin
molekuldrni komponentova diagnostika (CRD, Component Resolved Diagnostics) (77,78).
VySetieni se zaméfuje na stanoveni alergen specifickych IgE protilatek v séru proti
molekularnim komponentdm pfipravenym rekombinantni technologii (jsou oznacené ,,r*,
rekombinantni) nebo purifikovanym z pfirodnich zdrojii (oznacené ,,n*, nativni) (79). Tyto

molekuly ptredstavuji alergenni proteiny, na které je zamétena specifickd a klinicky
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relevantni IgE imunitni odpovéd’ (77). V soucasnosti je k dispozici mnoho desitek
molekularnich komponent vyuzitelnych v in-vitro testech.

Alergenové komponenty by mohly pfispét k presnéjsi diagnostice alergickych
onemocnéni. S jejich pomoci 1ze s pfihlédnutim k dalsim okolnostem (anamnestické tdaje
a dalsi faktory podilejici se na zhorSeni onemocnéni) odliSit reaktivitu proti zkiizené
reagujicim alergentim od reaktivity na prevazn¢ druhové specifické alergenni komponenty,
které¢ by mohly odhalit primarni zdroj senzibilizace. U fady molekularné definovanych
alergenti je znamo, ze navozuji zavazné projevy alergickych chorob. Nalez zvysSené
hladiny specifickych IgE protilatek proti t€émto alergeniim umoziuje predikovat riziko
zavaznych klinickych projevii véetné anafylaxe. Ve skupiné potravinovych alergent je
mozno odlisit reaktivitu na termostabilni molekuldrni komponenty s obecné vysSim
rizikem od termolabilnich, odstranitelnych tepelnou Gpravou potravin. Dale mlze vySetfeni
specifickych IgE protilatek 1ékafi usnadnit identifikaci pfi¢inného alergenu k indikaci
specifické alergenové imunoterapie.

Molekularni komponenty jsou vyuzivany jak v jednoparametrovych, tak
multiplexnich analyzach. V ptipad€ pacientl se zavaznymi klinickymi projevy nebo
nejasnymi nalezy vySetfeni je vhodné pouzit multiplexovou metodu. Dale ji mlizeme
uplatnit u neshod mezi vysledky ziskanymi zdkladnimi pfistupy, pro mozné zachyceni
neocekavanych alergennich specifit a také pro zhodnoceni senzibilizaéniho profilu
pacienta. Pouzitim této metody lze v jednom kroku ziskat podrobny profil pacienta
vyjadifeny pomoci molekularné definovanych cilli, coz pti hodnoceni vyzaduje na strané
lékate nemalou miru erudice a detailnich znalosti o jednotlivych alergenech.

VySetfeni pomoci multiplexnich metod molekularni komponentové diagnostiky je
bézné pouzivané u respiranich forem alergického onemocnéni (80-82), ale nikoli
u pacientl s atopickou dermatitidou. Rozsifeni zkuSenosti s multiplexovou CRD analyzou

u této diagndzy je jednim z cilii nasi préce.

2.6.6 Multiplexové metody molekularni komponentové diagnostiky

V soucasné dob¢ jsou pro klinické vyuziti dostupné dvé multiplexni metody.
V oboru klinické imunologie je jednim z nej€astéji pouzivanych multiplexnich systémi
ISAC (Immuno Solid-Phase Allergen Chip) od firmy Phadia, Thermo Fisher Scientific,
vyuzivajici technologii bio€ipu (microarray), na kterém jsou na sklenéné podlozce

ukotveny molekuladrni komponenty (83,84). Oproti tomu druhy systém ALEX (Allergy
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Explorer) od firmy Macro-Array Diagnostics vyuzivd molekularnich komponent
navazanych pifes nanoc¢astice na pevnou fazi, membranu (85).

ImmunoCAP ISAC® sIgE 112 (Thermo Fisher Scientific, Phadia AB, Uppsala,
Svédsko) je semi-kvantitativni multiplexova metoda zaméfena na stanoveni specifického
IgE proti molekularné definovanym alergenim z vice nez 50 zdroji alergenti (83).
Reakce probihd na sklenéné desticce (bioCipu), na které je ukotveno 112 komponent
v triplikatech (70 rekombinantnich, 42 nativnich) (86,87). BioCip je inkubovan
s vySetfovanym krevnim sérem nebo plazmou a po promyti jsou navazané specifické IgE
protilatky detekovany pfiddnim fluorescenén€¢ znafené sekundarni protilatky proti
lidskému IgE. Intenzita fluorescence je sniména mikrocCipovym laserovym skenerem
a analyzovana specialnim pocitaCovym softwarem, ktery kvantifikuje fluorescencni signal
jednotlivych molekularnich komponent (79,82). Vysledky jsou vyjadieny v arbitrarnich
jednotkach zvanych standardizované jednotky ISAC pro specifické IgE (ISU-E).
Meéfici rozsah metody je udavan od 0,3 do 100 ISU-E. Vysledky vétsi nez 0,3 ISU-E jsou
povazovany za pozitivni. Namétené hladiny sIgE Ize vyjadfit ¢tyfmi semi-kvantitativnimi
ttidami: <0,3 ISU-E jako negativni, 0,3> 0,9 ISU-E odpovidd nizké pozitivité,
0,9> 15 ISU-E sttedni pozitivité a hodnoty > 15 ISU-E signalizuji vysokou pozitivitu (84).

Alternativou k metodé ISAC je systém ALEX® (Macro-Array Diagnostics, Videt,
Rakousko), multiplexni test ureny pro imunoanalyzu na pevné fazi. Metoda umoziuje
simultanni stanoveni celkového IgE (semi-kvantitativn€) a specifického IgE (kvantitativné)
ve verzi ALEX?® proti 295 alergentim, ztoho 178 molekuldrnim komponentam
a 117 extraktovym alergeniim, v lidském séru nebo plazmé (88). Extrakty alergent
a molekularni komponenty jsou navazany na nanocastice, které jsou systematicky
naneseny v podob¢ spotli na pevnou fazi membrany testovaci kazety. Pred zahajenim
reakce jsou vzorky fedény inhibi¢nim roztokem, ktery blokuje vazbu IgE na zkiiZené
reagujici cukerné determinanty (CCD). V prvnim kroku reakce dochéazi k vytvoreni vazby
mezi alergenem imobilizovanym na nanocésticich a specifickym IgE z vySetfovaného
vzorku. Nasledné dojde k vymyti nespecifického IgE a pfidani enzymaticky znacené
detek¢ni protilatky proti lidskému IgE a vytvofeni imunokomplexu. Po druhém promyti je
pfidan substrat, ktery je enzymem pfeménén na barevny nerozpustny precipitat. Nasledna
reakce je zastavena blokovacim c¢inidlem. Mnozstvi precipitatu je umérné koncentraci
specifického IgE ve vzorku pacienta. Po provedené analyze nasleduje vyhodnoceni pomoci

zatizeni MADx ImageXplorer. Vysledky jsou analyzovany specifickym software Raptor
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MADx (89,90). M¢tici rozsah metody je udavan pro specifické IgE 0,3-50 kUa/l
(kvantitativné€) a pro celkové IgE 20-2 500 kU/I (semi-kvantitativné). Vysledky sIgE vétsi
nez 0,3 kUa/l jsou povazovany za pozitivni. Namétené hladiny sIgE lze rovnéz vyjadrit
pomoci semi-kvantitativnich tfid: <0,3 kUa/l jako negativni, 0,3—1 kUa/l odpovida nizké
pozitivité, 1-5 kU/l stfedni pozitiviteé, 5—15 kUa/l vysoké pozitivit€¢ a hodnoty > 15 kUa/l
signalizuji vyrazné vysokou pozitivitu (88). Vyhodou této metody je pouziti inhibi¢niho
pufru, ktery eliminuje IgE protilatky namifené proti cukernym determinantdm (podrobné;ji
popsano v kapitole 2.7.11) a tim je dosazeno vyssi specificity vysetieni (91).

V ramci této prace jsme se na pracovisti Ustavu klinické imunologie a alergologie
ve spolupraci s Klinikou nemoci koznich a pohlavnich FN Hradec Kralové zabyvali
analyzou senzibilizace na molekularn¢ definované alergeny u pacientd s atopickou
dermatitidou. Specifické IgE protilatky byly stanoveny multiplexni metodou ImmunoCAP
ISAC, ktera je v klinické praxi dostupné od roku 2011 (92).

2.7 Molekuliarné definované alergeny

Hlavnimi zdroji alergent byvaji potraviny, travy, plevele, stromy, plisn€, roztoci
a zvifata (93). Exacerbaci koznich 1ézi mohou u atopické dermatitidy zplsobit rizné
alergeny. Specifickd IgE senzibilizace je u dospélych pacienti s AD popisovéana
u potravinovych a inhala¢nich alergenii, zejména na roztoce domaciho prachu, pyl
a potraviny rostlinného ptvodu (55). V soucasnosti muzeme alergeny definovat jako
proteiny, glykoproteiny, lipoproteiny nebo protein-konjugované hapteny, které maji

jedine¢né molekularni a strukturni vlastnosti (84).

2.7.1 Nazvoslovi

Logickym dusledkem rychlého rozmachu alergologie ve druhé poloviné minulého
stoleti byly pokusy zavést do nomenklatury alergent systém vyuZitelny pii védecké praci
1 v bézné klinické praxi. Po nékolika neuspéSnych pokusech byla v 80. letech 20. stoleti
sestavena komise zabyvajici se touto problematikou pfi Mezinarodni unii imunologickych
spolecnosti (IUIS). Tato komise navrhla nazvoslovi zalozené na prvnich tfech pismenech
rodu a prvnim pismenu druhu Zivocicha nebo rostliny, ze kterého alergen pochazi. Tento
nazev byl doplnén fimskym ¢&islem odpovidajicim chronologickému potadi izolace
konkrétniho alergenu. V 90. letech byly fimské Ccislice nahrazeny arabskymi.
Nejvyznamngjsi alergen btizy tedy nese oznaceni Bet v 1 od Betula verrucosa. Dalsi

pokrok v poznani biochemické i1 funk¢ni struktury alergenti spolu s moZznostmi piipravy
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rekombinantnich forem vedl k obohaceni nazvl alergent o isoalergeny a jejich varianty
(94). Isoalergeny jsou vysoce homologni alergeny s podobnymi biologickymi
1 biochemickymi vlastnostmi, které¢ sdileji alespon 67 % aminokyselinové sekvence.
Jejich varianty (isoformy) se odliSuji zpravidla v nékolika malo aminokyselinach a jsou
homologni na vice nez 90 %. Isoalergeny se zapisuji dvojici ¢isel po oddélovaci v podobé
tecky. Dal$imi dvéma c¢islicemi je mozné oznacit variantu. Jako piiklad mtze slouzit pyl
lisky, kde lze zapsat dvé varianty téhoz isoalergenu: Cor a 1.0101 a Cor a 1.0102.
Zarazeni nového alergenu do nomenklatury WHO/IUIS je nékolikastupniovy proces,
kdy musi byt splnéno nékolik podminek, mezi nimi identifikace zdroje, aminokyselinova
a genetickd sekvence, existence purifikovaného alergenu a prikaz vazby lidskych

IgE protilatek od pacientl s timto alergenem (95).

2.7.2 Molekularné definované potravinové alergeny

Kazdy zdroj potravy muze byt povazovan za potencialné¢ alergenni smeés
bilkovinnych molekul, které mohou mit odlisné biologické vlastnosti, strukturu a funkci.
Tyto molekularni komponenty maji piesné¢ definované chemické slozeni a vyvolavaji IgE
mediovanou odpovéd'.

Alergeny, které u vice nez 50 % pacientli zptsobuji senzibilizaci na konkrétni
potravinu, jsou povazovany za hlavni alergeny. Casto byvaji druhové specifické a jejich
identifikaci lze urcit primarni senzibilizaci na dany alergenovy zdroj tzv. pfi¢inny alergen
(84). Napiiklad hlavnim alergenem vajecného bilku je ovomucoid (Gal d 1),
ktery je vysoce alergenni a stabilni vic¢i tepelnému a enzymatickému ptsobeni (96).
Vedlejsi potravinové alergeny byvaji zastoupené u nizSiho poctu alergikt (pod 50 %)
a Casto se projevuji méné zavaznymi piiznaky (56).

Dle biologické aktivity 1ze molekularni komponenty zatfadit do proteinovych rodin,
kter¢ se vyznaCuji tUzkou chemickou a biologickou podobnosti (homologii).
Molekuly v ramci jedné proteinové skupiny (homologni rodiny) sdileji spole¢né epitopy,
atim se stejné specifické IgE protilatky mohou vazat na podobné struktury ptitomné
v alergenech z riznych zdroji vyskytujicich se napfi¢ rostlinnou ¢i Zivocisnou fisi. Tento
jev je popisovan jako zkiizena reaktivita (84).

Ke zktizené reakci dojde, pokud strukturalni podobnost (v sekvenci aminokyselin)
mezi dvéma molekuldrnimi komponentami dosahne 70 %, vzacné i pti shod€ z 50 % (97).

Tyto vysoce homologni bilkovinné rodiny nazyvame panalergeny.
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Mezi hlavni proteinové rodiny rostlinnych potravin patii PR-10 proteiny
(Bet v 1 homologie, Pathogenesis-Related Protein 10), thaumatin-like proteiny
(Pathogenesis-Related Protein 5), profiliny (Bet v 2 homologie), nsLTP (lipid transfer
proteiny) a zasobni proteiny rostlin (7S globuliny, 11 S globuliny a 2S albuminy).
Podobné do proteinovych rodin zivociSnych potravin fadime tropomyosiny, parvalbuminy,

kaseiny a dalsi (56).

2.7.3 PR-10 proteiny

Do rodiny PR-10 proteini (homology alergenu bfizy Bet v 1) patii alergeny,
které jsou termolabilni, inaktivuji se ptisobenim proteaz a zplsobuji zkiizenou reaktivitu
mezi pyly stromll a potravinami rostlinného pivodu. Rostliny tyto proteiny vyuzivaji
k obran¢ proti vlivim vnéjSiho prostiedi a zejména patogennim mikroorganismim.
Jsou vyznamné zastoupeny ve dfeni ovoce a zeleniny, napft.: Rosaceae: jablko (Mal d 1),
tteSent (Pru av 1), broskev (Pru p 1), Apiaceae: mrkev (Dau c 1), celer (Api g 1),
Betulaceae: btiza (Bet v 1), liskovy ofech (Cor a 1), Fabaceae: arasid (Ara h 8), soja
(Glym 4) a fazole mungo (Vig r 1). VétSinou jsou asociované s lokdlnimi projevy
(,,Pollen-Food Syndrom*, PFS, oralni alergicky syndrom, OAS), ale liskovy ofech, celer,
arasid a soja jsou ¢aste¢né tepelné stabilni a mohou vzécné vyvolat systémovou odpovéd

(98).

2.7.4 Thaumatin-like proteiny

Mezi dalSi obranné proteiny, které chrani rostlinu pfed patogeny patii rodina
thaumatin-like proteini (PR-5 proteiny). K senzibilizaci dochéazi patrné inhalacni cestou.
Vyskytuji se predev§im v ovoci, napiiklad v broskvi (Pru p 2), kiwi (Act d 2), jablku
(Mald 2) a bandnu (Mus a 4). Vzhledem k vyS$i termostabilit¢ a odolnosti viici
enzymatickému traveni jsou spojovany s rizikem rozvoje zadvaznych alergickych reakci, az

anafylaxe (56).

2.7.5 Lipid transfer proteiny
Termostabilni a odolné viici enzymatické denaturaci jsou i lipid transfer proteiny.
Nalézame je predevsim ve slupkach ovoce a zeleniny, napt.: Rosaceae: jablko (Mal d 3),

tteSen (Pru av 3), broskev (Pru p 3) a citron (Cit 1 3) a Betulaceae: liskovy otech (Cor a 8).
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Spektrum klinickych projevi je velmi Siroké, od lokélnich projevi (OAS) az po zévazné

systémové reakce (99).

2.7.6 Profiliny

Profiliny (homology alergenu bfizy Bet v 2) je rodina proteini, které¢ jsou
termolabilni a enzymatickym S$tépenim se degraduji. K senzibilizaci dochdzi patrné
inhalacni cestou. Mizeme je nalézt napiiklad v citrusovém ovoci (Cit s 2), melounu (Citr |
2), bananu (Mus a 1) a rajceti (Sola 1 1). Projevuji se piedevS§im OAS pfiznaky,

ale 1 systémové. Jsou povazovany za klinicky mén¢ vyznamné alergeny (100).

2.7.7 Polkalciny

Polkalciny patii do skupiny proteini vézajicich vépnik. Vyskytuji se ptevazné
v pylu kvetoucich rostlin. Podileji se vyznamné na zkiizené reaktivité s riznou klinickou
zavaznosti alergickych projevil. Vyskytuji se naptiklad v bojinku (Phl p 7) a btize (Bet v 4)
(101).

2.7.8 Zasobni proteiny

Zasobni proteiny patii mezi vysoce stabilni alergeny odolné viici teplu a protedzam.
Nachazeji se Casto v semenech, jadrech a ofeSich. Mizeme je rozdélit na tfi hlavni
proteinové rodiny. Jedna se o rodinu vicilini (7S globuliny), které jsou obsaZeny napiiklad
v araSidu (Ara h 1), v keSu (Ana o 1), ve vlasském ofechu (Jug r 2) a v s6je (Gly m 5).
Déle sem fadime rodinu leguminti (11S globuliny), které mtiizeme najit v arasidu (Ara h3),
v liskovém otfechu (Cor a 9) a vsoje (Gly m 6). Rodina 2S albuminll je zastoupena
naptiklad v araSidu (Ara h 6), v keSu (Ana o 3), v paraotfechu (Ber e 1), ve vlasském
ofechu (Jug r 1) a v sezamu (Ses i 1). Tyto alergenni molekuly maji vysokou alergenicitu
aCasto vyvolavaji zavazné systémové reakce, patfi mezi proanafylaktické alergeny

(56,101).

2.7.9 Tropomyosiny

Tropomyosiny jsou vysoce termostabilni a riziko vyvolani anafylaktické reakce je u
nich taktéz velmi vysoké. Jsou lokalizované v oblasti myofibril, kde se podileji na regulaci
svalové kontrakce (101). Vyskytuji se predevsim ve svalech koryst a mékkysu, u kterych

vykazuji zkfiZzenou reaktivitu mezi korysi (napt. Pen m 1 — kreveta, Cha f 1 — krab, Pro ¢ 1
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- rak) 1 mezi mékkysi (napi. Cra g 1 — ustfice a dalsi). Tropomyosiny mlzeme nalézt
iu ¢lenovei (Der p 10 — rozto¢ doméciho prachu, Per a 7 — §véb, Bla g 7 — rus domaci)

(102).

2.7.10 Parvalbuminy

Parvalbuminy patii také mezi vysoce stabilni proteiny odolné tepelnému
1 enzymatickému traveni. Podileji se na regulaci koncentrace intracelularniho vapniku.
Jsou pfitomny ve svétlé svaloving jak sladkovodnich, tak motskych ryb (napt. Cyp ¢ 1 —
kapr, Gad c 1 — treska) (103). Zavazna alergickéd reakce miize byt u vnimavého jedince
vyvolana i pouhym kontaktem s rybim aerosolem, ktery vznik4 napiiklad pii zpracovéni
rybich pokrma (104). Ryby s vy$§im obsahem tmavé svaloviny jsou mén¢ alergenni

(napf. Thu a 1 — tundk, Sco s 1 — makrela) (103).

2.7.11 Zk¥izené reagujici cukerné determinanty
Zvlastni  skupinu nebilkovinnych alergeni tvoii oligosacharidové slozky
glykoproteint, tzv. zkiiZzené¢ reagujici cukerné determinanty (CCD, ,,Cross-reactive
Carbohydrate Determinants®). Byvaji soucasti struktury rostlinnych glykoproteint.
Laboratorni techniky zalozené na extrahovanych alergenech nejsou schopny odlisit IgE
protilatky proti CCD od ostatnich alergenli. Vzhledem k vysoké mife homologie mohou
byt pfi¢inou faleSnych pozitivit laboratorniho stanoveni specifickych IgE protilatek proti
nativnim alergenim (pyld, potravin rostlinného ptvodu a hmyzich jedl) na rozdil
od rekombinantné pfipravenych komponent, které ve své struktufe neobsahuji CCD.
Obecné je piijiman nazor, ze CCD struktury nezpiisobuji zavazné alergické reakce (91).
Oligosacharidové slozky, které jsou soucasti struktury alergenil rostlin a hmyzich
jedi (vcela, vosa) jsou pievazné ze skupiny N-glykani jejichz zakladni struktura je tvotfena
dvéma jednotkami N-acetyl-gluk6zaminu se dvémi nebo tfemi mandézovymi zbytky.
Na tuto strukturu byvaji navazany dalS§i monosacharidy, nejcastéji to byva xyléza nebo
fukéza (105). Indikdtorem CCD reaktivity systému ImmunoCAP ISAC® sIgE 112 je
molekularni komponenta s ndzvem nMUXF3. Jedna se o sacharidovy epitop MUXEFS3,
ktery je purifikovan z bromelainu (glykoprotein obsazeny v ananasu). Prostfednictvim

nMUXEF3 je testovana pritomnost anti-CCD protilatek v pacientskych sérech (106).
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2.8 Predikce rizika rozvoje systémové reakce na potravinové alergeny

U rady molekuldrné definovanych alergentl je zndmo, Ze zpusobuji zavazné projevy
alergického zanétu. Nalez zvysené hladiny sIgE protilatek proti témto alergentim umoznuje
predikovat riziko zavaznych klinickych symptomu vcetné anafylaxe. Potravinové alergeny
muzeme na zaklad¢ jejich fyzikdlnich vlastnosti rozd€lit na dvé skupiny (tfidy).
Vyznamnou roli zde hraje jejich stabilita ¢i labilita vici tepelné Gpravé a enzymatickému
traveni (56).

Prvni tfida zahrnuje potravinové alergeny, které jsou schopny vyvolat primarni
senzibilizaci cestou gastrointestindlniho traktu. Tyto alergeny vykazuji vysokou miru
stability a obvykle vyvolavaji zavazné az systémové reakce. NejcastéjSimi zastupci jsou
zasobni proteiny ofechli, semen a lusténin, lipid transfer proteiny potravin rostlinného
puvodu, parvalbuminy ryb a tropomyosiny kory$t a mékkysi a zaroveil potravinové
alergeny zivocisného puvodu, jako je alergen vajecného bilku ovomukoid (Gal d 1)
a alergen kravského mléka kasein (Bos d 8) (56,101).

Naopak pokud dochazi k primarni senzibilizaci inhalaéni cestou, jedna se
o alergeny druh¢ tfidy, které jsou rozpozndvany sIgE protildtkami v disledku zkiizené
reaktivity v rdmci proteinovych rodin. Obecné lze uvést, Zze se jedna o nestabilni
a termolabilni alergeny, které piisobenim vysoké teploty nebo disledkem enzymatického
traveni ztraceji svoji alergenicitu a po kontaktu s dutinou uUstni vyvoldvaji spiSe mirné
a lokalni obtize (OAS), vyjimecné jsou spojovany se systémovymi projevy. Obvykle se
jednd o inhalaéni alergeny zktiZen¢ reagujici s potravinovymi alergeny rostlinného
puvodu, které vyvolavaji alergické syndromy typu ,,pollen-food syndrom* napt. syndrom
bfiza-ovoce-zelenina, syndrom pelynék-celer-kofeni, syndrom biiza-jablko-tfeSent a dalsi
(56).

Kromé fyzikalnich vlastnosti alergenti je dllezitd i vazba sIgE protilatek na epitopy
glykoprotent. Jedna-li se o vazbu sIgE na linearni epitopy (konkrétni sekvence
aminokyselin) je pravdépodobné, ze budou projevy FA pietrvavat celozivotné, naptiklad
perzistujici alergie na ofechy, arasidy, ryby a moiské plody. Linearni epitopy jsou
termostabilni az proanafylaktické. Naopak vazba sIgE protilatek na konformacni epitopy
(prostorove uspotadani aminokyselin) je spojovana s piechodnou formu FA. Konformacni
epitopy jsou termolabilni a jejich alergenicita ptisobenim vysoké teploty, zménou pH nebo

pusobenim enzymu klesd. Je uvadeéno, ze az 80 % déti s alergii na kravské mléko a vejce
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toleruje varenou nebo pecenou formu téchto potravin pravé diky denaturaci konformacnich

epitopt (56,67).

2.9 Vyznam stanoveni sIgE protilatek proti potravinovym molekularnim
komponentam
Vétsina potravinovych alergii je vyvolana 8 nejrizikovéjSimi druhy potravin (,,big
eight food*). Jedna se o sdju, kravské mléko, vejce, arasidy, stromové ofechy, pSenici, ryby
a koryse (107). Urceni pri¢innych spoustécu v diagnostice alergickych stavi je z hlediska

dietnich opatfeni pro pacienta klicové.

2.9.1 Zdroj alergenu — Séja (Glycine max)

Séja patfi mezi nejvyznamnéjsi lusténiny pouzivané v zemich celého svéta.
S6jové boby se konzumuji piimo nebo zpracované v podobé mouky, vlocek, sdjového
mléka, sdjového jogurtu, tofu apod. Do celé fady potravin se sdjové bilkoviny ptidavaji
z technologickych, finan¢nich i nutri¢nich divodd. Seznam potravin obsahujicich v néjaké
podobé sojové bilkoviny stale roste. S6ja ma unikatni nutri¢ni vlastnosti, na druhé strané je
vSak i zdrojem vyznamnych alergenti. Hlavni alergeny jsou Gly m 4, Gly m 5 a Gly m 6,
Obrazek 2. Klicovy je Gly m 4, ktery patii do skupiny PR-10 protein. Jednd se
o panalergen vykazujici vysokou homologii s alergenem Bet v 1 btizy. Uvadi se,
ze minimaln¢ 80-85 % pacienti reagujicich na pyl bfizy vykazuje kombinovanou
reaktivitu s Gly m 4 (108,109). U takovychto pacientdl primarné senzibilizovanych na btizu
muze dojit, byt velmi vzacné, k zdvazné klinické reakci po prvnim kontaktu se sojou
(110). Senzibilizace panalergenem Gly m 4 je v populaci vyrazné Castéji zastoupend nez
primarni senzibilizace na dal$i sdjové alergeny, kterd je charakteristicka ptitomnosti IgE
proti druhové specifickym alergenim Gly m 5 a Gly m 6 (109). Oba jsou pomérné
termostabilni a odolné¢ vic¢i fermentaci. Vyskytuji se v sdjovych omackach a sdjovém

mase, kde je Gly m 4 vyrazné¢ méné zastoupen (111,112).
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termostabilni alergeny:

Gly m6 | : : ) riziko
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systémova i lokalni
reakce (OAS)

Obrazek 2: Vysetieni sIgE protilatek proti vybranym molekuldrnim komponentam séji.

Predikce rizika alergické reakce (113).

2.9.2 Zdroj alergenu — Kravské mléko (Bos domesticus)

Pfinos vysetieni specifického IgE proti molekuldrné definovanym alergentim je
mozno demonstrovat také na precitlivélosti na slozky kravského mléka, ktera patii
k vyznamnym alergiim zvlast¢ v détském véku. Jeji prevalence se v dospélé
evropské populaci pohybuje mezi 2-5 % (56). Stanoveni sIgE protilatek proti smésnému
alergenu kravského mléka je pouZzivano v diagnostice tohoto onemocnéni jiz celou fadu let.
Je uZiteCnym ndastrojem, ale nedokdze odpovédét na nékteré principidlni otazky,
které miizeme vyfeSit pomoci vySetfeni sIgE proti komponentdm kravského mléka,
Obrazek 3. Nejvyznamnéjsi alergenni slozkou je kasein, v nomenklatufe alergent
oznaceny jako Bos d 8. Jedna se o smés alergenil tvofenou ¢tyfmi frakcemi, al, o2, B a
kaseiny. Je rovnéz vyznamnym alergenem syri. Je termostabilni a miizeme se s nim setkat
1 v tepelné zpracovanych mléénych produktech. Prevaieni nebo pasterizace mléka pouze
redukuje mnozstvi kaseinu na cca 50 % plivodniho obsahu. Je zodpov&dny za zdvazné
projevy alergie na mlééné vyrobky. Vysoké hladiny specifického IgE proti Bos d 8 jsou
typické pro alergii na kravské mléko (114). Dalsi tfi molekularni komponenty kravského
mléka (Bos d 4, Bos d 5 a Bos d 6) patii mezi termolabilni bilkoviny, i kdyZ sniZeni jejich
alergenicity tepelnou Upravou muze zaviset kromé¢ teploty a délky tepelné Upravy i na

interakcich mezi jednotlivymi bilkovinami mléka (115). Bos d 4 (a-lactalbumin)
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je monomerni globulin vazajici vapnik a zinek, jehoz fyziologickou funkci je regulovat
enzym laktdza syntdzu v mlécné zlaze. Obdobné riziko alergickych komplikaci je spojené
se senzibilizaci na B-lactoglobulin (Bos d 5), ktery tvoii az 50 % proteint syrovatky. Patii
mezi lipokaliny, proteiny transportujici malé hydrofobni molekuly, napt. tuky a -karoten.
Bos d 5 je castecné termolabilni, ale vykazuje vysokou odolnost vic¢i hydrolyze a vici
pusobeni protedz pii trdveni mléénych bilkovin. To zvySuje jeho nebezpecnost. Dale je
mozné zminit Bos d 6 (BSA, hovézi sérovy albumin), ktery je hlavnim proteinem krevni
plasmy skotu. Je pfitomen v hovézim mase 1 v kravském mléce. Jedna se o termolabilni
bilkovinu, tepelné¢ upravené mléko a maso je pro pacienty reagujici na tento alergen
pomérné bezpecné. Je také citlivy k protedzam béhem traveni. Bos d 6 je méné vyznamny
alergen kravského mléka, nicméné pacienti senzibilizovani na alergeny hovéziho masa

mohou reagovat i na mlééné produkty (116).

Kravské mléko

termostabilni alergeny:

_ [ ] | reakce na mléko 2
vysoké
| BosdSy v jakékoliv podobe, o
L e nejduleZitgj$i alergen aleraike
reakce
termolabilni alergeny:
» Bos d 4 _‘|_ -
(c-lactalbumin) | Ll
extrakt ‘ ooy
F2 > Bos d5 + N na Gerstvé mléko,
(B-lactoglobulin) ]
| tepelna uprava mléka
- P p
Bos d 6 ‘ N snizuje reakltivitu _
> (hovézi sf’:rovy == A i
albumin) | alergické
reakce

Obrazek 3: Vysetieni sIgE protilatek proti vybranym molekularnim komponentam kravského mléka.

Predikce rizika alergické reakce (113).

2.9.3 Zdroj alergenu — Vejce (Gallus domesticus)

Slepici vejce, ptedevSim bilek, je povaZzovan za jeden z nejvyznamnégjSich zdroji
alergenti pro Cloveéka. Alergie na slozky slepi¢iho vejce je velmi Castd, zvlasté u déti,
Obrazek 4. Dominantnim alergenem vajecného bilku je ovomukoid (Gal d 1), jeho obsah
je ptes 10 %. Je vysoce alergenni a miize vyvolat anafylaktické reakce. Jeho nebezpecnost

zvysuje 1 velka odolnost vii¢i zahtati (je stabilni pti 100 °C po dobu 1 hodiny), zméndm pH
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a pusobeni protedz. Vysoké hladiny specifick¢ho IgE proti Gal d 1 jsou povazovany
za rizikovy faktor perzistence alergie na vajecny bilek i po tepelné tprave potraviny (117).
Gal d 2 (ovalbumin) je nejvice zastoupeny protein vajecného bilku. Jeho obsah dosahuje
50 %. Je mén¢ termostabilni neZ ovomukoid a také méné odolny vici zméndm pH
a protedzam pii traveni. Je vyrazné alergenni a muze byt obsazen ve stopovém mnoZzstvi
v mateiském mléce kojicich zen po konzumaci slepicich vajec. Mize byt také stopove
pritomen v nékterych vakcinach pfipravenych na slepi¢ich embryich. Gal d 4 (lysozym) je
posledni z vyznamnéj$ich alergenti vajecného bilku. Zavazné reakce na vajecny lysozym
jsou spiSe vyjimkou. Pouziva se jako aditivum a konzervant (E1105) do nékterych
farmaceutickych a potravindiskych vyrobki, po jejichz poziti mlze vyvolat alergické
reakce (96,118).

Zloutek slepi¢iho vejce obsahuje sérovy albumin (Gal d 5). Je odpovédny
za reaktivitu nazyvanou ,,bird-egg*. Jedna se o alergickou reakci na dribezi maso, vajicko

a ptaci peti (119).

Slepici vejce

termostabilni alergeny:
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Obrazek 4: Vysetreni sIgE protilatek proti vybranym molekularnim komponentam slepicich vajec.

Predikce rizika alergické reakce (113).

2.9.4 Zdroj alergenu — Liskovy ofech (Corylus avellana)
Reakce na stromové ofechy patii k velmi rizikovym senzibilizacim z hlediska

anafylaxe v dospivani a dospélém véku. Muze byt vyvoldna jak po prvnim kontaktu
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s potravinou (oralni cestou) senzibilizaci zasobnimi proteiny, naptiklad 2S albuminem,
vicilinem (7S globulin) a leguminem (11S globulin), tak po pfedchozi senzibilizaci
inhala¢nimi panalergeny ze skupiny profilinti a proteinti s vysokou homologii s alergenem
Bet v 1 (120).

Liskové ofechy jsou plody lisky obecné, kterd patii mezi kete z Celedi biizovitych,
podceled’ liskovité. Ofisky jsou konzumovany celosvétové predevsim diky vyznamné
nutricni hodnoté. Piestoze jsou popisovany znacné geografické a vékoveé podminéné
rozdily v zéavaznosti ptiznakd, je alergie na liskové ofechy povazovana za jednu
z nejCastéjsich alergii na ofechy v Evropé (120). Vice nez polovinu obsahu ofisku tvofi
nenasycené tuky, piiblizné 15-20 % cukry a 10—-15 % bilkoviny. Déle jsou bohaté na fadu
mineralnich latek (vapnik, hoicik, draslik, fosfor, zelezo, zinek a méd’), vlakninu
a vitaminy fady B a E. Jsou hojné vyuZivany v potravinaistvi a cukrafstvi, z liskovych
jader muzeme pfipravit ofechové maslo, mléko a pastu (121). Hlavnim alergenem
liskového ofechu je Cor a 1, ktery patii do rodiny PR-10 (Bet v 1 homologni protein).
Byly identifikovany celkem ctyfi isoalergeny, kde Cor a 1.01, Cor a 1.02 a Cor a 1.03
nalezneme v liskovém pylu a Cor a 1.04 v liskovém ofechu, ktery svoji alergenicitu béZznou
tepelnou tpravou (pecenim ¢i prazenim) ztraci velmi omezené (120). Diky silné zkiizené
reaktivit¢ s hlavnim alergenem biizy Bet v 1 patii mezi nejcastéj$i spoustéce piiznakt
OAS ve stfedoevropské populaci. V kombinaci se senzibilizaci na jarni stromy, ovoce
astromové ofechy hovofime o tzv. syndromu bfiza-jablko-liskovy ofech (56).
Vyrazné vyss$i alergenicitu se zavaznymi klinickymi projevy, vcetné anafylaxe,
maji druhové specifické termostabilni zasobni alergeny 2S albumin (Cor a 14)
a 118 globulin (Cor a 9) se zvySenym rizikem senzibilizace déti Skolniho veéku (122).
Pacienti s alergii na liskovy ofiSek mohou byt senzibilizovdni i na Cor a 8 (nsLTP)
aCorall (7S globulin), které jsou také termostabilni a spojovany s rizikem systémové

odpovedi (123,124).

2.9.5 Zdroj alergenu — Vlassky orech (Juglans regia)

VlaSské ofechy jsou plody ofeSdku kralovského z celedi ofeSdkovitych, které se
péstuji po celém svété prevazn€ v mirném podnebi (120). Ofechy jsou vyzZivné
a energeticky bohaté, predevSim diky vysokému obsahu polynenasycenych mastnych
kyselin a fady mineralnich latek a vitamind. VyuZivaji se v potravinafském pramyslu,

zvlasté v pekafistvi a cukrafstvi, jako dochucujici nebo dekoraéni prvek. Alergie na vlaSské
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ofechy se u nds casto vyskytuje spolu s alergii na liskové ofechy v podobé zkiizené
senzibilizace na alergeny s Bet v 1 homolognimi proteiny, v ptipadé liskového ofechu
Cora 1 (56) a u vlasského ofechu Jug r 5, ktery byl popsan nedavno (125). Hlavnimi
alergeny vlasského ofechu jsou Jug r 1, Jug r 2 a Jug r 3. Nejvice zastoupena je
komponenta Jug r 1 (2S albumin), ktera je vysoce termostabilni a schopna vyvolat zdvazné
systémové reakce. Senzibilizace na Jug r 1 byva znamkou primdrni alergie na ofechy
(126). Déle je v mensi mife zastoupeny Jug r 3 (nsLTP), ktery je také termostabilni a mtze
se projevit jak lokalni, tak systémovou odpovédi. Riziko zktizené reaktivity mezi dalSimi
alergeny ovoce a semen z ¢eledi rizovitych (broskev, tfeseni, mandle a dal$i) je pomérné
vysoké. Zasobni protein Jug r 2 (7S globulin) je znacné termostabilni a po tepelné uprave
(prazeni) se jeho alergenicita mize jeSt¢ zvysit. Jeho struktura je casto glykosylovana
a pozitivni laboratorni vysledek tak muze byt ovlivnén zktizenou reaktivitou s CCD.

Senzibilizace byva spojovana se zavaznymi systémovymi obtizemi (120,126).

2.9.6 Zdroj alergenu — Podzemnice olejna (Arachis hypogaea)

Podzemnice olejnd je luSténina z celedi bobovitych, jejimz plodem je lusk
obsahujici semena (arasidy, burské ofisky). Muzeme je konzumovat v syrové, prazené
ismazené podob¢. Maji vysokou energetickou hodnotu, obsahuji nasycené, mono-
a polynenasycené¢ mastné kyseliny, bilkoviny, sacharidy a vitaminy fady B a E.
Hojné¢ se vyuZivaji v potravinaiském primyslu na pfipravu cukrafskych produktt
a v kosmetice. Arasidy jsou vyznamnym potravinovym alergenem a jednou z nejCastéjSich
potravin vyvolavajicich anafylaktické reakce, zejména v USA. Ve vétsing piipadd se
zavazné klinické obtize objevi jiZz po kontaktu s malym mnozstvim araSidového proteinu
nejCastéji pii konzumaci, ale i vdechnutim a pii styku s kizi (56,127). Mezi bézné
vySetfované molekuldrni komponenty patii Ara h 1, Ara h 2, Ara h 3, Arah 6, Ara h 8
a Ara h 9 (128). Hlavnimi alergeny arasida jsou pfedevSim zdsobni proteiny semen Ara h 1
(7S globulin, vicilin), Ara h 2 (2S albumin, konglutin) a Ara h 3 (11S globulin, legumin).
Jsou odolné vici vysoké teploté a proteolytickému Stépeni, po poziti mohou vyvolat
zavazné systémové reakce (123). Jejich alergenicita se mize vlivem vysokych teplot zvysit
(prazenim). Alergici citlivi na ara$idy byvaji z vice nez 90 % senzibilizovani pravé na
Ara h 1 a Ara h 2. VySetieni specifickych IgE protilatek proti Ara h 2 je povazovéno za
laboratorni ukazatel skutecné alergie na arasidy (129,130). Senzibilizace na termostabilni

molekulu Ara h 6 (2S albumin), kterd je z ¢asti homologni s Ara h 2, mize u nékterych
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pacientl predikovat t€zké systémové reakce (127,128). Alergen Ara h 8 patii do proteinové
rodiny PR-10 proteind, je termolabilni a snadno podléhéd enzymatickému $tépeni. Vykazuje
zktizenou reaktivitu s dalSimi Bet v 1 homolognimi proteiny. Alergickd odpovéd se
projevuje predevSim lokalné ve form¢ OAS. Zrozsahlé rodiny nsLTP pfitomné
v rostlindch, zelening, ovoci a lusténinach pochazi komponenta Ara h 9. Je termostabilni
a odolnd enzymatickému pulsobeni, mize vyvolat jak lokalni, tak systémové alergické
reakce, Obrazek 5 (56,128). U senzibilizace na jednotlivé molekularni komponenty jsou
popisovany vyrazné geografické rozdily, napiiklad v USA je typickd senzibilizace na
Arah 1, Arah 2 a Ara h 3 a byvé spojovéna s t&Z§imi piiznaky. Ve Spanélsku dominuje
senzibilizace na Ara h 9, u které k alergické odpoveédi na nsLTP araSidu dochézi
po ptedchozi senzibilizaci na jiné rostlinné a ovocné nsLTP (broskev, platan, pelynék
a dal8f). Senzibilizace na Ara h 1 a Ara h 3 je Castd u statd stfedni a severni Evropy,
ale nejvice zastoupenym byva Ara h 8, ktery méa vysokou homologii s Bet v 1 proteinem
bfizy a v pfipadé¢ klinické manifestace je spojovan s mirnéjsimi OAS piiznaky.
U pacientt alergickych na pyl bfizy se mohou velmi vzacné vyskytnout také systémove
reakce vyvolané Ara h 8 po poziti arasidu (56). Vzhledem k vysokému riziku anafylaktické
reakce po kontaktu s araSidy byl americkym ufadem pro kontrolu potravin a léCiv
(FDA, ,,Food and Drug Administration®), recentn¢ schvalen komeréné dostupny
terapeuticky alergen pro lécbu potravinové alergie na araSidy. Jednd se vibec o prvni
a jedinou alergenovou imunoterapii u potravinovych alergii. Preparat je urcen k navozeni

tolerance na alergeny arasidu a je indikovan ve véku 4—17 let (131).
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termostabilni alergeny:
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termolabilni alergeny:
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e S A;S '1’08 o prevazné lokalni reakce (OAS)
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Obrazek 5: VySetieni sIgE protilatek proti vybranym molekuldrnim komponentam arasidi.

Predikce rizika alergické reakce (113).

2.9.7 Zdroj alergenu — Ryby, mékkysi a korysi

Alergie na ryby, mckkySe a korySe patii mezi klinicky zédvaznd onemocnéni
s vysokym rizikem anafylaktickych reakci. Ryby jako strunatci jsou fylogeneticky vyrazné
odlisné od meékkysi i koryst. Alergie na ryby postihuje mén¢ nez jedno procento populace,
pfi¢emzZ pocet senzibilizovanych pacientd miiZze byt vyrazné vyssi dle potravnich navyku
v riznych geografickych oblastech (102). Pifimotiské staty s vysokou konzumaci ryb
arybolovem maji vysSi prevalenci alergickych reakci na ryby. Zakladnimi
a nejvyznamngj$imi alergeny ryb jsou parvalbuminy. Jsou soucésti svaloviny a jsou
odpovédné za vazbu véapnikovych iontil. Jsou termostabilni a udrzuji si svou alergenicitu
1v kyselém prostfedi a po pepsinolyze. Parvalbuminy jsou v rybach lokalizovany
predevsim v bilé svaloving, kterd je odpovédna za rychlé pohyby ryb. Naproti tomu tmava
svalovina vyuzivana k vytrvalému pohybu je na parvalbuminy chudsi. Z hlediska slozeni
rozliSujeme a-parvalbuminy, které jsou méné alergenni a vyskytuji se u jinych obratlovcl
nez ryb, a vysoce alergenni acidické rybi B-parvalbuminy. Parvalbuminy z rtiznych druhti
ryb vykazuji vyraznou zktizenou reaktivitu. B€zné se u nds miizeme setkat s parvalbuminy
Clu h 1 ze sled¢ obecného, Cyp c 1 z kapra, Gad m 1 z tresky, Onc m 1 ze pstruha, Sal s 1
z lososa, Thu a 1 z tundka a dalSimi. Neméné vyznamnymi alergeny jsou beta-enolazy,

které se vyskytuji v mnoha druzich ryb. Mezi beta-enoldzy patii Gad m 2 tresky, Sal s 2
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lososa a Thu a 2 tuiidka. ZvysSené hladiny specifickych IgE protilatek proti beta-enoldzam
se vyskytuji u poloviny pacienti s alergii na ryby. Vybér vyznamnych rybich alergent
dopliuji aldolazy A zastoupené alergeny Gad m 3 tresky, Sal s 3 lososa a Thu a 3 tunaka
(103).

Nékteré reakce na poziti ryb mohou byt zplisobeny alergii na parazitického

eey

helminta Anisakis simplex, jimz je nakazeno az tii Ctvrtiny motskych ryb zijicich

vvvvvv

Ani s 3 zktizené reagujici s mekkysi, korysi a ¢lenovci véetné roztoci (103).

v

Podstatné¢ komplikovanéj$i je situace u mékkyst a korysi, kde bylo popsano
nékolik desitek molekularné definovanych alergenti. Nejdulezitéjsi znich jsou
tropomyosiny, panalergeny, jejichz struktura je vysoce konzervovana napti¢ bezobratlymi
a slouzi ke svalové kontrakci. Jsou vysoce termostabilni a pfeckaji vétSinu tepelnych uprav
korysi a meékkyst. Jsou také dobfe rozpustné a mohou kontaminovat potraviny
zpracovavané spolu s témito bezobratlymi zivo¢ichy. Tropomyosinll je popsano mnoho
druhii. Jako ptiklady mizeme uvést Pen m 1 krevety nebo Hom a 1 humra. Tropomyosiny
koryst a mekkysi sdileji shodné epitopy s alergeny roztocl a hmyzu. Zkiizena reaktivita
byla popsana mezi tropomyosiny Pen m 1 krevety, Per a 7 §vaba, Der p 10 a Der f 10
rozto¢t. Kromé tropomyosind korysi a mekkysi obsahuji tepelné labilni arginin kindzy
(Pen m 2 krevet), lehky fetézec myosinu (Hom a 3 humra) a sarkoplasmaticky vapnik
vazajici protein (Pen m 4 krevet) (132). Uziti alergenovych extraktli v laboratorni
diagnostice mize kvuli vyrazné zkiizené reaktivité a velké druhové rozmanitosti téchto
zivo€ichii vést k nespravnym klinickym interpretacim. Zde se otevira cesta k vyuziti
molekularné definovanych alergenti a CRD diagnostice, ktera miiZe tyto problémy zmirnit

nebo odstranit (133).

2.9.8 Zdroj alergenu — PSeni¢na mouka (7Triticum aestivum)

Vyrazny posun v chdpani imunopatogenze, epidemiologie a klinickych projevi
alergickych 1 nealergickych reakci na bilkoviny pSenice seté Triticum aestivum piineslo
detailni poznani alergenniho spektra této obiloviny (134). Do mezinarodni nomenklatury
bylo zatfazeno 28 molekularné definovanych alergenti pSenice (58). Teprve pouZziti CRD
diagnostiky umozni lékafi orientovat se v této slozité situaci a spravné odhadnout cestu
expozice 1 riziko zéavaznosti alergického zanétu (135). PSenice patii k nejdéle

domestikovanym plodindm a spolu sryzi a kukufici je nejvice péstovanou kulturni
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rostlinou na Zemi. Bilkovina ziskana z této obilniny je soucasti nepieberné skaly pokrmi
a potravin. Proteiny pfedstavuji cca 10—15 % susiny zrna. Nejcastéji jsou tiidény podle své
extrahovatelnosti (rozpustnosti) v solnych roztocich na solubilni albuminy a globuliny,
které se podileji zhruba 15-20 %, a na nerozpustné prolaminy, ozna¢ované téZ soubornym
nazvem lepek (gluten). Prolaminy pSenice miizeme rozdélit na gliadiny (monomery)
a gluteniny (polymery). Pfedstavuji hlavni zdsobni proteiny zrna a diky nim je mozné
vyuzivat pSeni¢nou mouku k peceni. Mezi zasobnimi proteiny pSenice muzeme najit velmi
vyznamné alergeny. Patii k nim zejména gliadiny, a to tepelné stabilni m-5-gliadin, nesouci
mezinarodni oznaceni Tri a 19, dale pak termolabilni a-B-gliadin (Tri a 21) a y-gliadin
(Tri a 20) (101). Tri a 19 (w-5-gliadin) je odpoveédny za celou tadu alergickych projevi
véetné zavaznych systémovych reakci. Tento alergen se také vyznauje vyraznou
zktizenou reaktivitou s jinymi prolaminy obsaZenymi v dalSich ceredliich, zejména se
sekaliny zita a hordeiny je¢mene (136). Specifickou podobou alergie na bilkoviny pSenice
je WDEIA (,,Wheat-Dependent Exercise-Induced Anaphylaxis®, anafylaxe na pSenici
vyvolana fyzickou aktivitou) spousténd fyzickou ndmahou spojenou s konzumaci potravin
obsahujicich vétsi mnozstvi pSeniénych bilkovin. K typickym spoustécim alergeniim
tohoto onemocnéni fadime pravé Tri a 19. Rovnéz pekatské astma, jako typicka choroba
spojena s profesiondlni expozici prachu pifi manipulaci s moukou a dalSimi sypkymi
pSeniénymi surovinami, je vyvolano zasobnimi bilkovinami (134). Krom¢ gliadinii
obsahuje pSenice také gluteniny (101). Gliadiny vyvolavaji také celiakii, imunopatologické
onemocnéni s odliSnou patogenezi, ve které nesehrava tlohu IgE zprostiedkovany zanét.

Z alergenii obsazenych v rozpustné frakci bilkovin pSeni¢né¢ho zrna miizeme uvést
v prvni fadé skupinu o amyldzovych inhibitor. Patfi k nim zejména Tri a 28, Tri a 29,
ale také Tri a 15 (101). Tyto alergeny se do organismu dostavaji pfevazné respiracni
cestou, jsou odpovédné za vznik alergickych exacerbaci astmatu a za zdvazné az
anafylaktické reakce. Jsou termostabilni a vysoce odolné vuci ptisobeni proteaz. Navic
bylo zjiSténo, Ze tato skupina proteintli z pSenice je schopna aktivovat mechanismy vrozené
imunity a stimulovat produkci prozanétlivych cytokinil v zaZivacim traktu. To mlze vést
k infiltraci stfevni sliznice imunitnimi buitkami a k zanétu. Tento mechanismus by mohl
byt jednou z pfiCin neceliakdlni glutenové senzitivity (NCGS, ,,Non-Celiac Gluten
Sensitivity*) (137).

PSenice obsahuje také alergeny ze skupiny nsLTP (Tri a 14) nebo ze skupiny
profilind (Tri a 12). Obé skupiny mohou byt spoluzodpovédné za klinické projevy
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pekafského astmatu. Byla identifikovana celd fada dalSich molekuldrné definovanych

alergent pSenice, pro které se klinické korelace stale hledaji (101).
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PRAKTICKA CAST

3 Cile prace

Tato prace se zabyva zhodnocenim piinosu laboratorniho stanoveni specifickych
IgE protilitek pomoci multiplexniho systému ImmunoCAP ISAC® sIgE 112
u dospivajicich a dospélych pacientt s atopickou dermatitidou. Konkrétni cile prace byly

nasledujici:

1. Analyza senzibilizace na inhalaéni a potravinové molekuldrni komponenty
u pacientil s atopickou dermatitidou.

2. Zhodnoceni senzibilizacniho profilu u pacientd s mirnou, stfedné tézkou a tézkou
formou atopické dermatitidy a u podskupiny pacientii s atopickou dermatitidou
komplikovanou bronchialnim astmatem a alergickou rymou.

3. Zhodnoceni vysledki senzibilizace na inhala¢ni a potravinové molekularni alergeny
metodou klastrové analyzy.

4. Posouzeni pfitomnosti specifickych IgE protilatek reagujicich s alergeny vybranych

slozek potravy.

4 Material a metody
4.1 Soubor pacienti

V obdobi let 2018 az 2019 bylo na Klinice nemoci koznich a pohlavnich, Fakultni
nemocnice Hradec Kralové, vySetfeno 104 pacientll s atopickou dermatitidou. Diagndza
atopické dermatitidy byla stanovena dle Hanifin-Rajkovych kritérii (47). Vylucovacimi
kritérii pro zafazeni do studie byla dlouhodoba terapie cyklosporinem, metotrexatem,
azathioprinem, systémovymi kortikoidy, biologickou terapii, a dale t¢hotenstvi a kojeni.
RovnéZ nemohli byt zahrnuti pacienti s atopickou dermatitidou majici soucasné jina
systémova onemocnéni a pacienti s onkologickym onemocnénim.

U vsech pacientli zatazenych do studie bylo provedeno kompletni dermatologické
a alergologické vySetfeni a zaroven in-vitro stanoveni sérovych specifickych IgE protilatek
proti molekularné definovanym alergentim (ImmunoCAP ISAC® sIgE 112). Sbér krevnich
vzorkl probihal prospektivné. VSichni pacienti byli informovéani o ucelu studie a svou

dobrovolnou ucast potvrdili podpisem informovaného souhlasu. Studie byla schvalena
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Etickou komisi Fakultni nemocnice a LF UK v Hradci Kralové (Cislo jednaci: 201806
S04P; 201911 I01P).

4.2 Charakteristika souboru pacienti

Vysledky testu ImmunoCAP ISAC byly postupné zpracovany v souboru 60, 81,
100 a 104 pacienti s atopickou dermatitidou a jejich charakteristika je uvedena
v ptislusnych publikacich (138-141). Tyto soubory pacienti byly statisticky porovnany,
zda se zastoupeni pacientt lisi. Bylo zjisténo, Ze ve vSech piipadech se potvrdila hypotéza
shody pravdépodobnosti, tzn. zastoupeni pacientll se vyznamné nelisi.

V kazdém souboru byli pacienti rozdéleni dle indexu SCORAD do tii skupin
na mirnou formu AD, stfedné tézkou formu AD a téZkou formu AD. Dale byli AD pacienti
rozliSeni na dvé skupiny dle pfitomnosti bronchidlniho astmatu nebo alergické rymy.
Pacienti, ktefi trpéli obéma chorobami, byli zafazeni do obou skupin. Zavaznost alergické
rymy ¢i bronchialniho astmatu nebyla v ramci studie sledovana. Prevazna cast prispévkil

zahrnovala vysledky s poc¢tem 100 pacientd, viz Tabulka 2.

Tabulka 2 Charakteristika souboru 100 pacientii s atopickou dermatitidou

Pocet pacienti 100 pacientti (48 muzi, 52 Zen)

Vék pramérny vek 40,9 roku

Index SCORAD pramérna hodnota 39,0 bodt (s. d. 13,1)
Pozitivni vysledky sIgE ve sledovaném souboru 93 pacientt (93,0 %)

Mirna forma AD 14 pacientd (14,0 %)

Stiredné tézka forma AD 58 pacienti (58,0 %)

Tézka forma AD 28 pacientt (28,0 %)

Pocet pacientii s AB 55 pacienti (55,0 %)

Pocet pacientii s AR 78 pacienti (78,0 %)

AD - atopickd dermatitida, AB — bronchialni astma, AR — alergické ryma

4.3 Anamnesticka data

Anamnesticka data byla odebirdna v dermatologické ambulanci pii zafazeni
pacientli do studie formou cilené¢ zodpovézenych dotazli. Zvlasté bylo zjiStovano, jestli
pacient pozoruje nezddouci reakce po poziti konkrétnich potravin s upiesnénim,

o jaké obtize se jedna. Nezadouci reakce na potraviny jsou povazovany za vyznamny
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faktor zhorSujici pribéh atopické dermatitidy. Zarovent byly u vSech pacientd odebrany

anamnestické tidaje ohledné vyskytu alergické rymy a bronchidlniho astmatu.

4.4 Diagnostika bronchialniho astmatu a alergické rymy

Diagnostika bronchialniho astmatu (AB) byla provedena dle doporuc¢enych postupii
Globalni iniciativy pro astma (GINA) (142) ve spolupraci s klinickymi specialisty z Ustavu
klinické imunologie a alergologie Fakultni nemocnice Hradec Kralové.

Alergicka ryma (AR) byla diagnostikovana dle doporuceni ARIA (Allergic Rhinitis
and its Impact on Asthma) (143,144) rovnéz v kooperaci s 1ékaii z Ustavu klinické

imunologie a alergologie Fakultni nemocnice Hradec Kralové.

4.5 Zhodnoceni zavaZnosti atopické dermatitidy

Zavaznost atopické dermatitidy byla hodnocena podle indexu SCORAD (51).
Byl zhodnocen rozsah postizeni, intenzita onemocnéni a subjektivni parametry. SCORAD
index ve svém vypoctu zahrnuje rozsah postizené plochy pro jednotlivé ¢asti téla frontalni
a dorzalni strany (0-100), intenzitu erytému, edému, mokvani, exkoriaci, lichenifikace
a suchosti kiize (kazdy bod 0-3) a subjektivni parametry hodnotici nespavost a svédéni
ktze. ObtiZe jsou posuzovany na vizudlni analogové skale (0-10 bodl). VSechny hodnoty
byly zaznamendny do SCORAD formuléafe, Priloha 8.1. Vysledek vySetteni je dale
pocitdn matematickym vzorcem SCORAD: A/5 + 7B/2 + C. Ve schématu je A definovan
jako rozsah postizeni (0-100 bodt), B jako intenzita onemocnéni (0-18 bodid) a C jako
subjektivni parametry (0-20 bod®). Zavaznost atopické dermatitidy byla hodnocena do
25 bodt jako mirna forma AD, nad 25 bodl do 50 bodt jako stfedné téZka forma AD a nad
50 bodii jako tézka forma AD. Toto vysetieni bylo provedeno kazdé dva mésice v pribchu

jednoho roku a byla vypocitana primérna hodnota SCORAD (50).

4.6 Odbér krevnich vzorki

Vzorky periferni krve byly odebrany z kubitdlni Zily od pacienti s atopickou
dermatitidou do odbérovych zkumavek s aktivatorem krevniho sraZeni (BD Vacutainer®,
Becton Dickinson). Po koagulaci bylo sérum oddéleno od krevnich elementii centrifugaci
(10 min pfi 2500 g) a zamrazeno na -80 °C az do provedeni analyzy. Pfed vlastni analyzou
byly vzorky rozmrazeny pii pokojové teploté.

Pii zavadéni metody ImmunoCAP ISAC® sIgE 112 do klinické praxe byla srazliva

krev odebrana i od 15 zdravych darci, ktefi slouzili jako kontrolni skupina. Zastoupeni
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muzl a zen bylo rovnomérné. U vSech testovanych darcli byly naméteny hodnoty sIgE

<0,3 ISU-E, vyjadreny jako negativni.

4.7 Vysetieni sérovych sIgE protilatek metodou ImmunoCAP ISAC
Analyza byla provedena na Ustavu klinické imunologie a alergologie,

Fakultni nemocnice Hradec Kralové.

4.7.1 Princip analyzy

Hladina sérovych sIgE protilatek byla u vSech pacientli stanovena komercéné
dostupnou diagnostickou soupravou ImmunoCAP ISAC® sIgE 112 (Thermo Fisher
Scientific, Phadia AB, Uppsala, Svédsko). Systém ISAC (Immuno Solid-Phase Allergen
Chip) je semi-kvantitativni multiplexovd metoda. Reakce probiha na sklenéné desticce,
kterd ma cCtyfi reakéni prostory (bioCip) urcené pro 4 vzorky (pacienty) a na kazdém je
ukotveno celkem 112 molekuldrné¢ definovanych alergent v triplikatech, Obrazek 6.
Bioc¢ip obsahuje spektrum molekularnich komponent z riznych alergenovych zdroju, které
patii mezi nejCastéj$i spoustéCe alergickych reakci. Jsou zde zastoupeny molekularni
komponenty potravin rostlinného a zivoc¢isného puvodu, inhalacni komponenty pyll
(stromq, trav a plevele), dale komponenty zvifat, roztocl, spor plisni, hmyzich jedd,
parazitii a latexu. Zaroven lze tyto molekuldrni komponenty rozliSit na pfevazné druhoveé
specifické a prevazné zktizen¢ reagujici. Celkem je na bioipu zastoupeno 70 komponent
pfipravenych rekombinantni technologii a 42 komponent purifikovanych z pfirodnich
zdroji (nativni). ZkiiZzené reagujici cukerné determinanty (CCD) jsou na bioCipu
zastoupeny v podob¢ komponenty nMUXEF3, prostfednictvim které je testovdna piitomnost
anti-CCD protilatek v pacientskych sérech. Na biocCipu je pfitomno celkem Sest nativnich
komponent nesoucich ve své struktufe CCD. Jedna se o nJug r 2 (vlassky ofech), nPhl p 4
(bojinek), nCyn d 1 (troskut), nPla a 2 (platan), nCup a 1 (cypftiS) a nCry j 1 (kryptomerii).
Dalsi nativni komponenty nejsou ovlivnény. V piipadé pozitivniho vysledku sIgE proti
nMUXF3 je pravdépodobné, Ze téchto Sest molekuldrnich komponent nesoucich CCD, jsou
také pozitivni. Vysledky jsou pohledem soucasnych znalosti klinicky irelevantni. Pokud
nekterd z téchto Sesti komponent nevykazuje vyrazné vyssi vysledky nez nMUXF3 a neni
podlozena zadnym klinickym podezienim, 1ze ji povaZovat pouze za CCD pozitivni (106).
Podrobny seznam molekularnich komponent zastoupenych na bio¢ipu ImmunoCAP

ISAC® sIgE 112 znézoriiuje Tabulka 3.
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Obrazek 6: Systém ImmunoCAP ISAC - piiklad vysledku naseho pacienta s nalezem zvySené hladiny
sIgE protilatek proti nékolika molekulirné definovanym alergentim.

Molekularni alergeny jsou na bioCipu sefazeny vertikdln¢ v tripletech, v rozich jsou
umistény kontrolni body. Intenzita fluorescence je vizualizovana ve formé barevnych
spotti, kterym jsou piifazeny hodnoty koncentrace po vypoctu z kalibra¢ni kiivky. Barevné

spoty na obrazku zndzorfiuji pozitivni ndlez sIgE na danou molekulédrni komponentu (145).

4.7.2 Pracovni postup

V ramci jedné soupravy ImmunoCAP ISAC® sIgE 112 bylo vySetteno 20 vzorki,
resp. 19 pacientl a 1 kontrolni vzorek sIgE pro kalibraci. Na pfislusny reakéni prostor bylo
pfidano 30 pl nefedéného krevniho séra a nasledovala dvouhodinova inkubace, pii které
doslo k vychytani specifického IgE na odpovidajici molekularni komponenty. Nenavazané
protilatky byly odstranény promytim. Na zcela suchy bioCip bylo napipetovano 30 pl
fluorescenéné znacené sekundarni protilatky proti lidskému IgE. Po tficetiminutové
inkubaci byl opakovan proces promyti a kompletniho usuSeni bioCipu. Intenzita
fluorescence vzniklych imunokomplexi byla snimana mikro¢ipovym laserovym
scannerem LuxScan 10K/A (CapitalBio, Peking, Cina) a analyzovéna specialnim
pocitaovym softwarem Phadia MIA (Thermo Fisher Scientific, Phadia AB, Uppsala,
Svédsko), ktery pomoci kalibraéni kiivky kvantifikoval fluorescenéni signél jednotlivych
molekularnich komponent (86,87,106). Analyza byla provedena dle doporuceni vyrobce
(106).

Vysledky analyzy jsou vyjadfovany v arbitrarnich jednotkach zvanych

standardizované jednotky ISAC pro specifické IgE (ISU-E). Kalibrace je provadéna
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pomoci kontrolniho vzorku, ktery je soucasti kazdé diagnostické soupravy. M¢ftici rozsah
metody je udavan od 0,3 do 100 ISU-E. Vysledky vétsi nez 0,3 ISU-E jsou povazovany za
pozitivni. Namétené hodnoty sIgE lze zaroven vyjadiit v podobé Ctyt semi-kvantitativnich
tfid, a to tfida 0: <0,3 ISU-E jako negativni, tiida 1: 0,3>0,9 ISU-E odpovida nizké
pozitivité, tfida 2: 0,9> 15 ISU-E stfedni pozitivité a tfida 3: > 15 ISU-E vysoké pozitivité
(106).

Tabulka 3 Seznam molekulirnich komponent zastoupenych na bio¢ipu ImmunoCAP ISAC® sIgE 112

Zdroj Druh wr Molekularni Biochemicky

. Velikost
alergenu komponenta nazev

Prevazné druhové specifické — potravinové komponenty Zivo¢isného pivodu

n Gald 1 ovomukoid 28 kDa
Vajecny bilek Gallus n Gald2 ovalbumin 44 kDa
domesticus ;
n Gald 3 ovotransfgrm/ 78 kDa
conalbumin
Vajecny zloutek Gallus . n Gald>5 Serovy albumm/ 69 kDa
domesticus alfa-livetin
n Bosd 4 alfa-laktalbumin 14,2 kDa
Bos n Bosd 5 beta-laktoglobulin 18,3 kDa
Kravské mléko . .
domesticus n Bosd 8 kasein 20-30 kDa
n Bos d lactoferrin laktoferin -
Treska Gadus. r Gadc 1 parvalbumin 12 kDa
callarias
n Penm 2 arginin kinaza 40 kDa
Kreveta Penaeus sarkoplasmaticky
monodon n Penm 4 protein vazajici 20 kDa
vapnik

A

Pievazné druhové specifické — potravinové komponenty rostlinného ptivodu

Anacardium 11S globulin,

Kesu ofech . r Anao 2 , , . 55 kDa
occidentale zasobni protein
Para ofech Bertholletia r Berel Z,S alburmln, . 9 kDa
excelsa zasobni protein
Liskovy ofech | COmVlus n | Cora9 118 globulin, 40 kDa
avellana zasobni protein
r Jugrl 2,S albu’mln, . 15-16 kDa
Juglans zasobni protein
Vlassky ofech rooid 7S albumin,
& n Jugr?2 zasobni protein, 44 kDa
CCD*
Seza}move §‘esqmum . Sesi 1 2§ albu’mm, . 9 kDa
seminko indicum z4sobni protein
7S globulin zasobni
r Arah 1 protein 64 kDa
, r | Arah2 28 albumin, 17 kDa
“ Arachis zasobni protein
Arasid h 11S alobuli
ypogaea r Arah3 | > grobulinl, 60 kDa
zasobni protein
n | Arahé 28 albumin, 15 kDa

zasobni protein
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7S globulin,

Soia Glycine " Glym 3 zasobni protein 47-65 kDa
max n | Glyms 115 globulin, 52-61 kDa
zasobni protein
Pohanka Fagopyrum N Fag e 2 2$ albu’mm, . 16 kDa
esculentum zasobni protein
.. r Tria 19.0101 Omega-5 gliadin 65 kDa
Psenice Triticum trypsin/a-
aestivum n TriaaA TI ypstos - 14-15 kDa
- amylazovy inhibitor
Kiwi Actinidia Actd 1 cysteinova proteaza | 30 kDa
iwi o
deliciosa Actd 5 kiwelin 28 kDa
Prevazné druhové specifické — inhala¢ni komponenty pylu trav
Cynodon beta-expansin,
Troskut dactylon n Cyndl CCD* 32kDa
r Phlp 1 beta-expansin 27 kDa
r Phlp2 expansin 10-12 kDa
berberine bridge
Bojinek ratense S enzym, CCD* 55 kba
p r Phlp 5 travy ttidy 5 32 kDa
r Phlp 6 travy tfidy 6 11 kDa
r Phlp 11 Ole e 1-like protein | 20 kDa
Pievazné druhové specifické — inhala¢ni komponenty pylu stromi
. Cryptomeria . o 1os "
Kryptomerie Japonica n Cryjl pektat lyaza, CCD 41-45 kDa
s Cupressus L 1os *
Cypiis$ arizonica n Cupal pektat lyaza, CCD 43 kDa
' . Olee 1 olivovnik, skupina 16 kDa
Olivovnik Olea europaea 1
r Olee9 1,3-beta glukanaza | 46 kDa
putative invertase
Platanus ' Plaal inhibitor 18 kDa
Platan acerifolia polygalakturonaza
n Plaa2 CCD* 43 kDa
Pievazné druhové specifické — inhala¢ni komponenty pylu plevele
Ambrozie Ambrqs?g . n Ambal pektat lyaza 38 kDa
artemisiifolia
Pelynék Artemz;za n Artv1 defensin 28 kDa
vulgaris
Merlik Chenopodium r Cheal Ole e 1-like protein | 17 kDa
album
Jitrocel Plantago v |Plall Ole e 1-like protein | 18 kDa
lanceolata
, Salsola pektin
Slanobyl kali n Salk 1 methylesteraza 43 kDa
Prevazné druhové specifické — inhala¢ni komponenty zvirat
r Canfl lipokalin 23-25 kDa
Canis r Canf2 lipokalin 19 (27) kDa
Pes familiaris arginin esteraza,
r Canf5 prostaticky 28 kDa
kalikrein
Kun Equus . .
caballus r Equcl lipokalin 25 kDa
Kocka Felis r Feld 1 uteroglobin 38 kDa
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domesticus r Fel d 4 lipokalin 22 kDa
Mys Mus musculus | n Mus m 1 lipokalin 17 kDa
Prevazné druhové specifické — inhala¢ni komponenty spor plisni
Alternaria Alternaria r Altal neznamy 16,4-15,3 kDa
alternata r Alta 6 enolaza 45 kDa
r Aspfl mitogillin 18 kDa
. i Alni
. Aspergillus r Aspf3 peroxisoma 19 kDa
Aspergillus fumigatus I;/rlmem r
r Asp £6 11 SUpErox1 26,5 kDa
dismutaza
Cladosporium Cladosporium r Clah8 manitol . 28 kDa
herbarum dehydrogenaza
Prevazné druhové specifické — inhala¢ni komponenty roztoci a Svabu
i?p’?clz lis r Blot5 neznamy 14 kDa
(I;(?I?lt;(;éiho Dermatopha n Der f1 cysteinova proteaza | 27 kDa
prachu goides farinae | Der f2 NPC2 15 kDa
Dermatopha n Derp1 cysteinova protedza | 24 kDa
goides
pteronyssinus | | Derp2 NPC2 15 kDa
Rozto¢ Lepidoglyphus
skladistni destructor ' Lepd2 NPC2 16 kDa
r Blagl neznamy 46 kDa
atova
;o Blattella r Blag?2 aspar‘Ea 36 kDa
Rus domaci germanica piotegza <
n | Blags glutation 5- 23 kDa
transferaza
Pievazné druhové specifické — dalSi komponenty (hmyzi jed, paraziti, latex)
Ted viel Avis melli r Apim 1 fosfolipaza A2 16 kDa
ed vée is mellifera
Y P n Apim4 melitin 3 kDa
Jed vosika ggrlylgfle;ms r Pold>5 antigen 5 23 kDa
Jed vosy 11//525;}’[;? r Vesv 5 antigen 5 23 kDa
Skrkavka A‘msakls . Anis 1 1nh1b1’t0r serinovych 24 kDa
simplex proteaz
elongacni faktor
r Hevb 1 (rubber elongation 14 kDa
factor)
Hevea
Latex a - small rubber
brasiliensis ’ Hevb 3 particle protein 24 kDa
r Hevb 5 neznamy 16 kDa
r Hev b 6.01 prohevein 20 kDa
Prevazné zkriZené reagujici komponenty — profilin (Bet v 2 homologie)
Latex gﬂeavsi?iensis r Hev b 8 profilin 15 kDa
Bojinek ;)Zf::;e r Phlp 12 profilin 14 kDa
Bfiza f:’f%cclosa r Betv 2 profilin 15 kDa
Bazanka %‘ng”ahs r Mera 1 profilin 14,1-15,8 kDa
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Prevainé zkiiZené reagujici komponenty — PR-10 protein (Bet v 1 homologie)

Pyl lisky Corylus r Cor a 1.0101 PR-10 protein 17 kDa
avellana

Liskovy ofech Corylus r Cor a 1.0401 PR-10 protein 17 kDa
avellana

Arasid Arachis r Arah8 PR-10 protein 17 kDa
hypogaea

Soja Ziyxcme r Glym4 PR-10 protein 17 kDa

Kiwi Actinidia r | Actds PR-10 protein 17 kDa
deliciosa

Celer Apium r Apigl PR-10 protein 16 kDa
graveolens

Jablko Malus ) r Mald 1 PR-10 protein 17,5 kDa
domestica

Broskev Prun.us r Prup 1 PR-10 protein 18 kDa
persica

Olse Alnu.s r Alngl PR-10 protein 18 kDa
glutinosa

Bfiza Betula r Betv 1 PR-10 protein 17 kDa
Verrucosa

Pievazné zkriZené reagujici komponenty — thaumatin-like protein (PR-5 protein)

Kiwi Act?n.ldla N Actd?2 Thaumatm-hke 24 kDa
deliciosa protein

Prevazné zkrizené reagujici komponenty — polkalcin

Bojinek Phleum r Phlp 7 polkalcin 6 kDa
pratense

Bfiza Betula r Betv 4 polkalcin 7-8 kDa
Verrucosa

Prevazné zkriZzené reagujici komponenty — tropomyosin

Kreveta Penacus n Penm 1 tropomyosin 38 kDa
monodon

Rus domaci Blattellq n Blag7 tropomyosin 33 kDa
germanica

Skrkavka A‘msakls r Anis3 tropomyosin 41 kDa
simplex

Rozto¢ Dermatopha

domaciho goides r Derp 10 tropomyosin 36 kDa

prachu pteronyssinus

Prevazné zkrizené reagujici komponenty — sérovy albumin

Kravské mléko Bos . n Bosd 6 sérovy albumin 67 kDa
domesticus

Pes Can.z A n Canf3 sérovy albumin 69 kDa
familiaris

oy Equus A .

Kun caballus n Equc3 sérovy albumin 67 kDa

Kocka Felis . r Feld2 sérovy albumin 69 kDa
domesticus

Prevazné zkriZené reagujici komponenty — nsLTP

Liskovy ofech Corylus r Corag nsLTP 9 kDa
avellana

Vlassky otech Jug?ans n Jugr3 nsLTP 9 kDa
regia

Arasid Arachis r Arah9 nsLTP 9,8 kDa
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hypogaea

Psenice TrltzF um r Tria 14 nsLTP 9 kDa
aestivum

Broskev Prun.us r Prup3 nsLTP 10 kDa
persica

Olivovnik Olea europaea | n Olee 7 nsLTP 9,5 kDa

Platan Platc'muf r Plaa3 nsLTP 10 kDa
acerifolia

Pelynék Artemztvza n Artv3 nsLTP 12 kDa
vulgaris

Drnavec {Jarz?tarza r Parj2 nsLTP 10-14 kDa
Judaica

Zkiizené reagujici cukerné determinanty

CCD | n | MUXF3 I bromelain I -

Vysvétlivky: nsLTP (non-specific lipid transfer protein), CCD (zktizen€ reagujici cukerné
determinanty, cross-reactive carbohydrate determinants), n (nativni), r (rekombinantni).

Upraveno dle www.allergen.org, www.allergome.org a (106).

4.8 Diagnostika potravinové alergie u pacienti s atopickou dermatitidou

Cilem diagnostického postupu potravinové alergie u pacientd s atopickou
dermatitidou je identifikovat spoustéci potravinu, piipadné jeji slozku (molekularni
komponentu), ktera se podili na zhorSeni AD ¢i dalSich klinickych reakcich spojenych
s prozanétlivym uc¢inkem potravinovych alergenti (48,67). Obecné¢ je postupovano dle
doporuceni vychézejicich z navrhu Evropské akademie alergologie a klinické imunologie
(EAACI a GALEN) (66).

V naSem souboru AD pacientl jsme se vprvni fadé¢ zaméfili na dikladné
anamnestické udaje vcetné¢ posouzeni rizikovych potravin a kofaktorti ovliviiujicich
alergickou reakeci (fyzicka ndmaha, farmakologicka anamnéza aj.). Pfi podezieni na Casné
IgE mediované reakce po konzumaci dané potraviny byly v pfedchozich letech provedeny
kozni prick testy s nativni potravinou, atopické epikutanni testy a laboratorni stanoveni
sérovych sIgE protilatek proti extraktovym potravinovym alergeniim (146—148). Stavajici
vySetieni byla v ramci této studie doplnéna o multiplexni stanoveni sIgE protilatek proti
molekularnim komponentdm (ImmunoCAP ISAC). V ramci doporuceného diagnostického
postupu FA (66) jsme toto stanoveni zafadili pfed diagnostickou elimina¢ni dietu, viz
Obrazek 7. V ptipad€ neurcité klinické reakce po poZiti potraviny nebo pii podezieni na
non-IgE mediované reakce lze provést APT testy (149), které ale nebyly pfedmétem této
prace.

Na zakladé pozitivnich vysledkl sIgE protilatek proti potravinovym komponentam
(ImmunoCAP ISAC) a anamnestickych tdajt (napt. opakované obtize pi1 konzumaci dané
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potraviny) podstoupili pacienti eliminac¢ni dietu s vylou¢enim podezielé potraviny ze
stravy. Nasledné¢ byl proveden otevieny expozicni test, kterym byla potvrzena nebo

vyloucena skute¢na potravinova alergie na testovanou potravinu (66,101,150).

Perzistujici stfedné tézka a tézka forma AD

|

/ Anamnestickd data \

SPT sIgE protilatky proti alergenovym extraktim APT

|

slgE protilatky proti molekularnim komponentam (ImmunoCAP ISAC)

|

Diagnosticka eliminaéni dieta (obvykle 4-6 tydn)

|

Hodnoceni ekzémovych pfiznaka (index SCORAD) v dobé zklidnéni AD pred provedenim OET

|

Prvni OET s testovanou potravinou

|

Hodnoceni neekzémovych priznak( v pribéhu OET testu a nasledujici 2 hodiny po podani potraviny

|

Hodnoceni intenzity ekzémovych pfiznakl 6 az 48 hodin od zacatku OET testu

|

V pfipadé negativni reakce: poZziti testované potraviny po dobu nékolika dni v bézné
denni davce. Hodnoceni intenzity ekzémovych projevid denné v pribéhu jednoho tydne.

|

Nejméné jeden tyden bez expozice (Iépe 2-3 tydny)

|

Dalsi OET

Obrazek 7: Diagnosticky postup potravinové alergie u pacienti s atopickou dermatitidou.

Diagnosticky postup vychazi z névrhu Evropské akademie alergologie a klinické
imunologie (EAACI a GA’LEN) (66). V ramci nasi prace jsme stanoveni sIgE protilatek
proti molekuldrnim komponentdm (ImmunoCAP ISAC) zatadili pfed diagnostickou

eliminac¢ni dietu (zvyraznéno tucnge).
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4.9 Diagnosticka eliminacni a diagnosticka hypoalergenni dieta

U vSech pacientll s mirnou formou AD byla pfi podezieni na potravinovou alergii
dle anamnestickych udaji nebo dle vysledkli laboratorniho stanoveni sIgE (ImmunoCAP
ISAC test) doporucena eliminacni dieta s vylouCenim podezielé potraviny ze stravy
nejméng po dobu 14 dni.

Pacienti se stfedné tézkou a tézkou formou AD podstoupili diagnostickou
hypoalergenni dietu obvykle v délce 4-6 tydnl. Ze stravy byly vylouceny potraviny
s vyraznou alergenicitou jako je kravské mléko, pSeni¢nda mouka, séja, vejce, stromové
ofechy, araSidy a zaroven potraviny, na které vzniklo podezieni dle vysledka
anamnestickych udaji a laboratorniho stanoveni sIgE (ImmunoCAP ISAC test). Dale byly
ze stravy vylouceny potraviny s histaminolibera¢nim uc¢inkem (napt.: syry, ryby, uzené
maso, kyselé zeli aj.), potraviny s barvivy, stabilizatory a konzervanty. Také byly
vylouceny ovoce a zelenina v syrové podobé¢, koteni a potraviny obsahujici ptidatné latky,
tzv. potravinova aditiva. Zaklad diety tvorila pfedevsim ryze, kukufice, brambory, maso
(s vyjimkou ryb a motskych plodl) a tepeln¢ upravend zelenina (s vyjimkou celeru,
petrzele a mrkve) a tepeln¢ upravené ovoce. V rdmci pitného rezimu byly povoleny pouze
pitna voda, mineralni voda a ¢erny ¢aj (48,147,151), Priloha 8.2.

V pribéhu eliminacni, event. diagnostické hypoalergenni diety si pacient
zaznamenaval intenzitu obtizi spojenych s atopickou dermatitidou (pruritus, erytém, vysev
novych loZisek aj.). Pfed zahdjenim a po ukonceni elimina¢ni i diagnostické hypoalergenni

diety byla objektivné zhodnocena intenzita AD pomoci indexu SCORAD.

4.10 Otevieny expozicni test

V piipadé, ze u pacientd, kteti podstoupili eliminaéni ¢i diagnostickou
hypoalergenni dietu doslo ke zlepSeni projevll atopické dermatitidy, byl proveden vlastni
expozi¢ni test s podezielou potravinou (napf. ryby a korysi, stromové ofechy, araSidy,
jablko, broskev, celer).

Pted provedenim expozi¢niho testu byly vysazeny léky, které by mohly ovlivnit
vysledky vysSetieni, a to antihistaminika alespon pét dni, dalsi lokalni oSetfeni klize ztstalo
bez omezeni. Pokud pacient v minulosti neprodélal akutni systémovou anafylaktickou
reakci a testovand potravina byla soucasti bézné stravy, byl test proveden v doméacim
prostfedi. Pacienti s té¢z§i formou bronchialniho astmatu a/nebo po prodélané systémové
alergické reakci byli pfijati ke kratkodobé hospitalizaci pro provedeni OET s podezielou

potravinou. Pacientim, ktefi anamnesticky uvedli €asnou alergickou reakci po poZiti
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arasidu, ryb nebo stromovych ofechi nebyl kvili riziku anafylaktické reakce proveden
OET.

Vlastni provedeni OET nasledovalo po podstoupeni diety uvedené vyse,
a to v obdobi bez piiznakii nebo s ohledem na pribéh onemocnéni AD (napf.: u pacientd
s pylovou alergii nebyl test provadén v pylové sezdn¢€). Kazdy test byl proveden dle
obecného schématu, a to se ttemi davkami testované potraviny v prubéhu dvou dnti. Jedna
davka potraviny byla poddvana v dil¢ich podilech v 10minutovych intervalech po dobu
jedné hodiny.

Vysledky expoziéniho testu byly hodnoceny jako pozitivni, pokud byla
zaznamenana jedna nebo vice z nasledujicich objektivnich a subjektivnich klinickych
reakci: kozni (exantém, urtikdrie, angioedém, pruritus, zhorSeni atopické dermatitidy),
gastrointestinalni (OAS, nauzea, bolest bficha, prijem) a respira¢ni (nosni kongesce,
dechové obtize). Casné reakce byly definovany jako klinické piiznaky, které se vyskytly
do 2 hodin po poziti potravy, pozdni reakce byly patrné minimalné¢ po 6 hodinéch.
V pfipadé, ze v pribéhu expozi¢niho testu bylo zaznamenano zhorSeni AD nebo jiné
klinické reakce, pacient pokracoval v eliminaci podezielé potraviny a nasledné byla
zavaznost AD hodnocena kazdé 3 mésice béhem 1 roku s vylou¢enim potraviny. Pokud byl
expozi¢ni test negativni, pacient mohl zavést tuto potravinu zpét do jidelnicku a zdvaznost
AD byla v priibéhu konzumace tolerované potraviny hodnocena kazdé 3 mésice v pribchu
1 roku. V piipad¢ podezieni na potravinovou alergii na vice neZ jednu potravinu, byl dalsi

OET proveden za 2-3 tydny po prvnim OET (148).
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4.11 Statistické hodnoceni

Vysledky vysetfeni sIgE proti 112 molekularnim komponentdm (ImmunoCAP
ISAC® sIgE 112) a klinické udaje s vysledky otevieného expoziéniho testu byly
zpracovany do tabulek. Ziskand data byla statisticky zpracovdana ve spolupraci
s Ing. Josefem Bukagem a RNDr. Evou Cermakovou (Ustav 1ékai'ské biofyziky, Univerzita
Karlova, Lékatska fakulta v Hradci Kralové) a prof. RNDr. Hanou Skalskou, CSec.
(Katedra informatiky a kvantitativnich metod, Univerzita Hradec Kralové, Fakulta

informatiky a managementu).

Analyza senzibilizace na molekularni komponenty stanovené ImmunoCAP ISAC

Pro zhodnoceni vztahu mezi hladinou sIgE a zavaznosti atopické dermatitidy
a/nebo vyskytem bronchidlniho astmatu a/nebo vyskytem alergické rymy byl pouZit test
nezéavislosti chi-kvadrat. Jednim faktorem byl pocet negativnich a pozitivnich reakci
(nizkd, stfedni a vysoka pozitivita hladiny sIgE proti molekularnim komponentdm),
druhym faktorem byla zadvaznost atopické dermatitidy (mirnd, stfedné t€zk4 a tézka forma
AD). Hladina vyznamnosti byla 5 %. Zaroven byl takto hodnocen vztah mezi poctem
pozitivnich reakci (nizka, stfedni, vysokd pozitivita) a vyskytem bronchidlniho astmatu,
a/nebo alergické rymy. Data byla zpracovéana v softwaru Microsoft Excel 2007.

Ve sledovaném souboru pacientli s atopickou dermatitidou byla vypocitana
relativni Cetnost (frekvence) vyskytu senzibilizace na jednotlivé molekularni komponenty.
Cetnost je uddvana v procentech a je pogitana bud’ z celkového poétu pacientii s AD, anebo
z piislusné podskupiny pacientt. Statistickou analyzou bylo zhodnoceno, zda vyskyt
senzibilizace na molekularni komponenty souvisi se zdvaznosti atopické dermatitidy nebo
s vyskytem bronchialniho astmatu a alergické rymy. Sledované parametry byly vloZeny do
kontingen¢nich tabulek a vyhodnoceny testem nezavislosti chi-kvadrat s hladinou
vyznamnosti 5 %. Zaroven bylo v téchto podskupinach pacienti hodnoceno potadi
molekularnich komponent, zdali patii do mnoziny alergenti s nejvyssi pravdépodobnosti
pozitivniho vysledku sIgE ¢i nikoli. Namétené vysledky sIgE byly zpracovany unikatni
statistickou analyzou dle prace Worsleyho (152) zalozenou rovnéz na testu nezavislosti
chi-kvadrat s hladinou vyznamnosti 5 %. Cetnost senzibilizace na molekularni
komponenty vlasského a liskového ofechu, jablka, broskve, celeru a arasidu byla graficky
znazornéna pomoci Vennovych diagramt. Data byla zpracovana v softwaru Microsoft

Excel 2007.
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Zhodnoceni vysledkii sSIGE (ImmunoCAP ISAC) pomoci klastrové analyzy

Vysledky sIgE protilatek stanovené testem ImmunoCAP ISAC byly statisticky
zpracovany pomoci klastrové analyzy (Cluster Analysis, shlukova analyza). Pro vypocet
byl pouzit statisticky software NCSS 2019 Statistical Software (NCSS, LLC. Kaysville,
Utah, USA). Namétené hodnoty sIgE (ISU-E) byly pievedeny do ¢tyi kategorii (0-3), tzn.
0 =<0,3 ISU-E; 1 = 0,3> 0,9 ISU-E; 2 = 0,9> 15 ISU-E; 3 = > 15 ISU-E. Tato data byla
zpracovana pro razné pocty klastrii (napf. pro pocet 3, 6, 8, 10 klastrii a dalsi) metodou
,Clustering by Medoid Partitioning a postupem ,,Kaufman-Rousseeuw* s t€mito
parametry: objektivni funkce: silueta, typ vzdalenosti: euklidovsky, typ stupnice:
smérodatnd odchylka, molekularni komponenty: ordinalni proménné (153).

Cilem klastrové analyzy je rozdéleni souboru objektd (v naSem piipadé¢ 112
molekularnich komponent zastoupenych na bio¢ipu ISAC) do dvou a vice klastrii (shluki)
tak, aby molekularni komponenty v radmci jednoho klastru byly podobné (blizké)
a molekularni komponenty z riznych klastri byly odlisné (vzdalené). Tato analyza vytvaii
matematicky model rozdé€leni dat do klastri dle semi-kvantitativnich hodnot sIgE. V ramci
analyzy vSak nejsou zohlednény chemické a biologické charakteristiky jednotlivych
molekularnich komponent.

Interpretace siluet: Zda objekt (molekularni komponenta) patii do pfislusného
klastru nebo ne, lze vyjadfit hodnotou tzv. siluety (Silhouette Value). Silueta je vypocitana
dle matematického vzorce pro kazdy objekt a nabyva hodnot od minus jedné do jedné.
Hodnota siluety udava, jak dobie byl objekt klasifikovan do ptislusného klastru a do jaké
miry je odliSny (vzdaleny) od nejbliz§iho sousedniho klastru. KdyZ je hodnota siluety
blizka cislu jedna, tak je objekt klasifikovan dobte. Pokud klastr obsahuje pouze jeden
objekt, je mu pfifazena hodnota nula. Je-li hodnota siluety blizkd zdporné hodnoté jedna,
objekt je klasifikovan Spatné (tzn. je blize sousednimu klastru nez tomu, do kterého byl
pfifazen). Zaroven je pro kazdy klastr udavan primér siluet (Cluster Average) (153).

Stanoveni poctu Kklastri: Jedna z moznosti, jak vybrat vhodny pocet klastrii
v analyzovaném souboru dat, je zvolit takovy pocet klastrii, které maji nejvyssi primérnou
hodnotu siluety vypocitanou ze vSech klastri. Tato hodnota se oznacuje SC (Silhouette
value — Cluster average, Overall Average) a lze ji matematicky interpretovat dle tabulky,

kterou navrhli Kaufman a Rousseeuw (153,154), viz Tabulka 4.
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Tabulka 4 Klastrova analyza — navrhovana interpretace siluet dle Kaufmana a Rousseeuw

SC (Silhouette value — Cluster
average)

Interpretace

0,71 - 1,00 nalezena silna struktura

0,51 -0,70 nalezena pfiméfena struktura

0,26 - 0,50 struktura je slaba a mize byt artificialni
-1-0,25 nebyla nalezena zadna podstatna struktura

Zhodnoceni senzitivity vybranych potravinovych komponent (ImmunoCAP SAC)

Senzitivita testu ImmunoCAP ISAC byla hodnocena pro molekularni komponenty

7 v o

ryb a korysu. Klinickd reakce po poziti ryb byla potvrzena na zékladé anamnestickych

udajii nebo vysledku OET. Senzitivita byla vypocitana jako podil pozitivnych vysledkt

sIgE u pacientt s potvrzenou klinickou reakci.

66



5 Vysledky

Vysledky této studie jsou koncipovany jako soubor komentovanych publikaci.

Diserta¢ni prace zahrnuje celkem 12 praci, které uzce souvisi s jejim tématem.
Jedna se o 11 piivodnich praci a 1 prehledovy ¢lanek. Celkem 9 plivodnich praci bylo
publikovano v impaktovaném casopise Food and Agricultural Immunology a 1 pivodni
prvoautorskd prace v Casopise Acta Medica. Dalsi 2 prvoautorské prace, ptivodni
a piehledova, byly publikovany v &asopise Cesko-slovenska dermatologie.

Naplni publikovanych praci je zhodnoceni piinosu laboratorniho stanoveni
specifickych IgE protilatek pomoci multiplexniho systému ImmunoCAP ISAC® sIgE 112
u dospivajicich a dospélych pacientll s atopickou dermatitidou. DalSim cilem je
vyhodnoceni vztahu senzibilizace na molekularni komponenty k vyskytu dalSich
alergickych onemocnéni a vyhodnoceni vyznamu inhala¢nich a potravinovych
molekularnich komponent ve vztahu k zdvaznost atopické dermatitidy.

Prvotni vysledky byly publikovany nasouboru 60 pacientl. Postupné byly
vysledky zpracovany s vétSim poctem pacienttl.

Kwvili rozsahlému obsahu publikovanych ¢lanka jsou v prilohach uvedeny plné
texty pouze 4 hlavnich publikaci souvisejicich s cili této prace (Prace ¢. IX — XII).

Zbyvajici publikace jsou zminény formou stru¢nych komentarii (Prace ¢. I — VIII).
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Komentare vysledkii praci

5.1 Praceé. 1
Citace: Celakovska J, Buka¢ J, Vaiikova R, Krémova I, Krejsek J, Andrys C. Sensitisation
to molecular allergens of Alternaria alternata, Cladosporium herbarum, Aspergillus

fumigatus in atopic dermatitis patients. Food Agric Immunol. 2019;30(1):1097-1111.

V této praci jsme hodnotili senzibilizaci na inhala¢ni alergeny plisni rodu
Alternaria (rAlt a 1, rAl a 6), Cladosporium (rCla h 8) a Aspergillus (rAsp f 1, rAsp £ 3
arAsp f 6) u pacientli s atopickou dermatitidou. Zéaroven jsme hodnotili vztah mezi
vyskytem senzibilizace na komponenty plisni a vyskytem senzibilizaci na dalsi
potravinové nebo inhala¢ni molekuldrni komponenty. Celkem bylo vySetfeno 60 pacientii
s atopickou dermatitidou (prumérny vék 41,4 roku).

Zavér: Senzibilizace na testované komponenty plisni byla zaznamenéana u 58 %
pacientl s atopickou dermatitidou. Pfi zhodnoceni reakci na jednotlivé komponenty plisni
byla zjiSténa vyznamnd zavislost mezi senzibilizaci na komponenty plisni a vyskytem
reakci na nékteré potravinové a inhala¢ni komponenty jako je arasid, vlaSsky ofech,
liskovy ofech, jablko, kiwi, broskev, celer, treska, krevety, bojinek, platan, kryptomerie,

pelynek, mys, kocka a kan.

5.2 Praceé. Il alll

Citace: Celakovska J, Buka¢ J, Vaiikova R, Kremova 1, Krejsek J, Andrys C. Sensitisation
to molecular components in patients with atopic dermatitis, relation to asthma bronchiale
and allergic rhinitis. Food Agric Immunol. 2020;31(1):600—-629.

Citace: Vaikova R, Celakovska J, Buka¢ J, Krémova I, Krejsek J, Andrys C. Vyuziti
multiplexového syst¢tmu ImmunoCAP ISAC k urceni senzibilizace na molekularni
komponenty ~souvisejici se zdvaznosti atopické dermatitidy. Cesko-Slovenska

Dermatologie. 2020;95(5):166—79.

V obou publikacich jsme se zabyvali senzibilizaci na inhala¢ni a potravinové
molekuldrni komponenty u 81 pacienti s atopickou dermatitidou (pramérny vek 41,7
roku). Hodnotili jsme nejcastéji zastoupené molekuldrni komponenty u mirné, stiedné

tézké a tézké formy atopické dermatitidy a posuzovali jsme, zda existuje zavislost mezi

68



zavaznosti atopické dermatitidy a vyskytem senzibilizace na inhala¢ni a potravinové
komponenty. Dale jsme hodnotili, zda Cetnost senzibilizace na molekularni komponenty
souvisi s vyskytem bronchialniho astmatu nebo alergické rymy.

Zavér: Byl potvrzen vztah mezi zavaznosti atopické dermatitidy a hladinou sIgE
protilatek proti molekularnim komponentam (p-hodnota <0,001). Statisticky vyznamny
vztah byl také potvrzen v hladinach sIgE protilatek (p-hodnota <0,001) mezi pacienty
s bronchialnim astmatem a bez bronchidlniho astmatu. Naopak vyznamny rozdil v hladiné
sIgE mezi pacienty s alergickou rymou a bez alergické rymy prokdzéan nebyl (p-hodnota =
0,099). Z analyzy dle Worsleyho (152) vyplyva, Ze poradi Cetnostni zastoupeni
molekularnich komponent dle zavaznosti AD a/nebo piitomnosti AB a AR vzhledem
k velikosti sledovaného souboru se statisticky vyznamné neliSilo. Vyznamnou roli
v alergickém pochodu by mohly mit nésledujici komponenty, které se vyznamné cCastéji
vyskytovaly soucasné¢ u pacienti s tézkou formou atopické dermatitidy, bronchialnim
astmatem a alergickou rymou. Jedna se o zvifeci alergeny rFel d 1 a rFel d 4 (kocka),

rCan f 1 arCan f5 (pes), rEqu ¢ 1 (k1) a rAlt a 6 (Alternaria).

5.3 Praceé. 1V
Citace: Celakovska J, Buka¢ J, Vaiikova R, Krcmova I, Krejsek J, Andrys C. ISAC
multiplex testing — results of examination in 100 patients suffering from atopic dermatitis.

Food Agric Immunol. 2020;31(1):1014-35.

V této praci jsme pomoci analyzy dle Worsleyho (152) hodnotili, které molekularni
komponenty patii do mnoZiny alergent s nejvyssi pravdépodobnosti pozitivniho vysledku
ve skupiné pacientli s atopickou dermatitidou a v podskupinach pacientl s alergickou
rymou nebo bronchidlnim astmatem. Zaroven jsme posuzovali, zda existuji rozdily
v senzibilizaci u mirné, stfedné tézké a t€zké formy AD a u pacientl trpicich astmatem
bronchiale nebo alergickou rymou. Celkem jsme vysSetfili 100 pacientd s atopickou
dermatitidou (primérny vek 40,9 roku).

Zavér: Nejcastéji byla zaznamendna senzibilizace na pyly trav a stroml v podobé
hlavniho alergenu bojinku rPhl p 1 (beta-expansin) a hlavniho alergenu biizy rBet v 1
(PR-10 protein). Casté byly také senzibilizace na potraviny rostlinného ptivodu (PR-10
proteiny), roztoce (NPC2 rodina) a zvifeci alergeny (uteroglobiny, lipokaliny). Potadi

cetnosti vyskytu molekuldrnich komponent u mirné formy AD nebylo statisticky
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vyznamné. Naopak u pacientll se stfedné tézkou a téZkou formou AD a u podskupiny
pacientl s alergickou rymou byla nalezena mnozina komponent s vyssi pravdépodobnosti
pozitivniho vysledku, avsak jejich pfesné poradi nebylo mozné urcit. Na zaklad¢ nasich
vysledki u pacientd stézkou formou atopické dermatitidy doporucujeme pii
diagnostickém postupu zaméfit se na inhala¢ni alergeny pylu trav, stromt, zvifeci alergeny

a roztoce.

5.4 Praceé.V

Citace: Celakovska J, Buka¢ J, Vatikova R, Krejsek J, Andrys C. The relation between the
sensitization to molecular components of inhalant allergens and food reactions in patients
suffering from atopic dermatitis. Food Agric Immunol. 2021;32(1):33-53.

Citace: Celakovska J, Buka¢ J, Vaikova R, Krejsek J, Andrys C. Correction to: The
relation between the sensitization to molecular components of inhalant allergens and food
reactions in patients suffering from atopic dermatitis. Food Agric Immunol.

2021;32(1):121-5.

Hodnotili jsme vztah mezi senzibilizaci na inhala¢ni molekularni komponenty pylu
trav, stromd a plisni a vyskytem klinickych reakci po poziti ofechd, arasidu, sdji, pSenicné
mouky, celeru, jablka, broskve a kiwi u pacientl s atopickou dermatitidou. Dale jsme
urcovali kombinaci molekularnich komponent s vysokou hladinou sIgE, které by mohly
byt asociovany s atopickou dermatitidou. VysSetfili jsme 100 pacientd s atopickou
dermatitidou (primérny vék 40,9 roku).

Zavér: Celkem u 64,3 % pacientli s AD jsme zaznamenali pozitivni vysledky
u jedné nebo vice z jednadvaceti komponent s velmi vysokou hladinou sIgE (>15 ISU-E).
Jednalo se o komponenty nDer f 1 a rDer f 2 (cysteinova protedza), nDer p 1 a rDer p 2
(NPC2 rodina), rAlt a 1 (Alternaria), tBet v 1, tMal d 1, rAln g 1, rCor a 1.0401 (PR-10
protein), rCan f 1, rFel d 4, nMus m 1, rEqu ¢ 1 (lipokaliny), rFel d 1 (uteroglobin),
rCan f 5 (prostaticky kallikrein) a rPhl p 1, rPhl p2, nPhl p 4, rPhl p 5, rPhl p 6 anCyn d 1.
Vyznamné vyssi vyskyt senzibilizace na nékterou z molekuldrnich komponent rAln g 1,
rBet v 1, rPhl p 1, rPhl p2, nPhl p 4, rPhl p 5, rPhl p 6, rPhl p 11 byl potvrzen u pacientil

trpicich reakcemi na arasidy, liskové ofechy, vlasské otfechy, celer, jablko a broskev.
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5.5 Pracec. VI
Citace: Celakovska J, Buka¢ J, Vaiikova R, Krejsek J, Andrys C. Peanuts allergy in atopic

dermatitis patients, analysis of sensitization to molecular components. Food Agric

Immunol. 2021;32(1):221-36.

V této praci jsme hodnotili vyskyt potravinové alergie na arasidy ve vztahu
k senzibilizaci na komponenty arasid u pacientti s atopickou dermatitidou. Zaroven jsme
hodnotili vztah mezi vyskytem klinickych reakci po poziti arasidu a mezi senzibilizaci na
inhala¢ni molekularni komponenty pylu trav, stromd a plisni u pacientd s atopickou
dermatitidou. Senzibilizaci na molekularni komponenty arasidu jsme graficky znazornili
pomoci Vennova diagramu. VySetfili jsme 100 pacientll s atopickou dermatitidou
(pramérny vek 40,9 roku).

Zavér: Alergie na arasidy byla potvrzena u 27 % pacienti s atopickou
dermatitidou. U vétSiny pacientti byly klinické obtize spojovany s alergenem rAra h 8
ze skupiny PR-10 proteinti, u mensi ¢asti pacientll byly zaznamendny klinické obtize
vyvolané rAra h 9 zrodiny nsLTP a zdsobnimi proteiny araSidu rAra h 1, rAra h 2,
rArah 3 a rAra h 6. Byl potvrzen vyrazné vyssi vyskyt senzibilizace na komponenty pylu
stromd (rAln g 1, rBet v 1) a komponenty pylu bojinku (rPhl p 1, rPhl p 2, nPhl p 4,
rPhl p 5, rPhl p 6, rPhl p 7) u pacientt s klinickou reakci po poziti arasidu.

5.6 Prace¢. VII
Citace: Celakovska J, Buka¢ J, Vaiikova R, Krejsek J, Andrys C. Food allergy to apple,
peach and celery in atopic dermatitis patients, analysis of sensitisation to molecular

components. Food Agric Immunol. 2021;32(1):184-203.

V této praci jsme hodnotili vyskyt alergie na jablko, broskev a celer u pacienti
s atopickou dermatitidou. Cetnost senzibilizace na molekularni komponenty jablka,
broskve a celeru jsme graficky znazornili pomoci Vennovych diagrami.

Zavér: Alergie na jablko byla prokézana u 15,9 %, na broskev u 15,1 % a na celer
u 5,3 % pacienta s atopickou dermatitidou. U jedinct, kteti byli senzibilizovani alergenem
Bet v 1, jsme zaznamenali potravinovou alergii na jablko, broskev a celer u 42,2 %
a senzibilizaci na komponenty jablka, broskve a celeru jsme prokéazali u 48,4 %. VétSina

pacienti s klinickou reakci na jablko, broskev nebo celer trpéla lokdlnimi projevy
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alergického zanétu ve formé oralniho alergického syndromu. Pruritus popisovala vice nez
polovina pacienti. Urtikarie a zazivaci obtize byly méné Casté a pouze ve vzacnych

ptipadech byly zaznamenany dechové obtize.

5.7 Prace ¢ VIII
Citace: Vaiikova R, Celakovska 7, Krejsek J, Krémova I, Andrys C. Molekularné
definované alergeny a jejich wvyuziti v diagnostice alergického zanétu (atopické

dermatitidy). Ces-slov Derm. 2020;95(4):127-140.

Pouziti molekularné definovanych alergent je dal$im krokem ke zptesnéni diagnozy,
uréeni pficinnych alergenli pro alergenovou imunoterapii a predikci zdvaznych reakci.
Lze také odlisit reakci na druhové specifické alergeny od zkiizené reagujicich.
Cilem ptehledového clanku bylo informovat o moznostech laboratorni diagnostiky

molekularnich alergenti u atopické dermatitidy.

5.8 Praceé. IX

Citace: Vaikova R, Celakovska J, Buka¢ J, Krémova 1, Krejsek J, Andrys C. Sensitization
to Molecular Components in 104 Atopic Dermatitis Patients in Relation to Subgroups of
Patients Suffering from Bronchial Asthma and Allergic Rhinitis. Acta Medica (Hradec
Kral Czech Republic). 2020;63(4):164-75.

Plny text ptispévku je uveden v priloze 8.3.

Cilem tohoto pfispévku bylo zhodnoceni senzibilizace na inhalacni a potravinové
molekularni komponenty v celém souboru 104 pacientl s atopickou dermatitidou
(primérny vek 40,1 roku). Hodnotili jsme, které molekularni komponenty jsou nejcastéji
zastoupené u pacientd s AD. Posuzovali jsme, zda se lisi senzibilizacni profily u mirné,
sttedné tézké a té¢zké formy AD a jestli je senzibilizace ovlivnéna ptitomnosti
bronchidlniho astmatu nebo alergické rymy.

Pti porovnani cetnosti vyskytu pozitivnich reakci na molekularni komponenty
u pacientd s mirnou, stfedné¢ téZkou a téZkou formou AD byl prokdzan statisticky
vyznamny rozdil (p-hodnota <0,05). Uvedené molekularni komponenty s vysokou ¢etnosti

vyskytu byly potvrzeny vyznamné cCasteji u pacientli s t€Zzkou formou AD. Jednd se
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o hlavni inhala¢ni alergeny bojinku (rPhl p 1), roztoct (rDer f 2 a rDer p 2), kocky
(rFel d 1, rFel d 4), psa (rCan f 1, rCan f 5), kon¢ (rEqu ¢ 1), mysi (nMus m 1), celeru
(rApi g 1) a také o vedlejsi alergeny plisni rodu Alternaria (rAlt v 6) a Aspergillus
(rAsp f 6) a alergen krevet (nPen m 2).

Nasledné bylo zvlast’ provedeno porovnéni Cetnosti vyskytu pozitivnich reakei na
molekularni komponenty v souboru pacientll s bronchidlnim astmatem a s alergickou
rymou. U pacientli trpicich atopickou dermatitidou a zaroven bronchidlnim astmatem byl
prokazan statisticky vyznamny rozdil (p-hodnota <0,05) v zastoupeni senzibilizaci na
komponenty bojinku (rPhl p 2), olivovniku (rOle e 9), plisni rodu Alternaria (rAlt a 6)
ajedu vosy (rVes v 5). U pacientl trpicich atopickou dermatitidou a zaroven alergickou
rymou byl také prokdzan statisticky vyznamny rozdil (p-hodnota <0,05). Vyznamné Castéji
byly =zastoupeny senzibilizace na inhalaéni a potravinové alergeny z rodiny
PR-10 proteint, konkrétné alergeny biizy (rBet v 1), lisky (rCor a 1.0101), jablka
(rMal d 1), broskve (rPru p 1), celeru (rApi g 1). Zaroven byly zaznamenany vyznamngé
Castéji senzibilizace na inhala¢ni alergeny pylu trav troskutu (nCyn d 1), bojinku (rPhl p 5,
rPhl p 6), roztoclh (rDer f 2) a zvifeci alergeny kocky (rFel d 4), psa (rCan f 1), koné
(rEqu ¢ 1) a mys$i (nMus m 1).

Zavér: Stejné¢ jako u skupiny s men$im poctem AD pacientd byla nejcastéji
zaznamenana senzibilizace na hlavni alergen bojinku rPhl p 1 (beta-expansin) a hlavni
alergen btizy rBet v 1 (PR-10 protein). Opakované byla potvrzena mozZna souvislost mezi
senzibilizaci na nckteré¢ alergenni komponenty a zavaznosti atopické dermatitidy.
Jednalo se predev§im o hlavni alergeny roztoct (rDer f 2, rDer p 2), doméacich zvirat
(rFel d 1, rFel d 4, rCan f 1, rCan F 5, rEqu ¢ 1, nMus m 1) a plisni rodu Alternaria
(rAlt v 6) a Aspergillus (rAsp f 6). V tomto sméru doporucujeme zaméfit vySetieni
specifickych IgE na tyto alergeny v ramci klinickych postupli a 1écby pacienti s AD

se zvlastnim ohledem na riziko vzniku zavaznych reakeci.

5.9 Pracec. X

Citace: Celakovska J, Buka¢ J, Vaitkova R, Cermakova E, Krcmova I, Krejsek J, Andrys
C. Cluster analysis of molecular components in 100 patients suffering from atopic
dermatitis according to the ISAC Multiplex testing. Food Agric Immunol. 2020;31(1):
810-831.
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Cely text ptispévku je uveden v priloze 8.4.

Vysledky testu ImmunoCAP ISAC jsme zhodnotili pomoci klastrové analyzy.
Posuzovali jsme, zda je senzibilizace na molekularni komponenty asociovana s klasifikaci
alergeni do pfislusnych proteinovych rodin na zdkladé jejich molekularnich
a biochemickych vlastnosti. Klastrovd analyza zahrnuje rizné metody a algoritmy pro
seskupovani podobnych objektd do pfislusnych kategorii. Pro klasifikaci objekta
(molekularnich komponent) do pfislusnych klastrti jsme vyuzili algoritmu, kdy je kazdy
objekt charakterizovan hodnotou tzv. siluety, kterd vyjadiuje vzdalenost jednoho objektu
od ostatnich (komponent). Na zakladé¢ matematické interpretace hodnot siluet dle
»Kaufmana a Rousseeuw* a zohlednéni chemickych a biologickych charakteristik
jednotlivych molekularnich komponent byla vybrdna analyza s poc¢tem 10 klastrii. Report
statistické analyzy pro 10 klastrii je soucasti plného textu publikace.

Zavér: Dle vysledki klastrové analyzy maji v souboru AD pacientd jedinecné
postaveni komponenty bojinku rPhl p 1 (beta-expansin) a nPhl p 4 (Berberine bridge
enzyme), bfizy rBet v 1 (PR-10 protein) a spory plisné¢ rodu Alternaria rAlt a 1.
Tyto komponenty byly zaznamendny samostatné a nevyskytovaly se v dalSich klastrech.
Usporadani dalSich molekularnich komponent do pfisluSnych klastri potvrzuje tzkou
chemickou a biologickou podobnost (homologii) v rdmci proteinovych rodin.
Do samostatného klastru byly naptiklad zafazeny molekularni komponenty potravin
rostlinného ptivodu, které vykazuji vysokou homologii v rdmci Bet v 1 homolognich
proteintl. Samostatny klastr byl také identifikovan pro komponenty bojinku. Zaroven byly
nalezeny klastry s molekularnimi komponentami patficimi do proteinovych rodin, jako

jsou cysteinoveé proteazy a rodina NPC2, lipokalinti, uteroglobinti a tropomyosind.

5.10 Prace ¢. XI
Citace: Celakovska J, Buka¢ J, Vaikova R, Krejsek J, Andrys C, Krcmova 1. Food allergy
to shrimps and fish in patients suffering from atopic dermatitis, the results of ISAC

Multiplex examination. Food Agric Immunol. 2020;31(1):1061-78.

Cely text ptispévku je uveden v priloze 8.5.

Hodnotili jsme vyskyt senzibilizace na komponenty ryb a korySi u pacienti

s atopickou dermatitidou. Posuzovali jsme vztah mezi vyskytem hypersenzitivnich reakci
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na ryby a korySe a mezi vyskytem senzibilizace na plisné, roztoe a Svaby u pacientli
s atopickou dermatitidou. Hypersenzitivni reakce na ryby a korySe byla potvrzena na
zéklad¢ vysledka otevieného expozi¢niho testu nebo na zakladé anamnestickych udaju.
Zaroven jsme hodnotili senzitivitu stanoveni sIgE protilatek proti komponentdm ryb
a koryst stanovenych metodou ImmunoCAP ISAC. Vysledky byly zpracovany ve skupiné
100 pacientli s atopickou dermatitidou (pramérny vek 40,9 roku). Alergie na ryby byla
diagnostikovéna u 13 % pacientl a alergie na korySe pouze u 6 % pacientl s atopickou
dermatitidou. Exacerbaci koznich 1ézi popisovali 4 % pacientd s alergii na ryby a 2 %
pacientl s alergii na koryse.

Zavér: Senzitivita byla vyhodnocena pro komponentu ryb rGad ¢ 1 (46,2 %) a pro
komponenty kory$t nPen m 1 (33,3 %) a nPen m 2 (50,0 %). U pacienti s alergii na ryby
a zarovenl na korySe byl zaznamenan signifikantné¢ vySs$i vyskyt senzibilizace na plisné
rodu Alternaria (rAlt a 6) a Aspergillus (rAsp f 6). U pacientii s alergii na ryby byl
potvrzen vyssi vyskyt senzibilizace na komponenty roztoct (nDer f 1, rDer f 2, nDer p 1,
rDer p 2, rLep d 2, rBlo t 5) a plisni (rAlt a 6, rAsp f 1, rAsp f 6). U pacientd s alergii na
koryse byl patrny vyssi vyskyt senzibilizace na alergeny plisni (rAlt a 6, rAsp £ 6, rCla h 8)
a $vaba (r Bla g 1, nBla g 5). Vyznamnou asociaci mezi alergii na koryse a senzibilizaci na
tropomyosin roztoct rDer p 10 jsme u pacientli s atopickou dermatitidou neprokazali. Pii
diagnostice pacientl s alergickou reakci na ryby ¢i koryse je dilezité brat v iivahu, Ze tyto
reakce mohou byt zplisobeny konzumaci kontaminovaného jidla parazitickym helmintem
Anisakis simplex (sled'ovy Cerv). Vyznamnou asociaci s timto helmintem a alergii na ryby

a koryse jsme vSak neprokéazali.

5.11 Préce ¢. XII

Citace: Celakovska J, Bukag J, Vaikova R, Salavec M, Krejsek J, Andrys C. Allergy to
walnuts and hazelnuts in atopic dermatitis patients and analysis of sensitization to
molecular components. Food Agric Immunol. 2021;32(1):105-20.

Cely text pfispévku je uveden v priloze 8.6.

V této praci jsme hodnotili vyskyt potravinové alergie na vlasské a liskové ofechy

u pacientl s atopickou dermatitidou. Cetnost senzibilizace na molekuldrni komponenty
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vlasského a liskového ofechu jsme graficky znazornili pomoci Vennovych diagramt.
Celkem jsme vysetfili 100 pacientt s atopickou dermatitidou (primérny vék 40,9 roku).

Zavér: Potravinova alergie na liskovy ofech byla potvrzena u 25 % pacientil
s atopickou dermatitidou. Tito pacienti byli alergicti pfedevsim na rCor a 1.0401 z rodiny
PR-10 proteini, mén¢ na rCor a 8 (nsLTP) a zasobni protein nCor a 9 (11S globulin).
Potravinova alergie na vlassky ofech byla potvrzena u 14 % pacientli s atopickou
dermatitidou. Alergie na zasobni proteiny nJug r 2 a rJug r 1 byla patrna u 8 % pacientil
a na zkiizen¢ reagujici alergen nJug r 3 (nsLTP) u 6 % pacientd.

U pacientd salergii na liskovy ofech byly v pfipad¢ pozitivity sIgE proti
rCor a 1.0401 (PR-10 protein) zaznamenany mirné klinické obtize v podobé oralniho
alergického syndromu, pruritu a zhorSeni AD. Pfi pozitivité sIgE proti rCor a 8 (nsLTP)
byly také patrné projevy oralniho alergického syndromu, pruritus, zhorSeni AD a navic
zazivaci obtize.

U pacientt s alergii na vlassky ofech byly v ptipad¢ pozitivity sIgE proti zasobnim
proteinim nJug r 2 (7S globulin) a rJug r 1 (2S albumin) patrné projevy pruritu, zazivaci
obtize a zhorSeni AD. U pacientl s pozitivitou sIgE proti nJug r 3 (nsLTP) byly

popisovany projevy oralniho alergického syndromu, pruritu a zhorSeni AD.

Vysledky vySetieni sIgE protilitek pomoci multiplexni analyzy ALEX

V pribchu studie jsme meéli piilezitost rozsifit naSe zkuSenosti v oblasti CRD
diagnostiky o dal$i analyzu, konkrétn& o multiplexni systém ALEX?®, ktery byl do
laboratorni praxe uveden v pribéhu roku 2019. Celkem jsme touto metodou vysetiili 100
vzorkl ze sledovaného souboru pacienti s AD. Prvotni vysledky byly jiZ publikovany ve
dvou sdélenich. Postupné tyto prace planujeme doplnit o dalsi vysledky zpracované

obdobnymi statistickymi postupy, jako v ptipadé vysledki systému ImmunoCAP ISAC.

Citace: Celakovska J, Vankova R, Bukac J, Cermakova E, Andrys C, Krejsek J. Atopic
Dermatitis and Sensitisation to Molecular Components of Alternaria, Cladosporium,
Penicillium, Aspergillus, and Malassezia Results of Allergy Explorer ALEX 2. J Fungi.
2021;7(183):1-15.
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V prvnim pfispévku jsme se zaméfili na vyznam senzibilizace na molekuldrni
komponenty plisni a kvasinek rodu Cladosporium, Penicillium, Aspergillus a Malassezia
u pacientii s atopickou dermatitidou. Zaroven jsme posuzovali Cetnost senzibilizace
ve vztahu k zavaznosti atopické dermatididy a pfitomnosti bronchidlniho astmatu nebo
alergické rymy.

Zavér: Senzibilizace na Mala s 6, Mala s 11, Sac ¢, Asp f 6, Cla h a Cla h 8
korelovala se zavaznosti atopické dermatitidy. Senzibilizace na komponenty Sac ¢, Alt a 6,
Cla h, Cla h 8 byla pozorovdna vyznamné castéji u pacientll trpicich bronchialnim
astmatem. U pacientl s alergickou rymou byla zaznamenana vyss§i Cetnost senzibilizace

na Mala s 6.

Citace: Celakovska J, Buka¢ J, Cermakova E, Vaitkova R, Skalska H, Krejsek J, et al.
Analysis of Results of Specific IgE in 100 Atopic Dermatitis Patients with the Use of
Multiplex Examination ALEX2—Allergy Explorer. Int J Mol Sci. 2021;22(10):1-32.

V druhé praci jsme se zabyvali analyzou senzibilizace na molekularni a extraktové
alergeny stanovené ALEX?®. Byl prokazin vztah mezi hladinou specifického IgE
a zavaznosti AD a zaroven vyskytem bronchidlniho astmatu a alergické rymy. Vysoka
avelmi vysokd hladina specifického IgE proti 18 molekularnim komponentdm byla
prokédzana u 75 % pacientil. Jednalo se o komponenty pylu stromi a potravin rostlinného
puvodu odvozenych z rodiny Bet v 1 homolognich proteini (Aln g 1 oSe, Bet v 1 bfiza,
Cor al.0103 pyl lisky, Cor al.0401 liskovy ofech, Fag s 1 buk). Dale byly zastoupeny
komponenty Can f 1 (lipokalin, pes), Der f 2 a Der p 2 (NPC2 rodina, rozto¢), Der p 23
(proteinovd doména podobna peritrofinu, rozto¢), Fel d 1 (uteroglobin, kocka), Alt a 1
(plisent rodu Alternaria), Lol p 1 (beta-expansin, jilek) a Phl p 1 (beta-expansin, bojinek),
Phl p 2 (expansin, bojinek), Phl p 5.0101 a Phl p 6, (travy skupiny 5/6, bojinek) a extrakt
zpylu lisky (Cor a pollen) a extrakt z zita (Sec c¢ pollen). Senzibilizace na nasledujici
komponenty korelovala se zavaZznosti atopické dermatitidy. Jednalo se o komponenty
skladovych roztoci z NPC2 rodiny (Gly d 2, Lep d 2), lipokaliny (Can f 1, Can 2, Can f4
a Can f 6), arginin kindzu (Asp f 6, Bla g 9, Der p 20, Pen m 2), uteroglobin (Fel d 1,
Ory ¢ 3), Mn superoxid dismutdzu (Mala s 11), PR-10 proteiny (Fag s 1, Mal d 1,
Cor a 1.0401, Cor a 1.0103), komponenty proteinové domény podobné peritrofinu
(Der p 21, Der p 23) a extrakt zzita (Sec c¢ pollen). U podskupiny pacientli
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s diagnostikovanym  bronchidlnim astmatem dominovala senzibilizace piredevsim
na alergeny roztoct z NPC2 rodiny (Lep d 2, Der p 2, Der f 2), ze skupiny cysteinovych
proteaz (Der p 1) azproteinové domény podobné peritrofinu (Der p 21, Der p 23).
Neméné Castd byla senzibilizace na Alt a 6 (enolaza, Alternaria) a Phl p 1 (beta-expansin,
bojinek). Recentné identifikovany hlavni alergen roztoct Der p 23, ktery je soucasti této
soupravy, je dle literatury asociovan s bronchidlnim astmatem a je povazovan za klinicky
dalezity marker pii diagnostice roztocové alergie a pii indikaci specifické alergenové
imunoterapie.

Zavér: Vysledky prace znazorfiuji detailni senzibilizaéni profil pacientd
s atopickou dermatitidou a zarovenl poukazuji na dilezitost epidermdlni bariéry, jejiz
naruSeni vede ke zvySenému prostupu alergenti do organismu. NaSe vysledky by mohly byt
pfinosné jak zhlediska rezimovych opatfeni, tak pfi indikaci specifické alergenové

imunoterapie.
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6 Zavér

Vysledky prace popisuji detailni senzibilizacni profil pacientii s atopickou
dermatitidou a zaroven poukazuji na dalezitost epidermalni bariéry, jejiz naruseni vede ke
zvysenému prostupu alergenii do organismu.

Vysetteni specifickych IgE protildtek multiplexni metodou ISAC by mohlo byt
ptinosné u dospélych jedinct trpicich tézkou formou atopické dermatitidy, kdy zdsadni roli
v senzibilizaci mohou hrat piedev§im hlavni alergeny pylu trav, stromt, roztoci, kocky,
psa, kon¢ a spory plisni. Dominujici postaveni rozto¢i by mohlo byt klicové pro rozvoj
polysenzibilizace u tézkych forem AD. Soucasnd data se vSak neshoduji v tom,
zda alergeny rozto¢l maji hlavni vyznam cestou pifimého kontaktu s kzi pacienta nebo
ptes adhezi v dychacich cestach. Je vsak ziejmé, Ze u pacientli s AD a alergii na roztoce
hraje zdsadni roli porucha kozni bariérové funkce.

Naopak u mirné formy AD se zda pifinosné se v klinické praxi spiSe zaméfit na to,
zda ekzémové projevy nesouvisi s alergii na hlavni alergeny pylu trav (bojinek) a stromt
(bfiza s bohatou zktizenou reaktivitou s potravinami rostlinného ptivodu v ramci Bet v 1
homologie).

Vyznamnou roli v alergickém pochodu by mohly mit komponenty, které se
vyznamné ¢astéji vyskytovaly soucasné u pacientt s t¢zkou formou atopické dermatitidy,
bronchidlnim astmatem a alergickou rymou. Jednd se o alergeny zvifat a plisni rodu
Alternaria.

Na zéklad€ analyzy pfitomnost sIgE protilatek reagujicich s alergeny vybranych
slozek potraviny (stromové ofechy, ryby, korysi, arasidy, jablka, celeru a broskve) jsme
ziskali informace, které by mohly zpiesnit specifickou 1é€bu a byt piinosné z hlediska

rezimovych a elimina¢nich opatfeni.
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8  Prilohy
8.1 Formular hodnoceni indexu SCORAD
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8.2 Doporuceny jidelni¢ek v pribéhu eliminaéni diety

DOPORUCENY JIDELNICEK V PRUBEHU ELIMINACNI DIETY

Dodrzeni dietnich opatieni v prab&hu eliminaéni diety je dulezitd soudast vySetFeni
potravinové alergie.

Expozi¢ni test se sledovanymi potravinami nésleduje tuto dietu a jeho vysledek je
povaZovan za nejpiinosné&jsi pfi stanoveni potravinové alergie.

Pro spolehlivé stanoveni potravinové alergie je nutné stanovit pfisnou diagnostickou dietu
na 14-21 dni, dodrZovat niZe uvedena doporudeni. Ide sice o pfisnou dietu, ale je to pouze
diagnosticka dieta, ktera je sougasti vy3etfeni

Pii pfipravé stravy zcela vynechdvdme mléko, mlé&né vyrobky, obilnou mouku
a potraviny, které v§eobecn& dradi atopicky ekzém (okolada, citrusy, kakao, apod.). Déle je
nutné pii sestavovani eliminaéni diety vyloudit potraviny, na které vzniklo podezieni na
zéklad@ vysledku koznich testd, vySetfeni krve a pohovoru nemocného s lékatem.

Zakladem diety je uplné vylouceni obilné mouky a mléénych vyrobki ze stravy. To tedy
zahrnuje i vyloudeni peiva, chleba, suSenek, t&stovin, knedlikd, polévek a omadek
zahu$ténych obilnou moukou, bramboraky, meékké salamy, parky, jitrnice, pastiky, plnéné
¢okolady, karamely, pivo.

DOPORUCENE POTRAVINY

« Ryzovy, kukufiény chléb

« K pecivu mozno ptidat doméci dZem, ale zileZi na individudlni snaSenlivosti

«+ Jako piilohy ryZi, brambory a bezlepkové t&stoviny

- Maso hovézi, vepfové, kufeci; ryby pouze po schvaleni lékafem

» Maso pfipravovat na sadle, popf. na rafinovaném slune&nicovém oleji (nepouzivat
rostlinné tuky!)

« Uzeniny nejsou vhodné

« Zeleninu a ovoce konzumovat po tepelném Gpravé (dusena zelenina, kompotované ovoce,
atd.)

« Syrovou zeleninu a ovoce zafadit do jidelni¢ku pouze po domluvé s lékafem

« Nepouzivat kofeni, u pylovych alergiki je nutné vyloudit celer, petrZel

«  Vhodnymi ndpoji jsou mineralka, istd voda, nedoporudujeme bylinkové a ovocné &aje
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Sensitization to Molecular Components

in 104 Atopic Dermatitis Patients in Relation
to Subgroups of Patients Suffering

from Bronchial Asthma and Allergic Rhinitis

Radka Varikova, Jarmila Celakovska®*, Josef Bukac?, Irena Krémoval, Jan Krejsek?, Ctirad Andrys!

ABSTRACT

Background: Atopic dermatitis (AD) is a chronic inflammatory skin disease. The progression from AD to bronchial asthma (AB) and allergic
rhinitis (AR) is called atopic march. The aim of this study was to evaluate the difference in the sensitization to molecular components in
patients suffering from AD in relation to subgroups of patients with AR and AB.

Material and Methods: The complete dermatological and allergological examinations were performed. Specific IgE antibodies against

112 molecular components were measured with the multiplex ImmnoCAP ISAC test.

Results: Altogether 104 atopic dermatitis patients (50 men, 54 women) at the average age 40.1 years were examined. The sensitization

to molecular components was confirmed in 93.3% of patients. The sensitization to components of mites, grasses, trees, animals, moulds,
and shrimps was significantly more frequent in patients with severe form of AD and the sensitization to components of grasses, trees,
and moulds was significantly higher in subgroup of patients with AB. In subgroup of patients suffering from AR the higher occurrence of
pollen-derived and pollen-food derived PR-10 proteins, grasses, mites, and animals was observed also.

Conclusions: We have confirmed the significant differences in the sensitization to molecular components in patients suffering from severe
form of AD, and in subgroups of patients suffering from AB and AR. These molecular components may play the important role in the
consecutive development of different allergy pathologies called atopic march.

KEYWORDS
molecular components; multiplex ISAC testing; severity of atopic dermatitis; bronchial asthma; allergic rhinitis; atopic march
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Sensitization to Molecular Components in Atopic Dermatitis Patients

INTRODUCTION

Atopic dermatitis (AD) is a chronic inflammatory skin dis-
ease. The pathogenesis of AD involves susceptibility genes,
immune dysregulation, and disrupted epidermal barrier
function resulting in increased transepidermal water loss
(TEWL), permeation of irritants, microbes and aeroal-
lergens (1-3). The immune response is polarized towards
innate immunity cells, such as dendritic cells, innate lym-
phoid cells type 2 (ILC-2), mast cells, basophilic granulo-
cytes, and eosinophilic granulocytes. The direct contact
of skin with allergens could trigger signals to initiate Th2
allergic response. A typical manifestation of allergic in-
flammation is the production of IgE antibodies directed
against causative allergens (4, 5). A progression from AD
to allergic rhinitis (AR) and bronchial asthma (AB) may
develop in the first several years of life. This process is a
phenomenon called atopic march (6). Positive correlations
have been demonstrated between the severity of AD and
the risk of development bronchial asthma, and allergic
rhinitis (1). However, the exact mechanism explaining
the atopic march remains to be elucidated. Emerging data
suggest that epithelial cell-derived cytokines such as thy-
mic stromal lymphopoietin (TSLP), IL-25, and IL-33 may
drive the progression from AD to bronchial asthma and
food allergy (1). Various allergens may cause exacerba-
tion of eczematous skin lesions in atopic dermatitis. The
main allergenic sources are food, moulds, trees, weeds,
grasses, mites, and animals (7). Specific IgE sensitization
to food and aeroallergens, especially to house dust mites,
pollen-derived and plant-derived food allergens has been
described in adult AD patients (8).

Diagnostic tests of allergic diseases such as in-vivo skin
prick tests or in-vitro measurement of specific IgE, and
basophil activation test, are based on allergens derived
from natural sources (extracts). Each allergen source is
a very complex mixture of allergenic and non-allergenic
proteins. This methodology has its limitations. Allergic
extracts are incapable to differentiate between primary
sensitization and immunological cross-reactivity (9-11).
Progress in laboratory diagnostics of IgE-mediated allergy
was made by the introduction of component-resolved di-
agnosis (CRD). The molecularly defined allergens (compo-
nents) are used in a singleplex test or a multiplex allergen
microarray assay. The main goal of CRD is to distinguish
between the mainly species-specific components and the
cross-reactive allergen molecules. It is evident that CRD
enhances the specificity of IgE-diagnosis in polysensitized
respiratory allergies (12), and can be also applied in food
allergies (13) and atopic dermatitis (13, 14) and in addition,
may reveal unexplained anaphylaxis (10).

The aim of this study was to evaluate the sensitization
to molecular components in relation to severity of AD and
to determine whether there are some differences between
the sensitization profiles in subgroups of patients suffer-
ing from bronchial asthma and allergic rhinitis. To identi-
fy the sensitization and co-sensitization to species-specific
and cross-reacting allergen components we used a com-
mercially available microarray immunoassay ImmunoCAP
ISAC. It is a complex assay for simultaneous determina-
tion of allergen specific IgE (sIgE) against 112 molecular
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components (purified natural and recombinant) originat-
ing for more than 50 sources (14, 15). The major advantage
of ISAC is the comprehensive IgE pattern obtained with a
minute amount of serum (16).

Only few reports demonstrate the sensitization to mo-
lecular components in atopic dermatitis patients and the
relation of this sensitization to the severity of atopic der-
matitis, and to the occurrence of bronchial asthma and
allergic rhinitis (8, 17, 18). It should be emphasized that in
this study we focused on the degree of sensitization only
and not on its clinical relevance.

MATERIAL AND METHODS

PATIENTS

In the period 2018-2019, 104 patients suffering from atopic
dermatitis were examined. All these patients were exam-
ined at the Department of Dermatology and Venereolo-
gy, University Hospital Hradec Kralové, Czech Republic.
Complete dermatological and allergological examination
was performed in all patients enrolled to this study. The
diagnosis of atopic dermatitis was made using the Hani-
fin-Rajka criteria (19). Exclusion criteria were long term
therapy with cyclosporin or systemic corticoids, pregnan-
cy, breastfeeding. Patients with atopic dermatitis having
other systemic diseases were excluded from the study as
well. This study was approved by the Ethics Committee,
University Hospital Hradec Kralové, Czech Republic.

BRONCHIAL ASTHMA

The diagnosis of bronchial asthma (AB), was determined
according to the guidelines of the Global Initiative for
Asthma (GINA) at allergy outpatients clinic of the Insti-
tute of Clinical Immunology and Allergology, University
Hospital Hradec Kralové, Czech Republic.

ALLERGIC RHINITIS
The evaluation of allergic rhinitis (AR), was made accord-
ing to the allergy testing and personal history.

SEVERITY OF ATOPIC DERMATITIS

Severity of atopic dermatitis was scored according to
SCORAD index (Scoring of Atopic Dermatitis) with the as-
sessment of topography items (affected skin area), inten-
sity criteria and subjective parameters (20). The severity
of atopic dermatitis was evaluated with SCORAD index as
a mild form to 25 points, as a moderate form over 25 to 50
points, as a severe form over 50 points. The evaluation of
the severity was calculated as the average SCORAD mea-
sured every 2 month during 1 last year (21).

EXAMINATION OF SPECIFIC IGE TO MOLECULAR
COMPONENTS BY IMMUNOCAP ISAC TEST

Samples of blood were collected from the cubital vein.
Blood serum was isolated by centrifugation and stored un-
der -70 °C until analysis. Repeated thawing and freezing
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were avoided. The levels of specific IgE in all patients
were determined by the component-resolved diagno-
sis microarray-based sIgE detection assay ImmunoCAP
ISAC sIgE 112 (Phadia, Thermo Fisher Scientific, Uppsa-
la, Sweden). ImmunoCAP ISAC sIgE 112 is a solid-phase
semi-quantitative multiple immunoassay which enables
to determine 112 different components from 51 allergen
sources (22, 23). The molecular components are applied in
triplicates (70 recombinant, 42 purified natural) to ensure
the test reproducibility. The specific IgE values are mea-
sured in arbitrary units ISU-E (ISAC Standardized Units),
measuring range of 0.3-100 ISU-E. The results of sIgE are
presented semi-quantitatively in 4 classes: < 0.3 ISU-E
negative, 0.3 > 0.9 ISU-E low positivity, 0.9 > 15 ISU-E mod-
erate positivity, = 15 ISU-E very high positivity (the level
of specific IgE greater than 0.3 ISU-E was considered as
positive) (14). The analysis was conducted according to the
manufacturer’s instruction.

STATISTICAL ANALYSIS

We analysed the data to determine whether the occurrence
of sensitization to examined molecular components is in
relation to the severity of atopic dermatitis. In addition,
we assess if there are some differences in the sensitization
to molecular components in the subgroups of patients suf-
fering from bronchial asthma or allergic rhinitis. Relative
frequencies of sensitization to the investigated molecular
components were determined in all patients according to
the severity of atopic dermatitis, bronchial asthma and al-
lergic rhinitis. Pairs of these categories were enrolled in
the contingency tables and the Chi-square independence
test was performed. The significance level was set to 5%.

RESULTS

We examined 104 patients suffering from AD, 50 men and
54 women with the average age 40.1 years (s.d. 15.9) and
with the average SCORAD index 39 points (s.d. 13.1). Mild
form of AD was recorded in 13.5% of patients, moderate

Tab. 1 The characteristics of patients.

Number of patients 104 patients

with AD (50 men, 54 women)

age average age 40.1 years (s.d. 15.9)
2 average SCORAD 39 points
index SCORAD (Sd 131)

sensitization to allergen
components

mild form of AD

97 patients (93.3%)

14 patients (13.5%)
61 patients (58.7%)
29 patients (27.9%)

moderate form of AD
severe form of AD
subgroups of patients:
58 patients (55.8%)
79 patients (76.0%)

number of patients with AB
number of patients with AR

AD - atopic dermatitis, AB - bronchial asthma, AR - allergic rhinitis

Radka Vaikova et al. Acta Medica (Hradec Kralové)

form of AD in 58.7% of patients and severe form of AD in
27.9% of patients. Subgroup of patients suffering from
bronchial asthma or allergic rhinitis was recorded in 55.8%
and 76.0%, respectively. The sensitization to at least one of
the tested molecular components was confirmed in 93.3%
of patients. No positive results to molecular components
were obtained in 6.7% patients. The characteristics of the
patients are summarised in Table 1. The results describing
the sensitization patterns to tested components in all AD
patients are listed below and shown in Table 2.

In the whole group of patients, the highest sensitiza-
tion rate was observed to pollen-derived components and
Betulaceae-specific components. Timothy is present on
the biochip in eight molecular components. Sensitization
rate to rPhl p 1 (61.0%) was followed by nPhl p 4 (52.0%),
rPhl p 5 (43.0%), rPhl p 6 (42.0%), rPhl p 2 (39.0%) and rPhl
p 11 (20.0%). The sensitization rate to polcalcin rPhl p 7 and
profilin rPhl p 12 was lower than 10.0%. The second most
frequent sensitization was 57.0% to rBet v 1, which was
followed by other Betulaceae-specific components, such as
rCor a 1.0101 (45.0%) and rAln g 1 (43.0%). Sensitization
to pollen-food derived PR-10 proteins was observed fre-
quently as well; on the other hand, sensitization to pro-
filin rBet v 2 and polcalcin rBet v 4 were observed rarely
(< 10%). The sensitization rates to mite-specific molecules
were observed more frequently in the group 2 (rDer p 2,
46.0% and rDer f 2, 45.0%) in comparison with group 1
(nDer p 1, 36.0% and nDer f 1, 34.0%). The sensitization to
animal components was observed most frequently to cat
allergen rFel d 1 (42.0%) and dog allergens rCan f 1 (39.0%)
and rCan f 5 (26.0%), which were followed by the sensitiza-
tion to animal lipocalins rFel d 4 (29.0%), rEqu ¢ 1 (27.0%),
nMus m 1 (20.0%), rCan f 2 (17.0%). The frequency of sensi-
tization to individual components is shown in Table 2 and
schematically illustrated in Figure related to Table 2.

SENSITIZATION TO THE MOLECULAR

COMPONENTS IN RELATION TO THE SEVERITY

OF ATOPIC DERMATITIS

All 104 patients were divided into three groups according
to SCORAD index. We evaluated the relative frequency of
positive reactions to molecular components in patients
with mild, moderate and severe form of atopic dermatitis.
Increased relative frequency of positive reactions ranging
from mild to moderate to severe form of AD was confirmed
for most molecular components. Positive results of specif-
ic IgE antibodies against 47 molecular components were
presented in mild form of AD, and 105 components were
recorded in moderate and severe form of AD.

In the severe form of AD (29 patients; 100%) the highest
sensitization rate to grass-species specific component rPhl
p 1 (timothy, beta-expansin) reached 72.4% of patients. The
second most frequent sensitization rate to components of
mites rDer f 2 and rDer p 2 (NPC2 family) was observed in
65.5% of patients with severe form of AD.

The relation between the occurrence of sensitization
to some molecular components and the severity of AD was
confirmed. The following molecular components were re-
corded significantly more frequently in patients with
severe form of AD than with mild form of AD (p < 0.05).
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Tab. 2 The list of molecular components according to positivity (relative frequency) in 104 patients with atopic dermatitis.

Allergen source
Timothy grass
Birch

Timothy grass
Bermuda grass
Apple

House dust mite
Peach

Hazel pollen
House dust mite
Timothy grass
Alder

Timothy grass
Cat

Hazelnut
Timothy grass
Dog

Peanut

House dust mite
House dust mite
Soy

Mugwort
Alternaria

Cat

Horse

Dog

Plane tree
Kiwifruit
Shrimp

Celery

CCcD

Aspergillus
Kiwifruit
Timothy grass
Mouse

Olive pollen
Dog

Alternaria
Japanese cedar
Plantain
Cypress

Olive pollen
Annual mercury
Storage mite
Latex

Kiwifruit

Wall pelitory
Yellow jacket

Molecular components
rPhlp1l
rBetv1l
nPhlp 4
nCynd1
rMald1
rDerp 2
rPrupl
rCora1.0101
rDer f2
rPhlp5
rAlng1
rPhlp 6
rFeld1
rCor a1.0401
rPhlp 2
rCanfl
rArah 8
nDerpl
nDerf1
rGlym 4
nArtv1
rAltal
rFeld 4
rEqucl
rCanf5
nPlaa?2
rActd 8
nPenm 2
rApigl
nMUXF3
rAsp f6
nActd?2
rPhlp 11
nMus m1
rOlee9
rCanf2
rAlta 6
nCryjl
rPlall
nCupal
rOleel
rMeral
rlepd?2
rHev b 8
nActd1
rParj2
rVesv5

Protein groups
B-expansin
PR-10 protein

Berberine bridge enzyme

B-expansin

PR-10 protein
NPC2 family
PR-10 protein
PR-10 protein
NPC2 family
Ribonucleases
PR-10 protein
Grass group 6
Uteroglobin
PR-10 protein
Expansin
Lipocalin

PR-10 protein
Cysteine protease
Cysteine protease
PR-10 protein
Defensin

Acidic glycoprotein
Lipocalin

Lipocalin

Arginine esterase, Prostatic kallikrein

Polygalacturonase
PR-10 protein
Arginine kinase
PR-10 protein

Sugar epitope from bromelain

Mn superoxide dismutase

Thaumatin-like protein
Ole e 1-related protein
Lipocalin
1.3-B-glucanase
Lipocalin

Enolase

Pectate lyase

Ole e 1-related protein
Pectate lyase
Common olive group 1
Profilin

NPC2 family

Profilin

Cysteine protease
Lipid transfer protein
Antigen 5

No. of patients (%)
61.0
57.0
52.0
49.0
47.0
46.0
46.0
45.0
45.0
43.0
43.0
42.0
42.0
42.0
39.0
39.0
38.0
36.0
34.0
32.0
29.0
29.0
29.0
27.0
26.0
24.0
24.0
22.0
22.0
22.0
21.0
21.0
20.0
20.0
17.0
17.0
16.0
15.0
15.0
14.0
14.0
13.0
13.0
13.0
11.0
10.0
10.0
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CCD - cross-reactive carbohydrate determinants; major allergens are highlighted in bold (e.g. rPhl p 1), minor allergens are highlighted in italics (e.g. rPhl p 6)
and cross-reactive components are illustrate in grey box (e.g. rBet v 1); molecular components with sensitization rate less than 10% are not mentioned
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Fig. 1related to Tab. 2: Sensitization rate to molecular components according to positivity (relative frequency) in 104 patients with atopic
dermatitis. Molecular components are sorted by protein group and decreasing relative frequency in each group; molecular components
with sensitization rate less than 10% are not mentioned.

High sensitization rate of positive reactions were reported
against the major inhalant allergen components of grass-
es rPhl p 1 (timothy, beta-expansin); mites rDer f 2 and
rDer p 2 (house dust mite, NPC2 family); animals rCan f 1

(dog, lipocalin), rCan f 5 (dog, arginine esterase), rFel d 1
(cat, uteroglobin), rFel d 4 (cat, lipocalin), rEqu c 1 (horse,
lipocalin), nMus m 1 (mouse, lipocalin); and vegetables
rApi g 1 (celery, PR-10 protein) in severe form of AD. The

Tab. 3 The list of molecular components according to positivity (relative frequency) in mild, moderate and severe form of AD - statistically
significant difference (p-value < 0.05).

Allergen source

Timothy grass
House dust mite
House dust mite
Cat

Cat

Dog

Dog

Horse

Mouse

Olive

Birch

Alternaria
Aspergillus
Shrimp

Celery

Yellow jacket
Walnut

Egg white
Peanut

Wheat

Molecular
components

rPhlp1
rDerf2
rDer p 2
rFeld1
rFeld 4
rCanfl
rCanf5
rEqucl
nMus m1
rOlee9
rBetv 2
rAlta 6
rAsp f6
nPenm 2
rApigl
rVesv5
njugr2
nGald 2
rArah1l
nTriaaA_TIl

No. of patients in
mild form of AD (%)

(14 patients = 100%)
4 (28 6%)

14.3%)
14.3%)
14.3%)

0(0.0%)

No. of patients in
moderate form of AD (%)

(61 patients = 100%)
40 (65.6%)

26 (42.6%)
27 (44.3%)
27 (44.3%)
14 (23.0%)
27 (44.3%)
14 (23.0%)
14 (23.0%)
10 (16.4%)
10 (16.4%)

(
(
(
(
(
(
(
(
(4.9%)
(
(
(
(
(4.
(4.
(0.
1(1.

0(0.0%)

No. of patients in severe

form of AD (%) p-value
(29 patients = 100%)
1(72.4%) 0.015
9 (65.5%) 0.006
9 (65.5%) 0.006
7(58.6%) 0.023
6 (55.2%) 0.000
13 (44.8%) 0.006
2(41.4%) 0.040
5(51.7%) 0.001
1(37.9%) 0.008
9(31.0%) 0.040
6(20.7%) 0.021
10 (34.5%) 0.005
12 (41.4%) 0.004
14 (48.3%) 0.000
10 (34.5%) 0.031
7(24.1%) 0.006
6(20.7%) 0.021
5(17.2%) 0.001
4(13.8%) 0.028
3(10.3%) 0.018

AD - atopic dermatitis; major allergens are highlighted in bold (e.g. rPhl p 1), minor allergens are highlighted in italics (e.g. rAlt a 6), and cross-reactive
components are illustrate in grey box (e.g. rApi g 1)
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Fig. 2 related to Tab. 3: Sensitization to molecular components according to positivity (relative frequency) in mild,
moderate and severe forms of AD - statistically significant difference (p-value < 0.05).

sensitization rate to minor allergen components of moulds
rAlt a 6 (Alternaria, enolase), rAsp f 6 (Aspergillus, Mn su-
peroxide dismutase), and crustaceans nPen m 2 (shrimp,
arginine kinase), was also high. Furthermore, significant
differences were confirmed, but with a lower frequency of
positive cases, against to tree pollen allergens, such as ma-
jor component of olive rOle e 9 (glucanase) and to minor
component of birch rBet v 2 (profilin) in severe form of
AD. Moreover, the lower frequency of positive cases were
observed in the major food allergens, such as nTri a aA_TI
(wheat, trypsin/a-amylase inhibitor), rAra h 1 (peanut,
7S globulin), njug r 2 (walnut, 7S globulin), nGal d 2 (egg
white, ovalbumin), and the major allergen of wasp rVes
v 5 (yellow jacket, antigen 5). These differences (p-value
< 0.05) are shown in Table 3 and schematically illustrated
in Figure related to Table 3.

SENSITIZATION TO THE MOLECULAR

COMPONENTS IN RELATION TO SUBGROUPS

OF PATIENTS SUFFERING FROM ALLERGIC RHINITIS
AND BRONCHIAL ASTHMA

We determined whether there are some differences be-
tween the sensitization to molecular components in rela-
tion to concomitant bronchial asthma or allergic rhinitis
in all of 104 atopic dermatitis patients.

The occurrence of AB was recorded in 55.8% of pa-
tients. Following molecular components were observed
significantly more frequently in patients with AB, such as
a minor grass-specific component rPhl p 2 (timothy, ex-
pansin), and a major component of trees rOle e 9 (olive,
glucanase). Sensitization rate to the minor component of
mould rAlt a 6 (Alternaria, enolase) was also high. Moreo-
ver, lower frequency of positive case against the major al-
lergen of wasp rVes v 5 (antigen 5) was noticed in patients
with AB. Interestingly, the sensitization rate to polcalcin
regarding rPhl p 7 (timothy) and rBet v 4 (birch) showed
no positive results of sIgE in patients with AB. Surpris-
ingly, the occurrence of the CCD component MUXF3 were
observed more frequently in subgroup of patients with

AB. These differences (p-value < 0.05) are shown in Table
4 and schematically illustrated in Figure related to Table 4.
The occurrence of AR was recorded in 76.0% of patients.
These molecular components were observed significantly
more frequently in patients with AR: major components
of pollen-derived and pollen-food derived PR-10 proteins
(Bet v 1 family), such as rBet v 1 (birch), rCor a 1.0101 (ha-
zel), rMal d 1 (apple), rPrup 1 (peach), and rApi g 1 (celery).
Sensitization rate to the major grass-specific components
nCyn d 1 (bermuda grass, beta-expansin), rPhl p 5 (timo-
thy, ribonuclease), and a minor component rPhl p 6 (timo-
thy, grass group 6), and a major component of house dust
mite rDer f 2 (NPC2 family) and lipocalins, such as rCan
f1(dog), rFel d 4 (cat), rEqu c 1 (horse), nMus m 1 (mouse)
was also high in patients with AR. The sensitization rate to
nAct d 1 (kiwifruit, cysteine protease) was less frequent.
These differences (p-value < 0.05) are shown in Table 5 and
schematically illustrated in Figure related to Table 5.

DISCUSSION

Skin barrier abnormalities have been proposed to play an
essential role in the initiation of atopic dermatitis in in-
fancy (6). Epicutaneous allergens sensitization through an
impaired skin barrier stimulates antigen-presenting cells
and induces Th2 responses and consequent allergic mani-
festations. In a Th2-promoting environment, T-cell/B-cell
interactions in regional lymph nodes lead to an excessive
IgE switch (1). Simultaneous release of memory T cells
into the circulation and their homing back to the skin can
induce not only exacerbation of AD but also can initiate
the atopic march. The progression of atopic disorders from
AD in infants to allergic rhinitis and asthma in children
is usually described as atopic march. The most important
factor that precipitates atopic march is now considered an
impaired epidermal barrier. Barrier disturbances result
from genetic defects and early epicutaneous sensitization
to food and aeroallergens may be enhanced by damage
of the skin barrier function (6, 24). However, the exact
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Tab. 4 The list of molecular components according to positivity (relative frequency) in subgroup of patients suffering from bronchial
asthma - statistically significant difference (p-value < 0.05).

No. of patients without AB (%)

No. of patients with AB (%)

Allergen source Molecular components - - p-value
(46 patients = 100%) (58 patients = 100%)
Timothy grass rPhlp 2 13 (28.3%) 28 (48.3%) 0.038
Olive rOlee9 4(8.7%) 15(25.9%) 0.024
Alternaria rAlta 6 2 (4.3%) 15 (25.9%) 0.003
CCD nMUXF3 6 (12.0%) 17 (29.3%) 0.047
Yellow jacket rVesv5 1(2.2%) 9 (15.5%) 0.022
Birch rBetv 4 4 (8.7%) 0(0.0%) 0.022
Timothy grass rPhlp7 7(15.2%) 0(0.0%) 0.002

AB - bronchial asthma, CCD - cross-reactive carbohydrate determinants; major allergens are highlighted in bold (e.g. rOle e 9), minor allergens are
highlighted in italics (e.g. rAlt a 6), and cross-reactive components are illustrate in grey box (e.g. rBet v 4)

mechanisms explaining the atopic march remain to be
elucidated.

Progress in laboratory diagnostics of IgE-mediated
allergies is the use of component-resolved diagnosis that
implies determination of sIgE against purified native and
recombinant components which are used in laboratory as
singleplex or multiplex assays (25). There is currently no
consensus on the use of multiplex microarray Immuno-
CAP ISAC worldwide (26-28). Hatzler et al. (29) investi-
gated the IgE response to grass-specific pollen allergens
and determined that sensitization can start years before
clinical disease onset through the process called “molecu-
lar spreading”. There is some evidence (30, 31) that studies
show a strong correlation between results of extract-based
skin prick testing (SPT), multiplex microarray assay (Im-
munoCAP ISAC, Phadia) and fluorescence enzyme im-
munoassays (UniCAP, Phadia) with excellent correlation
especially in pollen allergens (32) and house dust mite
allergens (33). Molecular allergy diagnosis may improve
the risk evaluation, sorts out genuine from cross-reactive
sensitizations, and finally, improves the accuracy of al-
lergen immunotherapy indication. Currently, more than
130 molecular components are available for in-vitro sIgE
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Relative frequency (%)

testing which can be performed on singleplex or multi-
plex measurement platforms (e.g. for ALEX*> more than
170 components) (5). In the WAO-ARIA-GA2LEN consen-
sus document (5) molecular-based allergy diagnosis is rec-
ommended in the third line-diagnostic workup, if medical
history and exact-based skin prick- and sIgE testing are
inconclusive. Multiplex assays are especially suited for use
in patients with complex sensitization patterns or symp-
toms, in small children with limited skin area, in elderly
when skin test is less reliable, and when medications in-
terfering with skin prick testing cannot be discontinued
(5, 34).

We compared our results with other studies from the
Middle-European region in the point of view the out-
comes describing the sensitization patterns to molecular
components (9, 35, 36). Panzner et al. investigated 1255
sensitized patients, with a mean age of 29 years, and with
the following diagnoses: chronic rhinitis (73%), bronchial
asthma (41%), atopic dermatitis (34%), urticaria or edema
(19%), and/or anaphylaxis (11%) (35, 36). In our study, we
investigated the group of patients suffering from atopic
dermatitis, some of these patients suffer from bronchi-
al asthma (55.8%) and from allergic rhinitis (76.0%). Our

OPatients without AB  OPatients with AB

_ﬂl—l,|_|

rPhlp 2
rOlee9

rAlt a 6
nMUXF3

rVesv5
rBetv 4
rPhip7

Fig. 3 related to Tab. 4: Sensitization to molecular components according to positivity (relative frequency)
in subgroup of patients suffering from bronchial asthma - statistically significant difference (p-value < 0.05).



Sensitization to Molecular Components in Atopic Dermatitis Patients

171

Tab. 5 The list of molecular components according to positivity (relative frequency) in subgroup of patients suffering from allergic rhinitis -

statistically significant difference (p-value < 0.05).

Allergen source Molecular components No. of patients without AR (%)  No. of patients with AR (%)
(25 patients = 100 %) (79 patients = 100 %) p-value

Birch rBetv1 9(36.0%) 9(62.0 %) 0.022
Hazel pollen rCora1.0101 5(20.0 %) 1(51.9 %) 0.005
Apple rMald 1 6(24.0 %) 2(53.2%) 0.011
Peach rPrupl 6(24.0%) 1(51.9%) 0.015
Celery rApigl 1(4.0%) 1(26.6 %) 0.016
Kiwifruit nActdl 0(0.0%) 1(13.9%) 0.048
Bermuda grass nCynd1 7(28.0%) 45 (57.0 %) 0.012
Timothy grass rPhlp5 5(20.0 %) 8(48.1%) 0.013
Timothy grass rPhlp 6 6(24.0 %) 7 (46.8 %) 0.043
House dust mite rDerf2 7(28.0 %) 40 (50.6 %) 0.048
Dog rCanfl 3(12.0%) 7 (46.8 %) 0.002
Cat rFeld 4 2(8.0%) 8 (35.4 %) 0.008
Horse rEqucl 3(12.0%) 6(32.9 %) 0.042
Mouse nMus m1 1(4.0 %) 20(25.3 %) 0.021

AR - allergic rhinitis; major allergens are highlighted in bold (e.g. rBet v 1), minor allergens are highlighted in italics (e.g. rPhl p 6), and cross-reactive

components are illustrate in grey box (e.g. rMal d 1)

results are in agreement with the Panzner’s hypothesis (9)
that grasses (rPhl p 1) and Betulaceae (rBet v 1) components
comprised the vast majority of pollen sensitizations in the
condition of Middle-European region. On the other hand,
the sensitization to animal allergen molecules was higher
in our study (to rFel d 1in 42.0%, to rCan f 1 in 39.0%, to
rFel d 4 in 29.0%, to rEqu c 1in 27%, to rCan f 5 in 26%); the
sensitization to mite molecular allergens was in our study
higher also (to rDer p 2 in 46.0%, to rDer f 2 in 45%, to nDer
p1in 36.0%, to nDer f 1in 34.0%). In the Panzner’s study, the
sensitization rate to animal allergen molecules was con-
firmed to rFel d 1in 31.8%, to rCan f 1in 13.9%, to rCan f 5
in 16.4%, to rEqu ¢ 1in 6.2%, to rFel d 4 in 5.3% (36). The
sensitization to at least one mite-specific molecule (nDer
p 1, rDer p 2, nDer f 1, rDer f 2) was observed in 32.7% of

patients in Panzner’s study (35). The explanation of higher
sensitization rate to animal and mite molecular allergens
in our group of patients can be in the fact, that we included
patients suffering from atopic dermatitis; in the Panzner’s
study, atopic dermatitis patients represent only 34% of
patients. Our results may demonstrate the significance
of disturbed epidermal barrier, resulting in increased
transepidermal water loss and permeation of allergens,
irritants, and microbes. It is evident that the direct con-
tact of skin with allergens could trigger signals to initiate
Th2 allergic response. Emerging data now suggest that
epithelial cell-derived cytokines such as TSLP, IL-33, and
IL-25 may drive the progression from atopic dermatitis to
bronchial asthma and food allergy (1-3). In 2014, it was re-
ported that IgE antibodies to Der p 11 are more common in
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Fig. 4 related to Tab. 5: Sensitization to molecular components according to positivity (relative frequency)
in subgroup of patients suffering from allergic rhinitis - statistically significant difference (p-value <0.05).
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sera from patients with atopic dermatitis (37). Thus, sensi-
tization to this allergen may reflect the fact that the eczem-
atous skin allows easy penetration of allergens even with
molecular weight as high as 100,000. In ISAC testing, the
molecular component Der p 11 is not present, so we cannot
compare it with our results. Although the house dust mite
allergens are present in the mite bodies, the main aller-
genic sources are the mite faeces which, with a diameter
higher than 10pum (37), can be easily inhaled into the air-
ways and consequently be entered deep into the lungs (37).

Our preliminary results regarding the analysis of sen-
sitization to molecular components in atopic dermatitis
patients were already published or they are in press (38,
39,40, 41). We analysed the data to find the molecular com-
ponents with the highest underlying probability of sensi-
tization in patients suffering from atopic dermatitis and in
subgroups of patients with allergic rhinitis and bronchial
asthma (38). According to our results, the order of molec-
ular components in mild form of AD is not statistically sig-
nificant, but a set of molecular components with the high-
estunderlying probability in moderate and severe form of
AD and in a subgroup of patients suffering from allergic
rhinitis was recorded (38). According to the statistical
method with cluster analysis, we found 10 clusters with
different numbers of molecular components (39). Funda-
mental position have the components rPhl p 1 (timothy),
rBet v 1 (birch), rAlt a 1 (Alternaria) followed by molecular
components of NPC2 family, cysteine protease, tropomy-
osin, uteroglobin, lipocalin and PR-10 protein. Qur results
correspond to the association of molecular components
into protein families according to their biochemical struc-
ture (39). The preliminary data regarding the sensitization
to molecular components in 81 atopic dermatitis patients
were processed in other publications (40, 41).

There are various allergens that can trigger an eczema
flare up. An allergen-specific IgE-mediated response to a
wide spectrum of food and inhalant allergens, especially
house dust mite, pollen and plant-derived food allergens,
has been described in adult AD patients (8). The aim of our
study was to identify some differences in the occurrence
of the sensitization to the molecular components in the
group of 104 atopic dermatitis patients in relation to se-
verity of AD and to the occurrence of bronchial asthma
and allergic rhinitis.

According to our results, rPhl p 1is aleading molecular
component in patients suffering from severe form of AD as
well as in subgroups of patients with AR and AB. However,
the occurrence of rPhl p 1 was significantly more frequent
only in patients with severe form of AD. The IgE response
usually evolves from monosensitization to polysensitiza-
tion, this phenomenon has been described as “molecular
spreading”. rPhl p 1 (beta-expansin) is a presumable the
“initiator” of the sensitization process in most patients. It
is the major grass-specific allergen belongs to grass group
1. In addition, it is an essential diagnostic marker for al-
lergic patients to establish “true sensitization” to grass
pollen (timothy). In a few cases the grass pollen allergy
might be evoke by isolated IgE sensitization to another
major grass-specific allergen (e.g. rPhl p 5), but it is rather
unlikely (34). nPhl p 4 is a minor grass-specific allergen, a
highly glycosylated protein, that can bind to IgE specific
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for cross-reactive carbohydrate determinants (CCDs) (5).
High sensitization rate to nPhl p 4 was observed in our
study in subgroup of patients with AR, but there was no
evidence of significant difference in comparison to pa-
tients without AR. The major allergen of bermuda grass
pollen is a nCyn d 1 from the beta-expansin family that
is commonly found in subtropical regions but is not pre-
sented in our region (rarely in south Moravia) (9). Possible
cross-reactivity with beta-expansins from other grasses,
especially with the major allergen of timothy could be the
explanation of higher occurrence of nCyn d 1in subgroup
of AR patients in our study. Sensitization to other compo-
nents from the same pollen source usually come before the
sensitization to panallergens (e.g. polcalcins and profilins)
which are typically recognized at the late stage of molec-
ular spreading (29, 42). Specific IgE to rPhl p 7 determine
a relatively distinct category of grass pollen allergic pa-
tients, who may suffer from more severe symptoms, with
a higher prevalence of bronchial asthma, and a higher
frequency of other allergic comorbidities (34). In contrast
to these findings, our subgroup of patients with bronchial
asthma showed no positive results of sIgE against polcal-
cins rPhl p 7and rBet v 4 (p < 0.05).

Surprisingly, not negligible sensitization rate to com-
ponent of olive rOle e 9 was observed more frequently in
patients with severe form of AD and in subgroup of pa-
tients with AB; rOle e 9 (glucanase) is a major olive allergen
which commonly cause sensitivity in geographical areas
exposed to high levels of olive pollen (43). Moreover, rOle
e 9 shares some common epitopes with glucanases from
birch and ash pollens, tomato, potato, pepper, banana, and
latex (44) that might be the explanation of higher sensiti-
zation rate to this component.

Our results pointed out that the sensitization to ma-
jor components of mites in severe form of AD might be
associated with the sensitization to major components of
animals (rCan f1, rCan f 5, rFel d 1, rFel d 4, rEqu ¢ 1, nMus
m 1) and minor components of moulds (rAlt a 6, rAsp f 6).
Animals are the second most important source of indoor
allergens after house dust mites (45). They are considered
as risk factors for the development of allergic rhinitis and
asthma (46). Numbers of dog, cat, and horse allergens have
been described. Vast majority belongs to the protein fam-
ilies of uteroglobin, lipocalin and kallikrein. We observed
the high sensitization rates to lipocalins and uteroglobins.
Lipocalins represent the most important protein family,
which are synthesized in salivary glands. Most of them are
major animal allergens (rCan f 1, rFel d 4, rEqu ¢ 1, nMus m
1). Canf'5, considered as a major dog allergen, is a prostatic
kallikrein (arginine esterase) that is found only in male
dogs (34, 47). Fel d 1, a major cat allergen, is a uteroglo-
bin expressed in salivary glands and skin. The severity of
induced symptoms varies widely and cat and dog allergy
could be the principal risk factor of both rhinitis and asth-
ma, associated with higher severity, which can develop
into a life-threatening condition (45, 47). It is in an agree-
ment with our results. House dust mites (HDM) belong to
the most potent indoor allergen sources that are associated
with allergic manifestations in the respiratory tract and
the skin (37). The effect of mites on the human organism is
complex because of mites can carry microbial and fungal



Sensitization to Molecular Components in Atopic Dermatitis Patients

antigens, respectively pathogen-associated molecular pat-
terns (PAMPs), thus initiating mechanisms of innate im-
munity. The largest number of HDM molecules is known
in the two most important species Dermatophagoides (D.)
farinae and D. pteronyssinus (34). Their molecular compo-
nents can be divided into groups according to protein fam-
ilies. Group 1 (cysteine proteases) includes the major mo-
lecular components of nDer f 1 and nDer p 1, which show
85% homology (35). Group 2 (NPC2 family) comprise the
major components rDer f 2 and rDer p 2, which show up
to 90% homology within the group (35). These allergens
are assumed to be the specific components for mite allergy.
The presence of sIgE to major molecular components nDer
p 1, rDer p 2 (34) and Der p 23 (48), that are present in fe-
cal particles of mites, has strong association with asthma.
However, this is not in the concordance with our results.
We recorded that the sensitization to group 2 allergens
was significantly higher only in patients with severe form
of AD (rDer f 2 and rDer p 2) and in subgroup of patients
suffering from allergic rhinitis (rDer f 2). Recently iden-
tified Der p 11 is present predominantly in the muscle of
HDM bodies that belong to the family of proteins known
as paramyosins. Der p 11 seems to be a useful serological
marker for HDM-allergic patients suffering from atopic
dermatitis (37). Unfortunately, molecular components Der
p 23 and Der p 11 are not included in the ISAC test, thus we
cannot compare them with our results. A strong immu-
nogenic potential of mite components may play a crucial
role in the atopic march (49). Moreover, an impaired epi-
dermal barrier is considered as the most important fac-
tor that elicit atopic march (50). The prevalence of mould
sensitization displays wide geographical variability (34).
Considering the sensitization to minor components rAsp
f 6 (Aspergillus fumigatus, Mn superoxide dismutase) and
rAlt a 6 (Alternaria alternata, enolase) were recorded with
significantly higher occurrence in patients suffering from
severe form of AD (rAsp f 6, rAlt a 6) and in subgroup of
patients with bronchial asthma (rAlt a 6). Sensitization to
Alternaria (A.) alternata is a risk factor to develop asthma
(51). Furthermore, bronchial asthma is characterized by
more persistent symptoms and enhanced disease severi-
ty. A. alternata is a widespread saprophyte that is usually
found in outdoor, however, it can also occur in indoor en-
vironments. Moreover, sensitization to A. alternata seems
to be a triggering factor in the development of poly-sensi-
tization (52). Nevertheless, the clinical relevance of high
level of specific IgE to Alternaria in patients with AD re-
mains unclear (53). Aspergillus (A.) fumigatus is a mould
permanently present in the indoor and outdoor environ-
ment (34). Aspergillus allergy is rare in atopic individu-
als without asthma or cystic fibrosis (54). Interestingly,
the phylogenetically highly conserved allergens Asp f 6,
Asp £ 8, Asp f'11, Asp f 27, Asp f 28 and Asp f 29 show a
high degree of cross-reactivity with other mould proteins
belonging to the same families. The clinical relevance of
these reactions remains elusive (34).

Bet v 1 homologous allergens (PR-10 like proteins)
shows a highly cross-reactivity pattern. Birch (rBet v 1),
followed by alder (rAln g 1) and hazel (rCor a 1.0101) con-
stitute the most potent cause of tree pollen allergy (55).
According to our result, there is no relation between the
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subgroup of patients with AB and the sensitization to Bet-
ulaceae-specific components. The significantly higher oc-
currence of sensitization to PR-10 proteins was recorded
to rApi g 1 (celery) in patients suffering from severe form
of AD and to major components of tree-specific compo-
nents, such as rBet v 1 (birch), rCor a 1.0101 (hazel), and
pollen-food derived proteins like rMal d 1 (apple), rPrup1
(peach), and rApi g 1 (celery) in subgroup of patients suf-
fering from AR. These pollen-food derived PR-10 proteins
mainly cause local manifestations of allergic reactions and
may induce a variety of “pollen-food” syndromes (8). Re-
sults of sensitization profile in the subgroup of patients
with AR suggest that AR patients are mostly sensitized to
inhalant allergens (pollen or pollen-food derived PR-10)
via the respiratory tract or digestive system. Rockmann
et al. (8) demonstrated that sensitization to food-derived
PR-10 allergens occurred most frequently in AD patients
but there was no association between their presence and
severity of AD. They recorded higher sensitization rate to
rAra h 1 (peanut) and nBos d lactofferin (cow’s milk) in pa-
tients with severe form of AD. We recorded in the higher
frequency the presence of specific IgE to major food aller-
gens of wheat (nTriaaA_TI), egg white (nGal d 2), walnut
(nJug r 2) and peanut (rAra h 1) but only in patients with
severe form of AD. The outcome of our analysis could be
influenced by the fact that some allergens showed zero
frequencies of positive values which were particularly
evident when we have compared mild, moderate and se-
vere form of AD. The molecular component nTri a aA_TI
is a part of the ISAC assay and it is a trypsin/a-amylase
inhibitor of wheat grains. Its designation is not based on
the official WHO/IUIS database (www.allergen.org), but it
names from Phadia. Peanut allergens are the most com-
mon trigger of food-induced anaphylaxis (34). rArah 1 (7S
globulin) is a thermostable seed storage protein whose
allergenicity can be increased by roasting (34). nGal d 2
(ovalbumin), a major allergen, is the most abundant egg
white protein. It is less heat-stable than ovomucoid (nGal d
1). IgE responses to Gal d 2 indicate a risk for clinically rel-
evant reaction to raw or slightly heated egg (34, 56). nJug r
2, a highly glycosylated protein, has been identified as an
important allergen in common walnut. Native vicilin-like
protein nJug r 2 (7S globulin), can bind to IgE specific for
cross-reactive carbohydrate determinants (CCDs), and can
also be raised in patients sensitized to CCDs (57). For this
reason, the real clinical significance of a positive nJug r 2
result must be carefully evaluated in the context of the re-
sults of other components and clinical findings (5).

Food allergy to shellfish (crustaceans and molluscs)
may cause cross-sensitization and clinical reactivity to
house dust mites, insects and arachnids (34). Numbers of
crustacean allergens have been described. Tropomyosin is
a major shrimp allergen. Several others allergenic compo-
nents have been identified (arginine kinase, myosin light
chain and sarcoplasmic calcium binding protein) (34). Our
result showed the higher occurrence of a minor shrimp
allergen nPen m 2 (arginine kinase) in patients suffering
from severe form of AD. Similar to tropomyosin, arginine
kinase is highly abundant in invertebrate muscle, and up
to now it has been described in various shellfish and oth-
er invertebrates such as mites, cockroaches, crab, shrimp,
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and crayfish (58, 59). Unlike tropomyosins, they show ter-
molabile properties (60).

Component-resolved diagnostics seems to be a prom-
ising tool for the diagnosis of food allergy, offering the
potential to determine specific phenotypes and estimate
the risk of immune response to a given allergen. Neverthe-
less, the diagnostic accuracy of these laboratory tests var-
ies across studies. Therefore, their clinical utility remains
unclear (61). The assessment of diagnostic accuracy (sen-
sitivity, specificity) for certain food allergen components
(ISAC test) will be the topic for our future research.

CONCLUSIONS

Sensitization to following molecular components of grass-
es (rPhl p 1), trees (rOle e 9, rBet v 2), house dust mites
(rDer f 2, rDer p 2), animals (rFel d 1, rFel d 4, rCan f 1, rCan
f 5, rEqu c 1, nMus m 1), moulds (rAlt a 6, rAsp f 6), and
foods (nTria aA_TI,nGald 2, rArah 1, nJugr2,nPenm2,
rApi g 1) was significantly more frequent in patients with
severe form of AD. In this regard, we recommend enroll-
ing the assessment of the presence of specific IgE against
these components into the clinical procedures and treat-
ment of allergy patients with the special respect to the risk
of development of severe reactions.

Typically, in subgroup of patients suffering from aller-
gic rhinitis the significantly higher sensitization to mo-
lecular components, such as tree pollen (rBet v 1, rCor a
1.0101), grass pollen (rPhl p 5, rPhl p 6), house dust mites
(rDer f 2), animals (rCan f 1, rFel d 4, rEqu c 1, nMus m 1),
and foods (rMal d 1, rPru pl rApigl, nActd 1) is recorded
in our study. In patients with bronchial asthma the sig-
nificantly higher sensitization to molecular components
of grasses (rPhl p 2), trees (rOle e 9) and Alternaria (rAlt
a 6) was recorded. These molecular components may play
the important role in the atopic march in an individual
patient.
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Aim: The cluster analysis for the evaluation of the results in Multiplex Received 2 April 2020
ISAC test in atopic dermatitis patients. Method: The complete Accepted 21 May 2020
dermatological and allergological examination including the
examination of the sensitisation to molecular components with Atopi

. . . topic dermatitis; molecular
Multiplex ISAC testing was performed. The cluster analysis of components; multiplex ISAC
molecular components (silhouette value) was processed. Results testing; protein families;
and conclusion: Altogether 100 atopic dermatitis patients were biochemical structure; cluster
examined - 48 men, 52 women, the average age 40.9 years. We analysis - silhouette
found 10 clusters with different numbers of molecular components.
Fundamental position have the components Phl p 1 (Timothy), Bet
v 1 (Birch), Alt a 1 (Alternaria) followed by molecular components
of NPC2 family, cystein proteasa, tropomyosin, uteroglobin, lipocalin
and PR-10 protein. Our results correspond to the association of
molecular components into protein families according to their
biochemical structure.

KEYWORDS

Introduction

Diagnostic work — up for IgE mediated allergic reactions starts with the history, followed
by sensitisation tests (skin, IgE and basophil tests) and optional challenge tests (Top —
down approach). Molecular allergens for IgE testing provide additional infomation, par-
ticularly in polysensitized patients and with allergens of low abundance, low stability or
associated risks. IgE reactivity to members of the same allergen family reflect the degree
of protein homology and IgE cross — reactivity. If it is high, the relevance needs to be
sorted out clinically. In case it is low, selected IgE testing of other family members can
provide additional information. Proper interpretation should complete diagnostic
testing. Positive sensitisations to allergen extracts or molecules are only clinically relevant
in case of corresponding symptoms (Matricardi et al., 2016). Testing with molecular com-
ponents is a part of the development of novel allergy vaccines and identification of non-
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allergenic isoforms (Matricardi et al., 2016). The introduction of allergen molecules has
had a major effect on analytic specificity and allergy diagnosis. They are used in both sin-
gleplex ImmunoCAP and multiplex ImmunoCAP ISAC assays. The major advantage of
ISAC is the comprehensive IgE pattern obtained with a minute amount of serum (van
Hage et al., 2017). ImmunoCAP ISAC (Thermo Fisher), based on 112 different molecular
components (both extracted and recombinant), is the most studied and most frequently
used molecular diagnostic tool based on a microarray (Melioli et al., 2011). The usefulness
of ImmunoCAP ISAC has been validated in a wide spectrum of allergic diseases like
asthma, allergic rhinoconjunctivitis, atopic dermatitis, eosinophilic esophagitis, food
allergy and anaphylaxis. ISAC provides a broad picture of a patient’s sensitization
profile from a single test, and provides information on specific and cross-reactive sensit-
izations that facilitate diagnosis, risk assessment, and disease management. Furthermore, it
can reveal unexpected sensitizations which may explain anaphylaxis previously categor-
ized as idiopathic and also display for the moment clinically non-relevant sensitizations.
ISAC can facilitate a better selection of relevant allergens for immunotherapy compared
with extract testing. Microarray technique can visualize the allergic march and molecular
spreading in the preclinical stages of allergic diseases, and may indicate that the likelihood
of developing symptomatic allergy is associated with specific profiles of sensitization to
allergen components. ISAC is shown to be a useful tool in routine allergy diagnostics
due to its ability to improve risk assessment, to better select relevant allergens for immu-
notherapy as well as detecting unknown sensitization. Multiplex component testing is
especially suitable for patients with complex symptomatology (Melioli et al., 2011).
Proteins that are described worldwide as allergens can be classified roughly into 30-40
protein families. Based on their molecular, biologic and biochemical properties, allergenic
proteins are able to initiate both innate and adaptive immune responses during the sen-
sitisation process that ulimately result in the production of allergen - specific IgE. The
most important families and selected allergenic member proteins are shown in Table 1.
The list of the molecular components in ImmunoCAP ISAC (Phadia, Thermo Fisher
Scientific, Uppsala, Sweden) sorted by protein group is recorded in Table 2. We distin-
guishe these superfamilies: Prolamin (family Cereal prolamins, Bifunctional inhibitors,

Table 1. The most important allergen superfamilies and families with their corresponding sources
(Matricardi et al., 2016).

Superfamily Family Sources
Prolamin cereal prolamin grains of cereal grasses
bifunctional inhibitors grains of cereal grasses
2Salbumin tree nuts, peanuts, legumes, seeds
non specific lipid transfer fruits, tree nuts, peanuts, vegetables, tree and weed pollen,
protein latex
EF hand polcalcins tree, grass and weed pollen
parvalbumins fish
Profilin like Profilin tree, grass and weed pollen, fruits, vegetables, latex
Tropomyosin like Tropomyosin crustaceans, mollusk, fish parasite Anisakis, mites,
cockroaches
Cupin Vicilins tree nuts, peanuts, legumes, seeds
Legumins tree nuts, peanuts, legumes, seeds
Bet v 1 like Betv 1 fagales tree pollen, fruits, vegetables, legumes, tree nuts
Calycin Lipocalins mammals, mites, cockroaches
Double —psi — beta DPBB1 grass pollen

-barrel Pollen aller 1 grass pollen
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Table 2. The list of the molecular components sorted by protein group. (ImmunoCAP ISAC - Phadia,

Thermo Fisher Scientific, Uppsala, Sweden).

Allergen Source

Molecular component

Protein Group

Food components

Egg white

Egg yolk/ chicken meat

Cow's milk

Cod
Shrimp

Cashew nut
Brazil nut
Hazelnut
Walnut

Sesame seed
Peanut

Soybean

Buckwheat
Wheat

Kiwi

Aeroallergen components

Grass pollen
Bermuda grass
Timothy grass

Tree pollen
Birch

Japanese cedar
Cypress

Olive pollen

Plane tree

Weed pollen
Ragweed
Mugwort
Goosefoot
Wall pellitory
Plantain
Saltwort
Animal

Dog

Horse
Cat

nGal d 1
nGal d 2
nGal d 3
nGal d 5
nBos d 4
nBos d 5
nBos d 8

nBos d lactoferrin

rGad c 1
nPen m 2
nPen m 4
rAna o 2
rBere 1
nCora?9
rugr
njug r 2
nSesi 1
rAra h 1
rAra h 2
rAra h 3
nAra h 6
nGly m 5
nGly m 6
nFag e 2
Tria 14
rTria 19.0101
nTri a aA_TIl
nAct d 1
nActd 5

nCyn d 1
rPhl p 1
rPhl p 2
nPhl p 4
rPhl p 5
rPhl p 6
rPhl p 11

rBet v 1
nCry j 1
nCupal
MOlee 1
rOlee 9
rPlaa
nPlaa2

nAmb a1
nArt v 1
rChe a1
rPar j 2
rPla |1
nSal k 1

rCan f 1
rCanf2
rCan f 5
rEqu c 1
rFel d 1

Ovomucoid

Ovalbumin

Conalbumin/ Ovotransferrin
Livetin/Serum albumin
Alpha-lactalbumin
Beta-lactoglobulin

Casein

Transferrin

Parvalbumin

Arginine kinase

Sarcoplasmic calcium binding protein
Storage protein, 115 globulin
Storage protein, 2S albumin
Storage protein, 115 globulin
Storage protein, 25 albumin
Storage protein, 7S globulin
Storage protein, 25 albumin
Storage protein, 7S globulin
Storage protein, 2S albumin
Storage protein, 115 globulin
Storage protein, 25 albumin
Storage protein, Beta-conglycinin
Storage protein, Glycinin
Storage protein, 25 albumin
Lipid transfer protein (nsLTP)
Omega-5 gliadin
Alpha-amylase/ Trypsin inhibitor
Cysteine protease

Kiwellin

Grass group 1

Grass group 1

Grass group 2

Berberine bridge enzyme
Grass group 5

Grass group 6

Ole e 1-related protein

PR-10 protein

Pectate lyase

Pectate lyase

Common olive group 1
Beta-1,3-glucanase
Putative ivertase inhibitor
Polygalacturonase

Pectate lyase

Defensin

Ole e 1-related protein

Lipid transfer protein (nsLTP)
Ole e 1-related protein
Pectin methylestetrase

Lipocalin
Lipocalin
Arginine esterase
Lipocalin
Uteroglobin

(Continued)
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Table 2. Continued.

Allergen Source

Molecular component

Protein Group

Mouse
Mold
Alternaria

Aspergillus

Cladosporium
Mite
House dust mite

Storage mite
Cockroach
Cockroach

Other components
Venom
Honey bee venom

Paper wasp venom
Common wasp venom
Parasite

Anisakis

Latex

Latex

Cross-reactive components
Serum albumin
Cow's milk/meat
Dog

Horse

Cat
Tropomyosin
Anisakis
Cockroach
House dust mite
Shrimp

Lipid transfer protein (nsLTP)
Peanut

Hazelnut

Walnut

Peach

Mugwort

Olive pollen
Plane tree
PR-10 protein
Birch

Alder

Hazel pollen
Hazelnut

Apple

Peach

Soybean

Peanut

rFel d 4
nMus m 1

rAlt a 1
rAlt a 6
rAsp f 1
rAsp f 3
rAsp f 6
rClah 8

rBlot5
nDer f 1
rDer f 2
nDer p 1
rDer p 2
rlep d 2

rBla g 1
rBla g 2
rBlag 5

rApi m 1
nApi m 4
rPol d 5
rVesv 5

rAni s 1

rHev b 1
rHev b 3
rHev b 5
rHev b 6.01

nBos d 6
nCan f 3
nEqu c 3
nFel d 2

rAni s 3
nBla g 7
rDer p 10
nPen m 1

rArah 9
rCor a 8
nJug r 3
rPrup 3
nArtv 3
nOle e 7
rPlaa3

rBet v 1

rAln g 1

rCor a 1.0101
rCor a 1.0401
rMal d 1
rPrup 1

rGly m 4
rArah 8

Lipocalin
Lipocalin

Acidic glycoprotein
Enolase

Mitogillin family
Peroxisomal protein

Mn superoxide dismutase
Mannitol dehydrogenase

Mite group 5
Cysteine protease
NPC2 protease
Cysteine protease
NPC2 family
NPC2 family

Cockroach group 1
Aspartic protease
Glutathione S-transferase

Phospholipase A2
Melittin

Venom, Antigen 5
Venom, Antigen 5

Serine protease inhibitor

Rubber elongation factor
Small rubber particle protein
Acidic protein

Prohevein

Serum albumin
Serum albumin
Serum albumin
Serum albumin

Tropomyosin
Tropomyosin
Tropomyosin
Tropomyosin

Lipid transfer protein (nsLTP)
Lipid transfer protein (nsLTP)
Lipid transfer protein (nsLTP)
Lipid transfer protein (nsLTP)
Lipid transfer protein (nsLTP)
Lipid transfer protein (nsLTP)
Lipid transfer protein (nsLTP)

PR-10 protein
PR-10 protein
PR-10 protein
PR-10 protein
PR-10 protein
PR-10 protein
PR-10 protein
PR-10 protein

(Continued)
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Table 2. Continued.

Allergen Source Molecular component Protein Group
Kiwi rActd 8 PR-10 protein

Celery rApi g 1 PR-10 protein
Thaumatine-like protein

Kiwi nActd 2 Thaumatine-like protein
Profilin

Birch rBet v 2 Profilin

Latex rHev b 8 Profilin

Annual mercury rMer a 1 Profilin

Timothy grass rPhl p 12 Profilin

CccD

Sugar epitope from Bromelain nMUXF3 Cross-reactive Carbohydrate Determinants
Polcalcin (Calcium binding 2-EF-hand protein)

Birch rBetv 4 Polcalcin

Timothy grass rPhl p 7 Polcalcin

2§ albumin, Non - specific lipid - transfer proteins), EF hand (family Polcalcins, Parv-
albumins), Profilin like (family profilin), Tropomyosin like (family Tropomyosin),
Cupin (family Vicilins and Legumins), Bet v 1 - like (family Bet v 1), Calycin (family
Lipocalins) and Double - psi beta — barrel (family DPBB and Pollen allergy). The
tamilies of highly cross-reactive molecules taken into consideration are as follows:
profilins, PR-10-like molecules, nsLTP, serum albumins, tropomyosins, polcalcins, lipo-
calins, and parvalbumins (Matricardi et al., 2016; Nicolaou et al., 2010; Vieths et al.,
2002).

The aim of our study is to evaluate the results of examination with Multiplex Immu-
noCAP ISAC in atopic dermatitis according to the Cluster analysis. This statistic method
is commonly used to group similar samples across a diverse range of applications. Typi-
cally, the goal of clustering is to form groups of samples that are more similar to each
other than to samples in other groups (Frades & Matthiesen, 2010). Silhouette width
is a widely used index for assessing the fit of individual objects in the classification, as
well as the quality of clusters and the entire classification (Frades & Matthiesen,
2010). In our study, we evaluate if these results correspond to the association of molecu-
lar components into protein families according to their biochemical structure. Our
results can demonstrate the importance of molecular components in atopic dermatitis
patients.

Patients and methods

In the period 2018-2019, 100 patients suffering from atopic dermatitis were examined. All
these patients were examined in the Department of Dermatology, Faculty Hospital Hradec
Kralové, Charles University, Czech republic. The diagnosis of atopic dermatitis was made
with the Hanifin-Rajka criteria (Hanifin & Rajka, 1980). Exclusion criteria were long term
therapy with cyclosporin or systemic corticoids, pregnancy, breastfeeding. Patients with
atopic dermatitis having other systemic diseases were excluded from the study as well.
Complete dermatological and allergological examination was performed in patients
included in the study. This study was approved by Ethics commitee of Faculty Hospital
Hradec Kralové, Charles University of Prague, Czech Republic.
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Examination of specific IgE to molecular components

The serum level of the sIgE was measured by the component-resolved diagnosis microar-
ray-based sIgE detection assay ImmunoCAP ISAC (Phadia, Thermo Fisher Scientific,
Uppsala, Sweden). ImmunoCAP ISAC is a solid-phase multiple immunoassay which
enables to determine 112 different components from 51 allergen sources (Jakob et al.,
2015). The allergens are applied in triplicates to ensure the test reproducibility. The
specific IgE values are presented in arbitrary units called ISAC Standardized Units
(measuring range of 0.3 - 100 ISU-E). The level of specific IgE higher than 0.3 ISU-E
was assessed as positive. The level of molecular components was evaluated in ISU -E: <
0.3 - negative, 0.3- >0.9 low positivity, 0.9 > 15 moderate positivity, >15 ISU -E very
high positivity (Choi et al., 2014; Jakob et al., 2015).

Statistic

We analysed the data to determine 10 clusters with molecular components according to
the positivity to molecular components and to their level of specific IgE. The level of mol-
ecular components in ISU —E was evaluated: < 0.3 - negative, 0.3-0.9 ISU -E low positivity,
0.9-15 ISU -E moderate positivity, above 15 ISU -E very high positivity. This statistic
method for the evaluation of results was used: Clustering by Medoid Partitioning,
Method: Kaufman-Rousseeuw, Objective Function: Silhouette, Distance Type: Euclidean,
Scale Type: Standard Deviation. Molecular components are ordinal variables (Kaufman &
Rousseeuw, 1990; Rousseeuw, 1987).

Interpreting silhouettes

A silhouette value is constructed for each object. The value can range from minus one to
one. It measures how well an object has been classified by comparing its dissimilarity
within its cluster to its dissimilarity with its nearest neighbour. When s is close to one,
the object is well classified. Its dissimilarity with other objects in its cluster is much less
than its dissimilarity with objects in the nearest cluster. When s is near zero, the object
was just between clusters A and B. It was arbitrarily assigned to A. When s is close to nega-
tive one, the object is poorly classified. Its dissimilarity with other objects in its cluster is
much greater than its dissimilarity with objects in the nearest cluster. Why isn’t it in the
neighbouring cluster? Hence, the silhouette value summarizes how appropriate each
object’s cluster is.

Determining the number of clusters

One useful summary statistic is the average value of s across all objects. This summarizes
how well the current configuration fits the data. An easy way to select the appropriate
number of clusters is to choose that number of clusters which maximizes the average
silhouette. We denote the maximum average silhouette across all values of k as SC.
Kaufman and Rousseeuw (Kaufman & Rousseeuw, 1990) present the following table
to aid in the interpretation of SC. We evaluated our data according to this table, it is
shown in Table 3.
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Table 3. Cluster analysis - Proposed Interpretation (Kaufman
& Rousseeuw, 1990).

Cluster average — Silhuette

value Interpretation

0.71-1.00 A strong structure has been found

0.51-0.70 A reasonable structure has been found

0.26-0.50 The structure is weak and could be
artificial.

-1-0.25 No substantial structure has been found

Results
Patients

Altogether 112 different components from 51 allergen sources were examined in 100
atopic dermatitis patients included in the study (48 men and 52 women with the
average age 40.9 years and with the average SCORAD 39, s.d.13.1 points). The mild
form of AD was recorded in 14 patients (14%), moderate form in 58 patients (58%),
severe form in 28 patients (28%). In the included patients, 55 patients (55%) suffer
from asthma bronchiale and 78 patients (78%) suffer from rhinitis. The positive results
in sensitisation to molecular components was recorded in 93 patients (93%). The charac-
teristics of patients is shown in Table 4.

We found 10 clusters with different numbers of molecular components.

The results of ISAC Muliplex testing evaluated by Clustering by Medoid Partitioning
Report are shown in Table 5. We show the average of Silhouette Value: Cluster 1: Phlp
1 (Silhouette Value 0. 000), Cluster 2: Phl p 4 (Silhouette Value 0. 000), Cluster 3: Phl
p 2,5 6, Cyn d 1 (Silhouette Value 0. 1278), Cluster 4: Bet v 1 (Silhouette Value
0. 000), Cluster 5: Alt a 1 (Silhouette Value 0. 000), Cluster 6: Der f 2, Der p 2, Der p
1, Der f 1 (Silhouette Value 0. 4167), Cluster 7: Pen m 2, Mus m 1, Lep d 2, Can f 5,
Phl p 11, Pen m 1, Bla g 7, Der p 10, Ole e 1, Blot 5, Ani s 3 (Silhouette Value -
0. 0893). Cluster 8: Can f 1, Fel d 1, Fel d 4, Equ c 1 (Silhouette Value - 0. 0357),
Cluster 9: Pru p 1, Cor a 1.010, Mal d 1, Aln g I, Cor a 1.040 (Silhouette Value
0. 3692). Cluster 10: 82 molecular components in ISAC multiplex testing (Silhouette
Value 0. 3743). Groups of 10 Clusters of molecular components with their biochemical
name, protein family and allergen source and number of patients with positive results
to molecular components are recorded in Table 6.

Discussion

The sense of our study was to evaluate the results of examination of molecular components
with ISAC Multipex testing in atopic dermatitis patients with the use of the Clustering

Table 4. The characteristic of patients with atopic dermatitis

— 100 patients examined — 48 men, 52 women, the average age 40.9 years

— the average SCORAD 39 s.d. 13.1 points

— the positive results in sensitisation to molecular components - 93 patients (93%)
- mild form of AD patiens 14 (14%)

- moderate form of AD patients 58 (58%)

— severe form of Ad patiens 28 (28%)

— number of patients with asthma bronchiale — 55 (55%)

— number of patients with allergic rhinitis - 78 (78%)
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Table 5. Results of ISAC Muliplex testing evaluated by Clustering by Medoid Partitioning Report. There

are 10 clusters. Cluster average is shown extra bold.

Row Detail Section

Average Average

Nearest Distance Distance Silhouette Silhouette
Row Cluster Neighbor Within Neighbor Value Bar
rPhip1 1 3 0.00 74.59 0.0000 |
Cluster Average 1 (1) 0.00 74.59 0.0000
nPhlp4 2 3 0.00 74.62 0.0000 |
Cluster Average 2 (M 0.00 74.62 0.0000
Phlp5 3 9 53.09 69.49 0.2360 LTI
Phlp6 3 10 48.22 59.64 0.1916 LI
Cynd1 3 9 58.66 64.85 0.0954 [
rPhip2 3 9 56.77 56.10 —-0.0118 |
Cluster Average 3 (4) 54.19 62.52 0.1278
Betv 1 4 9 0.00 67.67 0.0000 |
Cluster Average 4 (1) 0.00 67.67 0.0000
Altal 5 10 0.00 69.05 0.0000 |
Cluster Average 5 (1) 0.00 69.05 0.0000
Derf2 6 9 3594 69.38 0.4820 AL IR
Derp2 6 9 37.22 70.83 0.4745 [Fnm
Derp1 6 7 43.28 68.43 0.3676 [t
Derf1 6 7 38.00 57.81 0.3427 (1
Cluster Average 6 (4) 38.61 66.61 0.4167
Penm2 7 10 46.75 47.46 0.0151 1
Musm1 7 10 45.67 45.26 —0.0088 |
Lepd2 7 10 37.32 35.99 -0.0356 |
Canf5 7 10 48.96 47.18 —0.0363
Phlp11 7 10 44.86 43.18 —0.0373
Penm1 7 10 28.14 2481 —0.1184 |
Blag7 7 10 2717 23.85 =0.1221
Derp10 7 10 27.17 23.85 —0.1221
Oleel 7 10 39.58 34.51 -0.1279
Blot5 7 10 34.58 29.55 —0.1455
Anis 3 7 10 28.46 2154 —0.2431 |
Cluster Average 7 (11) 37.15 34.29 —0.0893
Canf1 8 10 64.71 68.78 0.0591 [
Feld1 8 3 62.72 65.55 0.0432 LI
Feld4 8 10 49.20 4446 —0.0964 |
Equci 8 10 51.63 43.94 —0.1488 |
Cluster Average 8 (4) 57.06 55.68 —0.0357
Prup1 9 10 28.47 5332 0.4660 [Fnmn
Coral.010 9 10 30.61 54.65 0.4400 [Fnm
Mald1 9 10 3284 58.47 0.4384 [rnnmmmn
Alng1 9 10 31.69 55.45 0.4285 [
Cora1.040 9 10 34.56 56.22 0.3853 [T
Arah8 9 10 30.56 47.70 0.3593 [
Glym4 9 10 36.30 38.90 0.0668 L
Cluster Average 9 (7) 32.15 52.10 0.3692
Fage2 10 7 14.70 31.00 0.5260 NI
Plaal 10 7 14.70 31.00 0.5260 N
Bosd4 10 7 14.70 31.00 0.5260 [T
Alng4 10 7 14.70 31.00 0.5260 [Fnmm
Apim4 10 7 14,70 31.00 0.5260 [T
Actd5 10 7 14.70 31.00 0.5260 N
Pla1 10 7A 14.70 31.00 0.5260 IR
Bere1 10 7 14.70 31.00 0.5260 [T
rhevb602 10 7 14.70 31.00 0.5260 [rnnmm”;
Lolp1 10 7 14.70 31.00 0.5260 [T
TriaGliad 10 £ 14.70 31.00 0.5260 [rnnnm”"
Cora9 10 7 15.17 30.99 0.5106 [T
Bosd5 10 7 15.19 31.00 0.5102 [Fnnn—”;n

(Continued)
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Table 5. Continued.

Row Detail Section

Average Average

Nearest Distance Distance Silhouette Silhouette
Row Cluster Neighbor Within Neighbor Value Bar
Blag1 10 7 15.28 31.02 0.5075 N
Olee7 10 7 15.64 31.38 0.5017 N
Glym5 10 74 15.39 30.58 0.4965 T
Tria14 10 7 15.83 31.15 0.4920 N
Blag5 10 7 16.08 31.27 0.4857 [
Bosd 10 7 16.18 31.41 0.4848 [rnnmmmm
Hevb3 10 o 16.60 3157 04741 N
Bosd6 10 7 16.78 31.75 04714 N
Glymé 10 7 16.85 31.55 0.4661 N
Phlp12 10 7 17.13 31.91 0.4632 TR
Apim1 10 7 16.55 30.80 0.4626 TR
TriaaA 10 7 16.67 30.84 0.4596 N
Arah6 10 . 17.24 31.68 0.4558 N
Salk 1 10 7 16.69 30.58 0.4541 N
Gald5 10 7 17.73 31.93 0.4448 T
Hevb1 10 7 17.68 31.73 0.4430 LT RTHRTERIE
Bosd8 10 7 18.00 3223 0.4415 [
Equc3 10 7 18.21 32.29 0.4360 [Frnmm
Blag2 10 7 18.10 32.00 0.4342 N
Hevb5 10 7 18.42 3245 0.4322 LT RTLARTERIE
Anis 1 10 7 17.33 30.52 0.4321 N
Clah8 10 7 17.75 31.01 0.4276 [T
Sesi1 10 i 18.89 3248 0.4184 TR
Penm4 10 7 17.77 30.50 04175 N
Cora8 10 7 19.85 3377 0.4122 [Ftnmm
gald2 10 7 19.65 33.22 0.4084 [T
Arah2 10 7 19.78 32.81 0.3969 Hinmmmm
Arah3 10 7 19.91 32.96 0.3961 M
Plaa3 10 7 20.84 34.51 0.3961 [
Arah1 10 7 19.97 32.65 0.3883 [Fnmm
Gald1 10 7 19.39 3146 0.3837 R
Artv 3 10 7 20.88 33.71 0.3807 LR
Hevb6.01 10 7 20.85 3332 0.3743 LT
Jugr3 10 7 21.90 3491 0.3726 [T
Arah9 10 7 21.44 3417 0.3725 TR
Aspfi 10 7 19.39 30.89 03724 TR
Pold5 10 7 20.82 33.17 0.3722 [Fnmm
Jugr1 10 7 21.29 33.88 03715 [
Prup3 10 7 2223 34.51 0.3560 LTI
Parj2 10 7 21.09 32.74 0.3560 LT
Feld2 10 7 2132 32.65 0.3472 [
Gald3 10 7 21.31 3217 0.3377 N
Canf3 10 7 21.82 32.89 0.3366 T
Gadc1 10 7 222 33.16 0.3302 N
Olee9 10 7 23.96 35.12 03178 1
Betv 4 10 7 2324 33.77 03118 [T
Vesv 5 10 7 23.68 34.20 0.3077 |
Aspf3 10 7 2171 31.31 0.3065 Hinmmn
Betv2 10 £ 2430 34.79 0.3017 [
Actd1 10 7 24.03 34.35 0.3005 [T
Jugr2 10 7 22.89 32.50 0.2958 T
Anao? 10 7 27.31 37.49 0.2715 I
Mera 10 7 26.40 35.94 0.2654 (1
Cryj1 10 7 24.66 33.01 0.2530 1
Cupat 10 4 25.67 3432 0.2521 T
Actd8 10 7 20.74 37.96 0.2165 I
Phlp7 10 7 26.86 34.18 0.2141 [rnm

(Continued)
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Table 5. Continued.

Row Detail Section

Average Average

Nearest Distance Distance Silhouette Silhouette
Row Cluster Neighbor Within Neighbor Value Bar
Cheal 10 7 28.64 36.14 0.2074 T
Alta6 10 7 31.07 39.18 0.2069 1
Apig1 10 s 31.64 39.74 0.2037 1NN
Hevb8 10 7 35.18 43.19 0.1856 1
MUXF3 10 7 29.71 36.11 0.1771 (1
Amba1 10 7 41.61 49.24 0.1550 |III|I|II
Plaa2 10 7 32.62 38.12 0.1442 {11
Plal 10 7 41.95 48.63 0.1373 1T
Actd2 10 7 43.67 50.11 0.1285 1
Aspf6 10 7 45.31 50.68 0.1060 1
Canf2 10 7 41.26 45.96 0.1024 1
Artv 1 10 7 61.00 64.60 0.0559 1l
Cluster Average 10 (82) 22.01 34.29 0.3743
Overall Average (116) 26.19 39.47 0.2960 =5C

analysis. It needs to be emphasized that in this paper we focus only on sensitization rates
and not their clinical relevance without using specific provocation tests.

The clustering problem has been addressed in many contexts and disciplines. Cluster
analysis encompasses different methods and algorithms for grouping objects of similar
kinds into respective categories. Clustering techniques are widely used in the analysis of
large datasets to group together samples with similar properties. There are many algor-
ithms for performing clustering, and the results can vary substantially (Rousseeuw,
1987). At our study each cluster is represented by a so-called silhouette, which is based
on the comparison of its tightness and separation. This silhouette shows which objects
he well within their cluster, and which ones are merely somewhere in between clusters.
The entire clustering is displayed by combining the silhouettes into a single plot, allowing
an appreciation of the relative quality of the clusters and an overview of the data configur-
ation. The average silhouette width provides an evaluation of clustering validity. Silhouette
width is a widely used index for assessing the fit of individual objects in the classification,
as well as the quality of clusters and the entire classification. Silhouette combines two clus-
tering criteria, compactness and separation, which imply that spherical cluster shapes are
preferred over others—a property that can be seen as a disadvantage in the presence of
complex, nonspherical clusters, which is common in real situations (Rousseeuw, 1987).

We did not find similar studies dealing with this question in adolescents and adults
suffering from atopic dermatitis according to the databates in Medline, Pubmed, and
Web of Science.

Our results confirme the fundamental and exceptional position of the components such
as Phl p 1, Bet v 1, Alt a 1 - these components were recorded as a principal components
without any other components in the separated clusters. The intersting cluster is Cluster
No. 4 with the single component of Phl p 4. Important role play also the molecular com-
ponents of NPC2 family (Niemann-Pick disease type C2), cystein proteasa, tropomyosin,
uteroglobin, lipocalin and PR-10 proteins.

The single molecular component Phl p 1 was recorded in Cluster 1. Sensitization to Phl
p 1 usually precedes sensitization to other grass pollen allergen and is the most prevalent
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Table 6. Results of Multiplex ISAC testing - molecular components in 10 clusters with their biochemical
name, protein family and allergen source, number of patients with positive results to molecular
components. Examination in 100 patients (= 100%).

Number of
patients with

Molecular Biochemical name, positive results
Cluster components protein family Allergen Biological function in %
Cluster 1 Phlp 1 Beta-expansin Timothy Expansins 61%
Cluster 2 Phlp 4 Berberine bridge Timothy Berberine bridge 52%
enzymes, CCD-bearing enzymes
protein
Cluster 3 Phl p 5 Grass group 5 Timothy Ribonucleases 43%
Phlp 6 Grass group 6 Timothy unknown 42%
Phlp 2 Grass group 2 Timothy unknown 39%
Cynd1 Beta-expansin CCD- Bermuda grass Expansins 49%
bearing protein
Cluster 4 Bet v 1 PR-10 protein Birch Ribonucleases 57%
Cluster 5 Alta Alt a 1-related protein Alternaria unknown 29%
Cluster 6 Der f 2 NPC2 family House dust mite ~ NPC2 family 45%
Derp 2 NPC2 family House dust mite  NPC2 family 46%
Derp 1 Cysteine protease House dust mite ~ Cysteine proteases 36%
Der f1 Cysteine protease House dust mite  Cysteine proteases 34%
Cluster 7 Penm 2 Arginine kinase Shrimp Arginine kinases 22%
Mus m 1 Lipocalin Mouse Lipocalins 20%
Lepd2 NPC2 family Storage mite NPC2 family 13%
Canf5 Arginine esterase Dog Arginine esterases 26%
Phl p 11 Ole e 1-related protein Timothy Trypsin inhibitors 20%
Penm 1 Tropomyosin Shrimp Muscle contraction 8%
proteins
Blag?7 Tropomyosin Cockroach Muscle contraction 5%
proteins
Der p 10 Tropomyosin House dust mite  Muscle contraction 5%
proteins
Olee1 Commom olive group 1 Olive Trypsin inhibitors 14%
Blot5s Mites group 5/21 House dust mite  unknown 9%
Ani s 3 Tropomyosin Anisakis Muscle contraction 4%
proteins
Cluster 8 Canf1 Lipocalin Dog Lipocalins 39%
Feld 1 Uteroglobin Cat Uteroglobins 42%
Fel d 4 Lipocalin Cat Lipocalins 29%
Equc 1 Lipocalin Horse Lipocalins 27%
Cluster 9 Prup1 PR-10 protein Peach Ribonucleases 46%
Cor a 1.0101 PR-10 protein Hazel pollen Ribonucleases 45%
Mal d 1 PR-10 protein Apple Ribonucleases 47%
Alng1 PR-10 protein Alder Ribonucleases 43%
Cor a 1.0401 PR-10 protein Hazelnut Ribonucleases 42%
Arah 8 PR-10 protein Peanut Ribonucleases 38%
Gly m 4 PR-10 protein Soy Ribonucleases 32%
Cluster 10  Fage 2 2S albumin Buck wheat 2S albumins 0%
Plaa1 Putative invertase London plane Invertase inhibitors 0%
inhibitor tree
Bos d 4 Alpha-lactalbumin Cow's milk Albumins 0%
Apim 4 Melittin Honey bee Hemolysins 0%
Actd 5 Kiwellin Kiwi unknown 0%
Bere 1 2S albumin Brazil nut 2S albumins 0%
Tri a 19.0101 omega-5 gliadin Wheat Gliadins 0%
Cora?9 11S globulin Hazelnut Legumine-like 1%
Proteins
Bosd 5 Beta-lactoglobulin Cow’s milk Lipocalins 1%
Blag1 Microvilli-like protein Cockroach unknown 2%
Olee? nsLTP Olive Lipid transfer 1%
proteins

(Continued)
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Table 6. Continued.

Number of
patients with

Molecular Biochemical name, positive results
Cluster components protein family Allergen Biological function in %
Glym5 7S globulin, Beta- Soy Vicilin-like proteins 2%
conglicinin
Tria 14 nsLTP Wheat Lipid transfer 1%
proteins
Blag5 Glutathione-S-transferase  Cockroach Glutathione-S- 3%
transferase
Bos d Transferrin Cow’s milk 2%
lactoferrin
Hev b 3 Small rubber particle Latex Small Rubber Particle 2%
protein Proteins
Bosd 6 Serum albumin Cow’s milk/meat  Albumins 2%
Glymé6 11S globulin, Glycinin Soy Legumin-like 2%
Proteins
Phl p 12 Profilin Timothy Actin-binding 3%
Proteins
Apim 1 Phospholipase A2 Honey bee Phospholipases 2%
TriaaA_Tl Alpha-amylase/trypsin Wheat 3%
inhibitor
Arah 6 2S albumin, Coglutin Peanut 2S albumins 2%
Sal k 1 Pectin methylesterase Saltwort Pectinesterases 2%
Gald 5 Serum albumin Egg yolk/chicken  Albumins 3%
meat
Hev b 1 Rubber elongation factor  Latex Elongation factors 3%
Bosd 8 Casein Cow’s milk Caseins 2%
Equc3 Serum albumin Horse Albumins 3%
Blag?2 Inactive aspartic protease  Cockroach Aspartic proteases 3%
(inactive)
Hevb 5 Hev b 5-like Latex unknown 2%
Anis 1 Serine protease inhibitor  Anisakis Serine protease 1%
inhibitors
Clahg Mannitol dehydrogenase  Cladosporium Mannitol 4%
dehydrogenases
Sesil 2S albumin Sesame 2S5 albumins 5%
Penm 4 Sarcoplasmic calcium- Shrimp Calcium-binding 2%
binding protein proteins
Corag nsLTP Hazelnut Lipid transfer 4%
proteins
Gal d 2 Ovalbumin Egg white Albumins 5%
Ara h 2 2S albumin, Coglutin Peanut 2S Albumins, Trypsin 3%
inhibitors
Arah 3 11S globulin, Glycinin Peanut Legumine-like 4%
proteins
Plaa3 nsLTP London plane Lipid transfer 5%
tree proteins
Arah 1 7S globulin, Vicilin Peanut 7S Vicilin-like 4%
globulins
Gal d 1 Ovomucoid Egg white Trypsin inhibitors 7%
Artv 3 nsLTP Mugwort Lipid transfer 5%
proteins
Hev b 6.01 Prohevein Latex Chitin-binding 6%
proteins
Jugr3 nsLTP Walnut Lipid transfer 7%
proteins
Arah 9 nsLTP Peanut Lipid transfer 7%
proteins
Asp f 1 Mitogillin family Aspergillus Ribonucleases 6%
Pol d 5 Antigen 5 Mediterranean unknown 6%
paper wasp

(Continued)



Table 6. Continued.

FOOD AND AGRICULTURAL IMMUNOLOGY 839

Number of
patients with

Molecular Biochemical name, positive results
Cluster components protein family Allergen Biological function in %
Jugr1 2S albumin Walnut 25 albumins 3%
Prup 3 nsLTP Peach Lipid transfer 8%
proteins
Parj2 Phospholipid transfer Wall pellitory Lipid transfer 10%
protein proteins
Feld 2 Serum albumin Cat Albumins 7%
Gal d 3 Conalbumin, Egg white Transferrins 6%
Ovotransferrin
Canf3 Serum albumin Dog Albumins 8%
Gad c 1 Beta-parvalbumin Cod Calcium-binding 6%
Proteins
Olee9 Glucanase Olive Glucanases 17%
Betv 4 Polcalcin Birch Calcium-binding 4%
proteins
Vesv 5 Antigen 5 Yellow jacket unknown 10%
Asp f3 Peroxisomal protein Aspergillus Peroxisomal 6%
membrane
proteins
Betv 2 Profilin Birch Actin-binding 9%
proteins
Actd 1 Cysteine protease Kiwi Cysteine proteases 1%
Jugr?2 7S globulin, Vicilin, CCD-  Walnut 7S Vicilin-like 8%
bearing protein globulins
Ana o 2 Legumin-like protein Cashew nut Legumine-like 4%
proteins
Mer a1 Profilin Annual Mercury Actin-binding 13%
proteins
Cryj1 Pectate lyase, CCD- Japanese cedar Pectate lyases 15%
bearing protein
Cupai Pectate lyase, CCD- Cypress Pectate lyases 14%
bearing protein
Actd 8 PR-10 protein Kiwi PR-10 proteins 24%
Phlp 7 Polcalcin Timothy Calcium-binding 7%
proteins
Cheat Ole e 1-related protein Goosefoot Trypsin inhibitors 8%
Alta 6 Enolase Alternaria Glycolytic enzymes 16%
Apig 1 PR-10 protein Celery Ribonucleases 22%
Hev b 8 Profilin Latex Actin-binding 13%
proteins
MUXF3 Sugar epitope from ccb Glycan side-chains 22%
Bromelain
Amb a1 Pectate lyase Ragweed Pectate lyases 5%
Plaa2 Polygalacturonase, CCD-  London plane Polygalacturonase 24%
bearing protein tree
Plal1 Ole e 1-related protein English plantain Trypsin inhibitors 15%
Actd 2 Thaumatin-like protein Kiwi Thaumatins 21%
Aspf 6 Mn superoxide Aspergillus Mn Superoxide 21%
dismutase Dismutases
Canf?2 Lipocalin Dog Lipocalins 17%
Artv 1 Defensin-like protein Mugwort Defensins 29%

component sensitization in grass pollen -allergic patients (Hatzler et al., 2012). Phlp 1 isa
beta-expansin, bound to the cell wall and important for pollen tube penetration; it is a
major grass pollen allergen with more than 80% homology to group 1 allergens from
the Pooideae subfamily (Focke et al., 2001; Hatzler et al., 2012). Phl p 1 is in most patients
the “initiator” molecule. Moreover, even in the few grass pollen - allergic patients who start
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their sensitization process with other molecules, IgE against Phl p 1 are produced quite
soon. Therefore, IgE to Phl p 1 is an essential marker in grass pollen-allergic patients to
establish “true sensitization”. The presence of IgE to Phl p 1 confirms that the patient
with a positive skin test or IgE assay to grass pollen extract is truly sensitized to grass
pollen. The absence of IgE to Phl p 1 does not exclude “true” sensitization to grass
pollen, which might be due (in a few cases) to isolated IgE sensitization to other major
allergenic proteins (e.g. Phl p 5) but makes it rather unlikely. The molecular component
Phl p 4 is recorded in Cluster 2; it is a tryptase-resistant glycoprotein, berberine bridge
enzyme, involved in the synthesis of alkaloids. It can be classified as a major allergen. It
shows IgE cross-reactivity with other group 4 grass pollen allergens, including with Cyn
4 to some extent. Moreover, cross-reactivity to the major ragweed allergen Amb a 1
and to Oilseed Rape pollen has been demonstrated. Natural Phl p 4 contains cross-reactive
carbohydrate determinants (CCD), which may lead to IgE cross-reactivity with a wide
range of plants and plant products. This explains why in several epidemiological studies
IgE positivity to Phl p 4 scores over 90% of the grass pollen-allergic patients. However,
when the recombinant version of the molecules is used for assays, over 50% of the posi-
tivity is not confirmed anymore. Phl p 4 may also serve as a marker for sensitization to
Bermuda grass pollen due to its similarity with Cyn d 4, a major allergen of Bermuda
grass pollen, but this needs to be investigated in relevant patient populations (Matricardi
et al., 2016). As Bermuda grass pollen is not present in our region, possible cross- reactivity
with -expansins from other grasses could be the explanation for the results with high sen-
sitisation to Cyn d 1 in in our study.

Molecular components such as Phl p 5, Phl p 6, Cyn d 1 and Phl p 2 were found in
Cluster 3. Phl p 5 is another major pollen allergen of temperate grasses with low sensitiz-
ation prevalence, but often with high IgE levels. Phl p 5 is a cytoplasmatic ribonuclease,
important in the enzymatic degradation of RNA. It shows broad IgE cross-reactivity
with other group 5 allergens from the Pooideae subfamily of temperate grasses. Although
IgE to Phl p 5 usually appear later than those to Phl p 1 in the sensitization process, their
concentration grows in many patients rapidly and higher and their contribution to
patients’ symptoms has been demonstrated. Testing IgE to Phl p 5 can be useful as a
second-line test and has been shown to be useful for distinguishing between allergy to
grass and olive pollen in southern Europe. Phl p 5-specific IgE may have some prognostic
value for indicating disease severity or likely progression from allergic rhinitis to asthma,
but this needs to be confirmed with well-designed studies. Phl p 6 is another major grass
pollen allergen, specific for the Pooideae subfamily. Its function has not yet been described
(Matricardi et al., 2016). Phl p 2 is rarely the only molecule inducing grass pollen sensit-
ization and the presence of IgE antibodies to this Phl p 2 - observed in around 60-80% of
the European grass pollen-allergic patients — just confirms that a positive SPT reaction is
the expression of true sensitization to grass. Phl p 6 is highly cross-reacting with Phl p 5
and does not add more diagnostic information, once IgE to Phl p 5 has been tested (Matri-
cardi et al., 2016). The only component found in Cluster 4 is Bet v 1. Birch, followed by
alder and hazel, represents the most potent cause of tree pollen allergy. In Europe, the
prevalence of positive skin prick test to birch pollen allergens ranges from 5% in The Neth-
erlands to 54% in Switzerland, while Scandinavian countries have the highest number of
patients with exclusive sensitization to Bet v 1 (Asam et al., 2015; Breiteneder et al., 1988).
Bet v 1 in birch pollen is responsible for most of the IgE binding to the allergen source. For
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tree pollen allergic patients in Northwestern and Central Europe, Bet v 1 is of decisive
clinical importance because there is no “competing” major allergen (Matricardi et al.,
2016). Pathogenesis-related protein group 10 PR-10 molecules (i.e. Bet v 1 and homolo-
gous allergens) are the major allergens in Fagales pollen and are recognized by virtually
all allergic patients, thus representing the major cause of clinical allergy (D’Amato
et al., 1998). PR-10 proteins defend plants against fungi and other microorganisms
(Asam et al.,, 2015; Breiteneder et al., 1988). Their homologs are also present in a large
number of plant-derived foods, and thus frequently cause cross-sensitization and conse-
quently plant-food allergy (oral allergy syndrome, in most cases). In our study, molecular
components from PR - 10 protein family (Pru p 1, Cor a 1.010, Mal d 1, Aln g 1, Cor a
1.040, Ara h 8 and Gly m 4) are recorded in Cluster 9.

Exceptional position was recorded for molecular component Alt a 1, which was
found as a single component in Cluster 5. Sensitisation to Alternaria alternata spores
are considered a well-known biological contaminant and a very common potent aero-
allergen source that is found in environmental samples. The major allergen, Alt a 1, has
been reported as the main elicitor of airborne allergies in patients affected by a mold
allergy and considered a marker of primary sensitization to Alternaria alternata. More-
over, Alternaria alternata sensitization seems to be a triggering factor in the develop-
ment of poly-sensitization, most likely because of the capability of Alternaria
alternata to produce, in addition to Alt a 1, a broad and complex array of cross-reactive
allergens that present homologs in several other allergenic sources (Chruszcz et al.,
2012). According to our previous results, the sensitisation to molecular fungal allergen
was recorded altogether in 58% atopic dermatitis patients (Celakovska et al., 2019). The
study and understanding of Alternaria alternata allergen information may be the key to
explaining why sensitization to Alternaria alternata is a risk factor for asthma and also
why the severity of asthma is associated to this mold. Recent research on the identifi-
cation and characterization of Alternaria alternata allergens has allowed for the con-
sideration of new perspectives in the categorization of allergenic molds, assessment
of exposure and diagnosis of fungi-induced allergies (Chruszcz et al., 2012; Gabriel
et al., 2016).

The molecular components such as Der f 2, Der p 2, Der p 1 and Der f 1 were recorded
in Cluster 6. Der p 1, Der f 1 are cystein proteasa, Der p 2, Der f 2 are from NPC2 protein
family (epidermal secretory proteins). For D. pteronyssinus and D. farinae, the fecal par-
ticles are the cardinal form in which the allergens became airborne (de Blay et al., 1997;
Tovey, Chapman, and Platts-Mills, 1981; Tovey, Chapman, Wells, et al., 1981). In
addition, for Der p 1, there is specific evidence about the effects of reducing exposure
from 13 to 0.2 pg/g on symptoms among mite-allergic individuals (Banerjee et al,
2015; de Blay et al., 1997; Tovey, Chapman, & Platts-Mills, 1981; Tovey, Chapman,
Wells, et al., 1981). The nature of these particles is relevant to both the induction of the
IgE response and the subsequent contribution to inflammation of the nose and lungs.
For dust mite particles, it is clear that they not only carry a high concentration of
several allergens but also are an important source of other substances both nucleic acids
and proteins that act as toll receptor ligands or PAMPs. While this has been well recog-
nized for mites, it may be just as important for cockroach allergens (Banerjee et al.,
2015; de Blay et al., 1997; Matricardi et al., 2016; Spieksma & Voorhorst, 1969; Tovey,
Chapman, & Platts-Mills, 1981; Tovey, Chapman, Wells, et al., 1981).
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The components such as Penm 2, Musm 1, Lepd 2, Can f5,Phlp 11,Penm 1, Blag 7,
Der p 10, Ole e 1, Blo t 5 and Ani s 3 are found together in the Cluster 7. Phl p 11 belongs
to the Ole e 1 related proteins and hence exhibits a broad range of cross-reactivities to
pollen from different plants as olive, ash, privet, saffron crocus, thistle, plantain, and
corn. It is an acidic polypeptide with homology to the tryptase inhibitor of soybean.
The shrimp (Penaeus aztecus) major allergen, Pen a 1, is one of the most clinically relevant
allergenic tropomyosins (Ahumada et al., 2015; Daul et al., 1994; Reese et al., 2006). Tro-
pomyosins from invertebrates are allergenic for genetically susceptible individuals, and
due to their extensive cross-reactivity, are considered panallergens. Most allergenic tropo-
myosins are major shellfish allergens. Symptoms may be induced by very low amounts of
the offending food and sometimes by inhalation. In Europe, sensitization to mite tropo-
myosin Der p 10 is low and has been considered an effect of cross-reactivity but also a
marker for broad sensitization among house dust mite allergic patients. Component-
resolved diagnosis of D. pteronyssinus allergens Der p 1, Der p 2, and Der p 10 has
been suggested for selecting patients for house dust mite immunotherapy. The prevalence
of sensitization to Der f 10 was found around 80% in Japan. In addition, sensitization to
Der p 10 was found 55% in Zimbabwe and 34% in Colombia, probably because of peren-
nial exposure to shellfish and helminth infections. Therefore, the clinical impact of non-
food allergenic tropomyosins may be greater than previously thought. In fact, it has been
suggested that sensitization to tropomyosin from mite cockroach, Ascaris (Ahumada et al,,
2015), and mosquito could influence the prevalence and severity of asthma in places where
coexposition to several sources of tropomyosin occurs. The frequency of IgE sensitization
to tropomyosins in shellfish-allergic patients ranges from 50% to 100%. In addition, Pen a
1 binds up to 75% of all shrimp-specific IgE antibodies, which is supported by histamine
release experiments (Daul et al., 1994; Reese et al., 1997; Reese et al., 2006). Molecular
components such as Can f 1 (Lipocalin), Fel d 1 (Uteroglobin), Fel d 4 (Lipocalin) and
Equ ¢ 1 (Lipocalin) were found in Cluster 8. The majority of the mammalian allergens
are lipocalins (Hilger, Swiontek, et al., 2012). Lipocalins are proteins that are ubiquitous;
they are present also in arthropods, plants and bacteria, and have very diverse functions.
They are characterized by a common tertiary structure composed of a central -barrel
formed of eight antiparallel B-strands. The internal binding pocket carries small hydro-
phobic molecules such as retinol, steroids, pheromones, and odorants. Mammalian aller-
gens isolated so far are mostly odorant and pheromone binding lipocalins. Only few
natural ligands have been characterized. Lipocalin allergens are present in dander,
saliva, and urine. They stick to particles and become easily airborne and transported to
public places such as schools or day care centers (Hilger, Kuehn, et al., 2012; Hilger,
Swiontek, et al., 2012; Konradsen et al., 2014; Nilsson et al., 2012; Saarelainen et al.,
2008; Zahradnik & Raulf, 2014). Lipocalins are small, secreted molecules of 150-250
amino acids. Representatives of this cross-reactive group are Equ ¢ 1, Fel d 4 and Can {
6. However, even between molecules of low general sequence identity such as Fel d 4
and Can f 2 (25% identity), single epitopes may have short stretches of sequence identity
and lead to patient-dependent IgE cross-reactivity. (Hilger, Kuehn, et al., 2012; Nilsson
et al., 2012; Saarelainen et al., 2008). In Cluster 9, these components were found: Pru p
1 (Peach), Cor a 1.010 (Hazelnut), Mal d 1 (Apple), Aln g 1 (Alder), Cor a 1.040 (),
Ara h 8 (Peanut), Gly m 4 (Soy) - all these components belong to the family PR —10
protein. In 1980, pathogenesis-related proteins (PR proteins) were defined as “proteins
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encoded by the host plant but induced only in pathological or related situations” and sub-
sequently grouped into families. Today, the list of PR proteins comprises 14 families.
When the sequence of Bet v 1 was discovered in 1989, the PR-10 family had not been
defined yet but it was noted that Bet v 1 was homologous to a PR protein from pea Bet
v 1 is constitutively expressed in pollen at rather high concentrations. Hence, the term
PR-10 for the Bet v 1 homologous allergens is not entirely correct. These constitutively
expressed proteins are referred to as PR-10 like proteins.. Positive specific IgE to Bet v
1 homologs plant-food allergens (i.e. Pru p 1 from peach) demonstrates allergic sensitiz-
ation, being clinically relevant in case of corresponding symptoms (Antoniw et al., 1980;
Gepp et al,, 2014; Geroldinger-Simic et al., 2011; Kitzmiller et al., 2015; van Loon & van
Strien, 1999).

In Cluster 10, 82 molecular components from different pollen and food allergen sources
were recorded. Phl p 7 and Phl p 12 are minor allergens, representing panallergens from
the plant world. Phl p 7, polcalcin, is a calcium-binding protein present in many different
pollens, hence representing a broad cross-reacting allergen: birch, alder, juniper, ragweed,
mugwort, olive, goosefoot, etc. Phl p 7 sensitization can be used as a marker for a more
general pollen sensitization. Phl p 12 is a member of the profilin family, an actin-
binding protein that is present throughout the whole plant world. As profilins are ubiqui-
tous in plant cells, profilin sensitization gives rise to a long range of cross-reacting plants
and plant products as birch, soybean, corn, latex, and plant foods. Phl p 12 is the highly
cross-reacting profilin of Phleum pratense. As a heat-labile, relatively weak allergenic mol-
ecule, IgE sensitization to profilin comes later in the molecular spreading process, reaches
only moderate levels of IgE antibodies and only in a minority of patients. Hence, IgE to Phl
p 12 mark in general patients with a higher atopic background and/or longer disease dur-
ation. Patients with a positive skin test/IgE to grass pollen extract but no IgE to Phl p 1 and
Phl p 5 must be tested for IgE to Phl p 12 as these antibodies — that can be induced by other
pollens containing profilin - are the first cause of “false” positivity to assays based on grass
pollen extract. In the presence of IgE to Phl p 12, patients should be asked about oral
allergy syndrome triggered by the ingestion of fruit and vegetables containing profilin,
with a focus on apple, celery, and birch. Phl p 7, is the highly cross-reacting polcalcin
of Phleum pratense. This is a heat-stabile, relatively potent allergen that can induce
quite high IgE antibody levels. An IgE response to Phl p 7 is observed only infrequently
among grass pollen-allergic patients and usually many years after the disease onset. IgE
to Phl p 7 marks a relatively distinct category of grass pollen-allergic patients, with
more severe symptoms, a higher prevalence of asthma, and a higher frequency of
additional allergic comorbidities. Moreover, many other pollens and allergenic sources
contain polcalcin so that the origin sensitization to polcalcin in a grass pollen-allergic
patient must be carefully searched. These allergenic sources could be indeed responsible
of a more severe disease (Bousquet et al., 2007; Davies, 2014; Devanaboyina et al., 2014;
Popescu, 2014).

In our previous studies we evaluated the occurrence of sensitisation to food and inhal-
lant allergens in patients suffering from AD. The challenge test was performed according
to the results of examinations sIgE and APT atopy patch tests with suspected foods. The
diagnostic work-up should comprise not only the laboratory methods, but also the diag-
nostic hypoallergenic diet and the challenge test in patients with suspected food allergy
(Celakovskad, Ettlerovd, Ettler, and Buka¢, 2015; Celakovska, Ettlerova, Ettler, Vanéckova,
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et al., 2015). Our previous study demonstrates that there is a significant association
between the severity of AD and the incidence of perennial rhinitis, asthma bronchiale,
and the worsening of atopic dermatitis in relation to food (Celakovska & Bukad, 2011).

According to the literature, quantitative competition immunoassays with appropriate
combinations of antibodies give consistent dose-response patterns which may be used to
identify and estimate amounts of cross-reacting compounds. Previously reported methods
of analyzing cross-reaction patterns include multiple regression, principal components analy-
sis and minimum estimates of variance (MEV). Four other techniques which are preferable in
theory have been surveyed: discriminant analysis (DA), maximum likelihood estimates
(MLE), classification and regression trees (CART), and computational neural networks
(NN). MLE and simple back-propagation neural networks can estimate the concentration,
as well as the identity, of individual compounds. These four methods worked well with
unfitted, unscaled data from monoclonal assays of triazines, phenylureas and avermectins.
Immunoassays must be properly designed to provide adequate data for pattern recognition.
Cross-reactivity pattern analysis will make multi-analyte, multi-antibody immunoassays feas-
ible for many applications in toxicology and hazard assessment (Karu et al., 1994).

According to the literature, little is known about pollen-food allergy syndrome (PES) in
China. Ma Shikun et al. investigated the clinical characteristics, as well as sensitization pat-
terns, of PFS in China. Clinical parameters and serum Immunoglobulin E (IgE) responses
to prevalent pollens, plant foods and corresponding allergen components were evaluated.
The top three most common pollen-associated allergenic foods were peach, apple and
pear. Peach was the most common allergenic food in PFS patients. Patients with PES in
China showed an LTP-dominant sensitization profile and usually presented systemic reac-
tions upon consumption of the allergenic foods (Ma et al., 2018).

Food allergies, including kiwi fruit allergy, have been the subject of extensive research in
the last few years. The aim of Gavrovic-Jankulovic ‘s study was to examine a possible
relationship between the developmental stage of kiwi fruit and its allergenic potency.
The protein and allergen patterns of kiwi fruit extracts in September, October, November
and December fruit in the period from 2000-2002 were analysed. Two major allergens of
kiwi fruit, Act ¢ 1 and Act ¢ 2, mainly accounted for the highest allergenic potential of
November kiwi extract in vivo and in vitro. Not only the content of major allergens,
but also the ratio of different proteins and even isoforms of the same allergen (Act ¢ 2)
change with fruit ripening. These findings should be taken into account during prep-
aration of extracts for allergy diagnosis (Gavrovic-Jankulovic et al., 2005).

The prevalence of fish allergies has become a serious health problem and has increased
alarmingly over the past few years. Liu, Chu-Yi ‘s study attempted to identify and purify
the major allergen implicated in the allergic response to largemouth bass (Micropterus sal-
moides), a freshwater fish widely consumed in China. According to their results, nucleo-
side diphosphate kinase B was identified as a novel fish allergen in largemouth bass. This
finding is important for allergy diagnoses and the treatment of freshwater fish-allergic dis-
orders (Liu et al,, 2014).

The quality of an applied protein extract is important in both serological and in vivo
diagnosis of allergy, and for allergen detection methods. In Dooper ’s study the effects
of the extraction procedure and hazelnut source on antibody binding to hazelnut
(Corylus avellana) proteins were investigated. This study indicates that for the production
of hazelnut protein extracts, the use of fresh hazelnuts is important. A quick, vigorous
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extraction in a tris buffer might contribute positively, at least for extraction of Cor a 9
(Dooper et al., 2008).

Conclusion

The results of ISAC multiplex examination in 100 atopic dermatitis patients were pro-
cessed with cluster analysis, we found 10 clusters with different numbers of molecular
components. Our results correspond to the association of molecular components into
protein families according to their biochemical structure. Fundamental position have
the components Phl p1, Bet v 1, Alt a 1 followed by molecular components of NPC2
family, cystein proteasa, tropomyosin, uteroglobin, lipocalin and PR-10 protein. These
molecular components play the most important role in atopic dermatitis patients.
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ABSTRACT ARTICLE HISTORY

: The aim of this study is the evaluation of the occurrence of fish/ Received 10 July 2020
shrimp allergy in atopic dermatitis patients. The occurrence of Accepted 17 September
fish/shrimp allergy was confirmed in the challenge test or 2020

according to the history; the sensitisation to molecular

components with ISAC Multiplex testing was analysed. Altogether

100 atopic dermatitis patients were examined. The food allergy to

fish was confirmed in 13 patients (13%), while shrimp allergy

occurred in 6 patients (6%).In patients with allergy to fish, the

significantly higher occurrence of sensitisation to Asp f 1, Asp f 6,

Alt a 6, Der f 1, Der f 2, Der p 1, Der p 2, Lep d 2 and Blo t 5 was

confirmed. In patients with food allergy to shrimps, the

significantly higher occurence of sensitisation to Asp f 6, Alt a 6,

Cla h 8, Bla g 1 and Bla g 5 was confirmed also.

Introduction

Atopic dermatitis (AD) is a chronic intermittent inflammatory skin disease that may be
in some cases associated with food allergies. Other numerous trigger factors for AD have
been identified, including inhalable respiratory allergens, irritative substances and infec-
tious microorganisms, such as Staphylococcus aureus. Psychogenic and climatic factors
may also cause exacerbation of AD (Matricardi et al., 2016). Food allergy was considered
to be an important factor in exacerbation of AD in only a subset of children (and a much
smaller subset of adults) where non-IgE mediated mechanisms are sometimes implicated
in AD flare-ups associated with ingestion of the foods in question (Matricardi et al.,
2016). In patients with suspected food allergy, that is thought to be aggravating AD, it
is therefore important that any food avoidance measures suggested are based on a
detailed history and supportive evidence from objective allergy tests. Generally, three
different clinical patterns are described after ingesting of food allergens: (a) immediate
type symptoms such as erythema, angioedema, urticaria, but no eczema, bronchial,
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gastrointestinal or cardiovascular symptoms of anaphylaxis, which appear within
minutes up to two hours after ingesting the relevant food; (b) isolated, eczematous,
late-type reactions, which normally appear as flare-ups of typical eczematous lesions
occurring within hours to two days after ingestion and (¢) combined reaction pattern
of non-eczematous, immediate type reactions and eczematous, late-type reactions
(Matricardi et al., 2016). As animal - derived allergens among the eight most common
food allergens, fish, egg, milk and shellfish are the chief allergens in food allergy (Flammar-
ion et al., 2011; Matricardi et al., 2016; Soares-Weiser et al., 2014). As fish is both an
important food component and a potent source of food allergens, fish has been included
in the European Union regulation of food labeling (Kremmyda et al., 2011; Taylor &
Baumert, 2015).

Fish allergy is generally IgE-mediated, and affected patients present with immediate
clinical signs, which are usually severe. The classic clinical signs include oral allergy syn-
drome, cutaneous symptoms (diffuse urticaria, angioedema), gastrointestinal manifes-
tations (abdominal pain, diarrhea, and sudden-onset vomiting), respiratory symptoms
(rhinitis, asthma), and, in the most severe cases, anaphylactic shock. Respiratory symp-
toms can occur due to inhalation of vapor while cooking fish (Kremmyda et al., 2011;
Sharp & Lopata, 2014 Taylor & Baumert, 2015;). Non - IgE-mediated reactions have
mainly been reported in pediatric cases as food protein-induced enterocolitis syndrome
(FPIES) (Sharp & Lopata, 2014). Despite the broad biodiversity among fishes, the most
frequently consumed species belong to a limited number of orders. Fish allergens have
been described in around 40 species but detailed analysis of the allergy-eliciting mol-
ecules was performed mainly for fish, which are commonly consumed in Europe such
as carp, cod, salmon, trout, and tuna (Sharp & Lopata, 2014). Food processing does
not seem to affect the allergenic potency of the fish but rather the allergen content
which varies in different species (Kuehn et al., 2010). An increasing number of studies
reports on IgE-mediated allergy which is caused by the parasite Anisakis simplex
found in contaminated raw or undercooked fish. Anisakis is a parasitic nematode
which mainly infects fish, but has been fish or shellfish and can induce severe allergic
reaction in fish or shellfish (Nieuwenhuizen & Lopata, 2014). Parvalbumins are the
major fish allergens, other fish allergens present in the muscle are enolases and aldolases.
A strong and clinically relevant crossreactivity seems to exist between parvalbumins of
different fish species. Major and relevant minor fish allergenic molecules are recorede
in Table 1 (Griesmeier et al., 2010; Kuehn et al., 2013; Radauer et al., 2008; Sicherer
et al., 2004; Worm et al.,, 2015). Shellfish (shrimps), along with fish are commonly
termed as seafood, but these two groups are very distinct in evolutionary terms and
contain different molecular repertoires of food allergens. All shellfish species are invert-
ebrate animals, in comparison with fish, which are lower vertebrates. Comparing evol-
utionary distance, crustaceans are placed closer to insects and arachnids, and this
seems to be the major factor for molecular cross-sensitization and clinical cross-reactivity
between crustacean, house dust mites, and insects (Chokshi et al., 2015; Kamath et al.,
2014a; Yu et al.,, 2011). In general, 2% of the population are affected by food allergy to
shellfish, including the crustacean and mollusk groups. Shellfish allergy, particularly to
prawns, has one of the highest rates of food-induced anaphylaxis with nearly 42%
among affected adults and 12% in children (Chokshi et al.,, 2015). The tropomyosin
family represent the major heatstable allergen present in all shellfish species, and may
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Table 1. Major and relevant minor fish allergenic molecules (Griesmeier et al., 2010; Kuehn et al., 2013;
Matricardi et al., 2016; Radauer et al., 2008; Sicherer et al., 2004; Worm et al., 2015). Molecular
components in ISAC Multiplex testing are shown extra bold*.

Biochemical name

Allergen Molecular component Protein family
Clupeiformes Herring (Clupea harengus) Cluh1 Parvalbumin
Pilchard (Sardinops sagax) Sarsa 1 Parvalbumin
Cypriniformes Carp (Cyprinus carpio) Cypc1 Parvalbumin
Gadiformes Atlantic cod (Gadus callarias) Gad c 1* Parvalbumin
Atlantic cod (Gadus morhua) Gad m 1 Parvalbumin
Gad m 2 Enolase
Gad m 3 Aldolase
Perciformes Tuna (Thunnus albacares) Thu a1 Parvalbumin
Thua?2 Enolase
Thu a3 Aldolase
Pleuronectiformes Megrim, whiff (Lepidorhombus whiffiagonis) Lepw 1 Parvalbumin
Salmoniformes Pacific salmon (Oncorhynchus keta) Onck5 Vitellogenin
Rainbow trout (Oncorhynchus mykiss) Oncm 1 Parvalbumin
Salmon (Salmo salar) Sal s 1 Parvalbumin
Sals 2 Enolase
Sals 3 Aldolase
Scorpaeniformes Redfish (Sebastes marinus) Sebm 1 Parvalbumin

constitute up to 20% of the total protein content (Koeberl et al., 2014). In the seafood
industry, workers are constantly exposed to airborne shellfish particulate matter
arising from different processing activities that results in the inhalation of airborne aller-
gens and cooking fumes (Kamath et al., 2014b; Lopata & Jeebhay, 2013). The foodborne
parasite Anisakis or herring worm is an important food allergen also (Nieuwenhuizen &
Lopata, 2013). More importantly, the tropomyosin family of allergens are thought to be
primarily responsible for cross-reactivity between Anisakis and other invertebrates such
as insects, mites, and crustaceans. However, it is difficult to estimate the prevalence data
of Anisakis and shellfish cross-reactivity due to the lack of population-based studies. At
least 6 shellfish allergens have been identified displaying mainly metabolic or structural
functions. The major allergen, tropomyosin was first identified in 1993 as the major
shrimps allergen (Shanti et al., 1993). Subsequently, arginine kinase (Yu et al., 2003),
myosin light chain (Ayuso et al., 2008), and sarcoplasmic calcium-binding protein (Fer-
nandes et al., 2015) were identified as minor crustacean allergens. Previous sensitization
rates were mainly based on skin or IgE testing to whole shellfish extracts (Abramovitch
et al., 2013; Osborne et al., 2011; Pascal et al., 2015; Rona et al., 2007; Sicherer et al., 2004;
Vidal et al,, 2015). Allergenic molecules present in crustacean species are shown in Table
2. Registered allergen names are stated in accordance with WHO/IUIS Allergen Nomen-
clature (Matricardi et al., 2016). There are only rare studies investigating the sensitisation
to molecular components of fish/ shrimp allergy in atopic dermatitis patients.

The initial laboratory approach in the diagnosis of allergies (such as atopic dermatitis, rhi-
nitis and wheezing disorders) is to detect the type of allergic reaction, i.e. whether the patient’s
allergy is mediated by immunoglobulin E (IgE) or not. Using traditional forms of allergen-
extract-based diagnosis such as skin testing (i.e. skin prick testing, atopy patch testing), it is
often challenging and sometimes impossible to identify the disease-triggering allergens.

Progress in laboratory diagnostics of IgE-mediated allergy is the use of component-
resolved diagnosis (CRD) or molecular diagnosis of allergies. The CRD approach has
been developed when highly purified or recombinant allergen molecules have become
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Table 2. Allergenic molecules present in crustacean species. Registered allergen names are stated in
accordance with WHO/IUIS Alergen Nomenclature (Matricardi et al., 2016). Molecular components in
ISAC Multiplex testing are shown extra bold*.

Biochemical name

Molecular components Protein family
Chaf1,Crac1, Homal,Litv1 Tropomyosin

Mel | 1, Mete 1,Pan b 1, Pen m 1%, Por p 1, Cra c 2, Lit v 2, Pen m 2* Arginin kinase

Hom a 3, Litv 3, Pen m 3 Myosin light chain

Cra c 4, Lit v 4, Pen m 4% Pon | 4 Sarcoplasmic calcium-binding protein
Crac6,Horna 6, Pen m 6 Troponin C

Arcs 8,Crac8 Triose Phosphate isomerase

available. These molecules are the allergenic proteins toward which the specific and clini-
cally relevant IgE immune response is directed (Matricardi et al., 2016; Melioli et al.,
2011; van Hage et al., 2017). Molecular allergy diagnosis using singleplex allergens or
multiplex allergen microarrays are typical methods of precision medicine (Matricardi
et al., 2016) and they enhance the specificity of IgE-diagnosis in polysensitized respirat-
ory allergies, can be applied in food allergies and atopic dermatitis (Hanifin & Rajka,
1980) and may even reveal unexplained anaphylaxis (Matricardi et al., 2016). Immuno-
cap ISAC is an in vitro assay for the measurement of allergen specificIgE antibodies in
human plasma (Melioli et al., 2011; van Hage et al., 2017). It is intended to aid in the diag-
nosis of IgE-mediated allergic disorders (Melioli et al., 2011; van Hage et al., 2017).
ImmunoCAP ISAC (Thermo Fisher), based on 112 different molecular components
(both extracted and recombinant), is the most studied and most frequently used molecu-
lar diagnostic tool based on a microarray (Melioli et al., 2011; van Hage et al., 2017). The
major advantage of ISAC is the comprehensive IgE pattern obtained with a minute
amount of serum (Melioli et al., 2011).

Aim

The aim of our study is to show the occurrence of fish/shrimp allergy in atopic dermatitis
patients, to evaluate the sensitivity of ISAC Multiplex testing and to analyse the results of
ISAC Multiplex testing. We evaluate also, if there is a significant relation between the
occurrence of fish/shrimp allergy and the sensitisation to molecular components of
Alternaria Alt a 1 (Acidic glycoprotein), Alt a 6 (Enolasa), molecular components of
Aspergillus such as Asp f 1 (Mitogillin family), Asp f 3 (Peroxisomal protein), Asp f 6
(Mn superoxide dismutase), molecular component of Cladosporium Cla h 8 (Mannitol
dehydrogenase), molecular components of House dust mites Der f 1 (Cysteine protease),
Der f 2 (NPC2 protease), Der p 1 (Cysteine protease), Der p 2 (NPC2 family), Der p 10
(Tropomyosin), molecular components of Cockroach such as Bla g 1 (Cockroach group

1), Bla g 2 (Aspartic protease), Bla g 5 (Glutathione S-transferase), Bla g 7 (Tropomyo-
sin), and Lep d 2 (Storage mite, NPC2 family), Blo t 5 (Mite group 5).

Method
Patients and methods

In the period of 2018-2019, 100 patients suffering from atopic dermatitis at the age of 14 years
and older were examined. All these patients were examined in the Department of
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Dermatology, Faculty Hospital Hradec Kréalové, Charles University, Czech Republic. The
diagnosis of atopic dermatitis was made with the Hanifin-Rajka criteria (Hanifin & Rajka,
1980). Exclusion criteria were long term therapy with cyclosporin or systemic corticoids,
pregnancy, breastfeeding. Patients with atopic dermatitis having other systemic diseases
were excluded from the study as well. Complete dermatological and allergological examin-
ation was performed in patients included in the study. This study was approved by Ethics
commitee of Faculty Hospital Hradec Kralové, Charles University in Prague, Czech
Republic.

Examination of specific IgE to molecular components

The sIgE level of the serum was measured by the component-resolved diagnosis microar-
ray-based sIgE detection assay ImmunoCAP ISAC (Phadia, Thermo Fisher Scientific,
Uppsala, Sweden). ImmunoCAP ISAC is a solid-phase multiple immunoassay which
enables to determine 112 different components from 51 allergen sources (Melioli
et al., 2011; van Hage et al., 2017). The allergens are applied in triplicates to ensure
the test reproducibility. The specific IgE values are presented in arbitrary units called
ISAC Standardized Units (measuring range of 0.3 — 100 ISU-E). The level of specific
IgE higher than 0.3 ISU-E was assessed as positive. The level of molecular components
in ISU - E was evaluated: < 0.3 - negative, 0.3-0.9 low positivity, 0.9-15 moderate posi-
tivity, above 15 ISU - E very high positivity (Melioli et al., 2011; van Hage et al., 2017).

Confirmation of food allergy

The fish/shrimp allergy was confirmed in these cases: (1) In patients with the positive
result in the open exposure test (early and/or late reactions) with examined food aller-
gens. (2) In patients with the clinical allergic reaction after the ingestion of fish and/or
shrimps in their history; the open exposure test was not performed in these patients
because of anaphylactic reaction danger. (3) Sensitisation to examined food allergens
was confirmed in patients with positive results in ISAC Multiplex testing and with the
negative results in the open exposure test or history.

The elimination diet

In patients without previous history about fish/shrimp allergy and with the positive
results in ISAC Multiplex testing we recommended the elimination diet with the elimin-
ation of suspected food allergens for the period of 5 weeks (Celakovska et al., 2015a,
2015b).

Open exposure test

Open exposure test was performed after this diet in intervals without symptoms or
during a consistent period with regard to atopic dermatitis (not in pollen season in
patients with pollen allergy). In generally, the open exposure test (OET) was rec-
ommended to performe with three doses of examined foods given during two days.
One dose of examined food was given in incremental dosages in 10 min intervals
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during one hour. The food challenge results was scored as positive if one or more of the
following objective and subjective clinical reactions were noted: itching, rash, urticaria,
angioedema, vomiting, wheezing, abdominal pain, diarrhea, pruritus, or worsening of
atopic dermatitis. Early reactions were defined as clinical symptoms within 2 h after
the ingestion of food and late symptoms if occurring after more than 2 h. In the case
the physician or the patient recorded worsening of the atopic dermatitis or some other
reactions during the open exposure test, the patient continued in the elimination of sus-
pected food and the severity of atopic dermatitis was evaluated every 3 month during 1
year. If the open exposure test was negative, the patient introduced this food in the diet
regimen. The severity of atopic dermatitis was evaluated during the ingestion of food
over a period of 3 months during 1 year. If there is a suspicion to food allergy to
more than one food, the next open exposure test was performed in 2-3 weeks after
the first exposure test (Celakovska et al., 2015a, 2015b).

Statistical analysis

The comparison of the results in the examination of ISAC Multiplex testing and really
confirmed fish/shrimp allergy in the open exposure (patient ‘s history) test was per-
formed; according to these results, we calculated the sensitivity of the ISAC Multiplex
testing.

Sensitivity was calculated as proportion of positive IgE antibody tests in patients with
allergic reaction. We tested if there is the significant relation between the really confirmed
fish/shrimp allergy and the sensitisation to some molecular components of Alternaria,
Aspergillus, Cladosporium, molecular components of House dust mites and molecular
components of Cockroach. Such a table was evaluated by the usual Chi - squared test.
The p - value is displayed in the right hand column. Unfortunately, zeroes appeared
in some of the tables and one has to be careful in making conclusions.

Results
Patients

One-hundred patients suffering from atopic dermatitis were included in the study - 48
men and 52 women with the average age 40.9 years and with the average SCORAD 39
points (s.d.13.1 points). The mild form of AD was recorded in 14 patients (14%), moderate
form in 58 patients (58%), severe form in 28 patients (28%); 55 patients (55%) suffer from
asthma bronchiale and 78 patients (78%) suffer from rhinitis. The characteristics of
patients is shown in Table 3. ISAC Multiplex examination was performed in all included
patients. The highest observed sensitization rate was 61.0% to grass specific molecule Phl p
1, the second most frequent sensitization was 57. 0% to Betulaceae-specific molecule Bet v
1. Frequently observed sensitizations were those to PR-10 proteins, NPC2 proteins family,
Uteroglobin and Lipocalin. The food allergy to fish was confirmed in 13 patients (13%),
while shrimp allergy occurred in 6 patients (6%). The results of the open exposure test
(history) are shown in Table 4; gastrointestinal symptoms (vomiting), pruritus, and wor-
sening of AD were recorded in patients suffering from fish/shrimp allergy. In 9 patients
(9%) with fish allergy, gastrointestinal symptoms such as abdominal pain, diarrhea,
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Table 3. The characteristic of patients.

— 100 patients examined — 48 men, 52 women, the average age 40.9 years

— the average SCORAD 39 s.d. 13.1 points

— the positive results in sensitisation to molecular components — 93 patients (93%)
— mild form of AD patiens 14 (14%)

— moderate form of AD patients 58 (58%)

— severe form of AD patiens 28 (28%)

— number of patients with asthma bronchiale — 55 (55%)

— number of patients with allergic rhinitis — 78 (78%)

Table 4. The results of open exposure test (or history) with the symptoms of food allergy (pruritus,
gastrointestinal symptoms, worsening of atopic dermatitis (AD) 100 patients = 100%).

Clinical symptoms of fish/shrimp allergy

Number of patients with confirmed FA GIT symptoms Pruritus Worsening of AD
Fish 13 (13%) 9 (9%) 3 (3%) 4 (4%)
Shrimps 6 (6%) 4 (4%) 2 (2%) 2 (2%)

One patient suffers simultaneously with food allergy to shrimp and fish. GIT = gastrointestinal symptoms (diarrhea,
vomiting, cramps)

vomiting, cramps were recorded according to the history; the pruritus and new lesions of
atopic dermatitis were observed after the open exposure test in another 4 patients with fish
allergy. In 4 patients (4%) with shrimp allergy, gastrointestinal symptoms such as abdomi-
nal pain, diarrhea, vomiting, cramps were recorded according to the history; the pruritus
and new lesions of atopic dermatitis were observed after the open exposure test in another
2 patients (2%) with shrimp allergy. One patient suffers simultaneously with shrimp/fish
allergy, (Table 4). The positivity of specific IgE to fish/shrimp molecular components was
evaluated in the whole group of 100 patients. We confirmed the positivity of specific IgE to
Pen m 1 (Tropomyosin) in 8 patients (8%), to Pen m 2 (Arginin kinase) in 22 patients
(22%), to Pen m 4 (Sarcoplasmic calcium binding protein) in 2 patients (2%), to Gad ¢
1 (Parvalbumin) in 6 patients (6%), to Ani s 1 (Serine protease inhibitor) in 1 patient, to
Ani s 3 in 4 patients (4%). The sensitivity of the ISAC Multiplex testing examination is
recorded in Table 5; the sensitivity of Pen m 1 is — 33.3%, Pen m 2 - 50.0%. Pen m 4 -
0%, Ani s 1 - 0%, Ani s 3 — 16. 7%. In patients without clinical symptoms of food
allergy to shrimp, the positive results of specific IgE were recorded to Pen m 1 in 6
patiens (6%), to Pen m 2 in 19 patients (19%), to Pen m 4 in 2 patients (2%), to Ani s 1
in 1 patient (1%) and to Anis 3 in 3 patients (3%). The sensitivity was calculated in patients
with confirmed allergy to fish; the sensitivity of Gad c 1 is 46.2%, Anis 1 - 7.7%, Anis 3 -
7.7%. The positivity to Gad c 1 and to Ani s 1 was confirmed only in patients with clinical
reactions to fish; we did not confirme the positive results to these molecular components in
patients without clinical symptoms of food allergy. On the other hand, in patients without
confirmed food allergy to fish, we recorded the sensitisation to Ani s 3 in 3 patients (3%),
Table 5. In the Complement to Table 5, we show the positive results to Gad c 1 in patients
suffering from food allergy to shrimps, the positive results to Pen m 1, Pen m 2 and Pen m 4
in patients with food allergy to fish.

We evaluated the mean level of specific IgE to molecular components in patients with
clinical symptoms of fish/shrimp allergy and in patients without clinical symptoms of
fish/shrimp allergy — with only sensitisation to fish/shrimp. In patients with confirmed
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Table 5. The positivity to fish/shrimp molecular components.

Number of positive results to
molecular components - in

patients
Food allergen, 1) in the Sensitivity of
number of patients Molecular whole 2) FA molecular
with confirmed FA component Protein family group yes 3) FAno components %
Shrimps, 6 patients Pen m 1 Tropomyosin 8 (8%) 2 (2%) 6 (6%) 33.3%
Penm 2 Arginine kinase 22 (22%) 3 (3%) 19 (19%) 50.0%
Pen m 4 Sarcoplasmic 2 (2%) 0 2 (2%) 0
calcium binding
protein
Anis 1 Serine protease 1 (1%) 0 1 (1%) 0
inhibitor
Anis 3 Tropomyosin 4 (4%) 1 (1%) 3 (3%) 16.7%
Fish, 13 patients Gad c 1 Parvalbumin 6 (6%) 6 (6%) 0 46.2%
Anis 1 Serine protease 1 (1%) 1 (1%) 0 7.7%
inhibitor
Anis 3 Tropomyosin 4 (4%) 1 (1%) 3(3%) 7.7%

(1) in the whole group of patients (100 patients = 100%)

(2) in patients with confirmed food allergy to fish (13 patients) and shrimps (6 patients)

(3) in patients without clinical symptoms of food allergy to fish and shrimps. Sensitivity of ISAC Multiplex testing in
patients with food allergy to fish, shrimps. FA = food allergy.

shrimp allergy, the mean level of specific IgE to Pen m 1 is 50.2 ISU - E, to Pen m 2 is 56.3
ISU - E, to Ani s 3 is 100. 0 (only 1 patient has the positive level of sIgE), on the other
hand, the mean levels of specific IgE in patients without clinical symptoms of food allergy
are lower (to Penm 1 30.38 ISU - E, to Pen m 2 is 15.87 ISU - E, to Anis 1is 47.0 ISU - E
(only in 1 patient), and to Ani s 3 is 17.56 ISU - E), (Table 6). In patients with confirmed
food allergy to fish, the mean level of specific IgE to Gad ¢ 1 is 11.93 ISU - E. The level of
specific IgE to Anis 1 is in 1 patient 47.0 ISU - E and the level to Ani s 3 is 100.0 ISU - E
in 1 patient with confirmed fish allergy. No patients without clinical symptoms of fish
allergy are sensitized to Gad c 1 and Ani s 1. On the other hand, in 3 patients without
clinical symptoms of fish allergy, the mean level to Ani s 3 is 17.56 ISU - E, (Table 7).
We recorded the significant relation between the occurrence of fish/shrimp allergy and
the sensitisation to molecular components of Alternaria, Aspergillus, Cladosporium,
molecular components of House dust mites, molecular components of Cockroach. In
patients suffering from fish allergy, the significantly higher occurrence of sensitisation

Table 5. Complement to Table 5. The positive results to Gad c 1 in patients suffering from food allergy
to shrimps, the positive results to Pen m 1, Pen m 2 and Pen m 4 in patients with food allergy to fish.
The positivity to Gad ¢ 1 was confirmed in 1 patient suffering from food allergy to shrimps. In patients
suffering from food allergy to fish (13 patients = 100%), the positivity to Pen m 1 was comfirmed in 3
patients (23.07%), to Pen m 2 in 9 patients (69.2%) and to Pen m 4 in no patient.

Number of patients

Number of patients with Molecular positive results in the whole group of  positive results in patients
FA component patients with FA
Shrimps, 6 patients (= Gad c 1 6 1 (16.7%)
100%)
Fish, 13 patients (= Penm 1 8 3 (23.1%)
100%)
Penm 2 22 9 (69.2%)

Penm 4 2 0
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Table 6. The levels of specific IgE to molecular components of shrimps in ISAC Multiplex testing in ISU
-E

Number of patients with positive results to molecular components and mean level of specific IgE in ISU

-E
1) the whole group of patients 2) shrimp FA yes 3) FA no (sensitisation only)
mean level of mean level of mean level of
Molecular number of specific IgE in number of specific IgE in number of specific IgE in
component patients ISU - E patients ISU-E patients ISU-E
Penm 1 8 (8%) 35.33 2 (2%) 50.2 6 (6%) 30.38
Pen m 2 22 (22%) 21.38 3 (3%) 56.3 19 (19%) 15.87
Pen m 4 2 (2%) 3.25 0 0 2 (2%) 3.25
Anis 1 1 (1%) 47 0 0 1 (1%) 47.0
Ani s 3 4 (4%) 38.175 1 (1%) 100.0 3 (3%) 17.56

1) in the whole group of 100 patients (= 100%)
2) in patients with confirmed food allergy (FA) to shrimps
3) in patients without clinical symptoms of food allergyto shrimps

to molecular components Alt a 6 (Alternaria, Enolase), Asp f 1 (Aspergillus, Mitogillin
family), Asp f 6 (Aspergillus, Mn superoxide dismutase), Der f 1 (House dust mite,
Cysteine protease), Der f 2 (House dust mite, NPC2 protease), Der p 1 (House dust
mite, Cysteine protease), Der p 2 (House dust mite, NPC2 protease), Lep d 2 (NPC2
family) and Blo t 5 (Mite group 5) was confirmed, Table 8. In patients suffering from
shrimp allergy, the significantly higher occurrence of sensitisation to molecular com-
ponents Alt a 6 (Alternaria, Enolase), Asp f 6 (Aspergillus, Mn superoxide dismutase),
Cla h 8 (Cladosporium, Mannitol dehydrogenase), Bla g 1 (Cockroach, Cockroach
group 1) Bla g 5 (Cockroach, Glutathione S-transferase) was confirmed, Table 9. The
list of molecular components with the significantly higher occurrence of sensitisation
in patients suffering from fish/shrimp allergy is shown in the summary Table 10.

Discussion

The sens of our study was to show the occurrence of fish/shrimp allergy in atopic derma-
titis patients and to analyze the data of ISAC Multiplex examination. The examination of
sensitisation to food and inhalant allergens (skin prick test, examination of extract
specific IgE, atopy patch test) is a common part of examination in atopic dermatitis,
because these allergens may play the role in exacerbations of AD (Matricardi et al,,

Table 7. The levels of specific IgE to molecular components of fish in ISAC Multiplex testing in ISU — E.
Number of patients with positive results to molecular components and mean level of specific IgE in ISU

-E
1) the whole group of patients
(100 patients = 100%) 2) fish FA yes 3) FA no (sensitisation only)
mean level of mean level of mean level of

Molecular number of  specificIgEinISU  number of  specificlgEinISU  number of  specific IgE in ISU
component patients -E patients -E patients -E
Gad c 1 6 (6%) 11.93 6 (6%) 11.93 0 0
Anis 1 1 (1%) 47 1 (1%) 47.0 0 0
Anis 3 4 (4%) 38.175 1(1%) 100.0 3 (3%) 17.56

1) in the whole group of 100 patients (= 100%)
2) in patients with confirmed food allergy (FA) to fish
3) in patients without clinical symptoms of food allergy to fish.
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Table 8. The relation between the occurrence of fish allergy and the sensitisation to molecular
components. The significant relation is marked extra bold.*

positive results in the

Number of positive results to molecular

components in 100 patients

Fish allergy no

Fish allergy yes

Molecular components whole group (100 patients) 87 patients = 100% 13 patients = 100% p — value
Alta 1 29 25(28 7%) 4(30.8%) 0.880
Alta 6 16 11(12.6%) 5(38.5%) 0.018*
Asp f 1 6 3(3.4%) 3(23.1%) 0.005*
Aspf3 6 6(6.9%) 0(0.0%) 0.329
Aspf6 16 9(10.3%) 7(53.8%) 0.000*
Clah8 4 3(3.4%) 1(7.7%) 0.466
Der f 1 34 5(28 7%) 9(69.2%) 0.004*
Der f 2 45 34(39.1%) 11(84.6%) 0.002*
Derp1 36 27(31.0%) 9(69.2%) 0.007*
Derp 2 46 35(40.2%) 11(84.6%) 0.003*
Der p 10 5 3(3.4%) 2(15.4%) 0.065
Blag1 2 2(2.3%) 0(0.0%) 0.581
Blag?2 3 3(3.4%) 0(0.0%) 0497
Blag5s 3 2(2.3%) 1(7.7%) 0.288
Blag7 5 3(3.4%) 2(15.4%) 0.065
Lepd2 13 9(10.3%) 4(30.8%) 0.041*
Blot5 9 4(4.6%) 5(38.5%) 0.000*

2016). Molecular allergy diagnosis is a typical method of precision medicine (Matricardi
et al.,, 2016) and it enhances the specificity of IgE-diagnosis in polysensitized respiratory
allergies, can be applied in food allergies and atopic dermatitis (Hanifin & Rajka, 1980).
The results of our study may be valuable, because we show the sensitivity of ISAC Multi-
plex testing in atopic dermatitis patients suffering from fish/shrimp allergy and the
relation between the fish/shrimp allergy and the sensitisation to other molecular
components.

Table 9. The relation between the occurrence of shrimp allergy and the sensitisation to molecular
components. The significant relation is marked extra bold.*

Number of positive results to molecular
components

positive results in the Shrimps allergy no Shrimp allergy yes
Molecular componnets whole group (100 patients) 94 patients = 100% 6 patients = 100% p — values

Alta 1 29 28(29 8%) 1(16.7%) 0492
Alta 6 16 13(13.8%) 3(50.0%) 0.019*
Aspf1 6 5(5.3%) 1(16.7%) 0.256
Asp f3 6 5(5.3%) 1(16.7%) 0.256
Aspf6 16 13(13.8%) 3(50.0%) 0.019*%
Clah8 4 2(2 1%) 2(33.3%) 0.000*
Der f 1 34 32(34.0%) 2(33.3%) 0.972
Der f 2 45 42(44.7%) 3(50.0%) 0.800
Derp1 36 33(35.1%) 3(50.0%) 0.461
Derp 2 46 43(45.7%) 3(50.0%) 0.839
Der p 10 5 4(4.3%) 1(16.7%) 0.176
Blag1 2 1(1.1%) 1(16.7%) 0.008*
Blag2 3 3(3.2%) 0(0.0%) 0.657
Blag5 3 2(2.1%) 1(16.7%) 0.043*
Blag7 5 4(4.3%) 1(16.7%) 0.176
Llepd2 13 11(11.7%) 2(33.3%) 0.127
Blot5 9 8(8.5%) 1(16.7%) 0.499
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Table 10. Summary table - the list of molecular components with the significantly higher occurrence
of sensitisation in patients suffering from fish/shrimp allergy.

Food allergens with the significantly higher

Molecular occurrence of sensitisation to molecular

Allergen component Protein family components.
Alternaria Alta 6 Enolase fish*, shrimps
Aspergillus Aspf1 Mitogillin family fish*
Aspergillus Aspf6 Mn superoxide dismutase  fish*, shrimps
House dust mite Der f 1 Cysteine protease fish*

House dust mite Der f 2 NPC2 protease fish*

House dust mite Derp 1 Cysteine protease fish*

House dust mite Der p 2 NPC2 protease fish*

Storage mite lepd?2 NPC2 family fish*

House dust mite Blot5 Mite group 5 fish*
Cladosporium Clahg Mannitol dehydrogenase shrimps
Cockroach Blag 1 Cockroach group 1 shrimps
Cockroach Blag5 Glutathione S-transferase shrimps

*According to our results, patients suffering from food allergy to fish are sensitised to Pen m 1in 23.1%, to Pen m 2 in
69.2%; patients suffering from food allergy to shrimp are sensitised to Gad ¢ 1 in 16.7%.

The purpose of the study is to show, that the occurrence of fish/shrimp allergy in
atopic dermatitis is high (fish allergy in 13% and shrimp allergy in 6%). As for diagnosis
of fish/shrimp allergic patients, most people are aware of ingesting fish, and thus, the
patient history is often quite reliable as for the exposure. We also observed, that patients
suffering from food allergy to fish eliminated shrimps from their diet also. The fish/
shrimp allergy was confirmed in majority of patients according to the history with clini-
cal reactions such as gastrointestinal symptoms (diarrhea, vomiting, cramps, abdominal
pain). According to the challenge test (history), fish allergy can lead to the exacerbation
and worsening of the skin finding in 4% of atopic dermatitis patients and shrimp allergy
in 2% of atopic dermatitis patients. All these patients eliminate fish and shrimp from their
diet and they are always carefully monitored. Regarding the sensitivity of ISAC Multiplex
testing, the sensitivity of Pen m 1 is 33%, higher sensitivity shows molecular component
Pen m 2 (50.0%). High sensitisation rate was recorded in patients without clinical symp-
toms of food allergy to shrimp - to Pen m 2 in 19 patients (19%). In patients with
confirmed shrimp allergy, the higher level of specific IgE to Pen m 1 and Pen m 2 was
recorded in comparison to patients without the clinical symptoms of shrimp allergy,
but with the positive results to molecular components of shrimps. The sensitivity of
Gad c 1 is 46.2%; in patients without confirmed clinical reaction to fish, we recorded
no sensitisation to Gad ¢ 1 and to Ani s 1. The level of specific IgE to Ani s 3 was recorded
100.0 ISU - E in one patient with simultaneously occurrence of fish/shrimp allergy; 3
patients (3%) are sensitized to Ani s 3 and have no symptoms of fish/shrimp allergy.

Epidemiological studies on fish allergy are missing to present consistent data of sen-
sitization to fish and fish allergens. Prevalence rates to fish have been determined in
studies of variable design and methodology (Sicherer et al., 2004; Worm et al., 2015).
In general, the main clinical manifestations of fish/shrimp allergy include vomiting
and diarrhea, whereas the extreme form of reaction is life-threatening anaphylactic
shock (Magnusson et al., 2013; Matricardi et al., 2016; Mazzucco et al., 2018). Occupa-
tionally exposed workers (fishermen, fishmongers and workers of fish-processing indus-
tries) documented specific IgE between 11.7% and 50% of cases. Symptomatic allergic
patients to any kind of allergen were found to be positive to Anisakis specific IgE
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detection between 0.0% (in children with mastocytosis) to 81.3% (among adults with
shellfish allergy) (Mazzucco et al., 2018). Sensitization rates for parvalbumins were deter-
mined based on studies during allergen characterization (Sharp & Lopata, 2014; Sten
et al., 2004). It was concluded that 90%-95% of the patients had specific IgE to these
muscle proteins. Recent studies showed that the fish-allergic population might be subdi-
vided into the following clinical clusters: (i) highly sensitized patients reacting to all fish,
(ii) oligo-sensitized patients reacting to several, specific fishes, and (iii) patients with
“selective reactions” to individual fish species only (Kuehn et al., 2014a, 2014b). Patients
of these clinical clusters vary by their IgE recognition profiles. It was shown that the
prevalence of IgE binding to parvalbumin was lower than assumed. The sensitization
rate to this major allergen might be rather around 70%, which would need to be
confirmed in future studies. A single study demonstrated that fish-allergic patients
with specific IgE to cod parvalbumin might be cosensitized to cod enolases (81%) and
aldolases (58%). The clinical origin and relevance of this cosensitization is not yet
resolved. However, specific parvalbumin-negative patients seem to develop IgE anti-
bodies to fish enolase (47%) and aldolase (41%) which is rather linked to species-
specific fish allergies (Kuehn et al., 2014b).

In a US population, a diagnostic serum IgE level of 20 kUA/I to cod (ImmunoCAP,
ThermoFisher) has been established to predict an allergy to this fish with 95% certainty
(Sampson & Ho, 1997). However, clinical reactions have been indicated for patients with
much lower IgE-titers. The availability of individual allergens for IgE testing is still
limited and, thus, not of much help in predicting whether the patient is allergic to
other fish species (Sampson & Ho, 1997). According to our results, in patients with
confirmed fish/shrimp allergy, the mean level of specific IgE to molecular components
was higher in comparison to patients with the positive results to molecular components,
but without clinical reactions to these food allergens. While probably extremely rare,
there are examples of patients reacting to fish allergens that are hidden in foods (Ani-
barro et al., 2007); the lowest provoking dose of fish is in the low milligram range
(Ballmer-Weber et al., 2015; Helbling et al., 1999; Poulsen et al., 2001; Untersmayr
et al., 2005; Untersmayr et al., 2007).

Regarding the allergy to shrimps, previous sensitization rates were mainly based on
skin or IgE testing to whole shellfish extracts (Rona et al., 2007) and some studies
have identified the prevalence of shellfish allergy to be 2% for the general population
and 0.1-0.9% for children (Nwaru et al., 2014); 60% of individuals with confirmed
allergy to shellfish elicit specific IgE binding to tropomyosin. More importantly, it has
been demonstrated that serum specific IgE to tropomyosin is a better predictor of
shrimp allergy than shrimp skin prick test or IgE to whole shrimp extract. Tropomyosin
(Pen m 1) and sarcoplasmic calcium-binding protein (Pen m 4) sensitization has been
associated with clinical reactivity to shrimp allergy (Abramovitch et al., 2013). In our pre-
vious study we evaluated the occurrence of food hypersensitivity reactions to seafish in
AD patients; the reactions to fish were recorded as mild OAS, vomiting, pruritus, and
worsening of AD altogether in 11% of AD patients, (Celakovska et al., 2020). In our pre-
vious studies we evaluated the occurrence of sensitisation to food and inhallant allergens
in patients suffering from AD also. The challenge test was performed according to the
results of examinations sIgE and atopy patch tests with suspected foods. Our previous
studies demonstrate that there is a significant association between the severity of AD
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and the incidence of perennial rhinitis, asthma bronchiale, and the worsening of atopic
dermatitis in relation to food (Celakovska & Buka¢, 2017; Celakovska et al., 2015a,
2015b; Magnusson et al., 2013).

At this study, we also evaluated, if there is some significant relation between the occur-
rence of fish/shrimp allergy and the sensitisation to molecular components of some inha-
lant allergens in ISAC Multiplex testing. In patients with fish allergy, the significantly
higher occurrence of sensitisation to Asp f 1 (Mitogillin family), Asp f 6 (Mn superoxide
dismutase), Alt a 6 (Enolase), Der f 1 (Cysteine protease), Der f 2 (NPC2 protease), Der p
1 (Cysteine protease), Der p 2 (NPC2 protease), Lep d 2 (NPC2 family) and Blo t 5 (Mite
group 5) was confirmed. The explanation can be in the fact that patients suffering from
tfood fish allergy are sensitised to molecular components of shrimps also (in fish allergic
patients we recorded the positivity to Pen m 1 in 23.1%, to Pen m 2 in 69.2%).

In patients with shrimp allergy, the significantly higher occurrence of sensitisation to
Asp £ 6 (Mn superoxide dismutase), Alt a 6 (Enolase), Cla h 8 (Mannitol dehydrogenase),
Bla g 1 (Cockroach group 1) and Bla g 5 (Glutathione S-transferase) was confirmed.
Allergenic tropomyosins are highly conserved muscle proteins found in invertebrates,
such as arachnids (house dust mites), insects (cockroaches), crustaceans (shrimp,
prawn, lobster, crawfish, crab), and mollusks (mussel, oyster, squid, cuttlefish, octopus,
abalone, limpet, snail), therefore being considered panallergens (Becker et al., 2012;
Pedrosa et al., 2015; Witteman et al., 1994). Tropomyosin was the first identified allergen
involved in cross-reactivity between Dermatophagoides pteronyssinus mite, shrimp and
insects (Witteman et al., 1994) and it is still considered a major shellfish allergen fre-
quently responsible for clinical cross-reactivity with inhaled house dust mites (Becker
et al.,, 2012). The house dust mites-crustaceans-mollusks syndrome is a relatively rare
variant of food allergy in which the house dust mites are the primary IgE sensitising
agents, while shellfish can induce food allergy, up to anaphylaxis, even at first ingestion
(Pedrosa et al., 2015). In the more usual mite-shrimp syndrome, the typical allergen com-
ponent mentioned is tropomyosin Der p 10 (Pedrosa et al., 2015). In our study we did not
confirme the significant relation between the allergy to shrimps and significantly higher
occurrence of sensitisation to Der p 10.

Arginine kinase, a 40-kDa enzyme involved in the storage of excess energy as arginine
phosphate, is a potential new class of invertebrate panallergens, identified mainly in crus-
taceans, such as black tiger shrimp Penaeus monodon (Pen m 2). These are cross-reactive
with arginin kinase allergens from house dust mites (Der p 20, Der f 20, Blo t 20), cock-
roaches (Bla g 9, Per a 9), (Celakovska et al., 2015a). Myosin light chain is a 20 kDa crus-
tacean allergen identified in common shrimp Crangon crangon (Cra c 5), brine shrimp
Artemia franciscana (Art fr 5), black tiger shrimp Penaeus monodon (Pen m 3), whiteleg
shrimp Litopenaeus vannamei (Lit v 3), American lobster Homarus americanus (Hom a
3), with potential cross-reactivity with aeroallergens from dust mite Dermatophagoides
farinae (Der f 26) and German cockroach (Bla g 8), (Ayuso et al., 2008).

According to the literature, the IgE-sensitivity to shrimp tropomyosin in a Moroccan
population from Fez region was evaluated. This work was conducted with a question-
naire completed by a sera-bank, obtained from 500 patients recruited from Fez Hospitals.
Their sera were analyzed for specific IgE-sensitivity to shrimp tropomyosin. From ques-
tionnaire, 9.8% of people were allergic to fish and shellfish where shrimp was one of the
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most common species causing allergy in patients. Evaluation of specific IgE showed that
10.2% of patients present higher values. Further indirect ELISA and Dot-blot results indi-
cated that shrimp tropomyosin showed a decrease in the human IgE binding under
heating or pepsin hydrolysis. These results demonstrate that this population was sensitive
to shrimp tropomyosin and the sensitivity could be reduced by heating and more where it
was digested by pepsin (Mejrhit et al., 2017).

Another study attempted to identify and purify the major allergen implicated in the
allergic response to largemouth bass (Micropterus salmoides), a freshwater fish widely
consumed in China. Fifteen patients with a positive history of type I allergy to fish
were recruited from skin-prick test and the allergy screen. Total protein extracts and
purified allergenic protein from bass were tested for their immunoglobulin E -
binding properties. Immunoblot assay resulted in strong reactivity with the 17-kDa
protein in all patients. In summary, nucleoside diphosphate kinase B was identified as
a novel fish allergen in largemouth bass. This finding is important for allergy diagnoses
and the treatment of freshwater fish—allergic disorders (Liu et al., 2014).

Conclusion

In atopic dermatitis patients, the food allergy to fish was confirmed in 13% of patients, the
food allergy to shrimps in 6% of patients. Gastrointestinal symptoms (diarrhea, vomiting,
cramps, abdominal pain) and worsening of atopic dermatitis were recorded in patients
suffering from food allergy to fish and /or shrimps. Fish allergy can lead to the exacer-
bation and worsening of the skinl esions in 4% of atopic dermatitis patients and shrimp
allergy in 2% of atopic dermatitis patients. In patients without clinical symptoms of
food allergy to shrimps, we recorded the sensitisation rate to Pen m 2 in 19% patients,
but the levels of specific IgE to Pen m 2 were lower in comparison to the levels of
specific IgE in patients with clinical symptoms of food allergy to shrimps.

The sensitivity of ISAC Multiplex testing is for Pen m 1 - 33.3%, Pen m 2 - 50.0%,
and for Gad c 1 46.2%. In patients with food allergy to shrimps and fish, the signifi-
cantly higher occurrence of sensitsation to Alt a 6 (Alternaria, Enolase) and to Asp f
6 (Aspergillus, Mn superoxide dismutase) was confirmed. Morover, in patients with
allergy to fish, the significantly higher occurrence of sensitisation to Asp f 1, Der f 1,
Der f 2, Der p 1, Der p 2, Lep d 2 and Blo t 5 was confirmed; in patients with food
allergy to shrimps the significantly higher occurence of sensitisation to Cla h 8, Bla g
1 and Bla g 5 was confirmed also. Patients suffering from food allergy to fish are sen-
sitised to molecular components of shrimps also (to Pen m 1 in 23.1%, to Pen m 2 in
69.2%).
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Methods: The examination of specific IgE to molecular
components with Multiplex ISAC testing was performed. The
diagnosis of food allergy was confirmed in patients suffering from
food reactions to walnuts/hazelnuts together with positive results
of specific IgE to molecular components.

Results and conclusion: : Altogether 100 atopic dermatitis patients
were examined - 48 men, 52 women, the average age 40.9 years.
Hazelnuts allergy was confirmed in 25% of patients; these
patients are majorly allergic to PR 10 protein, minorly to storage
proteins. Walnut allergy was confirmed in 14% of patients; these
patients are majorly allergic to storage proteins and to non-
specific lipid transfer proteins. Sensitization to Bet v 1
homologues and profilins was associated with mild symptoms;
nsLTPs and seed storage proteins were related to severe reactions.

Introduction

Tree nuts are a potent and frequent allergen source, inducing IgE-mediated food allergic
reactions, which can cause serious and sometimes even fatal reactions. Tree nut allergy
has been reported from all over the world with a prevalence of up to 4.9% of the
general population (McWilliam et al. (2015)). Food allergy (FA) and atopic dermatitis
(AD) are often co-expressed, and a causal link of foods, triggering skin lesions, has
been shown (McWilliam et al. (2015), Weidinger and Novak (2016)). Many studies
reveal the prevalence of allergic diseases; however, most studies analysed a limited
period from infancy to later childhood and/or to early adolescence. The incidence of
new-onset food allergy in adult atopic dermatitis patients is currently unknown as are
the main routes of sensitization (Weidinger and Novak (2016)). It is evident that the
direct contact of skin with allergens could trigger signals to initiate Th2 allergic response
(Weidinger and Novak (2016)). Emerging data now suggest that epithelial cell-derived
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cytokines, such as thymic stromal lymphopoietin (TSLP), IL-33, and IL-25, may drive the
progression from atopic dermatitis to asthma and food allergy (Weidinger and Novak
(2016)). AD affects up to 20% of children and up to 3% of adults; recent data show
that its prevalence is still increasing (Weidinger and Novak (2016)). AD patients, who
are sensitized to a food protein, can show three distinct reaction patterns: non-eczema-
tous reactions, isolated atopic dermatitis flares or a combination of both reactions
(McWilliam et al. (2015), Weidinger and Novak (2016), Manam et al. (2014)).

Hazelnuts (Corylus avellana) are classified as tree nuts belonging to the family of Betu-
laceae. They are consumed worldwide due to their nutritional value and beneficial health
effect. Although there are significant geographic and age-related variations regarding the
severity of symptoms, hazelnut allergy has been reported to be the most common tree nut
allergy in Europe (McWilliam et al. (2015)). So far, 8 hazelnut allergens have been recog-
nized: Cor a 1 (Bet v 1 like, PR -10 protein), Cor a 2 (Profilin), Cor a 8 (Non-specific lipid
transfer protein), Cor a 9 (Legumin), Cor a 11 (Vicilin), Cor a 12, Cor a 13 (Oleosin), Cor
a 14 (2S albumin), (Masthoff et al. (2013), Pastorello et al. (2004), Burney et al. (2014),
Matricardi et al. (2016)).

The common walnut (Juglans regia) belongs to the family of Juglandaceae and is cul-
tivated around the world, predominantly in temperate climates. The edible kernels are
part of healthy, balanced food diets because of their high content of polyunsaturated
fatty acids, phytochemicals, and antioxidants. Generally, there is little information con-
cerning the prevalence of walnut allergy. In contrast to Europe, where the prevalence of
walnut allergy is rather low with an overall incidence of 2.2% (Sato et al. (2017)), it is the
most frequently reported tree nut allergy in the US (Tuano and Davis (1998)). So far,
eight walnut allergens have been recognized: Jug r 1 (2S albumin), Jug r 2 and Jug r 6
(Vicilin), Jug r 3 and Jug r 8 (Non-specific lipid transfer proteins - nsLTP), Jug r 4
(11S globulin), Jug r 5 (PR-10), and Jug r 7 (Profilin), (Masthoff et al. (2013), Pastorello
et al. (2004), Burney et al. (2014), Matricardi et al. (2016), Sato et al. (2017), Tuano and
Davis (1998)). Hazelnut and walnut allergy diagnosis is based on a clinical history sup-
ported by positive results from IgE sensitization tests. Extract-based hazelnut tests are
sensitive, but moderate predictors of allergy (Masthoff et al. (2012), Clark and Ewan
(2003)). The current gold standard for diagnosing food allergy is the double-blind
placebo-controlled food challenge (DBPCFC), a time-consuming and costly procedure
(McWilliam et al. (2015)).

Molecular diagnosis provides a major step in improving the accuracy of diagnosing
IgE-mediated sensitizations in food allergy (Uotila et al. (2015), van Hage et al.
(2016)). This approach has been developed when highly purified or recombinant allergen
molecules have become available. These molecules are the allergenic proteins towards
which the specific and clinically relevant IgE immune response is directed (Uotila
et al. (2015), van Hage et al. (2016)). The ability to identify and characterize single aller-
gens at a molecular level has added a significant body of understanding as to the mech-
anism of sensitization to foods (Uotila et al. (2015), van Hage et al. (2016)). Research into
the structural similarity between allergens and the amino acid sequence homology
between food allergens also helps to explain cross-reactivity between allergens, which
may be clinically relevant or irrelevant. Certain pan-allergen molecules can indicate
broad cross-sensitization and unfold particular pollen-food or plant-food syndromes
(Uotila et al. (2015), van Hage et al. (2016), Costa et al. (2016), Ebo et al. (2012),
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Table 1. Tree nuts allergens. Overview of the different proteins per protein families for the tree nut
allergens (Matricardi et al. (2016)). Molecular components in ISAC Multiplex testing are shown extra
bold*.

Pathogenesis-related
Storage protein protein

115
globulin 7 S globulin 2S

legumin vicilin albumin PR 10 protein PR 14 protein ~ Oleosin  Profilin
Allergen Bet v 1 like nsLTP
Hazelnut Cor a 9% Cora 11 Cora 14 Cora 1* Cor a 8% Coral12, Cora?
Corylus avellana Cora 13
Walnut Jugré Jug r 2% Jugr 1* Jugr5 Jug r 3%, Jugr7
Juglans regia Jugré Jugr 8

Weidinger and Novak (2012)). The examination of molecular components is used in
both singleplex ImmunoCAP and multiplex ImmunoCAP ISAC assays. The major
advantage of ISAC is the comprehensive IgE pattern obtained with a minute amount
of serum (Verweij et al. (2017)). ImmunoCAP ISAC (Thermo Fisher), based on 112
different molecular components (both extracted and recombinant), is the most studied
and most frequently used molecular diagnostic tool based on a microarray (Melioli
et al. (2011)). Overview of the different proteins per protein families for the hazelnut/
walnut allergens is recorded in Table 1, (Matricardi et al. (2016)); molecular components
examined in ISAC Multiplex testing are shown extra bold.

In our previous studies, we evaluated the occurrence of sensitization to food and inha-
lant allergens in patients suffering from AD; these patients were subjected to skin prick
test, atopy patch tests and extract specific IgE to different food and inhalant allergens
(Celakovska and Buka¢ (2011), Celakovska and Bukaé (2017), Celakovska et al. (2018
Jul-Aug)).

Aim
The aim of our study is to evaluate the occurrence of hazelnut/walnut allergy in atopic
dermatitis patients. Our aim is also to analyze the results of specific IgE to molecular

components to show the role of species — specific and cross-reactive molecular com-
ponents in the walnut/hazelnut allergy.

Method
Patients and methods

During 2018-2019, 100 patients suffering from atopic dermatitis at the age of 14 years
and older were examined. All these patients were examined in the Department of Der-
matology, Faculty Hospital Hradec Kralové, Charles University, Czech Republic. The
diagnosis of atopic dermatitis was made with the Hanifin-Rajka criteria (Hanifin and
Rajka (1980)). Exclusion criteria were systemic therapy (cyclosporin, systemic corticoids,
biological therapy), pregnancy, breastfeeding. Patients with atopic dermatitis, having
other systemic diseases, were excluded from the study as well. Complete dermatological
and allergological examination (evaluating the occurrence of asthma bronchiale and



108 J. CELAKOVSKA ET AL.

allergic rhinitis) was performed in all patients included in the study. This study was
approved by Ethics committee of Faculty Hospital Hradec Kralové, Charles University
of Prague, Czech Republic.

Examination of specific IgE to molecular components

The serum level of the specific IgE was measured by the component-resolved diagnosis
microarray-based sIgE detection assay ImmunoCAP ISAC (Phadia, Thermo Fisher
Scientific, Uppsala, Sweden). ImmunoCAP ISAC is a solid-phase multiple immunoassay,
which enables to determine 112 different components from 51 allergen sources (Verweij
et al. (2017), Melioli et al. (2011)). The allergens are applied in triplicates to ensure the
test reproducibility. The specific IgE values are presented in arbitrary units called
ISAC Standardized Units (measuring range of 0.3-100 ISU-E). The level of specific
IgE higher than 0.3 ISU-E was assessed as positive. The level of molecular components
in ISU - E was evaluated: < 0.3 - negative, 0.3-0.9 low positivity, 0.9-15 moderate posi-
tivity, above 15 ISU-E very high positivity (Verweij et al. (2017), Melioli et al. (2011)).

Scoring of AD

Severity of atopic dermatitis was scored in agreement with SCORAD (Scoring of atopic
dermatitis) with the assessment of topography items (affected skin area), intensity criteria
and subjective parameters. The severity of atopic dermatitis was evaluated with SCORAD
as a mild form to 25 points, as moderate over 25-50 points, as a severe form over 50
points (European Task Force on Atopic Dermatitis (1993)). This examination was per-
formed during one year every two months and the average SCORAD index was
calculated.

Anamnestic data

A detailed personal history of possible food allergy was taken in all included patients. The
patients indicate whether they suffer from immediate or late food reactions affecting the
skin, gastrointestinal tract, or respiratory tract, not only after the ingestion of hazelnuts
and walnuts, but also after the ingestion of other foods. We recorded previous reactions
to hazelnuts and/or walnuts; symptoms; affected organ system, onset and course, cofac-
tors (exercise, NSAID, alcohol). The open exposure test was not performed in patients
with the early reaction after the ingestion of hazelnuts and/or walnuts in their history
because of anaphylactic reaction danger. All of these patients have been carefully exam-
ined and they are always monitored.

Confirmation of food allergy

(1) The diagnosis of hazelnut/walnut allergy was confirmed according to the convincing
history with the food reactions after hazelnut/walnut ingestion (gastrointestinal symp-
toms — oral allergy syndrome, vomiting, cramps, abdominal pain, skin symptoms —
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pruritus and worsening of AD), together with the positive results of specific IgE to
molecular components of hazelnuts/walnuts in ISAC Multiplex testing.

(2) Sensitization to hazelnuts and/or walnuts was confirmed in patients with positive
results of specific IgE to molecular components in ISAC Multiplex testing and
with no clinical reaction after the ingestion of hazelnuts and/or walnuts.

(3) Patients with clinical reactions after hazelnut and/or walnut ingestion with no posi-
tive results to molecular components in ISAC Multiplex testing are always moni-
tored and the clinical reactions are observed.

Statistical analysis

The analysis of the results in the examination of ISAC Multiplex testing in patients with
walnut/hazelnut allergy was performed. Venn diagram was used to show the positivity to
molecular components of walnuts/ hazelnuts in patients suffering from food allergy.

Results
Patients

One hundred patients suffering from atopic dermatitis were included in the study - 48
men and 52 women with the average age 40.9 years and with the average SCORAD
39, 5.d.13.1 (points). The mild form of AD was recorded in 14 patients (14%), moderate
form in 58 patients (58%), severe form in 28 patients (28%).

From one hundred patients included in the study, the diagnosis of asthma bronchiale
was confirmed in 55 patients (55%), the diagnosis of allergic rhinitis in 78 patients (78%).
The food reactions after the ingestion of walnuts were recorded in 49 patients (49%), after
the ingestion of hazelnuts in 46 patients (46%). The food reactions after the ingestion of
hazelnuts and walnuts at the same time were recorded in 35 patients (35%). The positive
results to molecular components of walnuts were recorded in 16 patients (16%), of hazel-
nuts in 43 patients (43%), of hazelnuts and walnuts at the same time in 11 patients (11%).
The characteristics of patients are shown in Table 2.

In patients suffering from food reactions to walnuts (49 patients = 100%) and to hazel-
nuts (46 patients =100%), we recorded in rare cases only late reactions with the

Table 2. The characteristic of patients with atopic dermatitis.

Number of patients

Patients suffering from atopic dermatitis 100 - 48 men, 52 women, the average age 40.9
years
Severity of AD mild form 14 (14%)

moderate form 58 (58%)
severe form 28 (28%)

Asthma bronchiale 55 (55%)

Allergic rhinitis 78 (78%)

The food reaction with clinical symptoms to walnuts 49 (49%)

The food reaction with clinical symptoms to hazelnuts 46 (46%)

The positive results of specific IgE to molecular components of 16 (16%)
walnuts

The positive results of specific IgE to molecular components of 43 (43%)

hazelnuts
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worsening of AD (to walnuts in 2.1%, to hazelnuts in 4.3%). Only early reactions were
observed in 24.5% of patients to walnuts and in 21.8% of patients to hazelnuts. In
majority of patients, we recorded combined reactions (early +late reactions) - in
73.5% of patients to walnuts and in 73.9% of patients to hazelnuts. Patients observed
oral allergy syndrome, abdominal pain, pruritus of the skin and in rare cases the worsen-
ing of atopic dermatitis, Table 3. In patients suffering from clinical reactions after the
ingestion of walnuts and/or hazelnuts, we recorded the mild form of AD only in minority
of them; majority of these patients suffer from moderate form of AD and more than one-
third of patients suffer from severe form of AD (Table 3).

The food allergy to walnuts/hazelnuts was confirmed in the case of convincing clinical
symptoms after the ingestion of walnuts and/or hazelnuts together with the positive
results of specific IgE to molecular components of walnuts/hazelnuts. We analyzed
these data in the whole group of 100 patients (Tables 4 and 5). The food allergy to hazel-
nuts was confirmed in 25 patients (25%); in all of these patients, we recorded the positive
results of specific IgE to Coral.0401 (PR - 10 protein); the positive result of specific IgE to
Cor a 9 (Storage protein, 11S globulin) was recorded only in 1 patient (1%). The food
allergy to walnuts was confirmed in 14 patients (14%) - the positive result of specific
IgE to storage proteins, Jugr 2 and Jug r 1, was confirmed in 8% of patients, the positivity

Table 3. Characteristic of patients with clinical reaction to walnuts and hazelnuts. Severity of atopic
dermatitis (AD), clinical reactions (early, late, combined) after the ingestion of walnuts (49 patients =
100%) and hazelnuts (46 patients=100%) OAS - oral allergy syndrome, GIT - gastrointestinal
symptoms (nausea, abdominal pain).

Characteristic of patients with clinical reaction to walnuts (49 patients = 100%)

Severity of AD Number of patients
mild 4 (8.1%)
moderate 26 (53.1%)
severe 19 (38.8%)
Reaction to walnuts early 12 (24.5%)
OAS 10 (20.4%)
GIT 2 (4.1%)
late 1(2.1%)
combined 36 (73.5%)
(early + late) OAS 20 (40.9%)
GIT 6 (12.2%)
Pruritus 8 (16.3%)
Worsening of AD 7 (14.3%)
Characteristic of patients with clinical reaction to hazelnuts (46 patients = 100%)
Severity of AD Number of patients
mild 4 (8.7%)
moderate 25 (51.1%)
severe 17 (36.9%)
Reaction to hazelnuts early 10 (21.8%)
0OAS 8 (17.4%)
GIT 2 (4.3%)
late 2 (4.3%)
combined 34 (73.9%)
(early + late) 0AS 18 (39.1%)
GIT 6 (13.4%)
Pruritus 6 (13.4%)

Worsening of AD 7 (15.2%)
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Table 4. Analysis of sensitization to molecular components of walnuts in 100 atopic dermatitis
patients (100 patients = 100%). The positive results of specific IgE to molecular components of
walnuts.

Number of patients with positive results of specific IgE to
molecular components of walnuts

2) in patients

suffering from 3) in patients without
Molecular 1) in the whole clinical reaction to clinical reaction
component Protein family group of 100 patients walnuts to walnuts
Jugr?2 Storage protein, 75 globulin 8 (8%) 7 (7%) 8 (8%) 1 (1%)
Jugri Storage protein, 25 albumin 3 (3%) 3 (3%) 0
Jug r 3* Lipid transfer protein (nsLTP) 7 (7%) 6 (6%) 6 (6 %) 1 (1%)
Total number of patients 16 (16%) 14 (14%) 2 (2%)

1) in the whole group of 100 patients.

2) in patients suffering from clinical reaction to walnuts.

3) in patients without clinical reaction to walnuts (= sensitization).
* cross-reactive components.

of specific IgE to nsLTP Jug r 3 was confirmed in another 6% of patients. We show the
Venn diagram of positive results of specific IgE to molecular components in patients
suffering from walnut allergy (Diagram 1) and hazelnut allergy (Diagram 2).

The positive results of specific IgE to molecular components of hazelnuts with no
clinical reaction in these patients (= sensitization) were confirmed in another 18% of
patients; majority of these patients have the positive results of specific IgE to Cor a
1.0401 (PR - 10 protein), the positive results of specific IgE to Cor a 8 (nsLTP) are
rare (in 2%). The positive results of specific IgE to molecular components of walnuts
with no clinical reaction (= sensitization) were confirmed only in 2% of patients (to
Jug r 2 and to Jug r 3), (Tables 4 and 5).

The negative results of specific IgE to molecular components of walnuts were recorded
in 35 patients (71.4%) from 49 patients suffering from clinical symptoms after walnut
ingestion. The negative results of specific IgE to molecular components of hazelnuts
were recorded in 21 patients (45.6%) from 46 patients suffering from clinical symptoms
after hazelnut ingestion (Table 6). These ratios could be formally called sensitivity, but we

Table 5. Analysis of sensitization to molecular components of hazelnuts in 100 atopic dermatitis
patients (100 patients = 100%). The positive results of specific IgE to molecular components of
hazelnuts.

Number of patients with positive results of specific IgE to
molecular components of hazelnuts

2) in patients

suffering from 3) in patients

1) in the whole clinical without
Molecular group of 100 reaction to clinical reaction
component Protein family patients hazelnuts to hazelnuts
rCor a 1.0401* PR - 10 protein 42 (42%) 25 (25%) 25 17
rCor a 8% Lipid transfer protein (nsLTP) 4 (4%) 2 (2%) 2
nCor a9 Storage protein, 115 1 (1%) 1 (1%) 1 0

globulin

Total number of patients 43 (43%) 25 (25%) 18 (18%)

1) in the whole group of 100 patients.

2) in patients suffering from clinical reaction to hazelnuts.

3) in patients without clinical reaction to hazelnuts (= sensitization).
¥ cross-reactive components.
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Diagram 1. Venn diagram (areas proportional to frequencies) of positive results to molecular com-
ponents in patients suffering from food allergy to walnuts A — altogether 7 patients with positivity
to Jug r 2, B - altogether 3 patients with positivity to Jug r 1, C — altogether 6 patients with positivity

to Jugr 3.

A =Coral1.0401

Diagram 2. Venn diagram (areas proportional to frequencies) of positive results to molecular com-
ponents in patients suffering from food allergy to hazelnuts A — altogether 25 patients with the positivity
to Cor a 1.0401, B - 2 patients with the positivity to Cor a 8, C — 1 patient with positivity to Cor a 9.
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Table 6. The results of specific IgE to molecular components of walnuts/hazelnuts in ISAC Multiplex
testing in patients suffering from food reactions to walnuts (49 patients = 100%) and hazelnuts (46
patients = 100%).

Specific IgE to molecular components — number of patients with positive and negative results to molecular components
of walnuts and hazelnuts

Positive specific IgE - food allergy confirmed Negative specific IgE
Food reaction to walnuts 14 (28.6%) 35 (71.4%)
49 patients = 100%
Food reaction to hazelnuts 25 (54.3%) 21 (45.6%)

46 patients = 100%

don ’t use this terminology because it would remind us of its connection with making a
decision. We are more interested in the role of species — specific and cross-reactive mol-
ecular components in the walnut/hazelnut allergy.

Regarding the kind of clinical reaction to hazelnuts, in patients with positive results to
Cor a 1.0401 (PR - 10 protein) we observed mild oral allergy syndrome and pruritus with
the worsening of atopic dermatitis in predilection sites such as in flexural involvement of
the elbows and knees and on the face. In patients with positive results Cor a 8* (Non-
specific lipid transfer protein), we observed oral allergy syndrome and abdominal
pain, pruritus and worsening of atopic dermatitis. In patients with positive results to
Cor a 9 (Storage protein, 11S globulin), we recorded severe symptoms. Regarding the
kind of clinical reaction to walnuts, in patients with positive results to Jug r 2 (Storage
protein, 7S globulin) and Jug r 1 (Storage protein, 2S albumin), we observed abdominal
pain, pruritus and worsening of atopic dermatitis. In patients with positive results to Jug r
3 (Lipid transfer protein), we observed oral allergy syndrome, pruritus and the worsening
of atopic dermatitis.

In 8 patients (8%), we confirmed food allergy to walnuts and to hazelnuts; in another
35 patients (35%) we recorded clinical reactions to walnuts and to hazelnuts, but without
and/or with the positive results to molecular components of walnuts and/or hazelnuts
(Table 7). The level of specific IgE in ISU-E to molecular components of walnuts and
hazelnuts is recorded in Table 7.

Discussion

Despite their clinical importance, tree nut allergy epidemiology remains understudied
and the prevalence of tree nut allergy in different regions of the world has not yet
been well characterized (McWilliam et al. (2015)). Data are limited to largely European,
US and UK studies using self-reported prevalence in children and adolescents. There is a
need for further studies to determine tree nut allergy and differentiate between the
primary and secondary tree nut allergy (McWilliam et al. (2015)).

In our study with atopic dermatitis patients, we confirmed the positive results of
specific IgE to cross-reactive molecular component Cor a 1.0401 (PR - 10 protein) in
majority of patients suffering from hazelnuts allergy, only minority of patients are allergic
to specific molecular components of hazelnuts. On the other hand, in patients suffering
from allergy to walnuts, the positivity to specific molecular components Jugr 1 and Jug r
2 predominates. In the case of positivity to cross-reacting components, the observed
symptoms were mild (mild form of oral syndrome, itching of the skin and worsening
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Table 7. The overview of patients suffering from clinical reactions to walnuts and hazelnuts at the
same time.

Molecular components of walnuts Molecular components of hazelnuts
- sIgE (ISU-E) - sIgE (ISU-E)
Patient Jugr1 Jugr2 Jugr3 Cor a 1.0401 Cora8 Cora?9
1 1.3
2% 1.3 33
3* 6.6 17
4
5 8.2
6
7
8 3.5
9
10 2.2
11 36
12* 4.5 20 0.4
13* 15 9.7
14
15 4.6
16 18
17 21 0.6
18 24
19* 1.2 11
20 16
21
22* 24 10 1.2
23 0.8
24
25
26
27* 0.5 16
28
29
30
31 0.7
32 0.8
33 5.4 0.9
34
35
36
37 2
38 4.6
39 0.7
40 14
41 3.8
42
43* 1.6 2.1

Food allergy (clinical reactions and positive results to molecular components) to walnuts and hazelnuts was confirmed in
8 patients (8%) at the same time - shown extra bold*. In another 35 patients (35%), we recorded clinical reactions to
walnuts and hazelnuts at the same time without or with the positive results to some of molecular components of
walnuts and/or hazelnuts. The level of specific IgE to molecular components of walnuts and hazelnuts (ISU - E) in
ISAC Multiplex testing is recorded.

of atopic dermatitis). Eczema lesions appeared mainly in flexural involvement of the
elbows and knees and on the face. In the case of positivity to species-specific components,
we observed more pronounced symptoms — abdominal pain and severe oral allergy syn-
drome. Our results confirm that sensitization to Bet v 1 homologues and profilins are
associated with mild symptoms (pollen food syndrome), on the other hand, nsLTPs
and seed storage proteins are related to severe reactions. Interesting finding is the
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confirmation of the late allergic reaction; all these patients observe the late skin reaction,
such as new eczematic lesions and worsening of AD during 24-48 h after a casual inges-
tion of walnuts/hazelnuts. Generally, late eczematous reaction on the skin, in patients
with a persistent moderate or severe form of AD, can be observed with difficulty. The
worsening of AD occurs several hours after the ingestion of food allergen and other
factors can contribute to the deterioration of AD at the same time also. The psychological
stress and inhalant allergens, such as animal dander, trees and grass pollen, along with
environmental stressors, such as reduced humidity and lower outdoor temperatures,
are the other factors for the worsening of AD. The dysregulation of the skin barrier
also predisposes individuals to colonization of microbial pathogens.

On the other hand, in some patients suffering from clinical symptoms after walnuts
and/or hazelnuts ingestion, we did not confirm the positivity of specific IgE to molecular
components of hazelnuts/walnuts. The explanation can be in the fact that these patients
suffer from pollen food syndrome and/or other molecular components of walnuts and
hazelnuts may play the role in these patients. In our last study (Celakovska et al. (2021
in press)), we evaluated the relation between the sensitization to molecular components
of inhalant allergens and the occurrence of food reactions to peanuts, walnuts, hazelnuts,
wheat, soy, celery, apple, peach and kiwi in atopic dermatitis patients (Celakovska et al.
(2021 in press)). In patients suffering from food reaction to hazelnuts, the significant
relation (p-value <0.05) was confirmed to sensitization to molecular components Aln
gl (Alder, PR - 10 Protein), Bet v 1 (Birch, PR - 10 Proteins), Ole e 1 (Olive pollen,
common olive group 1), Phl p 1, 2 (grass group 1, 2), Phl p 4 (Berberine bridge
enzyme). The significantly higher occurrence of sensitization (p-value <0.05) to molecu-
lar components Bet v 1 (Birch, PR 10 protein), Alt a 1 (Alternaria, Acidic glycoprotein),
Ole e 9 (Olive pollen, Beta-1,3-glucanase), Phl p 1, 2, 5, 6 (Grass group 1, 2, 5, 6), Phl p 4
(Timothy, Berberine bridge enzyme) and Mer a 1 (Annual Mercury, profilin) was
confirmed in patients suffering from food reaction to walnuts (Celakovska et al. (2021
in press)). Pathogenesis-related protein group 10 (PR-10) molecules (i.e. Bet v 1 and
homologous allergens) are the major allergens in Fagales pollen and are recognized by
virtually all allergic patients, thus representing the major cause of clinical allergy (Matri-
cardi et al. (2016)). Sensitization to Phl p 1 usually precedes sensitization to other grass
pollen allergen and it is the most prevalent component sensitization in grass pollen-aller-
gic patients (Matricardi et al. (2016)). We recommend to examine other molecular com-
ponents, such as Cor a 11 (7S globulin), Cor a 14 (2S albumin), Cor a 12 (Oleosin), Cor a
2 (Profilin), Jug r 4 (118 globulin), Jug r 5 (Profilin) and Jug r 6 (7S globulin), Jug r 7
(Profilin, Jug r 8 (Non-specific lipid transfer proteins)) in patients suffering from clini-
cal reaction to walnuts and/or hazelnuts without positive results in ISAC Multiplex
testing. Another possibility for the examination of specific IgE to molecular com-
ponents is the examination with ALEX Multiplex testing (ALEX 2-Allergy Explorer).
The macro-array nanotechnology-based immunoassay used as a molecular allergy
explorer (ALEX@; MacroArray Diagnostics, Wien, Austria) is the latest launched in
vitro multiplex tool for precision medicine in allergy diagnosis. It is based on a
state-of-the-art proprietary nano-bead technology. This new array contains 295 aller-
gen reagents (117 allergenic extracts and 178 molecular components), with a large
majority of aeroallergen families and cross-reactive food allergens being represented.
The molecular component, such as Cor a 11 (7 S globulin), Cor a 14 (2 S
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albumin), Jug r 4 (11 S globulin) and Jug r 6 (7 S globulin), are included in this
ALEX 2 - Allergy explorer (Verweij et al. (2017)). Other components, such as Cor
a 12 (Oleosin) and Cor a 2 (Profilin) and Jug r 5 (Profilin), are not included in multi-
plex testing examination. The sensitization to these molecular components can be
examined in singleplex examination.

According to the literature, there are is knowledge of sensitization to tree nuts and
seeds in the general population and in patients suffering from atopic dermatitis. Most
reports on tree nut and seed allergy are based on clinical cases (McWilliam et al.
(2015 )). McWilliam V. et al. aimed to systematically review the population prevalence
of tree nut allergy in children and adults. The authors searched three electronic databases
(OVID MEDLINE, EMBASE and PubMed) from January 1996 to December 2014
(McWilliam et al. (2015)). Eligible studies were categorized by age, region and method
of assessment of tree nut allergy. Of the 36 studies identified most were in children (n
=24) and from Europe (n = 18), UK (n=8) or USA (n=5). Challenge-confirmed IgE-
mediated tree nut allergy prevalence was less than 2% (although only seven studies
used this gold standard), while probable tree nut allergy prevalence ranged from
0.05% to 4.9%. Prevalence estimates that included oral allergy syndrome (OAS) reactions
to tree nut were significantly higher (8%-11.4%) and were predominantly from Europe.
Prevalence of individual tree nut allergies varied significantly by region with hazelnut the
most common tree nut allergy in Europe, walnut and cashew in the USA and Brazil nut,
almond and walnut most commonly reported in the UK (McWilliam et al. (2015),
Skypala et al. (2010), Datema et al. (2018), Masthoff et al. (2015), Maloney et al.
(2008), Nwaru et al. (2014)). Patients, reporting hazelnut allergy (n = 423) from 12 Euro-
pean cities, were tested for IgE against individual hazelnut allergens; a model, combining
CRD with clinical background and extract-based serology, was superior to CRD alone in
assessing the risk of severe reactions to hazelnut, particular in ruling out severe reactions
(Datema et al. (2018 Mar)). Some studies show that sIgE to hazelnut storage proteins, Cor
a 14 and Cor a 9, confers higher specificity in the diagnosis of hazelnut allergy in children
compared with Cor a 1 or hazelnut extract, and could be used clinically to improve the
identification of allergic children and reduce the number of confirmatory food chal-
lenges, (Nilsson et al. (2020 Feb)); according to the authors, future analyses of the con-
tribution of additional hazelnut allergen components are needed, as well as evaluations in
adult populations (Nilsson et al. (2020 Feb)). The sensitivity and specificity of both Cor a
9 and Cor a 14-sIgE were consistent across paediatric studies, and the diagnostic par-
ameters calculated showed low data variation. This likely reflects the role of storage pro-
teins as early sensitizers and markers of hazelnut allergy (Faber et al. (2014), Verweij et al.
(2011), van Erp et al. (2019)). Storage protein 2S albumins have high accuracy in identi-
fying children with allergies and objective symptoms (Flores Kim et al. (2018), Klemans
et al. (2015), Sicherer et al. (2015), Lange et al. (2017), Sato et al. (2017)). Another study
reflects the cross-reactive nature of Cor a 1-sIgE, where sensitization is driven by birch or
birch-related tree pollen allergies (Valcour et al. (2016)) rather than primary hazelnut
allergy. The diverse geographic locations of the studies as well as age differences may con-
tribute to the data variation, as pollen cross-reactive sensitizations become increasingly
common when children reach school age (Ballmer-Weber et al. (2015)). Cor a 8 is a
common sensitizer in the Mediterranean area although LTP sensitization is also increas-
ingly demonstrated in non-Mediterranean areas, but its clinical relevance is unclear
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(Teuber et al. (2019)). The quality of an applied protein extract is important in both ser-
ological and in vivo diagnosis of allergy, and for allergen detection methods (Dooper et al.
(2008)).

In the research project MeDALL, IgE reactivities towards a large number of micro-
arrayed allergen molecules have been determined in several European birth cohorts
using the MeDALL allergen chip (Melioli et al. (2011)). Data obtained in the MeDALL
project seem to confirm that patients with atopic dermatitis are often polysensitized
towards a large number of different allergen molecules and thus exhibit extremely
complex IgE sensitization profiles (Anto et al. (2017), Bousquet et al. (2015)).

Conclusion

The food allergy to hazelnuts was confirmed in 25% of atopic dermatitis patients; these
patients are majorly allergic to PR 10 proteins (Coral.0401), minorly to Cor a 9 (Storage
protein, 11S globulin). The food allergy to walnuts was confirmed in 14% of atopic der-
matitis patients; these patients are in 8% allergic to storage proteins (Jugr 2 and Jugr 1)
and in 6% to nsLTP (Jug r 3). The positive results of specific IgE to molecular com-
ponents of hazelnuts (walnuts) with no clinical reaction were confirmed in another
18%, resp. 2% of patients. In the case of positivity to cross-reacting components, the
symptoms are milder (mild form of oral syndrome, itching of the skin and worsening
of atopic dermatitis). In the case of positivity to species-specific components, more pro-
nounced symptoms were observed. We recommend to examine other molecular com-
ponents, such as Cor a 11 (7S globulin), Cor a 14 (2S albumin), Cor a 12 (Oleosin),
Cor a 2 (Profilin), Jug r 4 (11S globulin), Jug r 5, Jug r 7 (Profilin) and Jug r 6 (7S glo-
bulin), Jug r 8 (nsLTP), in patients suffering from clinical reaction to walnuts and/or
hazelnuts without positive results in ISAC Multiplex testing.
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