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IVADAS

Astma yra viena i$ labiausiai paplitusiy létiniy ligy visame pasaulyje [1].
Vaikystéje astma dazniau serga berniukai, o tarp suaugusiyjy — moterys [2].
Astmos simptomai paprastai pastebimi ankstyvame amziuje, bet tuo metu
néra specifiniai ir daznai gali biiti susij¢ su virusine kvépavimo taky infekcija
[3]. Sergant astma, biidingas dusulys, kosulys, Svokstimas ir spaudimas
kriitingje. Visi Sie simptomai yra susij¢ su létiniu kvépavimo taky uzdegimu
[4-6]. NeiSnesiojimas, ankstyvos plauciy infekcijos, rinitas, rikymas ir
nutukimas yra suaugusiyjy astmos rizikos veiksniai [6].

Kvépavimo taky uzdegimas yra laikomas vienu i§ esminiy patofiziolo-
giniy mechanizmy susijusiy su astmos patogeneze ir lemian¢iy kvépavimo
taky struktiirinius pokycius, apibiidinamus kaip remodeliacija [7]. Nors astma
iprastai lengvai kontroliuojama standartiniu gydymu, vis délto ne visada
pavyksta kontroliuoti ligos eiga [8]. Apie 5—10 procenty pacienty kencia nuo
nekontroliuojamos ar sunkios astmos, dé¢l kurios padidéja mirtingumas,
stacionarinio gydymo poreikis, prastéja gyvenimo kokybé¢ ir did¢ja sveikatos
priezitiros iSlaidos [9, 10]. Du pagrindiniai rizikos veiksniai, prisidedantys
prie sunkios astmos — genetika ir aplinkos poveikis, kuris moduliuoja imuninj
atsaka [8].

Astma — sudétingesn¢ liga nei manyta anksciau, kadangi yra nevienalyte
[11]. Tai pastebéjus, pradéta dométis astmos patogeneze, kvépavimo taky
uzdegimo charakteristikomis, klinikine eiga. Taip prie$ daugiau nei 10 mety
pradétos naudoti fenotipo ir endotipo sgvokos [12]. Pagal klinikines ligos
iSraiSkas iSskiriama alergin¢, nealerginé, nutukusiyjy astma, astma su
nuolatine bronchy obstrukcija, neutrofilin¢ astma [3, 13], o pagal vyraujantj
patogenezinj] mechanizma ir uzdegime dalyvaujancius citokinus — 2-0 tipo
(angl. type 2) ir ne 2-o tipo (angl. non-type 2) astma [14, 15]. Astmos fenotipy
atpazinimas yra pakankamai tikslus atsizvelgiant  paciento lytj, amziy,
alergijy buvima/nebuvima, Seiming alerginiy ligy anamneze, amziy, kuomet
buvo diagnozuota astma (vaikystéje ar suaugus), atsaka j gydyma jkvepia-
maisiais gliukokortikoidais ir kt. Dazniausi astmos fenotipai yra alerginé
astma (AA) ir nealerginé astma [16]. Tuo tarpu astmos endotipo atpazini-
mas — sudétingesnis, reikalaujantis suprasti astmos patogenez¢. Maziausiai
pusei serganciyjy astma budingas 2-o tipo uzdegimas, kurj lemia 2-o tipo
T limfocitai pagalbininkai (angl. T helper 2, Th2) [17].

Tiek astmos fenotipa, tiek endotipg atpazinti padeda biologiniai zymenys
[18]. Astma dazniausiai siejama su 2-o tipo uzdegimu [19], todél naudojami
2-0 tipo biologiniai Zymenys [18]. Siuo metu patvirtinti biologiniai Zymenys:
eozinofily kiekis kraujyje ir skrepliuose, bendro imunoglobulino (Ig) E kiekis
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kraujyje, azoto monoksido kiekis iSkvepiamame ore (Feno) ir periostino
kiekis serume [20]. Vienas i§ pagrindiniy biologiniy Zymeny — eozinofilai.
Tai daugiausia tirtas ir placiausiai tieck moksliniuose tyrimuose, tiek kliniki-
néje praktikoje naudojamas biologinis zymuo [21]. Deja, nei vienas i§ nuro-
dyty biologiniy zymeny néra idealus ir visi turi savo trukumy [22]. Siekiama,
kad biologiniai Zymenys biity informatyviis, lengvai iSmatuojami ir nereika-
lauty daug kasty [23]. D¢l Sios priezasties ieSkoma naujy, su 2-o tipo uzdegi-
mo patogeneze susijusiy biologiniy zymeny [13]. Manoma, kad biologiskai
aktyvios medziagos, dalyvaujancios astmos patogenezeje, galéty biti biologi-
niai zymenys [24].

Astmos patogenezés supratimas yra svarbus parenkant geriausig indivi-
dualizuotg astmos gydyma [25]. Apie pusei serganciyjy astma buidingas uzde-
gimas, susijes su eozinofilais [11]. Jprastai Siy Iasteliy kraujyje yra palyginti
nedaug — apie 1 proc. visy leukocity, o kvépavimo takuose — < 3 proc. visy
skrepliuose esanciy lasteliy. Nepaisant jy mazo kiekio tiek kraujyje, tiek
kvépavimo takuose, eozinofilai laikomi vienomis svarbiausiy lgsteliy sergant
astma [26-28]. Siy lasteliy kiekio padidéjimas tick kraujyje, tick kvépavimo
takuose yra susijes su padidéjusiu bronchy jautrumu, kvépavimo taky uzde-
gimu ir oro srauto apribojimu (obstrukcija). Visa tai lemia astmos simptomus,
daznesnius paiiméjimus ir sunkesne ligos eiga [11, 27]. Eozinofily poveikis
kvépavimo taky remodeliacijai sergant astma priklauso ne tik nuo jy infiltra-
cijos | kvépavimo takus, bet ir nuo jy iSgyvenamumo, nes tai pailgina eozino-
fily poveiki plauciy struktirinéms lasteléms [29]. Nustatyti du eozinofily
potipiai plau¢iuose — uzdegiminiai ir rezidentiniai. Panasius eozinofilus gali-
ma aptikti ir kraujyje: | plauciy rezidentinius eozinofilus panaSias Igsteles
(Eosrez), bei j uzdegiminius eozinofilus panasias lasteles (Eosuzd). Sios lastelés
skiriasi savo vaidmeniu astmos patogenezeje [30]: Eosuza dalyvauja uzdegi-
miniame atsake, o Eos., — palaiko audiniy homeostaze [31]. Eozinofily kiekj
kraujyje ir plauciuose, jy iSgyvenamumag, brendimg ir aktyvavima skatina
citokinai — interleukinas (IL) 3, IL-5 ir granulocity-makrofagy kolonijas
stimuliuojantis veiksnys (angl. granulocyte-macrophage colony-stimulating
factor, GM-CSF), kurie vadinami eozinofilopoetinais. Aktyvinti eozinofilai
i8skiria biologiskai aktyvias medziagas, kurios pasiZymi proliferaciniu
aktyvumu bronchy lygiyjy raumeny (BLR) lastelems [32] ir taip lemia Siy
lasteliy proliferacija ir bronchy struktiiros pokycius [29]. Taip pat eozinofily
pavirSiuje yra iSreikSti citokiny receptoriai, jskaitant IL-3, IL-5 ir GM-CSF
receptorius [33]. Eozinofilopoetinai gali sustiprinti savo receptoriy (interleu-
kino 3 receptoriaus (IL-3R), interleukino 5 receptoriaus (IL-5R) ir granulocity-
makrofagy kolonijas stimuliuojancio veiksnio receptoriaus (GM-CSFR))
geny raiska ir taip suintensyvinti signalo perdavimg eozinofilams, prailginti
Jju iSgyvenamuma, padidinti aktyvuma bei sustiprinti uzdegiminj atsaka [34].
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Eozinofilopoetiny poveikis eozinofilams priklauso ne tik nuo Siy citokiny
kiekio, bet ir nuo jy receptoriy kiekio eozinofily pavirSiuje [35]. Tuo tarpu
eozinofilopoetiny poveikis skirtingiems eozinofily potipiams iSlieka
nezinomas.

Astmos gydymo tikslas — pasiekti simptomy kontrolg, sumazinti su astma
susijusiy patiméjimy, su gydymu susijusiy Salutiniy poveikiy ir mirtingumo
rizikg [36]. Gydant astmg vis dazniau naudojamas klinikinés remisijos termi-
nas [37]. Siuo terminu apibidinamas aukstas ligos kontrolés lygis, jskaitant
astmos simptomy, patiméjimy ir geriamyjy gliukokortikoidy poreikio nebuvi-
ma, taip pat optimalig plauc¢iy funkcijg [38]. Kadangi anks¢iau astma buvo
suprantama kaip vienalyté liga, visiems pacientams buvo skiriamas toks pats
ikvepiamaisiais gliukokortikoidais pagristas gydymas [39]. Sis gydymas dau-
gumai pacienty pakankamai kontroliuoja astmos simptomus [40], taciau dalj
ju ir toliau vargina nuolatiniai astmos simptomai ir sunki ligos eiga bei
pasikartojantys ligos paiimé¢jimai su geriamyjy gliukokortikoidy poreikiu
[27]. Supratimas apie astmos patogenez¢ pradéjo keistis prie§s du desimtme-
¢ius. Tuo metu atsirado daugiau ziniy apie 2-o tipo uzdegima bei biologinius
zymenis, kurie gali padéti §] uzdegimg atpazinti. Visa tai paskatino domeétis
gydymo galimybémis, atlikti klinikinius tyrimus su monokloniniais antikii-
nais, nukreiptais prie§ 2-o tipo uzdegimo citokinus ir jy receptorius [41].
Atlikti tyrimai parodé, kad astmos gydymas gali biiti individualizuotas ir dél
to veiksmingesnis, jeigu jis parenkamas pagal klinikinius pozymius, vyrau-
jantj patogenezinj kelig ir jame dalyvaujancius citokinus [42].

Kadangi sergant astma dazniausiai vyrauja 2-o tipo uzdegimas, tikslinga
ir toliau gilintis j jo patogenezg. Taigi iki Siol yra nepakankamai jvertintas
eozinofily potipiy proliferacinis aktyvumas. Taip pat triksta biologiniy zy-
meny, galin¢iy padéti parinkti individualizuota astmos gydyma bei progno-
zuojant ligos eigg.

Darbo tikslas
Istirti eozinofily potipiy proliferacinj aktyvuma ir imuninio atsako ypatu-
mus sergant 2-o0 tipo astma.
UZdaviniai
1. Ivertinti eozinofilopoetiny (interleukino 3, interleukino 5 ir granulo-
city-makrofagy kolonijas stimuliuojancio veiksnio) poveikj sergan-

¢iyjy 2-o tipo astma ir sveiky asmeny eozinofily potipiy prolifera-
ciniam aktyvumui in vitro.
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2. Nustatyti létinio uzdegimo ir kraujo oksidacinio streso biologiniy
zymeny, bei uzlastelinio uZpildo apykaitos komponenty kiekj seru-
me sergant alergine astma, lyginant su sveikais asmenimis, ir jy
kitimg Dermatophagoides pteronyssinus alergeno poveikyje.

3. Ivertinti sergan¢iyjy sunkia eozinofiline astma 2-o tipo biologiniy
zymeny (alarminy, citokiny, chemokiny, tirpiy receptoriy) kiekio
serume kitimg ir klinikinés remisijos kriterijus, blokuojant
interleuking 5 monokloniniu antikiinu 24 savai¢iy laikotarpyje.

Tyrimo naujumas ir praktiné reikSmé

Eozinofilas — paslaptinga lastelé. Siy lasteliy tyrimai atliekami nuo 19
amziaus ir tgsiami iki Siol. Per §j laikotarpj supratimas apie eozinofila
keitési — tyrimy pradZzioje jos buvo laikomos ,,pasyviosiomis‘ lastelémis, o
veliau — ,,veikliosiomis* lastelémis, kurios atlieka daug funkcijy [43]. Dabar
zinoma, kad eozinofilai dalyvauja vykstant audiniy pokyc¢iams kvépavimo
takuose [44]. Vienas i$ tokiy pokyc¢iy — kvépavimo taky remodeliacija. Jau
ankscCiau atliktais tyrimais buvo nustatyta, kad eozinofilai turi jtakos BLR
lasteliy proliferacijai [29, 45], taCiau nebuvo jvertinta, ar eozinofilopoetinai
sustiprina eozinofily proliferacinj aktyvuma. Siame tyrime sickéme nustatyti
eozinofilopoetiny (IL-3, IL-5 ir GM-CSF) poveiki eozinofily potipiy
proliferaciniam aktyvumui. Naujov¢ ta, kad tyrime buvo naudoti eozinofilo-
poetinais aktyvuoti kraujo eozinofily potipiai (Eosuzd ir Eosre;), 1§ kuriy, kartu
su BLR lastelémis, sudarytos kombinuotos kultiiros. Tokiu biidu siekéme
parodyti skirtingus eozinofily potipiy proliferacinius aktyvumus veikiant
skirtingiems eozinofilopoetinams. Daréme prielaida, kad ne tik eozinofilo-
poetinai, bet ir jy receptoriy geny raiSka eozinofily potipiy pavirSiuje gali
turéti jtakos reguliuojant eozinofily proliferacinj aktyvumg, BLR Iasteliy
proliferacija ir kvépavimo taky remodeliacija. Siekéme nustatyti eozinofilo-
poetiny receptoriy geny raiskg sutelkiant démesj j eozinofilopoetiny recep-
toriy kiekj eozinofily potipiy pavirSiuje skirtingose tiriamyjy grupése.

Astmos fenotipy ir endotipy atpazinimas gali padidinti s€ékmingo astmos
gydymo tikimybe, pagerinti gydymo rezultatus ir pailginti i§gyvenamuma
[13]. Tirta daug galimy biologiniy Zymeny, taiau klinikinéje praktikoje
naudojama tik keletas i$ jy, o ir Sie néra idealiis [46]. Siekéme surasti naujas
2-o tipo uzdegimo patogenezéje dalyvaujancias biologiskai aktyvias medzia-
gas, kurios galéty biiti biologiniai Zymenys. Remiantis literattiros duomeni-
mis, pasirinkome maziau tirtas medziagas, kurios cirkuliuoja kraujyje [47-
49]. Pasirinktas medziagas suskirstéme j 3 grupes pagal jy vaidmenj astmos
patogenezéje: létinio uzdegimo biologiniai Zymenys, kraujo oksidacinio
streso biologiniai zymenys, uzlastelinio uzpildo apykaitos komponentai.
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Pasirinkome istirti 10 biologiskai aktyviy medziagy kaip galimy biologiniy
zymeny, kurie galéty ateityje biiti naudojami atpaZjstant astmos fenotipus ir
endotipus. Visos medziagos tirtos kraujyje, lengvai prieinamoje biologinéje
terpéje. Tyrimus taip pat atlikome po bronchy provokacijos Dermatopha-
goides pteronyssinus alergenu, kas, misy ziniomis, iki Siol nebuvo atlikta.
Per pastaraji deSimtmetj jvyko didelis proverzis astmos gydyme, kadangi
naujai sukurti vaistai, veikiantys astmos patogenezes citokinus ir jy recep-
torius [50]. Monokloniniai antikiinai, nukreipti pries 2-o tipo uzdegimo cito-
kinus ir jy receptorius, veiksmingai gydo serganciuosius sunkia eozinofiline
astma (SEA) [51]. Blokuojant IL-5 pastebimas ypac¢ geras atsakas, d¢l plataus
IL-5 poveikio eozinofilams [52]. D¢l Sios priezasties tyrimui pasirinkome
monokloninj antikiing prie§ IL-5 mepolizumabg. Siekéme istirti, ar monoklo-
niniai antikiinai prie§ IL-5 veikia kitus 2-o tipo biologinius Zymenis. Pasirin-
kome tirti alarminus (IL-25, IL-33 ir uzkricio liaukos stromos limfopoeting
(TSLP)), kurie atlieka itin svarby vaidmenj inicijuojant 2-o tipo uzdegima;
pagrindinius 2-o tipo uzdegimo citokinus (IL-4, IL-5 ir IL-13), kurie skatina
eozinofilija; chemoking (eotaksing), kuris skatina eozinofily migracija; ir
tirpius receptorius (tirpaus interleukino 5 receptoriaus alfa subvieneta
(sIL-5Ra) ir tirpaus didelio afiniteto imunoglobulino E receptoriy (sFceRI)).
Minéty aspekty pagrindu buvo parengtas tyrimo planas.
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1. LITERATUROS APZVALGA

1.1. Astma ir jos paplitimas, problemos aktualumas

Astma yra létiné uzdegiminé kvépavimo taky liga, kuriai biidingas dusu-
lys, kosulys, Svokstimas ir kintamas iSkvepiamojo oro srautas, kuris vertina-
mas spirometrijos tyrimu [53]. Si liga yra viena i3 labiausiai paplitusiy létiniy
ligy ir viena i§ daZniausiy mirties priezas¢iy pasaulyje [54]. SkaiCiuojama,
kad astma serga daugiau nei 300 milijony asmeny, o ligos paplitimas didé¢ja.
Manoma, kad daugiausia tam jtakos turi oro uzterStumas [55]. Astma serga
visy Saliy gyventojai, ta¢iau daugiausia — iSsivysciusiose Vakary Salyse [1].
Higienos instituto duomenimis 2023 m. Lietuvoje astma serganciyjy asmeny
skaicius sieké 67 tikstancius. Panasus sergamumas islieka nuo 2020 mety.
Nepaisant to, kad sergamumas astma pasaulyje didéja, taiau mirtingumas —
mazéja (sudaro 0,9 proc. visy mirciy) [56]. Astma itin opi visuomenés sveika-
tos problema ir d¢l jos gydymui panaudojamy sveikatos priezitiros 1¢Sy. Ypac
tai aktualu dél serganciyjy sunkia astma, kuriy gydymas reikalauja nemazy
kasty [57]. Be to Siy pacienty sumaz¢ja darbo produktyvumas bei nasumas,
didéja laikinojo nedarbingumo dieny skaicius [58, 59].

1.2. Astmos patogenezé

Astmos patogenez¢ yra sudétingas daugiaveiksnis procesas, apimantis
keleta genetiniy ir aplinkos veiksniy [60]. Pastarajj deSimtmetj buvo dedamos
didelés pastangos suprasti lgstelinius ir molekulinius astmos mechanizmus
[61]. Svarbus molekulinis astmos mechanizmas yra létinis kvépavimo taky
uzdegimas, kurj sukelia i§ uzdegiminiy lasteliy isiskyre mediatoriai. Sis
uzdegimas lemia ne tik astmos simptomus, bet ir kvépavimo taky hiperreak-
tyvuma, obstrukcija, padidéjusia gleiviy gamybg ir kvépavimo taky sieneliy
struktiiros persitvarkymg (remodeliavimasi) [62].

ISskiriami keli kvépavimo taky uzdegimo tipai [63]. Pagal vyraujantj
uzdegimo patogenezinj kelig ir jame dalyvaujancius citokinus i$skiriami 2-0
tipo ir ne 2-o tipo uzdegimai [64], o vertinant skrepliuose vyraujanciy lasteliy
kiekj — eozinofilinis, miSrus granulocitinis, neutrofilinis ir paucigranuloci-
tinis uzdegimas [28]. Ne 2-o tipo uzdegima sunku apibrézti, nes truksta speci-
finiy biologiniy Zzymeny [65]. Sio uzdegimo pagrindiné savybé — neutrofily
buvimas skrepliuose arba eozinofily ir kity 2-o tipo biologiniy Zymeny nebu-
vimas (t. y. normalus jy kiekis) [66]. Ne 2-o tipo uzdegimu pasireiSkianti
astma dazniausiai siejama su prastu reagavimu i gydyma gliukokortikoidais
ir biologiniais vaistais. O 2-o tipo uzdegimui buidingas padidéjes eozinofily
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kiekis skrepliuose ir kraujyje [67]. 2-0 tipo uzdegimu pasireiSkiancig astmag
gerai veikia gydymas gliukokortikoidais ir biologiniais vaistais, taciau, esant
dideliam eozinofily kiekiui, astma gali biti ir atspari Siam gydymui [68]. Ne
2-0 tipo uzdegimas dazniausiai pasireiskia suaugusiesiems [69] kvépavimo
takus paveikus iritantams, virusams arba mikrobams [70]. 2-o tipo uzdegimas
daznai prasideda vaikystéje, kai aplinkos dirgikliai, tokie kaip virusiné kvépa-
vimo taky infekcija, tévy rukymas, azoto dioksidas ir kiti oro terSalai ar
alergenai, suaktyvina kvépavimo taky epitelio lasteles [63]. Apie pusei ser-
ganciyjy astma, biidingas 2-o tipo uzdegimas [69, 71], 0 maZziau nei pusei —
ne 2-o tipo uzdegimas [69]. Vyraujancio uzdegimo nustatymas gali optimi-
zuoti astmos kontrole ir paskatinti individualizuota gydyma, susietg su ligos
patogeneze [39].

2-o0jo tipo uzdegimas laikomas tipiSku alergisky asmeny atsaku j alerge-
no poveikj, taciau pasireiskia ir nealergiskiems asmenims [72]. Kvépavimo
takai nuolat turi salytj su aplinkos oru ir visa, kas yra jame. Kvépavimo taky
epitelis yra kvépavimo taky uzdegimo patogenezés pagrindas [73]. Reaguo-
damos ] iSorinius veiksnius, epitelio lastelés iSskiria citokinus, kurie vaidina
pagrindinj vaidmenj reguliuojant tiek 2-o tipo, tiek ne 2-o tipo uzdegiminj
atsakg sergant astma [74]. Pagrindiniai epitelio citokinai — IL-25, IL-33 ir
TSLP — vadinami alarminais. Jie inicijuoja tarplastelinio signalo perdavima
Th2 ir 2-0 tipo jgimtoms limfoidinéms lasteléms (angl. type 2 innate lymphoid
cells, ILC2). Pagal tai, kurioms lgsteléms perduodamas tarplgstelinis signa-
las, iSskiriami du uzdegimo patogeneziniai keliai [75, 76]: pirmuoju atveju
uzdegimas vadinamas 2-o tipo uzdegimu (angl. 742 high), antruoju atveju —
ne 2-o tipo uzdegimu (angl. 742 low) (1.2.1 pav.) [77].

2-0 tipo uzdegimo metu i8S aktyvinty epitelio lasteliy iSsiskiria alarminai,
dél kuriy poveikio dendritinés lgstelés iSskiria T limfocity pagalbininky
zymenj (angl. cluster of differentiation, CD) 4+ naiviesiems T limfocitams
pagalbininkams (angl. naive helper T cells, ThO) ir suaktyvina jy diferencia-
cija i Th2 Igsteles. Sios lastelés migruoja j kvépavimo taky epitelj ir pogleivi,
kuriuose i$skiria daug jvairiy 2-o tipo uzdegimo citokiny (daugiausiai 1L-4,
IL-5 ir IL-13) [78]. Sie citokinai skatina eozinofily gamyba, aktyvuma,
jud¢jima, iSgyvenamuma, diferenciacijg ir proliferacines savybes, tokiu biidu
palaikant eozinofilinj uzdegima [72, 79].
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2-o tipo uZdegimo patogenezinis kelias Ne 2-o0 tipo uzZdegimo patogenezinis kelias
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1.2.1 pav. Astmos 2-o tipo ir ne 2-o tipo uzdegimo patogeneziniai keliai
(modifikuota pagal [80])

Ig — imunoglobulinas; IL — interleukinas; ILC2 — jgimtos 2-o tipo limfoidinés Iastelés;
Th2 — 2-o tipo T limfocitai pagalbininkai; TSLP — uzkrti¢io liaukos stromos limfopoetinas.

IL-4 — svarbus 2-o tipo uzdegimo citokinas [69, 81]. Sis citokinas kartu
su IL-13 skatina plazmines lgsteles gaminti IgE. IgE jungiasi prie putliyjy
lasteliy bei bazofily ir taip sukelia vietines alergines reakcijas [23]. IL-13 taip
pat skatina kvépavimo taky hiperreaktyvuma ir lygiyjy raumeny lasteliy
susitraukima, o tai lemia kvépavimo taky susiauréjimg [69]. IL-5 yra vienas
i§ pagrindiniy citokiny, turinéiy poveikj eozinofilams. Sis citokinas svarbus
formuojantis, brestant ir iSgyvenant eozinofilams, taip pat turi jtakos eozino-
fily diferenciacijai ir proliferaciniam aktyvumui [82]. IL-5 stimuliuoja eozi-
nofily gamyba kauly ¢iulpuose, taip pat eozinofily bei bazofily aktyvumg ir
jud¢jima. Tokiu biidu palaikomas eozinofilinis kvépavimo taky uzdegimas
[83].

1.3. Eozinofily biologinis vaidmuo sergant astma

Pagrindinis vaidmuo astmos patogenezéje, kuomet vyrauja 2-o tipo
uzdegimas, tenka eozinofilams [13]. RySys tarp eozinofily ir astmos pirma
karta buvo nustatytas mazdaug prie§ Simtmetj. Taip pat jrodytas glaudus
rySys tarp eozinofilijos, astmos paiméjimy ir plauciy funkcijos pablogéjimo
[84].



Eozinofilai — tai galutinai diferenciave granuliy turintys leukocitai, kurie
gaminami kauly Ciulpuose [85]. Sveiky asmeny (SA) kauly ¢iulpuose susi-
daranciy eozinofily kiekis néra didelis, todé¢l kraujyje jy cirkuliuoja nedaug
[86]. Panaudojes eozino dazus, eozinofilus aptiko ir pirmg karta aprasé
1879 m. Paulas Ehrlichas. Vidutinis eozinofily kiekis kraujyje yra 0,1 x 10%/1,
0 95-0ji procentilé — 0,4 x 10%/1 [87]. VirSutine normos riba laikomas 0,5 x
10%/1 eozinofily kiekis kraujyje [88]. Padidéjes eozinofily skai¢ius audiniuose
ir (arba) kraujyje vadinamas eozinofilija [89]. Taigi Siuo metu naudojamos
ribinés vertés gydant astmg (0,15 x 10%/1 arba 0,3 x 10%/1) yra normos ribose
[87]. Eozinofilai kraujyje gyvuoja nuo 16 iki 36 valandy, o migravus j audi-
nius $is laikas pailgeja iki 2—-5 dieny [90].

Eozinofilai dalyvauja imuniniame atsake prie§ organizmo parazitus ir
virusus, skatina alergines reakcijas. Po migracijos ] audinius Sios lasteles
aktyviai reguliuoja jvairius imuninius atsakus, i§skirdamos biologiskai akty-
vias medziagas [89]. Apie 200 morfologiskai skirtingy citoplazminiy granu-
liy randama eozinofiluose, o jose apie 35 rusys jvairiy biologiskai aktyviy
medziagy [86, 91]. ISsiskyre i$ eozinofily citoplazminiy granuliy, biologiskai
aktyvios medziagos veikia jvairias kvépavimo taky lasteles, iskaitant epitelj,
taurines lasteles, gleiviy liaukas, lygiuosius raumenis (1.3.1 pav.) [92]. Dél
iy medziagy citotoksinio poveikio hiperplazuoja taurinés lgstelés ir gleiviy
liaukos, vystosi subepiteliné fibrozé (kolageno kaupimasis bronchy sienelé-
se), mazg¢ja epitelio barjero vientisumas, didéja kvépavimo taky lygiyjy
raumeny lasteliy masé [44]. Taigi, kvépavimo taky eozinofilija prisideda prie
kvépavimo taky remodeliacijos vystymosi, o eozinofily vaidmuo trikdant
vieting homeostaze yra negincijamas [84].
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1.3.1 pav. Eozinofily aktyvinimas ir isskiriamos
biologiskai aktyvios medziagos
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1.4. Eozinofilopoetiny poveikis eozinofily funkcijoms

Kvépavimo taky uzdegima sergant astma reguliuoja citokiny tinklas,
kuriam priklauso daugiau nei 50 citokiny [93]. Pagrindiniai citokinai, turintys
jitakos eozinofilams, yra IL-3, IL-5 ir GM-CSF. Visi 3 citokinai turi jtakos
eozinofily augimui ir i§likimui organizme [94]. Sie citokinai priklauso p gran-
dinés citokiny Seimai [95] ir vadinami eozinofilopoetinais [95, 96]. IL-3 ir
IL-5 daugiausia gamina aktyvuoti T limfocitai ir putliosios lastelés, o GM-
CSF gamina T Igstelés, epitelio lastelés ir makrofagai [34]. IL-3, IL-5 ir GM-
CSF skiriasi savo struktiira, todél Sie citokinai gali skirtingai veikti eozinofily
funkcijas, o eozinofily potipiai skirtingai reaguoti i tuos pacius eozinofilo-
poetinus [35, 95, 97, 98]. IL-5 skatina eozinofily dauginimasi ir diferencia-
cija, o visi 3 eozinofilopoetinai turi svarby poveikj eozinofily iSgyvenimui,
degranuliacijai ir eozinofily aktyvinimui (1.4.1 pav.) [34]. Eozinofilopoetiny
poveikis eozinofily vystymuisi skiriasi laiko atzvilgiu — ankstyvosiose eozi-
nofily vystymosi stadijose svarbiis IL-3 ir GM-CSF, galutiniam subrendi-
mui — IL-5. Veikiant IL-5, kauly ciulpuose susidaro gerai subrendusiy
eozinofily kolonijos, o veikiant IL-3 arba GM-CSF — maziau subrendusios
eozinofily kolonijos, taciau jy biina daugiau [95]. IL-3, IL-5 ir GM-CSF turi
pleotropinj poveiki eozinofilams [99]. IL-3 ir GM-CSF daug stipriau veikia
pleotropiSkai nei IL-5, taiau manoma, kad visy trijy eozinofilopoetiny
funkcijos dazniausiai yra perteklinés [ 100]. Dél visy anks¢iau minéty savybiy
IL-3, IL-5 ir GM-CSF laikomi potencialiu taikiniu gydant astma [101], taciau
IL-5 buvo pasirinktas kaip prioritetinis taikinys siekiant sumazinti eozinofi-
lija, nes jis daro specifinj poveikj eozinofiliniam uzdegimui [97].

IL-5
GM-CSF ~ - : [Sgyvenamumas
\
IL-5 L T s ) Aktyvavimas
9 o -
IL-3 “ Degranuliacija
Diferenciacija

Proliferacija
1.4.1 pav. Eozinofilopoetiny poveikis eozinofilams (modifikuota pagal [34])

IL — interleukinas; GM-CSF — granulocity-makrofagy kolonijas stimuliuojantis veiksnys.
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1.5. Eozinofilopoetiny receptoriai ir ju vaidmuo
eozinofily funkcijoms

Ne tik eozinofilopoetinai, bet ir jy receptoriai atlieka svarby vaidmen;j
astmos patogenezéje. IL-3, IL-5 ir GM-CSF receptoriai turi bendrg B gran-
ding ir savo citokinams specifines a grandines [102]. IL-5R yra gana speci-
finis, nes jis ekspresuojamas tik eozinofily ir bazofily pavirsiuje, o IL-3R ir
GM-CSFR - daugelyje kraujodaros Iasteliy [97]. Nepaisant to, kad visi 3
eozinofilopoetinai turi standartinj § grandinés receptoriaus subvieneta, kiek-
vienas skirtingai veikia eozinofilus dél a grandinés subvienetui biidingy savy-
biy [101]. Eozinofilopoetinai mazu afinitetu jungiasi prie atitinkamos o gran-
dinés, véliau, priart¢jus B grandinei, jvyksta konformaciniai poky¢iai ir
eozinofilopoetinas dideliu afinitetu jungiasi prie B grandinés. Taip inicijuo-
jamas tarplastelinio signalo perdavimas [95]. IL-3, IL-5 ir GM-CSF recepto-
riy surinkimas pavaizduotas 1.5.1 pav.

Q IL-3, IL-5 ir GM-CSF

Bc

Signalo a
perdavimas

i

N S8 Y Ny S0 T ALY - ',_ ,--"T."
Ay S s A m Ay S e £ .

1.5.1 pav. Signalo perdavimas
Ra — receptoriui specifiska a grandiné; Bc — § grandinés subvienetas; IL — interleukinas; GM-CSF —
granulocity-makrofagy kolonijas stimuliuojantis veiksnys.

Eozinofilopoetiny receptoriy aktyvinimas eozinofilopoetinais sukelia
signalo perdavimg ir eozinofily aktyvinima [103]. Eozinofily aktyvinimas
IL-3, IL-5 arba GM-CSF priklauso nuo $iy citokiny kiekio ir B grandinés
citokiny receptoriy kiekio eozinofily pavirSiuje. Taciau egzistuoja ir svarbus
kryzminis reguliavimas tarp $iy citokiny kiekio ir jy receptoriy raiskos [32].
Tyrimai parodé, kad visi eozinofilopoetinai sumazina IL-5R a grandinés ir
padidina IL-3R o grandinés ekspresija, 0 GM-CSFR a grandinés ekspresija
regulivoja GM-CSF (IL-3 ar IL-5 jo neveikia) [104].



1.6. Eozinofily proliferacinis aktyvumas ir poveikis
bronchy lygiyju raumeny lasteléms

Eozinofily vaidmuo kvépavimo taky remodeliacijai, jskaitant BLR
lasteliy proliferacija, buvo nustatytas palyginti anksti [45]. Eozinofily
i8skiriami citokinai, chemokinai ir augimo veiksniai sukelia jvairius kvépa-
vimo taky struktiirinius pokycius [1]. Eozinofily poveikis kvépavimo taky
remodeliacijai sergant astma priklauso ne tik nuo jy kiekio kvépavimo taky
audiniuose, bet ir i§gyvenamumo trukmés, nes taip pailginamas poveikis
plauciy struktirinéms lgsteléms [29].

BLR lastelés gamina uZzgstelinio uZpildo baltymus ir reguliuoja vieting
uzdegiming aplinka gamindamos citokinus, chemokinus ir augimo veiksnius
[105]. Sios lastelés atlieka vieng i3 pagrindiniy vaidmeny astmos patogene-
z¢je [106], nes yra atsakingos uz kvépavimo taky tonusa, kuris palaiko atvirg
kvépavimo taky spindj ir uztikrina jkvepiamo bei iSkvepiamo oro srautg
[107]. Dél Sios priezasties BLR lastelés yra svarbios obstrukciniy plauciy
ligy, ypa¢ astmos, patogenezéje. ISoriniai dirgikliai, tokie kaip alergenai,
dulkes, oro terSalai ir aplinkos temperatiiros pokyciai, provokuoja BLR
lasteliy hipertrofijg ir proliferacija bei Siy lasteliy disfunkcija [108]. Vienas i$
pagrindiniy patologiniy procesy, sukelianc¢iy klinikinj astmos pasireiskimg ir
lemianciy ligos sunkuma, yra BLR lasteliy hiperplazija [33]. Sis procesas
kartu su tauriniy ir liaukiniy Igsteliy hiperplazija, subepiteline fibroze ir kitais
patologiniais procesais lemia padid¢jusiag BLR lasteliy mase ir kvépavimo
taky remodeliacijg [109]. Kvépavimo taky remodeliacija pakeicia tiek
smulkiy, tiek stambiy kvépavimo taky struktiirg [64]. D¢l Siy priezas¢iy BLR
lastelés turéty biiti laikomos svarbiu terapiniu taikiniu [107].

1.7. 2-o0 tipo biologiniai Zymenys, biidingi sergant astma

Biologinis Zymuo — tai rodiklis, galintis padéti nustatyti liga, jos sunku-
ma bei atsakg | gydyma. Klinikinéje praktikoje biologiniai zymenys tampa
vis svarbesni, nes jie yra objektyvis ir iSmatuojami rodikliai apibiidinti liga
[110]. ISsamesnés Zinios apie astmos patogenez¢ lémeé naujy biologiniy Zy-
meny poreik] ir jy paieska. Tai buvo daroma siekiant individualizuoti astmos
gydyma [23]. 2-0 tipo Zymenys susieja endotipg su fenotipu [111]. Atlikta
daug tyrimy ieskant biologiniy Zymeny. Patvirtinti ir klinikinéje praktikoje
naudojami tik keli [112].
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1.7.1. Zinomi 2-o tipo biologiniai Zymenys

Siuo metu Zinomi biologiniai Zymenys yra eozinofily kiekis (kraujyje ir
skrepliuose), IgE kiekis serume, Feno kiekis iSkvepiamame ore ir periostino
kiekis serume. Sie biologiniai Zymenys yra svarbiis prognozuojant atsaka j
2-0 tipo uzdegimo gydyma [72]. Deja, visi patvirtinti biologiniai Zymenys
turi savo trilkumy ir néra visiskai patikimi. D¢l Sios priezasties nerekomen-
duojama tirti tik vieno biologinio Zymens ir tik vieng kartg [22, 111, 113].
Biologiniy zymeny kiekis gali kisti priklausomai nuo paciento svorio,
alergeny poveikio, vartojamy vaisty, infekciniy susirgimy, rukymo ar paros
laiko [22]. Kadangi nei vienas i§ patvirtinty biologiniy Zymeny néra idealus,
rekomenduojama tirti bent keletg i$ jy lygiagreciai ir tyrimg po kurio laiko
kartoti. Tokiu biidu padidinamas $iy tyrimy jautrumas ir specifiSkumas, o tai
leidzia geriau atpazinti 2-o tipo uzdegima [114]. Norima, kad biologiniai
zymenys bty ne tik informatyvis, bet ir lengvai iSmatuojami ir nereikalauty
daug kasty [115].

Daugiausia istirtas 2-o tipo biologinis Zymuo — eozinofilai. Eozinofily
kiekio kraujyje matavimas daZniausiai naudojamas klinikingje praktikoje
[22]. Eozinofilus gamina kauly ciulpai, o jy gamyba skatina eozinofilo-
poetinai [116]. Sio biologinio Zymens kraujyje nustatymas yra pladiausiai
paplites, kadangi yra minimaliai invazyvus, lengvai, paprastai ir greitai
atliekamas [22]. Eozinofily kiekis kraujyje priklauso nuo cirkadinio ritmo, o
parazitinés ligos ir geriamyjy gliukokortikoidy vartojimas dazniausiai saly-
goja eozinofily kiekio poky¢ius [110]. Eozinofily normos ribos gali skirtis
priklausomai nuo laboratorinés jrangos. Eozinofily, kaip 2-o tipo uzdegimo
biologinio Zymens, virSutine ribine verte laikomas 0,15 x 10%/1 kiekis [117].
Eozinofily kiekis kraujyje yra svarbus nustatant ligos endotipa, fenotipa,
parenkant individualizuota gydyma [118] ir prognozuojant atsaka j biologi-
nius vaistus [22].

Eozinofily kiekio skrepliuose nustatymas suteikia svarbios informacijos
apie astmos patogeneze [61]. Skirtingai nei eozinofily tyrimas kraujyje,
skrepliy istyrimas reikalauja specializuotos jrangos ir patirties turinciy
darbuotojy. Tai gali biiti Sio tyrimo apribojimas, kadangi atlickamas ne visose
laboratorijose [22]. Be to, ne visi pacientai gali atkoséti skrepliy, tokiu atveju
reikalinga skrepliy indukcija, o kartais skrepliy surinkimas iSvis negalimas
[119]. 3 proc. eozinofily kiekis skrepliuose laikomas kliniskai reik§minga
ribine verte [120]. Kaip ir eozinofily kiekis kraujyje, taip ir eozinofily kiekis
skrepliuose svarbus nustatant ligos endotipg ir fenotipg bei parenkant indivi-
dualizuota gydyma. Eozinofily kiekis skrepliuose yra susijes su jy kiekiu
kraujyje, todél kintant eozinofily kiekiui kraujyje, keiCiasi ir jy kiekis
skrepliuose [121].

22



Serumo bendras IgE yra Ig, sukeliantis 1 tipo padidéjusio jautrumo reak-
cijas ir anafilaksija. IgE taip pat vaidina pagrindinj vaidmen] AA astmos
patogenezéje [61]. Bendro IgE kiekio kraujyje nustatymas, kaip ir eozinofily
kiekio kraujyje nustatymas, yra minimaliai invazyvus, lengvai, paprastai ir
greitai atlieckamas tyrimas [22]. IgE gamina plazminés lastelés, veikiant
IL-4 ir IL-13 [23]. Sio biologinio Zymens kiekis serume yra svarbus atrenkant
AA serganCius pacientus, kuriems galimas prie§ IgE nukreiptas gydymas
[22].

Feno yra dar vienas biologinis Zymuo, kuris specifiSkesnis nei Kkiti,
rodantis 2-o tipo uzdegima [61]. Jis nustatomas iSkvepiamame ore. Tyrimas —
neinvazinis, lengvai ir greitai atlickamas bei nereikalaujatis daug paciento
pastangy [22]. Azoto monoksidg gamina keliy riisiy lastelés — kvépavimo
taky epitelio Iasteles, eozinofilai ir makrofagai [13, 115]. Ribine verte laiko-
mas 25 ppb Feno kiekis [22, 115]. Sio biologinio Zymens daugéja propor-
cingai intensyvéjant 2-o tipo uzdegimui [ 72, 122]. Feno kiekj didina riikkymas,
nitratai maiste, kvépavimo taky infekcija su bronchy susiaur¢jimu, fiziné
veikla, todé¢l viso to prie§ tyrimg rekomenduojama vengti. Taip pat Siam
tyrimui atlikti reikalinga speciali jranga [22, 110].

Periostinas sitilomas kaip pakaitinis biologinis Zymuo [61]. Jo kiekio
kraujyje nustatymas, kaip ir eozinofily bei bendro IgE, yra minimaliai invazy-
vus, lengvai ir greitai atlieckamas. Sis biologinis Zymuo gaminamas fibroblas-
ty, epitelio ir endotelio Igsteliy, veikiant IL-4 ir IL-13 [123, 124]. Periostino
ribinés vertés skiriasi priklausomai nuo amziaus — jo kiekis vaikams yra
didesnis nei suaugusiesiems ir virsija 50 ng/l, o dar labiau padid¢ja vaikui
intensyviai augant. Periostino kiekj didina gretutinés atopinés ligos, o
mazina — rikymas [125]. Periostino tyrimas dazniau atlickamas moksliniais
tikslais, o ne klinikinéje praktikoje. Taip yra dé¢l anks¢iau minéty Sio tyrimo
trakumy [126].

1.7.2. Nauji 2-o tipo biologiniai Zymenys

Nauji biologiniai Zymenys gali padéti diagnozuoti ir gydyti astma [61].
Vykdomi klinikiniai tyrimai ieSkant naujy biologiniy zymeny, kurie biity
svarbiis 2-0 tipo uzdegimo patogenezéje [13]. Manoma, kad daugelis biolo-
giskai aktyviy medziagy, kurios dalyvauja astmos patogenezéje, galéty buti

biologiniais Zymenimis [24] (1.7.2.1 lentele).
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1.7.2.1 lentelé. Nauji 2-o tipo biologiniai Zymenys

Grupé Biologinis Reik§mé astmos patogenezei Saltinis
Zymuo
Létinio ATX Dalyvauja aktyvuojant eozinofilus, putligsias ir dendritines [127]
uzdegimo lasteles, limfocitus, kvépavimo taky epitelio ir lygiyjuy
Zymenys raumeny bei kitas Iasteles.

MET Dalyvauja kvépavimo taky remodeliacijoje, valdant [128]
plauciy struktiiriniy lasteliy procesus, tokius kaip augimas,
iSgyvenamumas, migracija ir diferenciacija.

Lp-PLA2 | Susij¢s su kvépavimo taky hiperreaktyvumu. [129]

sIL-5Ra Skatina eozinofily diferenciacija, brendimg ir aktyvinima. [130]

Kraujo PTX3 Saveikaudamas su komplemento komponentais, sustiprina [48]
oksidacinio uzdegiminj atsaka.

streso TRX1 Reguliuoja uzdegiminj atsaka, slopindamas IL-13 gamyba, | [131]
zymenys slopina eotaksino gamyba.

UZlastelinio | MMP-7 Dalyvauja remodeliuojant uzlastelinio uzpildo komponen- |[132, 133]
uzpildo MMP-9 tus, veikia uzdegiminiy lasteliy judéjima, reguliuoja lygiy-

apykaitos ju raumeny lasteliy proliferacija, skatina 2-o tipo citokiny
komponentai MMP-10 i$skyrima.

ICTP Atspindinti uzlgstelinio uzpildo komponento kolageno [47]
degradacija.

Citokinai IL-4 Skatina IgE sekrecija i§ B limfocity, uzdegimo citokiny [134]
i§siskyrima i§ fibroblasty.

IL-5 Skatina eozinofily brendima, aktyvinima, iSgyvenamuma, [135]
judéjima i§ kraujotakos i kvépavimo takus.

IL-13 Skatina IgE sekrecija i§ B limfocity, gleiviy iSskyrima i$ [134]
bronchy pogleivio liauky.

Alarminai IL-25 Skatina 2-o tipo citokiny gamyba ir i$skyrima i§ efekto- [136]

IL-33 riniy lasteliy.

TSLP

Chemokinai | Eotaksinas | Skatina eozinofily judéjima i§ kauly Ciulpy i kraujotaka. [137]
Tirptis sIL-5Ra Signalo perdavimas per §j receptoriy skatina eozinofily [130]
receptoriai vystymasi, i§gyvenima ir aktyvinima.

sFceRI Sio receptoriaus aktyvinimas skatina citokiny ir chemokiny | [138]
gamyba bei uzdegima.

ATX — autotaksinas; ICTP — C telopeptido I tipo kolagenas; Ig — imunoglobulinas; IL — interleukinas;
Lp-PLA2s — lipoproteino A2 fosfolipazé; MET — tirozin-proteinkinazé Met; MMP — matrikso
metaloproteinazé; PTX3 — pentaksinas 3; sFceRI — tirpus didelio afiniteto imunoglobulino E
receptorius; sIL-5Ra — tirpaus interleukino 5 receptoriaus alfa subvienetas; TRX1 — tioredoksinas 1;
TSLP — uzkrucio liaukos stromos limfopoetinas.

24



Vienos svarbiausiy biologiskai aktyviy medziagy, dalyvaujanciy kvépa-
vimo taky uzdegime, yra citokinai, kuriy priskai¢iuojama apie 50 [93]. Esant
2-0 tipo uzdegimui, ypa¢ svarbiis Th2 ir ILCS lasteliy gausiai iSskiriami
IL-4, IL-5 ir IL-13 citokinai bei epitelio gaminami IL-25, IL-33, TSLP
citokinai (alarminai). Siy citokiny kiekio serume nustatymas gali padéti
nuspéti 2-o tipo uzdegima, taciau kol kas naudojami tik atliekant mokslinius
tyrimus ir néra paplit¢ klinikin¢je praktikoje [139]. Apibendrinus galima
teigti, kad Siuo metu vykdoma naujy biologiniy Zymeny paieska. Tikimasi
surasti tokj biologinj Zymenj arba jy rinkinius, kuriy iStyrimas biity paprastas,
pigus, o rezultatai kuo tiksliau leisty nuspéti 2-o tipo uzdegima ir jo inten-
syvuma.

1.8. 2-0 tipo uZdegimo slopinimas veikiant citokinus
ir ju receptorius

Patogenezinis astmos gydymo tikslas — kvépavimo taky uzdegimo slopi-
nimas [ 140]. Klinikinis gydymo tikslas — pasiekti ir palaikyti simptomy kont-
role bei sumazinti bisimg nepageidaujamy pasekmiy rizika, jskaitant ligos
patiméjimus, plauciy funkcijos sumaz¢jimg ir Salutinj vaisty poveiki, neatsi-
zvelgiant | astmos sunkumg [141]. Kelis deSimtmecius Siam uzdegimui ma-
zinti vartojami jkvepiamieji vaistai — gliukokortikoidai, kurie naudojami pir-
miniam astmos gydymui [60]. Nepaisant gydymo jkvepiamaisiais gliukokor-
tikoidais kartu su bronchus ple¢iamaisiais vaistais, daliai pacienty liga iSlieka
nekontroliuojama arba i§ dalies kontroliuojama ir nepavyksta iSvengti ligos
patiméjimy. Tai paskatino ieSkoti naujy gydymo galimybiy [77].

Pries du deSimtmecius pradéjo keistis supratimas apie astmos patogeneze
ir tai léme astmos gydymo pokycius. Dabar prie§ paskiriant individualizuota
astmos gydyma, rekomenduojama tiksliai jvertinti ir nustatyti astmos feno-
tipg ir endotipg [142]. Tai padaryti padeda 2-o tipo biologiniai Zymenys. Visa
tai paskatino atlikti klinikinius tyrimus su monokloniniais antikiinais, nu-
kreiptais prie§ 2-o tipo uzdegimo citokinus ir jy receptorius [41]. 2-0 tipo
uzdegimo slopinimas biologiniais vaistais, patvirtintais Jungtiniy Amerikos
Valstijy maisto ir vaisty administracijos (angl. USA Food and Drug Admini-
stration, FDA), pavaizduotas 1.8.1 pav. ir 1.8.1 lenteléje [52, 143].
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Epitelio lastelés el Alergenai Iritantai, virusai, mikrobai
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1.8.1 pav. Astmos 2-o tipo uzdegimo slopinimas biologiniais vaistais
(modifikuota pagal [52])

IL — interleukinas; TSLP —uzkrtcio liaukos stromos limfopoetinas; IL-4R — interleukino 4 receptorius;
IL-5R — interleukino 5 receptorius.

1.8.1 lentelé. Jungtiniy Amerikos Valstijy maisto ir vaisty administracijos
patvirtintas biologinis sunkios astmos gydymas, pagristas indikacijomis ir
amziumi (modifikuota pagal [143])

Blol?glnls Indikacijos Patvult.lntas
vaistas amzius

Omalizumabas | [sijautrinimas jkvepiamiesiems alergenams ir 6 mety ir vyresni
bendro IgE kiekis 30—1300 [U/ml

Mepolizumabas | Eozinofily kiekis kraujyje > 0,15 x 10%/1 6 mety ir vyresni

Reslizumabas | Eozinofily kiekis kraujyje > 0,4 x 10%/1 18 mety ir vyresni

Benralizumabas | Eozinofily kiekis kraujyje > 0,15 x 10%/1 12 mety ir vyresni

Dupilumabas | Eozinofilinis fenotipas 6 mety ir vyresni
Nuo geriamyjy gliukokortikoidy priklausoma astma

Tezepelumabas | Sunki astma, kuri yra nekontroliuojama standarti- | 12 mety ir vyresni
niu gydymu

Ig — imunoglobulinas.
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Daugelj eozinofily funkcijy kontroliuoja IL-5, todél Sio citokino slopi-
nimas yra puikus pasirinkimas mazinti 2-o tipo uzdegima [144]. Yra du biidai
kaip reguliuoti IL-5 poveikj eozinofilams. Vienas i§ jy yra monokloninis
antikiinas, nukreiptas pries citoking IL-5, kitas — monokloninis antikiinas, nu-
kreiptas prie§ jo receptoriy [145]. Abu metodai yra veiksmingi mazinant
cirkuliuojanciy eozinofily kiekj, o sumazéjus jy kiekiui, maziau migruoja |
kvépavimo takus. Mepolizumabas ir reslizumabas yra nukreipti pries IL-5,
benralizumabas — pries IL-5R [146]. Visi Sie vaistai mazina astmos patimé-
jimy daznj, pagerina gyvenimo kokybe¢ ir palengvina astmos simptomus
[147-156]. Vienas i§ monokloniniy antiktiny prie§ IL-5 veikimo ribojimy yra
Jjuy negebéjimas patekti j uzdegimo vieta, kurioje veikia citokinai. Monoklo-
ninis antikiinas prie§ IL-5 nesutrumpina kvépavimo takuose jau esanciy
eozinofily i§gyvenamumo, tuo tarpu monokloninis antikiinas prie§ IL-5R —
prieSingai — gali prisijungti prie audiniuose esanciy eozinofily ir sutrumpinti
ju i8gyvenamuma. Tai svarbus skirtumas tarp monokloniniy antiktiny pries
citokinus ir prie$ jy receptorius. Tai lemia didesnj monokloniniy antikiiny
pries IL-5R gebéjimg mazinti eozinofily kiekj, prieSingai nei gali monoklo-
niniai antikiinai pries IL-5 [157].

Eozinofilai yra pagrindinés ir svarbiausios lastelés astmos patogenezéje,
kuriy proliferacinis aktyvumas turi jtakos kvépavimo taky remodeliacijai.
Vienas i§ galimy biidy paveikti jy kiekj — blokuoti 2-o tipo uzdegimo cito-
kinus arba jy receptorius. Kadangi daugelj eozinofily funkcijy kontroliuoja
IL-5, pasirinkome naudoti biitent §j citoking blokuojantj vaista. Néra zinoma
ar gydymas prie§ IL-5 nukreiptu vaistu turi poveikj kitiems su 2-o tipo
uzdegimu susijusiems biologiniams zZymenims. Nusprendéme istirti biolo-
giskai aktyviy medziagy kiekius serume, esant sunkiai ir nesunkiai bei skir-
tingo fenotipo (alerginé / nealergin¢) astmai.

Minety aspekty pagrindu buvo parengtas tyrimo planas.
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2. METODAI

2.1. Bioetikos komiteto leidimas

Tyrimas vykdytas Lietuvos sveikatos moksly universiteto ligoninés
Kauno kliniky (toliau — Kauno kliniky) Pulmonologijos klinikoje turint
Lietuvos sveikatos moksly universiteto Regioninio biomedicininiy tyrimy
etikos komiteto leidimg (Nr. BE-2-13, po papildymo — Nr. BE-2-13/2015).
Tyrimo laikotarpiu suplanuoti nauji tyrimai, dél ko gautas kitas bioetikos
leidimas (Nr. BE-2-58, po papildymo — Nr. BE-2-58/2020). | tyrimg jtraukti
tik informuoto asmens sutikimo formg pasira$¢ tiriamieji. Tyrimas atliktas
laikantis 1964 m. Helsinkio deklaracijos principy. Sis tyrimas taip pat regist-
ruotas clinicaltrials.gov puslapyje (identifikacijos numeris NCT04542902).

2.2. Tiriamyjy populiacija

Tiriamyjy populiacija sudaré Kauno kliniky pacientai. Tyrimas truko nuo
2019 m. rugs¢jo ménesio iki 2023 m. rugs¢jo ménesio. Pacientai | tyrimag
buvo jtraukti 2 buidais. Pirmasis biidas — duomeny apie tinkamus pacientus
paieska naudojant ligoninés elektroning informacing sistemg. Su potencialiai
tinkamais pacientais susisiekta telefonu. Antrasis biidas — tinkamy pacienty
atranka jiems atvykus ] poliklinikg konsultuotis dél astmos diagnozés
nustatymo ar gydymo. AA grupe sudaré sergantieji nesunkia AA, SEA
grupe — sergantieji sunkia alergine ir nealergine eozinofiline astma. Sveiky
tirlamyjy grupe sudar¢ sveiki savanoriai, nesergantys plauciy ir alerginémis
ligomis bei neturintys kvépavimo ir alergijos simptomy.

Tyrime dalyvavo 100 asmeny — 37 sergantieji nesunkia AA, 36 sergan-
tieji alergine arba nealergine SEA ir 27 sveiki tiriamieji. Priklausomai nuo
disertacinio darbo uzdavinio, pagrindiné tiriamoji grupé¢ buvo pacientai,
sergantys nesunkia AA ir / arba SEA. Kontroling grup¢ atstovavo sveiki
tirlamieji.

Tyrimo etapai:

e Pirmojo disertacijos uzdavinio jgyvendinimui iStirti 46 asmenys —

18 pacienty, serganCiy sunkia nealergine eozinofiline astma
(SNEA), 17 pacienty, serganciy AA ir 11 sveiky tiriamyjy.

e Antrajam uzdavinio jgyvendinimui istirti 36 asmenys — 20 pacienty,

serganciy AA ir 16 sveiky tiriamyjy.

e Treciajam uzdaviniui jgyvendinti iStirta 18 asmeny. Visi jie sirgo

alergine arba nealergine SEA ir buvo naujai paskirtas gydymas
monokloniniu antiktinu prie§ IL-5 mepolizumabu.
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Tiriamieji, vykdant skirtingus uzdavinius, nesikartojo. Detaliis tiriamyjy
demografiniai ir klinikiniai duomenys pateikti skyriuje ,,3. Rezultatai ir jy

aptarimas® (3.1.1.1-3.3.1.1 lentelés).

2.3. Pacienty jtraukimo ir nejtraukimo j tyrimg kriterijai

Pacienty jtraukimo ir nejtraukimo j tyrimag kriterijai pateikti 2.3.1 len-

tel¢je.

2.3.1 lentelé. Pacienty jtraukimo ir nejtraukimo j tyrimq kriterijai

AA [SEA | sA

Itraukimo kriterijai

18-80 mety

v v v

PasiraSyta informuoto sutikimo forma

v v v

Nesunki ligos eiga ir maziausiai 1 ménesj nevartojami jkvepiamieji
gliukokortikoidai

Teigiamas bronchy inhaliacinis provokacinis méginys su metacholinu arba
teigiamas bronchy plétimo méginys

Atopija, patvirtinta odos diirio méginiais, jskaitant Dermatophagoides
pteronyssinus alergena

SEA ir > 1 metus vartojamos didelés jkvepiamyjy gliukokortikoidy dozés ir
ilgo veikimo B2 agonistai

Nekontroliuojama ligos eiga (> 2 astmos patiméjimai per 1 metus, kuriy
metu vartojami geriamieji gliukokortikoidai)

Eozinofily kiekis kraujyje > 0,3 x 10%/1

Kvépavimo simptomy nebuvimas

<

Atopijos nebuvimas, paneigta odos diirio méginiais

<

Nejtraukimo kriterijai

Riukymas

Néstumas, maitinimas kritimi

Kitos létinés kvépavimo sistemos ligos

Kliniskai reik§mingos nekontroliuojamos gretutinés ligos

Kvépavimo taky infekcija < 1 mén.

RN ENEN RS

Astmos patimeéjimas < 1 mén.

Geriamyjy gliukokortikoidy vartojimas

NN N EN N PN EN
NN N EN N PN EN

AA — alerginé astma; SA — sveiki asmenys; SEA — sunki eozinofiliné¢ astma.
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2.4. Tyrimo dalyviy iStyrimo eiga

Priklausomai nuo disertacinio darbo uzdavinio ir tiriamosios grupés,
tyrimo dalyvio iStyrimas truko nuo 2 iki 168 dieny (24 savaités). Tyrimy
schemos pagal disertacinio darbo uzdavinius pateikiamos 2.4.1-2.4.3 pav.
Tyrimams naudoti metodai detaliai aprasomi 2.5-2.7 skyriuose).

Sergantieji AA m m

Atrankos vizitas 1-as vizitas (V1) 2-as vizitas (V2)
0-7d. iki V1 Pirma tyrimo diena 24 + 3 val.
Itraukimo ir nejtraukimo Kraujo paémimas
kriterijai Fexo matavimas
Informuoto asmens sutikimas Spirometrija

Kraujo paémimas

Spirometrija Astmos kontrolés testas F .

N L . . €no matavimas
Bronchy inhaliacinis provoka- Bronchy inhaliacinis Spi "

.. . . s s Y s pirometryja
cinis méginys su metacholinu provokacinis méginys
arba bronchy plétimo méginys su Dermatophagoides
Odos diirio méginiai pteronyssinus alergenu
Sergantieji SNEA m
Atrankos vizitas 1-as vizitas (V1)
0-7d. iki V1 Pirma tyrimo diena

Itraukimo ir nejtraukimo . L.
Kraujo pa¢émimas

kriterijai .
o Feno matavimas
Informuoto asmens sutikimas . I
Spirometrija Sp frometrija
P Astmos kontrolés testas

Odos diirio méginiai

Sveiki asmenys m

Atrankos vizitas 1-as vizitas (V1)
0-7d. iki V1 Pirma tyrimo diena
[traukimo ir nejtraukimo
kriterijai Kraujo paémimas
Informuoto asmens sutikimas Feno matavimas
Spirometrija Spirometrija

Odos diirio méginiai

2.4.1 pav. Tyrimo eiga (pirmasis disertacinio darbo uzdavinys)

AA — alerginé astma; Fexo — azoto monoksido kiekis iSkvepiamame ore; SNEA — sunki nealerginé
eozinofilin¢ astma.
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Sergantieji AA f\ f\

1-as vizitas (V1) 2-as vizitas (V2)

Atrankos vizitas
0-7d. iki V1 Pirma tyrimo diena 24 + 3 val.
[traukimo ir nejtraukimo Kraujo paémimas
kriterijai Feno matavimas
Informuoto asmens sutikimas Spirometrija . .
Spi .. ; Kraujo paémimas
pirometrija Astmos kontrolés testas .
X L . A Feno matavimas
Bronchy inhaliacinis provoka- Bronchy inhaliacinis . "
Spirometrija

cinis méginys su metacholinu provokacinis méginys
arba bronchy plétimo méginys su Dermatophagoides
Odos diirio méginiai pteronyssinus alergenu

Sveiki asmenys f\

Atrankos vizitas 1-as vizitas (V1)
0-7d. iki V1 Pirma tyrimo diena

Itraukimo ir nejtraukimo
Kraujo paémimas

kriterijai
Informuoto asmens sutikimas Feno matavimas
Spirometrija Spirometrija

Odos diirio méginiai

2.4.2 pav. Tyrimo eiga (antrasis disertacinio darbo uzdavinys)

AA — alerginé astma; Feno — azoto monoksido kiekis iSkvepiamame ore.

Sergantieji SEA f\ f\

Atrankos vizitas 1-as vizitas (V1) 2-as vizitas (V2)
0-7 d. iki V1 Pirma tyrimo diena 4 sav. £3 d.
Kraujo paémimas
Feno matavimas
Spirometrija
Astmos kontrolés testas
Antras biologinio
vaisto suleidimas

Kraujo paémimas
Feno matavimas
Spirometrija
Astmos kontrolés testas
Biologinio vaisto paskyri-
mas ir pirmas suleidimas

VA

4-as vizitas (V4) 3-ias vizitas (V3)

24 sav. + 3 d. 12 sav. + 3 d.
Kraujo paémimas
Feno matavimas
Spirometrija
Astmos kontrolés testas
Ketvirtas biologinio
vaisto suleidimas

Itraukimo ir nejtrau-
kimo kriterijai
Informuoto asmens
sutikimas
Spirometrija
Odos dirio méginiai

Kraujo paémimas
Feno matavimas
Spirometrija
Astmos kontrolés testas

2.4.3 pav. Tyrimo eiga (treciasis disertacinio darbo uzdavinys)

Feno — azoto monoksido kiekis iSkvepiamame ore; SEA — sunki eozinofiliné astma.

31



2.5. Klausimynai

2.5.1. Astmos kontrolés testas

Astmos kontrolei vertinti naudojami jvairlis klausimynai, vienas i§ jy —
astmos kontrolés testas. Tai paprastas, lengvai suprantamas, greitai uzpildo-
mas testas, kurj sudaro 5 klausimai su 5 galimais atsakymy variantais kiek-
vienam klausimui. Maksimali S§io testo baly suma — 25 balai, minimali —
5 balai. Surinkus > 20 baly, vertinama, kad astma gerai kontroliuojama, 16—
19 baly — i§ dalies kontroliuojama, < 15 baly — nekontroliuojama. Astmos
kontrolés testo patikimumas patvirtintas tyrimais, o vertimas i lietuviy kalba
yra jteisintas.

2.6. Instrumentiniai tyrimai
2.6.1. Plauciy funkcijos tyrimai

2.6.1.1. Spirometrija

Plauciy funkcijai jvertinti buvo atlikta spirometrija. Tai pagrindinis
plauciy funkcijos tyrimas, kurio metu matuojamas iSkvepiamo oro kiekis ir
greitis. Sis tyrimas buvo atliktas visiems tiriamiesiems kiekvieno vizito metu
naudojant spirometra (Ganshorn Medizin Electronic, Niederlauer, Vokietija).
Spirometrija atlikta laikantis griezty spirometrijos atlikimo reikalavimy.
Atlikimo technika: uzspaudus nosj spaustuku ir apziojus vienkartinj aparato
kandiklj, reikia ramiai kvépuoti, paskui visiSkai iSkvépti, maksimaliai giliai
ikvépti ir staigiai bei ilgai pusti. Spirometrija kartota tol, kol gauti maZziausiai
3 kokybiski tyrimo rezultatai, bet ne daugiau nei 8 kartus. Spirometrijos metu
vertinti Sie parametrai: forsuota gyvybiné talpa (angl. forced vital capacity,
FVC), forsuoto iSkvépimo tiiris per pirmaja sekunde (angl. forced expiratory
volume in I second, FEV1) ir FEV/FVC santykis. Plau¢iy funkcijos verti-
nimas paremtas Amerikos kritinés draugijos (angl. American Thoracic
Society, ATS) rekomendacijomis. Siekiant jvertinti, kiek tiriamos plauciy
funkcijos vertés yra nutolosios nuo norminiy ver¢iy, naudotos z-reikSmés
(5-asis ir 95-asis procentiliai, kurie atitinka —1,645 ir +1,645 z reikSmés).

2.6.1.2. Bronchy plétimo méginys

Bronchy obstrukcijos griztamumui jvertinti buvo atliktas bronchy
plétimo méginys. Sis tyrimas atliktas tiems AA grupés pacientams, kuriems
atrankos vizito metu atliekant spirometrija rasta bronchy obstrukcija
(FEV1/FVC z-reik§meé < —1,645). Bronchy plétimui naudotas suslégtasis
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ikvepiamasis tirpalas salbutamolis. Tiriamieji §j vaistg jkvépdavo naudojant
tarping (4 jkvépimai po 100 pg). Spirometrija pakartotinai atlikta po 15
minuciy nuo salbutamolio jkvépimo naudojant tg patj spirometra ir laikantis
ty paciy spirometrijos atlikimo reikalavimy. Spirometrijos atlikimo technika
apraSyta 2.6.1.1 skyriuje. Spirometrija kartota tol, kol gauti maziausiai 3
kokybiski tyrimo rezultatai, bet ne daugiau nei 8 kartus. Po salbutamolio
tkvépimo atliktos spirometrijos rezultatai lyginti su pradiniais (pries salbuta-
molio jkvépima) spirometrijos rezultatais. Bronchy plétimo méginio vertini-
mas paremtas ATS rekomendacijomis. FVC ir (arba) FEV| po salbutamolio
tkvépimo padidéjus > 12 proc. ir > 200 ml, méginys laikytas teigiamu.

2.6.1.3. Bronchy inhaliacinis provokacinis méginys su metacholinu

Siekiant jvertinti bronchy hiperreaktyvuma atliktas bronchy inhaliacinis
provokacinis méginys su metacholinu. Sis tyrimas atliktas tiems AA grupés
tiriamiesiems, kuriems atrankos vizito metu atliekant spirometrija bronchy
obstrukcijos nebuvo (FEVi/FVC z-reiksmé > — 1,645). Tyrimui naudota
bronchus sutraukianti medziaga metacholinas. IS metacholino milteliy ir
tirpiklio paruoitas metacholino tirpalas. Siam tirpalui jkvépti naudotas
sléginis dozimetras (ProvoX; Ganshorn Medizin Electronic, Niederlauer,
Vokietija). Metacholinas jkvepiamas pro burng. Atlikimo technika: uzspau-
dus nosj spaustuku ir apziojus vienkartinj aparato kandiklj reikia ramiai
kvépuoti. Aparatas automatiskai jpurSkia reikiamg metacholino kiekj, o pa-
cientas per vieng—keleta jkvépimy (priklausomai nuo metacholino dozés) ji
ikvepia. Pradiné metacholino doz¢ tyrimo pradzioje — 10,1 pg. Praéjus 2 min.
po metacholino jkvépimo, kartojama spirometrija. Tyrimas tgstas, jeigu
FEV1 (1) nesumazédavo daugiau nei 20 proc. nuo pradinés spirometrijos metu
iSmatuoto FEV1. Jkvepiamojo metacholino doz¢ buvo didinama spirometrija
kartojant dar po 2 min. Tyrimas testas iki keturiy metacholino jkvépavimo —
spirometrijos atlikimo — cikly arba kol FEV (I) sumazédavo 20 proc. nuo
pradinés spirometrijos metu iSmatuoto FEV|. Bronchy inhaliacinio provoka-
cinio méginio su metacholinu vertinimas paremtas ATS rekomendacijomis.
Meéginys laikytas teigiamu, jeigu, baigus tyrima, FEVi (I) sumazédavo
> 20 proc. nuo pradinés spirometrijos metu iSmatuoto FEVi. Metacholino
dozé, nulemianti > 20 proc. FEV| sumaz¢jimg (PD2om), buvo apskaiciuota
pagal logaritmines nuo atsako i doz¢ priklausancias kreives dviejy gretimy
tasky linijinés interpoliacijos metodu.
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2.6.1.4. Bronchy inhaliacinis provokacinis méginys su Dermatopha-
goides pteronyssinus alergenu

Bronchy inhaliacinis provokacinis méginys su Dermatophagoides
pteronyssinus alergenu atliktas visiems AA grupés tiriamiesiems. Pasirinktas
Dermatophagoides pteronyssinus alergenas, kuris yra vienas i§ pagrindiniy,
salygojanciy AA. Tyrimui atlikti naudotas Dermatophagoides pteronyssinus
alergeno tirpalas (DIATER, Madridas, Ispanija). Siam tirpalui jkvépti nau-
dotas sléginis dozimetras (ProvoX; Ganshorn Medizin Electronic, Nieder-
lauer, Vokietija). Alergenas jkvepiamas pro burng. Atlikimo technika:
uzspaudus nosj spaustuku ir apziojus vienkartinj aparato kandiklj, reikia
ramiai kvépuoti. Aparatas automatiskai jpurskia reikiamg alergeno kiekj, o
pacientas per vieng—keliolika jkvépimy (priklausomai nuo alergeno dozés) ji
ikvepia. Pradiné alergeno doz¢, kurig pacientas ikvépdavo tyrimo pradzioje,
buvo 0,1 HEP/ml. Pra¢jus 10 min. po alergeno jkvépimo kartojama spiromet-
rija. Tyrimas testas, jeigu FEV (1) nesumazédavo daugiau nei 20 proc. nuo
pradinés spirometrijos metu iSmatuoto FEV;. Ikvepiamojo alergeno dozé
buvo didinama spirometrijg kartojant dar po 10 min. Tyrimas testas iki SeSiy
alergeno jkvépavimo — spirometrijos atlikimo — cikly arba kol FEV; ()
sumazédavo 20 proc. nuo pradinés spirometrijos metu iSmatuoto FEVi.
Bronchy inhaliacinio provokacinio méginio su alergenu vertinimas paremtas
ATS rekomendacijomis. Méginys laikytas teigiamu, jeigu baigus tyrima,
FEV: (1) sumazédavo > 20 proc. nuo pradinés spirometrijos metu iSmatuoto
FEV1. Alergeno Dermatophagoides pteronyssinus doz¢, nulemianti > 20 proc.
FEV| sumaz¢jima (PD2oa), buvo apskaiciuota pagal logaritmines nuo atsako
1 dozg priklausancias kreives dviejy gretimy taSky linijinés interpoliacijos
metodu.

2.6.1.5. Azoto monoksido kiekio matavimas iSkvepiamame ore

2-0 tipo uzdegimui nustatyti ir jo intensyvumui jvertinti atliktas Feno
kiekio matavimas iskvepiamame ore. Sis tyrimas paremtas i§kvepiamojo oro,
kuriame matuojamas azoto monoksido kiekis (ppb), analize. Padidéjes azoto
monoksido kiekis rodo 2-o tipo uzdegima. Ribine verte laikytas 25 ppb azoto
monoksido kiekis. Feno iSkvepiamame ore matuotas visiems tiriamiesiems
visy vizity metu (iSskyrus atrankos vizitg). Tyrimui atlikti naudotas Vivatmo-
me prietaisas (Bosch Healthcare Solutions, Waiblingen, Vokietija). Feno
tyrimas atliktas prie§ spirometrijg siekiant iSvengti netiksliy tyrimo rezultaty,
kuriuos gali lemti pries tai buves fizinis kriivis. Feno tyrimas atliktas laikantis
griezty Feno tyrimo atlikimo reikalavimy. Atlikimo technika: uzspaudus nosj
spaustuku, reikia iSpiisti visg org j Sona, giliai jkvépti ir, apziojus aparato
kandiklj, piisti tam tikru stiprumu pagal ekrane rodoma skal¢ ne maZziau nei
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10 s. Kiekvieno vizito metu tyrimas kartotas, kol gauti maziausiai 2 kokybiski
tyrimo rezultatai, bet ne daugiau nei 8 kartus. I§ gauty tyrimy atsakymy
iSvestas vidurkis. Kelis kartus §io tyrimo rezultatai nebuvo uzfiksuoti, kadan-
gi tiriamasis negal¢jo kontroliuoti piitimo stiprumo nepaisant vizualizacijos
aparato ekrane.

2.6.1.6. Isijautrinimo alergenams vertinimas

Tiriamyjy jsijautrinimas alergenams vertintas atlickant odos diirio meégi-
nius su dazniausiai aplinkoje pasitaikanciais alergenais: namy dulkiy erkuté-
mis (Dermatophagoides pteronyssinus, Dermatophagoides farinae), Suny ir
kaciy pleiskanomis, penkiy rusiy zoliy ziedadulkémis, berziniy augaly
ziedadulkémis, grybeliais (Alternaria, Aspergillus ir Cladosporium). Sis tyri-
mas atliktas visiems tyrimo dalyviams atrankos vizito metu, naudojant
standartizuotus alergeny ekstraktus (Stallergenes, S.A., Antony, Pranctizija)
ir laikantis griezty odos durio méginiy ant vidinio dilbio pavirSiaus atlikimo
reikalavimy. Atlikimo technika: pirmiausia oda nuvalyta etilo alkoholiu; i$
pradziy 5 cm atstumu nuo rieSo linkio atliekami 2 kontroliniai méginiai su
izotoniniu 0,9 proc. natrio chlorido tirpalu ir 10 mg/ml histamino hidrochlo-
rido tirpalu (atitinkamai neigiama ir teigiama kontrol¢). Véliau 3 cm atstumu
nuo kontroliniy méginiy lasinami tiriamieji alergenai. Atskiromis steriliomis
adatomis, kuriy smaigalio ilgis 1 mm, duriama alergeno laSo vietoje statme-
nai odos pavirsiui pazeidziant epidermj. Méginiai vertinti pra¢jus 15 min. nuo
alergeno laso uzdéjimo ant odos ir odos vientisumo pazeidimo adatéle iSma-
tuojant susidariusios piik§lés matmenis ir apskaiciuojant jy vidurkj. Méginys
laikytas teigiamu, jeigu piikslés 2 skersmeny vidurkis > 3 mm. Taciau jeigu
bent vienas kontrolinis méginys neatitinka reikalavimy (naudojant izotoninj
natrio chlorido tirpalg susidaro >3 mm pukslé arba naudojant histamino
hidrochlorido tirpalg piikslé nesiekia 3 mm), meéginiai nevertinti. Prie§ $§j
tyrimg pacientai ne maziau nei 1 savait¢ turéjo nevartoti prieSalerginiy vaisty,
geriamyjy hormoniniy preparaty arba hormoniniy tepaly.

2.6.2. Laboratoriniai tyrimai

2.6.2.1. Kraujo paémimas ir pradinis vertinimas

Mazdaug 20-50 ml kraujo (priklausomai nuo tyrimo vizito) i§ kiekvieno
tirlamojo buvo paimta j sterilius vakuuminius meégintuvélius su etilendiami-
notetraacto riigS§timi (EDTA). Kraujo paémimo technika: pirmiausia 15—
20 cm auksc¢iau dirio vietos uzdedamas varztis, oda dezinfekuojama 5—10 cm
spinduliu ir oda bei vena praduriama adata su mégintuvelio laikikliu. Viena
ranka fiksuojamas mégintuvélio laikiklis su adata, kita ranka | mégintuvélio
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laikiklj iki galo istumiamas vakuuminis mégintuvélis. Pasirodzius pirmiems
kraujo laSams, varZztis atleidziamas. Pripildzius mégintuvélj kraujo iki kiekio
zymos, mégintuvelis iStraukiamas. Surinkus reikiamg kraujo mégintuvéliy
kiekj, adata su mégintuveliy laikikliu iStraukiama, diirio vietoje uzdedamas
pleistras. Kraujo mégintuveliai bendram kraujo ir IgE tyrimui atlikti pristatyti
1 Kauno kliniky Laboratorinés medicinos klinikg. Bendram kraujo tyrimui
atlikti naudotas XE-5000 (Sysmex, Kobe, Japonija) ir UniCel® DxH 800
Coulter® Cellular Analysis System automatinis hematologijos analizatorius
(Beckman Coulter, Majamis, FL, JAV), o bendram IgE istirti — ATA-2000
automatinis imuninés sistemos analizatorius (7Tosoh Bioscience, Piety San
Franciskas, CA, JAV). Kiti kraujo meégintuvéliai, pristatyti j Kauno kliniky
Pulmonologijos klinikos Pulmonologijos laboratorija. Detalesnis $iy kraujo
meéginiy iStyrimas apraSytas kitame skyriuje.

2.6.2.2. Eozinofily iSskyrimas, fenotipavimas ir aktyvinimas

Eozinofilams i§ tiriamyjy kraujo i8skirti naudotas auksto tankio gradien-
tas (Ficoll, GE Healthcare, Suomija). Auksto tankio gradientas buvo iSpilsto-
mas ] 15 ml centrifuginius megintuvélius (Nerbe plus GmbH & Co, Winsen
(Luhe), Vokietija), o ant pavirSiaus atsargiai iSliejama kraujo, praskiesto
fosfatinio buferio drusky tirpalu (PBS) (Lonza, Bio Whittaker, Verier,
Belgija). Kraujas centrifuguotas 400 x g 30 min. kambario temperattiroje. Po
centrifugavimo susidargs virSutinis frakcionuotas sluoksnis (supernatantas)
pasalintas paliekant apatinj sluoksnj, kuriame yra eritrocity ir granulocity.
Eritrocitams paSalinti atlikta hipotoniné eritrocity lizé su distiliuotu vandeniu
apie 10 s, tuomet drusky pusiausyra atstatoma dvigubos koncentracijos PBS.
Véliau centrifuguota 300 x g 10 min. kambario temperatiiroje. Centrifuga-
vimas buvo kartojamas tiek karty, kad biity gerai matomas granulocity
sluoksnis, o eritrocitai — visiSkai lizave. Eozinofily frakcijai iSgryninti i$
granulocity naudotas magnetiniu biidu aktyvuoto lasteliy riisSiavimo (MACS)
metodas. Visos lastelés, i$skyrus eozinofilus, pazymétos biotinu konjuguotais
antikiinais prie§ CD2, CD14, CD16, CD19, CD56, CD123, ir CD235A. Po
inkubacijos ] lasteliy suspensija jpilami magnetiniai rutuliukai konjuguoti su
antikiinais prie§ bioting. Po inkubacijos paruosta lgsteliy suspensija pilama
ant MS kolon¢lés (Miltenyi Biotec, JAV). Magnetiskai pazymétos lastelés
liko MS kolonél¢je, o eozinofilai per ja peréjo. ISskirta eozinofily suspensija
centrifuguota 400 x g 10 min. kambario temperattroje ir resuspenduota PBS.
Eozinofily kiekis ir gyvybingumas buvo jvertinti naudojant automatinj
lasteliy skaitikli ADAM (Witec AB, Sursee, Vokietija).

Eozinofily skirstymas potipiais atliktas naudojant magnetinius rutuliu-
kus, konjuguotus su antikiinais (Miltenyi Biotec, Somervilis, Masacusetsas,
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JAV) pries CD62L, iSreikStus ant Eosre, (ne ant Eosuwa) lasteliy pavirSiaus.
ISskirty eozinofily suspensija centrifuguota 300 x g 10 min. kambario
temperatiiroje. Po centrifugavimo supernatantas pasalintas, o eozinofilai
inkubuojami 10 min. 4 °C temperatiroje su MACS buferiu ir kristalizuojamo
Ig molekulés fragmento receptoriaus blokavimo reagentu (Miltenyi Biotec,
Somervilis, Masacusetsas, JAV). Po inkubacijos buvo jpilama CD62L
MicroBeads (Miltenyi Biotec, Somervilis, Masacusetsas, JAV) ir inkubuo-
jama 15 min. 4 °C temperatiiroje. Paruosta lasteliy suspensija uzpilta ant
atskyrimo filtro magnetin¢je koloné¢léje. Per kolonélg¢ Eosuwa pratekéjo ir
subégo | mégintuvelj, nes nebuvo pazyméti magnetine CD62L Zyme, o
magnetiskai pazyméti Eosrw,; liko kolon¢l¢je. Tuomet magnetiné kolonéle
pasalinama i stovo, perkeliama j 15 ml centrifuginj mégintuvelj ir iSplauna-
ma su MACS buferiu. ISskirti eozinofily potipiai centrifuguoti 400 x g
10 min. kambario temperattroje ir resuspenduoti PBS. Eozinofily potipiy
kiekis ir gyvybingumas buvo jvertinti naudojant automatinj lasteliy skaitiklj
ADAM.

Abiejy potipiy eozinofilai buvo perkelti j atskirus Eppendorf® mégintu-
velius su skirtingais eozinofilopoetinais: IL-3, IL-5 arba GM-CSF (visy
eozinofilopoetiny kiekis mégintuvéliuose — 10 ng/ml). Tokiu biidu paruosti 6
meégintuveliai. Méginiai inkubuoti termostate 3 valandas, o paskui centrifu-
guoti 10 minuciy (greitis 400 x g) ir nupiltas supernatantas. Paruosti méginiai
naudoti sudarant kombinuotas lasteliy kultiiras su BLR lastelémis. Detalesnis
iy méginiy naudojimas aprasytas kitame skyriuje.

2.6.2.3. Bronchuy lygiuju raumeny lasteliy auginimas in vitro. Kom-
binuotyjy kultiiry su kraujo eozinofiluy potipiais sudarymas ir bron-
chu lygiyju raumeny lasteliy proliferacijos vertinimas

Kombinuotoms Igsteliy kultiiroms sudaryti buvo naudojamos nemirtin-
gos sveiko zmogaus BLR lastelés, iSskirtos i$ vieno donoro, jamzintos zmo-
gaus telomerazes atvirkstinés transkriptazés raiska. BLR Iasteliy linija augin-
ta Falcon tipo plastikinése lékstelése su ,,Dulbecco’s modified Eagle’s
medium (DMEM)“ (GIBCO by Life Technologies, JK) terpe, papildyta
streptomicinu/penicilinu (2 proc., GIBCO by Life Technologies, Peislis, JK),
amfotericinu B (1 proc., GIBCO, Peislis, JK) ir jauciy vaisiaus serumu
(10 proc. tiirio, GIBCO by Life Technologies, JK). BLR Iastelés buvo augina-
mos standartinémis inkubavimo salygomis — 37 °C temperatiiroje ir 5 proc.
CO; ore. Eksperimentams BLR Igstelés surinktos tripsinizuojant 0,25 proc.
tripsino tirpalu (GIBCO by Life Technologies, JK), o naudojant automatinj
lasteliy skaitikli ADAM ir propidzio jodido dazus (Witec AG, Sveicarija)

37



jvertinamas uzauginty lgsteliy skaicius ir gyvybingumas. BLR lgstelés augin-
tos 24-iose Sulinéliy lasteliy kultiiry plokstelése (CytoOne, StarLab, Briuse-
lis, Belgija) j kiekvieng Sulinélj uZséjant po 2,5 x 10° gyvybingy lasteliy. Prie$
sudarant eksperimentines kombinuotgsias kultiiras su eozinofilais, terpé buvo
pakeista | auginimo terpe be serumo, papildyta 1 proc. insulino-transferino ir
seleno reagentu (GIBCO by Life Technologies, Peislis, JK) bei inkubuojama
24 val., kad bty iSvengta serume esanCiy mediatoriy poveikio lgsteliy
dalijimuisi.

Kiekvienam tyrimui buvo paruosStos individualios kombinuotosios
lasteliy kultiiros tarp izoliuoty ir eozinofilopoetiny paveikty kraujo eozinofily
potipiy ir BLR Igsteliy. Visiems eksperimentams naudoti 0,5 x 10° gyvybingi
eozinofilai ir 2 x 10° BLR lgstelés. Eozinofilai su BLR lgstelémis inkubuoti
72 val., véliau inkubacijos terpé nusiurbta, Sulinéliai vieng karta nuplauti Siltu
PBS.

BLR lasteliy proliferacija vertinta Alamaro mélio (Invitrogen by Life
Technologies, Peislis, JK) metodu. Sis metodas paremtas oksidacijos redukci-
jos reakcija ir auginimo terpés spalvos pokyc¢iu (nuo indigo mélynos iki rozi-
nés spalvos). Spalvos pokytis vertintas naudojant dviejy bangy ilgio spektro-
fotometrija, esant 570 nm ir 600 nm bangos ilgiams. IS gauty Sviesos absorb-
cijos reikSmiy apskaiciuojama Alamaro mélio spalvos redukcija procentais ir
jvertinamas eozinofilopoetinais aktyvinty eozinofily potipiy poveikis BLR
lasteliy proliferacijai.
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2.6.2.3.1 pav. Eozinofily potipiy isskyrimas, fenotipavimas, aktyvinimas,
eozinofilopoetiny receptoriy geny raiskos ir bronchy lygiyjy raumeny
lgsteliy proliferacijos matavimas
BLR — bronchy lygieji raumenys; IL — interleukinas; GM-CSF — granulocity ir makrofagy kolonijas

stimuliuojantysis veiksnys; Eosr, — 1 plauciy rezidentinius eozinofilus panasios lastelés; Eosya —
1 uzdegiminius eozinofilus panasios lastelés.

2.6.2.4. Ribonukleino rugsties iSskyrimas i§ eozinofily. Eozinofily
pavirSiaus interleukino 3, interleukino 5 ir granulocity-makrofagy
kolonijas stimuliuojancio veiksnio receptoriy geny raiska

Siekiant jvertinti eozinofilopoetiny receptoriy geny raiska, i§ kraujo
eozinofily potipiy isskirta ribonukleino rtigstis (RNR) ir atlikta atvirkstinés
transkriptazés kiekybiné polimerazés grandininé reakcija (PGR). Tai atlikta
naudojant miRNeasy Mini Kit (Qiagen, Valencia, CA, JAV) pagal gamintojo
instrukcijas. Atlieckant RNR is8skyrimg, buvo jtrauktas papildomas DNR
skaidymo etapas, naudojant RNazés neturinti DNazés rinkinj (Qiagen,
Valencia, CA, JAV). I8skirtos RNR grynumas ir koncentracija buvo jvertinti
mikrotiirio spektrofotometru NanoDrop 2000c (Thermo Fisher Scientific,

39



JAV). IL-3R, IL-5R ir GM-CSFR geny raiskos tirtos pasitelkus komercinj
Power SYBR® Green RNA-to-CT™ 1-zingsnio rinkinj (Applied Biosystems,
Foster City). Siekiant pagausinti RNR kiekj, PGR ciklai kartoti 40 karty
naudojant 7500 Fast Real-Time PGR sistemg. Pirmg ciklg sudaré: atvirkstiné
transkripcija 48 °C temperatiiroje (30 min.), AmpliTag Gold® DNR polime-
razés, UP (Ultra-Pure) aktyvavimas 95 °C temperatiiroje (10 min.), denatiira-
vimas 95 °C temperattroje (15 s) ir védinimas bei pratgsimas 60 °C tempe-
ratiroje (1 min.). 18S geno raisSka buvo naudojama kaip endogeniné kontrolé
duomeny normalizavimui. Gauti duomenys analizuoti lyginamuoju ciklo
slenks¢io metodu.

2.6.2.5. BiologiSkai aktyviy medZziagy kiekio serume nustatymas
imunofermentinés analizés tyrimo metodu

Imunofermentinés analizés (angl. enzime-linked immunosorbent assay,
ELISA) tyrimas buvo naudojamas daugelio biologisSkai aktyviy medziagy
kiekiui serume i§matuoti. Siuo tyrimo metodu buvo tirtas I C telopeptido I
tipo kolagenas (ICTP), autotaksinas (ATX), sIL-5Ra, matrikso metalo-
proteinazé-10 (MMP-10), tioredoksinas 1 (TRX1), IL-4, IL-5, IL-13, IL-25,
IL-33, TSLP, eotaksinas ir sFceRI. Nustatyta apatiné ICTP aptikimo riba —
50 pg/ml, ATX — 33 pg/ml, sIL-5Ra — 0,15 ng/ml, MMP-10 — 3 pg/ml ir
TRX1 - 0,2 ng/ml, IL-4 — 1,3 pg/ml, IL-5 — 1,45 pg/ml, IL-13 — 0,7 pg/ml,
IL-25 — 0,4 ng/ml, IL-33 — 0,9 pg/ml, TSLP — 3 pg/ml, sFceRI— 68 pg/ml.
Keliy biologiskai aktyviy medziagy kiekiai buvo maZesni uz jautrumo
diapazona, todél Sie rezultatai buvo vertinti kaip nulinés reikSmés.

ELISA tyrimas buvo atliktas Kauno kliniky Pulmonologijos klinikos
Pulmonologijos laboratorijoje pagal gamintojo pateikiamas instrukcijas.
Tyrimo atlikimui naudoti 0,1 ml serumo méginiai. Pirmiausia kraujas paimtas
1 BD Vacutainer® SSTTM Il Advance mégintuvélius ir jam leista kreséti 30
min. Paskui meégintuvéliai centrifuguoti 1300 x g 10 min. kambario tempera-
tiroje. Serumas padalytas ir supiltas j 1 ml kriogeninius mégintuvélius, kurie
uzsaldyti —80 °C temperatiiroje. ELISA matavimai padaryti surinkus pakan-
kama meéginiy kiekj. Atliekant tyrimg naudotos 96-ios Sulin¢liy plokstelés,
padengtos antikiinais pries tiriamus biologinius Zymenis. Po serumo ir antikd-
niy inkubavimo j antikiino-antigeno-antikiino kompleksa pridétas streptavi-
dino-HRP konjugatas, véliau chromogeninis substratas 3,3',5,5'-tetrametil-
benzidinas, kuris buvo naudojamas mélynai spalvai gauti, o spalvos intensy-
vumas yra susijes su analités kiekiu méginyje. Siekiant sustabdyti fermenting
reakcijg pridétas sieros riigSties tirpalas, o optinis tankis (angl. Optical
density, OD) nuskaitytas esant 450 nm bangos ilgiui (540 nm bangos ilgio
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nuskaitymas buvo naudojamas duomeny korekcijai) naudojant mikroploks-
teliy skaitytuva — spektrofotometra (Biotek Epoch™, Vermontas, JAV).
Rezultatai iSreiksti biologiniy Zymeny kiekiu 1 ml serumo.

@ “@ Y * ®)

@)

SSSSSR RRRRe= *
N4 AN |—>
h
1. Plokstelé su 2. Pridedamas anti- 4. Prie antigeno prisi- 5. Susidare skir-
antikiinais genas junge specifiniai tingo intensy-
3. Antiklinai jungiasi antik@inai nustatomi vumo tirpalai
prie antigeno fermento konjugatu vertinami spek-
trofotometriskai

2.6.2.5.1 pav. Schematinis imunofermentinés analizés tyrimo metodo
pavaizdavimas

2.6.2.6. Biologiskai aktyviy medZziagy kiekio serume nustatymas
Luminex technologija

Luminex® 100/200™ technologija buvo naudojama biologiniy Zymeny
kiekiui serume i§matuoti. Sis tyrimas buvo atliktas Kauno kliniky Laborato-
rinés medicinos klinikoje. Luminex tyrimo metodu buvo tirtos 5 biologiskai
aktyvios medziagos serume: tirozin-proteinkinaz¢ Met (MET), MMP-7,
MMP-9, pentaksinas 3 (PTX3), lipoproteino A2 fosfolipazé (Lp-PLA2). Nu-
statyta apatiné MET aptikimo riba — 14,65 pg/ml, MMP-7 — 5,18 pg/ml,
MMP-9 - 0,87 pg/ml, PTX3 — 42 pg/ml. Keliy biologiskai aktyviy medziagy
kiekiai buvo mazesni uz jautrumo diapazona, tod¢l Sie rezultatai buvo vertinti
kaip nulinés reikSmés.

Tyrimas atliktas pagal gamintojo pateikiamas instrukcijas. Tyrimo atli-
kimui naudoti 0,1 ml serumo meéginiai. Pirmiausia kraujas paimtas j BD
Vacutainer® SSTTM II Advance mégintuvélius ir jam leista kre$éti 30 min.
Po to meégintuvéliai centrifuguoti 1300 x g 10 min. kambario temperattiroje.
Serumas padalytas ir supiltas i 1 ml kriogeninius mégintuvélius, kurie uzsal-
dyti —80 °C temperatiiroje. Luminex matavimai atlikti surinkus pakankama
méginiy kiekj. Serumo méginiai buvo dedami i spalvomis koduoty granuliy
misinj, 1§ anksto padengta analitei specifiniais gaudymo antikiinais. Véliau
pridéti biotinilinti aptikimo antikiinai, specifiniai tiriamosioms analitéms, ir
jie sudar¢ antikiino ir antigeno kompleksa. Tada plokstelés analizuotos nau-
dojant Luminex® 100 analizatoriy (Luminex Corporation, JAV). Vertés gautos
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i§ vidutinio fluorescencinio intensyvumo. Standartinés kreivés sukurtos i$
etaloniniy gamintojo pateikty Zinomos koncentracijos citokiny gradiento
tirpaly. Rezultatai iSreiksti biologiniy Zymeny kiekiu 1 ml serumo.

2.7. Biologinio vaisto paskyrimas sergant
sunkia eozinofiline astma

Igyvendinant tre¢ig disertacinio darbo uzdavinj sergantiesiems SEA pa-
pildomai prie jau vartojamo astmos gydymo buvo skirtas biologinis vaistas.
Visi tiriamieji pries jtraukima j § tyrimg buvo aptarti Kauno kliniky Sunkios
astmos ir kity obstrukciniy plauciy ligy multidisciplininiame konsiliume,
kurio metu nuspresta sunkios nekontroliuojamos eozinofilinés astmos
gydymui skirti monokloninj antikiing prie§ IL-5 mepolizumaba. Sis vaistas
sergantiesiems SEA buvo skiriamas injekcinio tirpalo forma uzpildytame
Svirkstiklyje (1 ml, 100 mg mepolizumabo) kas 4 savaites 24 savai¢iy tyrimo
metu. Kiekvieng kartg vaistas leistas specialiai apmokytos bendrosios
praktikos slaugytojos i Zzasta po oda, prie§ tai oda nuvalius vatos gabaléliu,
suvilgytu odos dezinfekcijai skirta priemone. Po pirmojo vaisto suleidimo,
tiriamieji 1 val. laiko buvo stebéti gydymo jstaigoje dél galimy Salutiniy
poveikiy — vertinta savijauta, matuotas arterinis kraujo spaudimas, Sirdies
susitraukimy daznis. Sis vertinimas atliktas prie$ vaisto leidima ir 20 min. bei
1 val. po jo. Kiekvieno vizito metu vaistas suleistas tik atlikus visus tam
vizitui suplanuotus tyrimus.

2.8. Statistiné duomeny analizé

Duomeny bazé sukurta naudojantis Microsoft Office Excel. Statistiné
analiz¢ atlikta SPSS ir GraphPad Prism statistinémis programinémis jrango-
mis (IBM SPSS Statistics 20; Chicago, IL, USA ir GraphPad Prism 8.0.1
(GraphPad Software Inc., San Diego, CA). Naudoti aprasomosios ir anali-
tinés statistikos metodai. Tyrimo imties dydis buvo apskai¢iuotas naudojant
Schwarze formule. Minimalus tiriamyjy skai¢ius, kad biity galima padaryti
statistiSkai reikSmingas iSvadas — 70 serganciyjy astma ir 23 sveiki tiriamieji.

Duomeny pasiskirstymo normalumas tikrintas panaudojant Sapiro-Vilko
(angl. Shapiro-Wilks) testa. Pateikti normalyji skirstinj tenkinan¢iy duomeny
vidurkiai su standartine vidurkio paklaida, o normalyjj skirstinj netenkinantys
duomenys pateikti mediana ir tarpkvartiliniu diapazonu. Kadangi duomeny
pasiskirstymas neatitiko normalumo testo, vertinant skirtumg tarp dviejy ne-
priklausomy grupiy, kuriy kiekvienoje buvo nedidelis duomeny kiekis, nau-
dojome neparametrini Mann-Whitney U testa. Norédami jvertinti skirtuma
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tarp dviejy priklausomy im¢iy, naudojome neparametrinj Wilcoxon suderinty
pory ranginj testg. Spearman’o ranginés koreliacijos koeficientas naudotas
dviejy duomeny rinkiniy koreliacijai jvertinti. StatistiSkai reikSmingais laiky-
ti rezultatai, kai statistinis patikimumas (p) buvo <0,05.

Tyrimo finansavimas

Sis tyrimas yra dalis Lietuvos mokslo tarybos mokslininky grupiy
projekto ,,Kraujo eozinofily potipiy specifinés miRNR kaip biozymenys ir
gydymo taikiniai sergant astma* (Nr. S-MIP-21-17,2021 m.). Taip pat tyrima
finansavo Ateities biomedicinos fondas (Nr. 2017). Triikkstamas priemones
isigyti padé¢jo Lietuvos sveikatos moksly universiteto Mokslo fondas 2021,
2022 ir 2023 metais.

Doktoranto indélis j tyrima

Id¢jos generavimas, dalyvavimas kuriant dizaing bei metodika;
Bioetikos leidimams gauti skirtos dokumentacijos pildymas;
Tyrimy, skirty tiriamyjy atrankai, atlikimas bei rezultaty analize;
Tiriamyjy klinikiniy ir demografiniy duomeny rinkimas bei analizg;
Pacienty duomeny bazés kiirimas ir statistiné duomeny analizg;
Septyneriy moksliniy teziy rengimas ir pristatymas;

Trejy publikacijy raSymas ir pateikimas.

Nk WL —
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3. REZULTATAI

3.1. Pirmojo disertacinio darbo uZdavinio tyrimy rezultatai

3.1.1. Tiriamuyjy charakteristika

Igyvendinant pirmajj disertacinio darbo uzdavinj istirta 18 asmeny,
sergan¢iy SNEA, 17 asmeny, serganciy AA, kuri negydoma jkvepiamaisiais
gliukokortikoidais ir 11 SA (i§ viso 46 tiriamieji). SNEA grupés tiriamieji
reikSmingai vyresni nei AA ar SA grupiy. Taip yra dé¢l to, kad SNEA
paprastai pasireiskia vyresnio amziaus zmonéms. SNEA grupés tiriamyjy
kiino mases indeksas (KMI) taip pat reikSmingai didesnis, palyginti su AA ir
SA grupémis. FEV, serganciyjy SNEA grupéje reikSmingai mazesnis nei
serganCiyjy AA ar SA. Tiek SNEA, tieck AA grupiy tiriamyjy kraujyje
eozinofily kiekis reik§mingai didesnis nei SA grupg¢je, o lyginant abi astma
serganciy asmeny grupes tarpusavyje, pastebéta, jog SNEA grupés tiriamyjy
kraujyje eozinofily daugiau nei serganciyjy AA. Abejose serganciyjy astma
grupése Feno lygiai reikSmingai didesni, palyginti su SA grupe, taciau ly-
ginant tarpusavyje, reikSmingo skirtumo nenustatyta. Bendras IgE kiekis
reikSmingai didesnis abejose serganciyjy astma grupése, o lyginant Sias
grupes tarpusavyje — AA serganciyjy grupéje. Demografiniai ir klinikiniai Siy
tirlamyjy duomenys pateikti 3.1.1.1 lenteléje.

SNEA AA SA
Tirty asmeny skaicius, n 18 17 11
Lytis, VIM 4/14 12/5 3/8
Amzius, metais 57,8+24*# 28,1+2,4 31,432
KMI, kg/m? 29,9+ 1,6%# 24,0+0,9 253+1,2
FEV,, 1 1,6 £0,1*# 3,7+£0,2 3,7+£0,2
FEV1, % biitinojo dydzio 58,9 +£4,7*# 86,8 +£2,4" 99,1 +3,5
PD;om, mg NA 0,22 +0,34 NA
PDxoa, HEP/ml NA 14,12+1,92 NA
Kraujo eozinofily kiekis, x 10%1 0,63 +0,09*% | 0,39+0,05%% | 0,17+0,02
Kraujo eozinofily kiekis, praéjus 24 val. NA 0,51 +£0,06 NA
po bronchy provokacijos alergenu, x 10%/1




3.1.1.1 lentelés tesinys

SNEA AA SA
Feno, ppb 49,1 +83% 51,6 £8,9%8 10,8+ 1,9
Feno, pra¢jus 24 val. po bronchy provokacijos NA 78,2 +12,6 NA
alergenu, ppb
Bendras IgE, TU/ml 158,8+452*#| 837,3+316,7% | 18,2+5,0
Bendras IgE, praéjus 24 val. po bronchy NA 861.1 £323.1 NA
provokacijos alergenu, [U/ml

AA — alerginé astma; Feno — azoto monoksido kiokio iSkvepiamame ore; FEV; — forsuoto iSkvépimo
taris per pirmaja sekundg; Ig — imunoglobulinas; KMI — kiino masés indeksas; M — moterys; NA —
neatlikta; PDya — provokaciné alergeno dozé, nulémusi FEV; sumazéjima 20 proc; PDiwm —
provokaciné metacholino doz¢, nulémusi FEV; sumazgjima 20 proc.; SA — sveiki asmenys; SNEA —
sunki nealerginé eozinofiliné¢ astma; V — vyrai. Pateiktas duomeny vidurkis su standartine vidurkio
paklaida. *p < 0,05, palyginti su AA grupe; *p < 0,05, palyginti su SA grupe, *p < 0,05, palyginti su
AA grupe po bronchy provokacijos alergenu.

3.1.2. Eozinofilopoetiny (interleukino 3, interleukino 5 ir granulo-
city-makrofagy kolonijas stimulinojancio veiksnio) poveikis eozino-
fily potipiuy proliferaciniam aktyvumui in vitro pries ir po bronchy
provokacijos alergenu

Tyréme eozinofilopoetiny (IL-3, IL-5 ir GM-CSF) poveiki eozinofily
potipiy (Eosuza ir Eosre) proliferaciniam aktyvumui. IL-3 neturéjo jtakos nei
Eosuzd, nei Eosg, proliferaciniam aktyvumui SNEA serganciyjy grupéje.
O IL-5 ir GM-CSF reik§mingai sustiprino Eosuza ir Eosre; proliferacinj akty-
vuma (BLR Iasteliy kiekis reik§mingai padidéjo inkubuojant su IL-5 ir
GM-CSF aktyvintais eozinofilais, palyginti su BLR Igstelémis, inkubuotomis
neaktyvintais eozinofilais). AA grupé¢je IL-5 ir GM-CSF reikSmingai sustip-
rino Eosuwd ir Eosre; proliferacinj aktyvuma (BLR Iasteliy kiekis reikSmingai
padidéjo inkubuojant su IL-5 ir GM-CSF aktyvintais eozinofilais, palyginti
su BLR lastelémis, inkubuotomis neaktyvintais eozinofilais). O IL-3 neturéjo
reikSmingos jtakos Eosuwd ir Eosw, proliferaciniam aktyvumui. Tik IL-5
reik§mingai sustiprino Eosuza proliferacinj aktyvuma SA grupéje (BLR laste-
liy kiekis reikSmingai padidéjo inkubuojant su IL-5 aktyvintais eozinofilais,
palyginti su BLR lIgstelémis, inkubuotomis neaktyvintais eozinofilais). O IL-3
ir GM-CSF netur¢jo jtakos abiem eozinofily potipiy proliferaciniam aktyvu-
mui SA grupéje.
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IL-5 poveikis Eosuzd proliferaciniam aktyvumui reikSmingai didesnis
SNEA tiriamyjy grupéje, palyginti su AA tiriamyjy grupe. GM-CSF poveikis
Eosre, proliferaciniam aktyvumui reikSmingai didesnis SNEA grupéje,
palyginti su AA grupe. IL-3 ir GM-CSF poveikis Eosuq proliferaciniam akty-
vumui reik§mingai didesnis AA serganciyjy grupéje, palyginti su SA. Taciau
IL-3, IL-5 ir GM-CSF veikia Eos, proliferacinj aktyvuma reikSmingai
stipriau AA serganCiyjy grupéje, palyginti su SA grupe. IL-3, IL-5 ir GM-
CSF poveikis abiejy eozinofily potipiy proliferaciniam aktyvumui reikSmin-
gai didesnis SNEA grupéje, palyginti su SA grupe. Gauti rezultatai pateikti
3.1.2.1 lenteléje ir 3.1.2.1 pav.

p <0,05 p <0,05 O Eosya
1000 ——m r——m D Eosre,
§ s S
—_ # o 3
S 80 ’ 3 p < 0,05
s . e p<00s
23 . . L p<005
&g 607 s 5L ¢ § — p<0,05
s £ T8 . S8y
T 5 o] 3 § SN p <0,05
B2 0 [ R
c° T4 8 o, A = p<0,05
[ —} * o %o —
S = of ° ° o : °
E < e ° o ° § ° < ° ° °
% E 20 2 M °l o * oo i T o
= . of|° o kel kAol e e STl e S e
° |, of |° o o0 P e [ e =l o
0 N LIl
SNEA AA SA
BLR lasteles [+ |+ |+ |+ [+ [+ |+ [+[+ |+ |+ ][+ |+ ][+ +]|+]|+]+ +|[+]+]+]|+
IL-3 + + + + + +
IL-5 + + + n n n
GM-CSF + + + + + +

3.1.2.1 pav. Bronchy lygiyjy raumeny lgsteliy proliferacijos vertinimas
pagal Alamaro mélio redukcijq procentais nuo kontrolés vertés

AA — alerginé astma; BLR — bronchy lygieji raumenys; Eos,., — | plauciy rezidentinius eozinofilus
panasios lastelés; Eosyzd — | uzdegiminius eozinofilus panasios lastelés; IL — interleukinas; GM-CSF —
granulocity ir makrofagy kolonijas stimuliuojantysis veiksnys; SA — sveiki asmenys; SNEA — sunki
nealerginé eozinofiliné astma. SNEA grupé n =9, AA grupé n =9, SA grupé n = 8. Pateiktas duomeny
vidurkis su standartine vidurkio paklaida. *p < 0,05, palyginti su Eos.. toje pacioje tiriamyjy grupéje;
*p < 0,05, palyginti su atitinkamais sergandiyjy AA eozinofily potipiais; ’p < 0,05, palyginti su
atitinkamais SA eozinofily potipiais. Statistiné analizé: tiriant dvi nepriklausomas grupes, taikytas
Mann-Whitney U testas, dvi priklausomas grupes — Wilcoxon suderinty pory ranginis testas.
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3.1.2.1 lentelé. Bronchy lygiyjy raumeny lgsteliy proliferacijos vertinimas
pagal Alamaro mélio redukcijq procentais nuo kontrolés vertés

SNEA AA SA
Eosuza Eosye; Eosuz Eos;.; Eosuz Eos;.,

Neaktyvinti {21,1 + 1,4 *#8| 347+£3,1#% |10,6 £1,7 *${222+3,0%| 51+0,6* 12,1+1,9
eozinofilai

IL-3 26,6+ 1,8 32,1+£38% | 19,6+£3,6 |293+49%| 94+2]1 9,3+ 1,6
IL-5 47,6 +6,55 | 48,0+58% [26,6+4,0%(383+1,6%| 18,6+29 13,4+1,0
GM-CSF 512+£73%5 | 62,444,578 |348+43%(351+37%| 74+1,9 12,0 +£2,7

AA — alerginé astma; IL — interleukinas; GM-CSF — granulocity ir makrofagy kolonijas stimuliuo-
jantysis veiksnys; Eosg, — i plauciy rezidentinius eozinofilus panasios lastelés; Eosuz — | uzdegiminius
eozinofilus panaSios lastelés; SA — sveiki asmenys; SNEA — sunki nealerginé eozinofiliné astma;
SNEA grupé n=9, AA grupé n=9, SA grupé n = 8. Pateiktas duomeny vidurkis su standartine vidurkio
paklaida. *p <0,05, palyginti su Eos., toje paioje tiriamyjy grupéje; *p <0,05, palyginti su
atitinkamais serganéiyjy AA eozinofily potipiais; $p < 0,05, palyginti su atitinkamais SA eozinofily
potipiais. Statistin¢ analizé: tiriant dvi nepriklausomas grupes, taikytas Mann-Whitney U testas, dvi
priklausomas grupes — Wilcoxon suderinty pory ranginis testas.

Tyréme bronchy provokacijos alergenu poveikj BLR lasteliy kiekiui po
72 valandy inkubacijos kartu su eozinofilopoetinais aktyvintais Eosuzq ir
Eosre,. BLR lasteliy kiekis buvo vertintas pries ir praéjus 24 val. po bronchy
provokacijos alergenu. Tyrimo metu nustatyta, kad bronchy provokacija
alergenu reikSmingai padidina BLR Iasteliy kiekj po inkubacijos kartu su
IL-5 ir GM-CSF aktyvintais Eosrez, palyginti su BLR lasteliy kiekiu prie$
bronchy provokacija alergenu. O bronchy provokacija alergenu neturé¢jo
reikSmingo poveikio BLR lasteliy kiekiui po inkubacijos kartu su IL-3
aktyvintais Eos:e,, palyginanti su Siy Iasteliy kiekiu prie§ bronchy provokeija.
Bronchy provokacija alergenu reikSmingai nepakeité BLR lasteliy kiekio po
72 valandy inkubacijos kartu su IL-3, IL-5 ir GM-CSF aktyvintais Eosyzd,
palyginti su BLR Iasteliy kiekiu prie§ bronchy provokacijg alergenu. Gauti
rezultatai pateikti 3.1.2.2 lentel¢je ir 3.1.2.2 pav.

3.1.2.2 lentelé. Bronchy lygiyjy raumeny lgsteliy proliferacijos vertinimas
pagal Alamaro mélio redukcijq procentais nuo kontrolés vertés pries bronchy
provokacijq alergenu ir po jos

Vizitas Eosuza Eosre,
Neaktyvinti eozinofilai \"2! 109+1,7**# 222+3,0
V2 23,1+2,8 39,3+59
IL-3 \2! 19,6 +3,6 29,3+4,9
V2 28,8 +£8,3 439+6,2
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3.1.2.2 lentelés tesinys

Vizitas Eosuza Eosye,
IL-5 V1 26,6 +4,0 * 383+1,6%
V2 374+74 61,1+6,9
GM-CSF V1 34,8+4,3* 35,1+3,7%
V2 43,8+59* 662+73

Eosi.. — 1 plauciy rezidentinius eozinofilus panasios lastelés; Eosy:d — 1 uzdegiminius eozinofilus
panasios lastelés; IL — interleukinas; GM-CSF — granulocity ir makrofagy kolonijas stimuliuojantysis
veiksnys; V1 — pirmas tyrimo vizitas (prie§ bronchy provokacija alergenu); V2 — antras tyrimo vizitas,
praéjus 24 val. po bronchy provokacijos alergenu. AA grupé n = 9. Pateiktas duomeny vidurkis su
standartine vidurkio paklaida. *p < 0,05, palyginti su Eos; *p < 0,05, palyginti su tos pacios grupés ir
to paties eozinofily potipio V2. Statistiné analizé: tiriant dvi nepriklausomas grupes, taikytas Mann-
Whitney U testas, dvi priklausomas grupes — Wilcoxon suderinty pory ranginis testas.

p<0,05 p<0,05

100 - OEosy,y O Eos., o °

80 -

60 -

40 -

Alamaro mélio redukcija
(proc. nuo kontrolés vertés)

oo

o
°

oo o o

o o ox

o
So
°

o
o &of

°

°

L

0 V2 V2
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IL-3 + | + + |+
IL-5 + |+ + | +
GM-CSF + + + +

3.1.2.2 pav. Bronchy provokacijos alergenu poveikis eozinofily potipiy
proliferaciniam aktyvumui, vertinant Alamaro mélio redukcijg procentais
nuo kontrolés vertés

BLR — bronchy lygieji raumenys; IL — interleukinas; GM-CSF — granulocity ir makrofagy kolonijas
stimuliuojantysis veiksnys; Eos, — | plauciy rezidentinius eozinofilus panasios lastelés; Eosuzqa — 1
uzdegiminius eozinofilus panaSios lastelés; V1 — pirmas tyrimo vizitas (prie§ bronchy provokacija
alergenu); V2 — antras tyrimo vizitas, pra¢jus 24 val. po bronchy provokacijos alergenu. AA grupé
n=9. Pateiktas duomeny vidurkis su standartine vidurkio paklaida. *p < 0,05, palyginti su Eosyc;.
Statistin¢ analiz¢: tiriant dvi nepriklausomas grupes, taikytas Mann-Whitney U testas, dvi priklausomas
grupes — Wilcoxon suderinty pory ranginis testas.
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3.1.3. Eozinofily potipiu pavirSiaus interleukino 3, interleukino 5 ir
granulocity-makrofagy Kkolonijas stimuliuojancio veiksnio recepto-
riy geny raiska pries ir po bronchy provokacijos alergenu

SNEA ir AA serganciyjy grupése Eos; pavirSiaus IL-3R geny raiska
reikSmingai didesné nei Eosuzd. SA grupéje IL-3R geno raiska tarp eozinofily
potipiy reikSmingai nesiskyré. SNEA, AA ir SA grupése Eos:; pavirSiaus
IL-5R geny raiska reikSmingai didesné, palyginti su Eosuz. SNEA tiriamyjy
grupéje GM-CSFR geno raiSka Eosuza pavirSiuje reik§mingai didesné, paly-
ginti su Eosrez. AA ir SA grupése GM-CSFR geno raiska tarp eozinofily poti-
piy reikSmingai nesiskyre (3.1.3.1 lentele, 3.1.3.1 pav.).

3.1.3.1 lentelé. Eozinofily pavirsiaus interleukino 3, interleukino 5 ir granu-
locity-makrofagy kolonijas stimuliuojancio veiksnio receptoriy geny raiskos
skirtumai (kartais) lyginant | plauciy rezidentinius eozinofilus panasias
lgsteles su | uzdegiminius eozinofilus panasiomis lgstelémis tose paciose
tiriamyjy grupése

SNEA AA SA
IL-3R 12405 * 2,14+0,7* 1,1£0,5
IL-5R 5,14 1,6%#8 1,7+0,6* 1,7+0,7*
GM-CSFR ~1,9+0,5 *#8 0,5+0,7 0,8+0,4

AA — alerginé¢ astma; IL-3R — interleukino 3 receptorius; IL-5R — interleukino 5 receptorius;
GM-CSFR — granulocity ir makrofagy kolonijas stimuliuojanciojo veiksnio receptorius; SA — sveiki
asmenys; SNEA — sunki nealerginé eozinofiliné astma. SNEA grupé n =9, AA grupé n=9, SA grupé
n = 8. Pateiktas duomeny vidurkis su standartine vidurkio paklaida. *p < 0,05, palyginti su i
uzdegiminius eozinofilus panasiomis lgstelémis; “p < 0,05, palyginti su AA grupe. $p < 0,05, palyginti
su SA grupe. Statistiné analizé: tiriant dvi nepriklausomas grupes taikytas Mann-Whitney U testas, dvi
priklausomas grupes — Wilcoxon suderinty pory ranginis testas.
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OIL-3R
OIL-5R
B GM-CSFR

(palyginti su Eos,;4)

Eos,., geny raiskos skirtumai

SNEA AA HS

3.1.3.1 pav. Eozinofily pavirsiaus interleukino 3, interleukino 5 ir

granulocity-makrofagy kolonijas stimuliuojancio veiksnio receptoriy geny
raiskos skirtumai tarp eozinofily potipiy tose paciose tiriamyjy grupése
AA — alerginé astma; Eos., — | plauciy rezidentinius eozinofilus panaSios lastelés; Eosya — |
uzdegiminius eozinofilus panasios lastelés; IL-3R — interleukino 3 receptorius; IL-5R — interleukino 5
receptorius; GM-CSFR — granulocity ir makrofagy kolonijas stimuliuojanciojo veiksnio receptorius;
SA — sveiki asmneys; SNEA — sunki nealerginé eozinofilin¢ astma. SNEA grupé n =9, AA grupé n =
9, SA grupé n = 8. Pateiktas duomeny vidurkis su standartine vidurkio paklaida. *p < 0,05, palyginti
su j uzdegiminius eozinofilus panasiomis Iastelémis; *p < 0,05, palyginti su AA grupe. *p < 0,05,
palyginti su SA grupe. Statistiné analizé: tiriant dvi nepriklausomas grupes, taikytas Mann-Whitney U
testas, dvi priklausomas grupes — Wilcoxon suderinty pory ranginis testas.

ReikSmingai didesné IL-3R geno raiSka nustatyta abiejuose eozinofily
potipiuose, iSskirtuose SNEA serganciyjy grupéje, palyginti su SA grupe.
Taip pat abiejuose eozinofily potipiuose, iSskirtuose SNEA ir AA serganciyjy
grupése, rasta reikSmingai didesné IL-5R geno raiSka nei Eosuzd, i$skirtuose
SA grupéje. SA grupéje iSskirtuose Eos:e; pastebéta reikSmingai didesné GM-
CSFR geno raiska nei SNEA serganciyjy grupéje. Be to, reikSmingai didesné
GM-CSFR geno raiska nustatyta abiejuose SA grupés eozinofily potipiuose,
nei SNEA serganciyjy grupéje (3.1.3.2 lentelé, 3.1.3.2 pav. A).

ReikSmingai didesné IL-3R geno raiSka nustatyta abiejuose eozinofily
potipiuose, iSskirtuose SNEA serganciyjy grup¢je, palyginti su AA tiriamyjy
grupe. Eosr,, iSskirtuose SNEA grupéje, reikSmingai didesné IL-5R geno
raiSka nei AA grupé¢je. ReikSmingai didesné GM-CSFR geno raiSka buvo
nustatyta Eosu, iSskirtuose SNEA grupéje nei AA tiriamyjy grupéje
(3.1.3.2 lentele, 3.1.3.2 pav. B).
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3.1.3.2 lentelé. Eozinofily potipiy pavirsiaus interleukino 3, interleukino 5 ir
granulocity-makrofagy kolonijas stimuliuojancio veiksnio receptoriy geny
raiskos skirtumai tarp tiriamyjy grupiy (kartais)

SNEA (lyginta su SA) AA (lyginta su SA) SNEA (lyginta su AA)
Eosua Eosyc, Eosuza Eosre, Eosuza Eosrc,
IL-3R 21+03* | 47+£26%* 0,1+0,7 -0,7+£0,7 27+£04% | 45+30%
IL-5R 45+£2,6* | 44+08* | 27+09%* | 44+1,7% 1,7+ 1,8 3,8+08%
GM-CSFR 02+05 |-1,7+0,6* | -1,9+£0,9* | 24+1,1*| 26+0,5% 0,5+£0,6

AA — alerginé astma; Eos., — | plauciy rezidentinius eozinofilus panasios lastelés; Eosuza — i uzde-
giminius eozinofilus panasios lastelés; IL-3R — interleukino 3 receptorius; IL-5R — interleukino 5
receptorius; GM-CSFR — granulocity ir makrofagy kolonijas stimuliuojanciojo veiksnio receptorius;
SA — sveiki asmenys; SNEA — sunki nealerginé eozinofilin¢ astma. SNEA grupé n = 10, AA grupé
n =9, SA grupé n= 8. Pateiktas duomeny vidurkis su standartine vidurkio paklaida. *p < 0,05, palyginti
su SA grupe; *p < 0,05, palyginti su AA grupe. Statistiné analizé: tiriant dvi nepriklausomas grupes,
taikytas Mann-Whitney U testas, dvi priklausomas grupes — Wilcoxon suderinty pory ranginis testas.
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3.1.3.2 pav. Eozinofily potipiy pavirsiaus interleukino 3, interleukino 5 ir
granulocity-makrofagy kolonijas stimuliuojancio veiksnio receptoriy geny
raiskos skirtumai tarp tiriamyjy grupiy, lyginant sunkia nealergine
eozinofiline astma ir alergine astma serganciuosius su sveikais
asmenimis (A), lyginant sunkia nealergine eozinofiline astma
serganciuosius su serganciaisiais alergine astma (B) (kartais)
AA — alerginé astma; Eos, — ] plauciy rezidentinius eozinofilus panasios lastelés; Eosyza — | uzdegi-
minius eozinofilus panaSios lastelés; IL-3R — interleukino 3 receptorius; IL-5R — interleukino 5
receptorius; GM-CSFR — granulocity ir makrofagy kolonijas stimuliuojanciojo veiksnio receptorius;
SA — sveiki asmenys; SNEA — sunki nealerginé eozinofiliné astma. SNEA grupé n =9, AA grupé n=
9, SA grupé n = 8. Pateiktas duomeny vidurkis su standartine vidurkio paklaida, kartotinis pokytis,
palyginti su Eosyza IL-3R, IL-5R ir GM-CSFR geny raiska. *p < 0,05, palyginti su SA grupe; “p < 0,05,
palyginti su AA grupe. Statistiné analizé: tiriant dvi nepriklausomas grupes taikytas Mann-Whitney U
testas, dvi priklausom grupes — Wilcoxon suderinty pory ranginis testas.
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Alergeno poveikis eozinofilopoetiny receptoriy geny raiskai eozinofily
potipiy pavirSiuje nustatytas palyginus serganciyjy AA rezultatus prie§ ir
pragjus 24 valandoms po bronchy provokacijos alergenu. Bronchy provokacija
alergenu reikSmingai padidino Eosuz pavirSiaus IL-3R geny raiska, palyginti
su tomis paciomis lgstelémis prieS bronchy provokacijg alergenu. O abiejy
eozinofily potipiy pavirSiaus IL-5R ir GM-CSFR geny raiska pries ir po bron-
chy provokacijos alergenu reikSmingai nesiskyre (3.1.3.3 lentele, 3.1.3.3 pav.).

3.1.3.3 lentelé. Serganciyjy alergine astma eozinofily potipiy pavirSiaus
interleukino 3, interleukino 5 ir granulocity-makrofagy kolonijas stimuliuo-
jancio veiksnio receptoriy geny raiskos skirtumai pries ir po bronchy
provokacijos alergenu (kartais)

IL-3R IL-5R GM-CSFR
Eosud 7,0£54%* 4,5+6,7 0,7+2,0
Eosre; 1,3+2,0 -2,6+6,8 02+12

Eosi., — 1 plauciy rezidentinius eozinofilus panaSios lastelés; Eosy:d — 1 uzdegiminius eozinofilus
panasios lastelés; IL-3R — interleukino 3 receptorius; IL-5R — interleukino 5 receptorius; GM-CSFR —
granulocity ir makrofagy kolonijas stimuliuojancio veiksnio receptorius. AA grupé n = 9. Pateiktas
duomeny vidurkis su standartine vidurkio paklaida, kartotinis pokytis, palyginti su IL-3R,
IL-5R ir GM-CSFR geno raiska po bronchy alergeno poveikio. *p < 0,05 palyginti su V2. Statistiné
analizé: tiriant grupes, taikytas Mann—Whitney dvipusis U testas; tiriant viena grupg — Wilcoxon sude-
rintos poros pasirasyto rango dvipusis testas.
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3.1.3.3 pav. Serganciyjy alergine astma eozinofily potipiy pavirsiaus
pavirsiaus interleukino 3, interleukino 5 ir granulocity-makrofagy kolonijas
stimuliuojancio veiksnio receptoriy geny raiskos skirtumai pries ir po
bronchy provokacijos alergenu (kartais)

Eosi.. — 1 plauciy rezidentinius eozinofilus panasios lastelés; Eosy:q — 1 uzdegiminius eozinofilus
panasios lastelés; IL-3R — interleukino 3 receptorius; IL-5R — interleukino 5 receptorius; GM-CSFR —
granulocity ir makrofagy kolonijas stimuliuojancio veiksnio receptorius. AA grupé n = 9. Pateiktas
duomeny vidurkis su standartine vidurkio paklaida, kartotinis pokytis, palyginti su IL-3R, IL-5R ir
GM-CSFR geno raiska po bronchy alergeno poveikio. *p < 0,05, palyginti su V2. Statistin¢ analize:
tiriant grupes, taikytas Mann—Whitney dvipusis U testas; tiriant vieng grupg — Wilcoxon suderintos
poros pasirasyto rango dvipusis testas.
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3.2. Antrojo disertacinio darbo uZdavinio tyrimy rezultatai

3.2.1. Tiriamuyjy charakteristika

Igyvendinant antraji disertacinio darbo uzdavinj iStirta 20 serganciyjy
AA ir 16 SA. 3.2.1.1 lentel¢je pateikti abejy tiriamyjy grupiy demografiniai
mingai nesiskyré. FEV (1) taip pat reikSmingai nesiskyre, taciau skirtumas
tarp grupiy iSryskejo, kai FEV1 buvo iSreikStas procentais. AA grupés tiria-
muyjy kraujo eozinofily, Feno ir bendro IgE kiekis reikSmingai didesnis nei
SA grupéje. AA serganciyjy grupés FEV (1) reikSmingai sumaZzéjo pra¢jus
24 valandoms po bronchy provokacijos alergenu, o eozinofily kraujyje ir
Feno kiekis reikSmingai padid¢jo. Tuo tarpu bendro IgE kiekis po bronchy
provokacijos alergenu reikSmingai nepasikeité.

AA SA
Tirty asmeny skaicius, n 20 16
Lytis, V/M 11/9 6/10
Amzius, metais 272+22 28,2+1,4
KMI, kg/m? 245+1,1 22,7+0,8
Astmos kontrolés testas, balais 18,3+£1,3 NA
PD2om, mg 0,33 £0,07 NA
PD2oa, HEP/ml 9,5+3,0 NA

Vi V2

FEV1, 1 3,6+0,2" 3,3+0,2 4,0£0,2
FEV1, % bitinojo dydzio 88,5+£3,0*% 81,3+3,8* 99,4+33
Feno, ppb 482+75%*% 76,8 £ 11,7 * 13,3£2,0
Kraujo eozinofily kiekis, x 10%/1 0,34 +£0,05 *# 0,46+£0,05* | 0,10+0,01
Bendras IgE, IU/ml 5779+ 1756 * | 603,4+188,2*| 32,3+129

AA — alerginé astma; Feno — azoto monoksido kiekis iSkvepiamame ore; FEV| — forsuoto iSkvépimo
tiris per pirmaja sekunde; Ig — imunoglobulinas; KMI — kiino masés indeksas; M — moterys; NA —
neatlikta; PDya — provokaciné alergeno dozeé, nulémusi FEV; sumazgéjima 20 proc; PDywm —
provokaciné metacholino doz¢, nulémusi FEV; sumazéjima 20 proc.; SA — sveiki asmenys; V — vyrai;
V1 — pirmas tyrimo vizitas; V2 — antras tyrimo vizitas, praéjus 24 val. po bronchy provokacijos
alergenu. Pateiktas duomeny vidurkis su standartine vidurkio paklaida. *p < 0,05, palyginti su SA
grupe; *p < 0,05, palyginti su AA serganéiiyjy grupe V2. Statistiné analizé: tiriant dvi nepriklausomas
grupes taikytas Mann-Whitney U testas, dvi priklausomas grupes — Wilcoxon suderinty pory ranginis
testas.
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3.2.2. Biologiskai aktyviy medZiagy (autotaksino, tirozin-proteinki-
nazés Met, lipoproteino A2 fosfolipazés, tirpaus interleukino 5
receptoriaus alfa subvieneto, pentaksino 3, tioredoksino 1, matrikso
metaloproteinazés-7, 9, 10 ir I C telopeptido I tipo kolageno) kiekiai
serume sergant alergine astma ir ju Kkitimas Dermatophagoides
pteronyssinus alergeno poveikyje

IStyréme abejy tiriamyjy grupiy serume esanciy pasirinkty biologiskai
aktyviy medziagy kiekius, kurios pateiktos 3.2.2.1 lenteléje. Nustatéme, kad
ATX kiekis sergan¢iyjy AA serume buvo panasus prie§ ir po bronchy
provokacijos alergenu ir reikSmingai nesiskyré nuo SA (3.2.2.1 pav. A).
Vertinant MET kieki serume, rasti reikSmingi skirtumai tarp AA serganciyjy
ir SA grupiy — sergan¢iyjy AA serume MET kiekis buvo mazesnis nei SA.
Pragjus 24 valandoms po bronchy provokacijos alergenu, MET kiekis AA
tirlamyjy grupéje reikSmingai sumazéjo, palyginti su kiekiu, kuris buvo pries
bronchy provokacija alergenu (3.2.2.1 pav. B). Lp-PLA2 kiekis serume
reik§Smingai nesiskyré tarp serganCiyjy AA abiejy tyrimo vizity metu ir
lyginant su SA (3.2.2.1 pav. C). Tuo tarpu sIL-5Ra kiekis AA grupés
tiriamyjy serume buvo reikSmingai didesnis, palyginti su SA grupe. Po bron-
chy provokacijos alergenu sIL-5Ra kiekis serume AA grupg¢je iSliko panasus
kaip ir prie§ bronchy provokacijg alergenu (3.2.2.1 pav. D).
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; 200@ E 60@ Qi E 600 E 60 ;
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3.2.2.1 pav. Autotaksino (A), tirozin-proteinkinazés Met (B), lipoproteino
A2 fosfolipazes (C) ir tirpaus interleukino 5 receptoriaus alfa subvieneto
(D) kiekis serume sergant alergine astma ir lyginant su sveikais asmenimis

AA — alerginé astma; ATX — autotaksinas; Lp-PLA2s — lipoproteino A2 fosfolipazé; MET — tirozin-
proteinkinazé Met; SA — sveiki asmenys; sIL-5Ra — tirpaus interleukino 5 receptoriaus alfa
subvienetas; V1 — pirmas tyrimo vizitas; V2 — antras tyrimo vizitas, praéjus 24 val. po bronchy provo-
kacijos alergenu. AA grupé n = 20, SA grupé n = 16. Duomenys pateikti mediana ir tarpkvartiliniu
diapazonu. Statistiné analizé: tiriant dvi nepriklausomas grupes, taikytas Mann-Whitney U testas, dvi
priklausomas grupes — Wilcoxon suderinty pory ranginis testas.
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3.2.2.1 lentelé. Serganciyjy alergine astma ir sveiky asmeny biologiskai
aktyviy medziagy kiekiai serume

Biologiskai aktyvios AA SA
medZiagos Vi V2

ATX (pg/ml) 206,8 (190,9; 286,3) 201,5 (180,3; 235,5) 233,3 (190,9; 243,9)

MET (pg/ml) 30,5 (14,0; 51,1) *# 19,8 (8,0; 46,6) * 54,3 (28,0; 80,3)

Lp-PLA2 (pg/ml)

4514 (216,4; 755,1)

445.5 (199,9; 706,6)

629,3 (224.9; 980,8)

sIL-5Ra (ng/ml)

63,4 (55,9; 105,4) *

67,9 (54,9; 112,1) *

25,2 (11,3; 33,2)

PTX3 (pg/ml)

560,1 (326,1; 875,2) * *

498,9 (226,5; 651,1) *

1217,6 (919,8; 1580,1)

TRX1 (ng/ml)

131,2 (93,8; 173,6) **#

142,0 (89,4; 195,6) *

113,9 (67,4; 136,1)

MMP-7 (pg/ml)

332,9 (241,5; 421,3)

295,1 (272,15 327,7)

278,3 (195,3; 379,2)

MMP-9 (pg/ml)

253,7 (151,4; 339,9)

211,9 (116,9; 293,7)

204,2 (94.8; 498,0)

MMP-10 (pg/ml)

896,1 (318.,9; 1501,0)

971,0 (355,7; 1682,6)

502,7 (324,0; 1052,5)

ICTP (pg/ml)

523,0 (478,0; 552,0) *

476,3 (411,6; 531,4) *

589,0 (540,0; 693,0)

AA — alerginé astma; ATX — autotaksinas; Feno — azoto monoksido kiekis iSkvepiamame ore; ICTP —
C telopeptido I tipo kolagenas; Lp-PLA2s — lipoproteino A2 fosfolipazé; MET — tirozin-proteinkinazé
Met; MMP — matrikso metaloproteinazé; PTX3 — pentaksinas 3; SA — sveiki asmenys; sIL-5Ra —
tirpaus interleukino 5 receptoriaus alfa subvienetas; TRX1 — tioredoksinas 1; V1 — pirmas tyrimo
vizitas; V2 — antras tyrimo vizitas, praéjus 24 val. po bronchy provokacijos alergenu. AA grupé n =20,
SA grupé n = 16. Duomenys pateikti mediana ir tarpkvartiliniu diapazonu. *p < 0,05, palyginti su SA
grupe; #p < 0,05, palyginti su AA serganciyjy grupe V2. Statistiné analiz¢: tiriant dvi nepriklausomas
grupes, taikytas Mann-Whitney U testas, dvi priklausomas grupes — Wilcoxon suderinty pory ranginis
testas.

IStyréme kraujo oksidacinio streso Zymeny PTX3 ir TRX1 kiekius ser-
ganciyjy AA ir SA serume. Rezultatai pateikti 3.2.2.1 lenteléje. ReikSmingai
mazesnis PTX3 kiekis nustatytas AA grupés tiriamyjy serume, palyginti su
SA grupe, o po bronchy provokacijos alergenu Sis kiekis dar labiau sumazéjo
(3.2.2.2 pav. A). Tuo tarpu TRX1 kiekis AA grupés tiriamyjy serume buvo
reikSmingai didesnis nei SA grup¢je. Be to, TRX1 kiekis dar labiau padidéjo
pragjus 24 valandoms po bronchy provokacijos alergenu atlikimo, palyginti
su rezultatais prie§ bronchy provokacija alergenu (3.2.2.2 pav. B).
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3.2.2.2 pav. Pentaksino 3 (A) ir tioredoksino 1 (B) kiekis serume
sergant alergine astma ir lyginant su sveikais asmenimis
AA — alerginé astma; PTX3 — pentaksinas 3; SA — sveiki asmenys; TRX1 — tioredoksinas 1; V1 —
pirmas tyrimo vizitas; V2 — antras tyrimo vizitas, pra¢jus 24 val. po bronchy provokacijos alergenu.
AA grupé n =20, SA grupé n = 16. Duomenys pateikti mediana ir tarpkvartiliniu diapazonu. Statistiné
analizé: tiriant dvi nepriklausomas grupes, taikytas Mann-Whitney U testas, dvi priklausomas grupes —
Wilcoxon suderinty pory ranginis testas.

IStyréme trijy MMP ir ICTP kiekius serume. Tyrimy rezultatai pateikti
3.2.2.1 lentel¢je. Lyginant MMP-7, MMP-9 ir MMP-10 kiekius serume
abejose tiriamyjy grupése, rezultatai buvo panasis — visy trijy MMP kiekiai
AA ir SA grupiy tiriamyjy serumuose reikSmingai nesiskyre, o atlikta bron-
chy provokacija alergenu jtakos §iy medziagy kiekiui neturéjo (3.2.2.3 pav.
A—C). Tuo tarpu ICTP kiekis serume AA serganciyjy grup€je buvo reiks-
mingai mazesnis, palyginti su SA grupe, o bronchy provokacija alergenu
ICTP kiekiui jtakos neturéjo (3.2.2.3 pav. D).
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3.2.2.3 pav. Matrikso metaloproteinazes-7 (4), 9 (B), 10 (C) ir
C telopeptido I tipo kolageno (D) kiekis serume sergant alergine
astma ir lyginant su sveikais asmenimis
AA — alerginé astma; ICTP — C telopeptido I tipo kolagenas; MMP — matrikso metaloproteinazé; SA —
sveiki asmenys; V1 — pirmas tyrimo vizitas; V2 — antras tyrimo vizitas, 24 val. po bronchy provokacijos
alergenu. AA grupé n = 20, SA grupé n = 16. Duomenys pateikti mediana ir tarpkvartiliniu
diapazonu. Statistiné analizé: tiriant dvi nepriklausomas grupes, taikytas Mann-Whitney
U testas, dvi priklausomas grupes — Wilcoxon suderinty pory ranginis testas.
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3.2.3. BiologiSkai aktyviy medziagy (tirozin-proteinkinazés Met,
tirpaus interleukino 5 receptoriaus alfa subvieneto, pentaksino 3,
tioredoksino 1 ir I C telopeptido I tipo kolageno) kiekiy serume sgsa-
jos su Zinomais astmos biologiniais Zymenimis ir plauciy funkcija
sergant alergine astma

Tyréme tas biologiSkai aktyvias medziagas, kuriy kiekis serume AA
serganciyjy grupé¢je reikSmingai skyrési nuo SA grupés ir kurios galéty turéti
prognosting reik§Sme¢ sergant astma. Ileskojome MET, sIL-5Ra, PTX3, TRX1
ir ICTP kiekiy koreliacijy su patvirtintais astmos biologiniais Zymenimis
(Feno, kraujo eozinofily ir bendro IgE kiekiu) bei plauciy funkcija (FEV1).
Vertinant MET koreliacija su Feno, kraujo eozinofily ir bendro IgE kiekiu bei
FEV1, reikSmingy koreliacijy AA grupéje nenustatéme (3.2.3.1 lentel¢). O
iStyrus sIL-5Ra koreliacijas, nustatyta reikSmingai teigiama koreliacija su
Feno, kraujo eozinofily ir bendro IgE kiekiu (3.2.3.1 pav. A—C). Be to,
nustatyta stipri neigiama koreliacija tarp sIL-5Ra ir FEV| (3.2.3.1 pav. D) bei
PTX3 stipri neigiama koreliacija su kraujo eozinofily ir bendro IgE kiekiu
(3.2.3.1 pav. E-F), taciau reikSmingy koreliacijy su Feno ir FEV nebuvo. Be
to, nustatyta reikSmingai neigiama ICTP koreliacija su kraujo eozinofily
kiekiu (3.2.3.1 pav. G), taciau ICTP koreliacijos su Feno, bendru IgE ir FEV,
nebuvo. Gauti rezultatai pateikti 3.2.3.1. lentel¢je.

3.2.3.1 lentelé. Serganciyjy alergine astma serumo tirozin-proteinkinazes
Met, tirpaus interleukino 5 receptoriaus alfa subvieneto, pentaksino 3, tiore-
doksino 1 ir I C telopeptido I tipo kolageno kiekiy koreliacijos su Zinomais
biologiniais Zymenimis bei forsuoto iskvépimo tiiriu per pirmgjq sekunde

Fexo Kraujo eozinofilai Bendras IgE FEV,, proc.
(ppb) (x10°1) (IU/ml) biitinojo dydZio
MET (pg/ml) r=0,02 r=-0,07 r=-0,06 r=-0,07
p=0,47 p=0,39 p=0,41 p=10,40
sIL-5Ra (ng/ml) r=0,57 r=0,58 r=0,52 r=-0,90
p=0,03 p=0,02 p=0,04 p <0,0001
PTX3 (pg/ml) r=-0,32 r=-0,46 r=-0,49 r=0,23
p=0,10 p=0,02 p=0,01 p=0,17
TRX1 (ng/ml) r=0,25 r=0,19 r=0,35 r=-0,23
p=0,18 p=0,23 p=0,06 p=0,18
ICTP (pg/ml) r=-0,02 r=-0,48 r=-0,11 r=0,17
p=0,46 p=0,02 p=0,32 p=0,24

Feno — azoto monoksido kiekis iSkvepiamame ore; FEV, — forsuoto iSkvépimo tairis per pirmaja sekun-
de; ICTP — C telopeptido I tipo kolagenas; Ig — imunoglobulinas; MET — tirozin-proteinkinazé¢ Met;
PTX3 — pentaksinas 3, r — Spearman’o ranginés koreliacijos koeficientas; sIL-5Ra — tirpaus interleu-
kino 5 receptoriaus alfa subvienetas; TRX1 — tioredoksinas 1. Statistiné analizé: Spearman’o ranginés
koreliacijos koeficientas.
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3.2.3.1 pav. Serganciyjy alergine astma koreliacijos tarp serumo tirpaus
interleukino 5 receptoriaus alfa subvieneto ir azoto monoksido kiekio
iSkvepiamajame ore (A), tirpaus interleukino 5 receptoriaus alfa subvieneto
ir kraujo eozinofily kiekio (B), tirpaus interleukino 5 receptoriaus alfa
subvieneto ir bendro imunoglobulino E kiekio (C), tirpaus interleukino 5
receptoriaus alfa subvieneto ir forsuoto iSkvépimo tirio per pirmgjg
sekunde (D), pentaksino 3 ir kraujo eozinofily kiekio (E), pentaksino 3 ir
bendro imunoglobulino E kiekio (F), I C telopeptido I tipo kolageno ir
kraujo eozinofily kiekio (G)
Feno — azoto monoksido kiekis iskvepiamame ore; FEV — forsuoto iskvépimo tiiris per pirmaja sekun-
de; ICTP — C telopeptido I tipo kolagenas; Ig — imunoglobulinas; p — patikimumo lygmuo; PTX3 —
pentaksinas 3, r — Spearman’o ranginés koreliacijos koeficientas; sIL-5Ra — tirpaus interleukino 5

receptoriaus alfa subvienetas; TRX1 — tioredoksinas 1. Statistiné analizé: Spearman’o ranginés
koreliacijos koeficientas.

58



Ivertinome biologiSkai aktyviy medziagy, kuriy kiekiai tiriamyjy
grupése skyreési, koreliacijas tarpusavyje. Nustatéme, kad sIL-5Ra reikSmin-
gai teigiamai koreliavo su TRX1, o PTX3 reikSmingai neigiamai — su TRX1
(3.2.3.2 lentele, 3.2.3.2 pav.). Jokiy kity reikSmingy koreliacijy tarp skirtingy
biologiskai aktyviy medziagy kiekiy nebuvo (3.2.3.2 lentele).

3.2.3.2 lentelé. Serganciyjy alergine astma serumo tirozin-proteinkinazes
Met, tirpaus interleukino 5 receptoriaus alfa subvieneto, pentaksino 3,
tioredoksino 1 ir I C telopeptido I tipo kolageno kiekiy koreliacijos tarpu-

savyje

MET sIL-5Ra PTX3 TRX1 ICTP
(pg/ml) (ng/ml) (pg/ml) (ng/ml) (pg/ml)
MET (pg/ml) - r=-0,27 r=0,09 r=-0,35 r=-0,16
p=10,45 p=20,75 p=0,22 p=20,55
sIL-5Ra (ng/ml) r=-0,27 - r=-0,38 r=0,62 r=-0,06
p=0,45 p=0,2 p=0,01 p=0,85
PTX3 (pg/ml) r=0,09 r=-0,38 - r=-0,49 r=0,31
p=0,75 p=0,2 p=0,02 p=0,19
TRX1 (ng/ml) =-0,35 r=0,62 r=-0,49 - r=-20,05
p=0.22 p=0,01 p=0,02 p=0,86
ICTP (pg/ml) r=-0,16 r=-0,06 r=0,31 r=-0,05 -
p=0,55 p=0,85 p=0,19 p=0,86

ICTP — C telopeptido I tipo kolagenas; MET — tirozin-proteinkinazé Met; p — patikimumo lygmuo;
PTX3 — pentaksinas 3, r — Spearman’o ranginés koreliacijos koeficientas; sIL-5Ra — tirpaus
interleukino 5 receptoriaus alfa subvienetas; TRX1 — tioredoksinas 1. Statistiné analizé: Spearman’o
ranginés koreliacijos koeficientas.
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3.2.3.2 pav. Serumo tirpaus interleukino 5 receptoriaus alfa subvieneto
ir tioredoksino 1 (A), pentaksino 3 ir tioredoksino 1 (B) kiekiy koreliacijos
sergant alergine astma

p — patikimumo lygmuo; PTX3 — pentaksinas 3, r — Spearman’o ranginés koreliacijos koeficientas;
sIL-5Ra — tirpaus interleukino 5 receptoriaus alfa subvienetas; TRX1 — tioredoksinas 1. Statistiné
analizé: Spearman’o rangines koreliacijos koeficientas.
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3.3. Treciasis disertacinio darbo uzdavinys

3.3.1. Tiriamyjy charakteristika

Igyvendinant trecigjj disertacinio darbo uzdavinj istirta 18 serganciyjy
SEA. Visi pacientai tyrimams atvyko keturis kartus: prie§ pradedant gydyma
100 mg mepolizumabo injekcija po oda (V1) ir 4-3 (V2), 12-3 (V3) bei 24-3
(V4) savaite nuo gydymo mepolizumabu pradZios.

Dauguma tiriamyjy turéjo antsvorj ir buvo moterys. Prie§ pradedant
gydymg 100 mg mepolizumabo injekcija po oda, visiems pacientams karto-
davosi astmos paiim¢jimai. Po pirmosios mepolizumabo dozés astmos
paiiméjimy nebuvo né vienam pacientui, tac¢iau po antrosios mepolizumabo
dozés vienam pacientui astma patiméjo. Véliau tesiant gydyma mepolizu-
mabu, pacienty, patyrusiy astmos paiiméjima, nepadaugejo.

Praéjus 4 savaitéms nuo gydymo mepolizumabu pradzios, astmos kont-
rolés testas ir FEV reikSmingai padidé¢jo, tuo tarpu eozinofily kiekis kraujyje
reik§Smingai sumaze¢jo ir Sis poveikis isliko viso gydymo metu (3.3.1.1 lentele,
3.3.1.1 pav. A-C, E). Feno ir bendro IgE kiekiai tiek prie§ gydyma, tiek jo
metu reikSmingai nesiskyre (3.3.1.1 lentele, 3.3.1.1 pav. D, F).

3.3.1.1 lentelé. Demografiniai ir klinikiniai tiriamyjy duomenys

SEA
Tirty asmeny skaicius, n 18
Lytis, V/M 4/18
Amzius, metais 57,622
KMI, kg/m? 30,3+ 1,7
Vi V2 V3 V4
Tiriamyjy, kurie patyré astmos 18 0 1 0

patiméjimus, skaicius
Astmos kontrolés testas, balais 10,6 £0,8 *#£ 163 +1,3 17,7+1,2 17,1 +£1,2

FEV,, 1 1,84 £0,18 *#¢ | 2,11+0,16 | 2,15+£0,17 | 2,16+0,15
FEV), proc. biitinojo dydzio 66,0+49 %% | 7690+49 | 773+44 | 77.6+38
Feno, ppb 48,6 +9,7 393460 | 453+98 | 41,9+7,1
Kraujo eozinofily kiekis, x 10%1 | 0,64 +0,08 *#£ | 0,11+0,02 | 0,07+0,01 | 0,07+ 0,01
Bendras IgE, TU/ml 128,1+£27,9 | 126,7+28,0 | 131,9+27.3 | 127,0+25,7

Feno — azoto monoksido kiekis iSkvepiamame ore; FEV; — forsuoto iSkvépimo tiiris per pirmaja
sekundg; Ig — imunoglobulinas; KMI — kiino maseés indeksas; M — moterys; V — vyrai; V1 — pirmas
vizitas; V2 — antras vizitas, pra¢jus 4 sav. po pirmos mepolizumabo injekcijos po oda; V3 — trecias
vizitas, praéjus 12 sav. po pirmos mepolizumabo injekcijos po oda; V4 — ketvirtas vizitas, praéjus
24 sav. po pirmos mepolizumabo injekcijos po oda. Pateiktas duomeny vidurkis su standartine vidurkio
paklaida. *p < 0,05, palyginti V2; #p < 0,05, palyginti su V3; £p < 0,05, palyginti su V4. Statistiné
analizé: tiriant dvi priklausomas grupes, taikytas Wilcoxon suderinty pory ranginis testas.
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3.3.1.1 pav. Astmos kontrolés testo baly (A), forsuoto iskvépimo tirio per

pirmgjq sekunde (B, C), azoto monoksido kiekio iskvepiamame ore (D),
kraujo eozinofily (E) ir bendro imunoglobulino E kiekio (F) kitimas per 24

savaites gydymo monokloniniu antikiinu pries IL-5 mepolizumabu

Feno — azoto monoksido kiekis iSkvepiamame ore; FEV; — forsuoto iskvépimo tiris per pirmaja
sekundg; Ig — imunoglobulinas; V1 — pirmas vizitas; V2 — antras vizitas, pragjus 4 sav. po pirmos
mepolizumabo injekcijos po oda; V3 — trecias vizitas, pragjus 12 sav. po pirmos mepolizumabo
injekcijos po oda; V4 — ketvirtas vizitas, praéjus 24 sav. po pirmos mepolizumabo injekcijos po oda.
SEA grupé n = 18. Pateiktas duomeny vidurkis su standartine vidurkio paklaida. *p < 0,05, palyginti
V2; #p < 0,05, palyginti su V3; £p < 0,05, palyginti su V4. Statistiné analizé: tiriant dvi priklausomas
grupes, taikytas Wilcoxon suderinty pory ranginis testas.

3.3.2. Serganc€iyjuy sunkia eozinofiline astma klinikinés remisijos

kriterijai po 24 savaifiy gydymo monokloniniu antikiinu pries§
interleuking 5

Praéjus 24-ioms gydymo mepolizumabu savaitéms, pacienty, kurie ne-
patyré astmos patiméjimy ir gydymui nevartojo geriamyjy gliukokortikoidy,
skaiCius padidéjo nuo 0 (0 proc.) iki 17 (94,4 proc.). Taip pat nuo 0 (0 proc.)
iki 9 (50 proc.) padidéjo pacienty skaicius, kuriy astmos kontrolés testas buvo
> 20 baly. Pacienty skaicius, kuriy FEV; buvo >80 proc. po bronchus
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plecianciy vaisty jkvépimo, padidéjo nuo 4 (22,2 proc.) iki 7 (38,9 proc.)
(3.3.2.1 pav. A).

Praéjus 24-ioms gydymo mepolizumabu savaitéms, 5 pacientai (27,8 proc.)
atitiko visus 4 klinikinés remisijos kriterijus, 6 pacientai (33,3 proc.) — 3 krite-
rijus. Tuo tarpu prie§ pradedant gydyma mepolizumabu, né vienas pacientas
(0 proc.) neatitiko visy 4 ar 3 klinikinés remisijos kriterijy. Be to, po 24-iy
gydymo mepolizumabu savai¢iy 6 pacientai (33,3 proc.) atitiko 2 klinikinés
remisijos kriterijus ir tik 1 pacientas (5,6 proc.) — 1 kriterijy. Prie§ pradedant
gydymg mepolizumabu, 2 ir 1 klinikinés remisijos kriterijus atitinkamai
atitiko 4 ir 0 pacienty (0 proc.; 22,2 proc.) (3.3.2.1 pav. B).

100 - 94,4 94,4 B Po 24 sav. gydymo 50 -
] mepolizumabu
[ Prie$ pradedant gydyma
80 . 40 -
mepolizumabu 333 333
g 07 50,0 g 307 278
g g
= 40 = 201
22 ,2
20 A 5.6
0 O T 0 T D T
Pacientai be Pacientai  Pacientai, Pa01enta1 1 2 3 4
geriamyjy  be astmos kuriy astmos kuriy FEVI Klinikinés remisijos
gliukokor- pafiméjimy kontrolés po bronchus kriterijai
tikoidy testas plecianciy
poreikio >20 baly vaisty
A > 80 proc. B

3.3.2.1 pav. 24 savaites monokloniniu antikiinu pries interleuking 5
mepolizumabu gydyty pacienty, atitinkanciy atskirus klinikinés remisijos
kriterijus, skaicius (A); 24 savaites monokloniniu antikiinu pries
interleuking 5 mepolizumabu gydyty pacienty, atitinkanciy 1, 2, 3 arba
visus 4 klinikinés remisijos kriterijus, skaicius (B)

FEV, — forsuoto i8kvépimo taris per pirmaja sekunde. SEA grupé n = 18.

3.3.3. Serganciuyju sunkia eozinofiline astma 2-o tipo uzdegimo biolo-
giniy Zymeny Kkiekiai serume 24 savaites gydant monokloniniu anti-
kiinu pries interleuking 5

Praéjus 4 savaitéms nuo gydymo mepolizumabu pradzios, IL-4 ir IL-25
kiekis serume reikSmingai nepasikeité (3.3.3.1 pav. A, D); tuo tarpu IL-5, IL-
13, TSLP, sIL-5Ra ir sFceRI kiekis serume reikSmingai sumazgjo ir Sis
poveikis iSliko viso gydymo metu (3.3.3.1 pav. B, C, H, I). IL-33 ir eotaksino
kiekis serume reik§mingai padidéjo po 4 savaiCiy, kai buvo pradétas gydymas
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mepolizumabu, ir §is poveikis isliko viso gydymo metu (3.3.3.1 pav. E, G).
Rezultatai pateikti 3.3.3.1 lentel¢je.

3.3.3.1 lentelé. 2-o tipo uzdegimo biologiniy Zymeny kiekis serume 24 savaites
gydant pries interleuking 5 nukreiptu vaistu mepolizumabu

SEA
% V2 V3 V4

IL-4 (pg/ml) 30,7+6,5 263422 26,0+ 4,7 242+42
IL-5 (pg/ml) 111,7 £4,4%7¢ 97,5+4,3 83,5+3,0 82,8+ 4,1
IL-13 (pg/ml) 72 41,1 %¢ 57409 55+1,0 49+0,8
IL-25 (ng/ml) 4,0+0,7 33+0,5 3,54 0,6 4,0+0,9
IL-33 (pg/ml) 18,1+ 1,0 % #* 184+ 1,0 194+ 1,0 21,3408
TSLP (pg/ml) 491+ 11,9%#¢ | 4244103 39,7+ 10,0 41,8+ 10,5
sIL-5Ra (ng/ml) 2,84+055% % | 2,11+047 2,43 +0,52 2,42+047
Eotaksinas (pg/ml) | 143,9+ 182 *#£ | 1953 +255 201,7+25.9 197,5+ 24,8
sFceRI (ng/ml) 7,04 1,3 %% 59+ 1,1 52409 42406

IL — interleukinas; SEA — sunki eozinofiliné astma; sFceRI — tirpus didelio afiniteto imunoglobulino E
receptorius; sIL-5Ra — tirpaus interleukino 5 receptoriaus alfa subvienetas; TSLP — uzkriicio liaukos
stromos limfopoetinas; V1 — pirmas vizitas; V2 —antras vizitas, pra¢jus 4 sav. po pirmos mepolizumabo
injekcijos po oda; V3 —trecias vizitas, praéjus 12 sav. po pirmos mepolizumabo injekcijos po oda; V4 —
ketvirtas vizitas, praéjus 24 sav. po pirmos mepolizumabo injekcijos po oda. SEA grupé n = 18.
Pateiktas duomeny vidurkis su standartine vidurkio paklaida. *p < 0,05, palyginti V2; *p <0,05,
palyginti su V3; £p < 0,05, palyginti su V4. Statistin¢ analizé: tiriant dvi priklausomas grupes, taikytas
Wilcoxon suderinty pory ranginis testas.
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3.3.3.1 pav. Interleukino 4 (A), interleukino 5 (B), interleukino 13 (C),
interleukino 25 (D), interleukino 33 (E), uzkriicio liaukos stromos
limfopoetino (F), eotaksino (G), tirpaus interleukino 5 receptoriaus alfa
subvieneto (H), tirpus didelio afiniteto imunoglobulino E receptoriaus (I)
kiekis serume 24 savaites gydant pries interleuking 5 nukreiptu vaistu
mepolizumabu
IL — interleukinas; SEA — sunki eozinofiliné astma; sFceRI — tirpus didelio afiniteto imunoglobulino E
receptorius; sIL-5Ra — tirpaus interleukino 5 receptoriaus alfa subvienetas; TSLP — uzkricio liaukos
stromos limfopoetinas; V1 — pirmas vizitas; V2 —antras vizitas, praéjus 4 sav. po pirmos mepolizumabo
injekcijos po oda; V3 — trecias vizitas, pra¢jus 12 sav. po pirmos mepolizumabo injekcijos po oda; V4 —
ketvirtas vizitas, praéjus 24 sav. po pirmos mepolizumabo injekcijos po oda. SEA grupé n=18.

Pateiktas duomeny vidurkis su standartine vidurkio paklaida.
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4. REZULTATU APTARIMAS

4.1. Eozinofily potipiu proliferacinis aktyvumas in vitro

4.1.1. Eozinofilopoetiny (interleukino 3, interleukino 5 ir granulo-
city-makrofagy kolonijas stimuliuojancio veiksnio) poveikis eozino-
fily potipiu proliferaciniam aktyvumui in vitro

Eozinofily vystymasis ir funkcijos priklauso nuo citokiny. Citokinai,
reguliuojantys eozinofily brendimg ir aktyvuma, vadinami eozinofilopoeti-
nais. Jiems priklauso IL-3, IL-5 ir GM-CSF [11, 158]. Eozinofily vaidmuo
kvépavimo taky remodeliacijai, jskaitant BLR Iasteliy dauginimasi, buvo
nustatytas palyginti anksti [45]. Jau anksc€iau atliktais tyrimais jrodéme, kad
bet kuriy eozinofily potipiy jtraukimas j bendrg kultiira reikSmingai padidina
BLR Iasteliy dauginimasi [159], taciau iki Siol tyrimy su eozinofilopoetiny
aktyvintais eozinofily potipiais nebuvo atlikta. Siuo tyrimu siekéme nustatyti
eozinofilopoetiny poveikj eozinofily potipiy proliferaciniam aktyvumui.
Naudojant kombinuotus eozinofiloetinais aktyvintus kraujo eozinofily poti-
pius ir BLR lasteliy kultiiros modelj, imituojant procesus in vitro, paaiskejo,
kad IL-5 ir GM-CSF, bet ne IL-3, yra svarbiis eozinofily proliferaciniam
aktyvumui. Abu Sie citokinai reikSmingai sustiprino Eosuzd it Eosre, poveiki
BLR lasteliy proliferacijai AA ir SNEA serganciyjy grupése.

Kvépavimo takai nuolat kontaktuoja su dirgikliais, virusais, mikrobais ir
alergenais, kurie gali sukelti astmos paiiméjima [1]. Norédami jvertinti eozi-
nofilopoetiny poveikj imituojant astmos paiim¢jimus, naudojome labiausiai
aplinkoje paplitusj Dermatophagoides pteronyssinus — namy dulkiy erkeés —
alergena, su kuriuo ?monés nuolat kontaktuoja. Sis tyrimas parodé, kad
bronchy provokacija alergenu sustiprina Eosuza proliferacinj aktyvuma, bet
eozinofilopoetiny poveikis papildomai nepadidina jy atsako. Galima daryti
prielaida, kad Eosuwza kauly Ciulpuose iSsiskiria aktyvesnés biisenos arba turi
didesnj aktyvinty eozinofilopoetiny receptoriy kiekj. Tod¢l juy proliferacinj
aktyvumg maziau veikia eozinofilopoetinai. Bronchy provokacija alergenu
sustiprino Eosr; proliferacinj aktyvuma, o IL-5 ir GM-CSF padidino jy
atsaka. Tai leidzia daryti prielaida, kad Eos, gali biiti maziau aktyvinti, o
bronchy provokacija alergenu, imituojant astmos paiiméjima, sustiprina jy
atsaka j IL-5 ir GM-CSF. Galime spéti, kad sustipré¢jusi BLR remodeliacija,
esant astmos patiméjimui, gali bti susijusi su Eosr; funkcijomis ir su IL-5
bei GM-CSF poveikiu jy proliferaciniam aktyvumui, bet ne su Eosyz funk-
cijomis ir eozinofilopoetiny poveikiu jy proliferaciniam aktyvumui.

Nustatéme, kad IL-5 ir GM-CSF poveikis eozinofily potipiams reikSmin-
gai padidino BLR Iasteliy skai¢iy. Tai lemia kvépavimo taky remodeliacija,

65



bronchy sienelés sustoré¢jimg ir kvépavimo taky susiauréjima, vedant] i
obstrukcijg. Dél Sios priezasties BLR lasteliy dauginimasis gali biiti siejamas
su sunkia astmos eiga ir pablogéjusia plauciy funkcija. To biity galima
iSvengti blokuojant IL-5 ir GM-CSF poveikj eozinofilams.

FDA 2015 m. patvirtino pirmajj humanizuota monokloninj antikiing,
blokuojantj IL-5 (mepolizumaba), skirtg sunkiai eozinofilinei astmai gydyti.
Po 2 mety ta pati institucija patvirtino antrgjj humanizuota monokloninj
antikiing, blokuojantj IL-5R (benralizumabg). Gydymas monokloniniais
antikiinais prie§ IL-5 ir prie§ IL-5R reikSmingai pagerino serganciyjy sunkia
astma gyvenimo kokybe sumazindamas astmos paiméjimy daznj ir ge-
riamyjy gliukokortikoidy vartojimg bei pagerindamas plauciy funkcijg ir
gyvenimo kokybe [147, 151, 153, 154, 160]. Manome, kad GM-CSF
blokavimas gali buti alternatyvus taikinys gydant astmg. Pirmasis tyrimas su
monokloniniais antikiinais prie§ GM-CSF sergant astma buvo atliktas 2012—
2014 m. Sio 2-y faziy tyrimo pagrindinis tikslas — pagerinti serganiyjy astma
plauciy funkcijg — buvo jgyvendintas nevisiSkai, nes ne visi tiriamieji pajuto
siekiamg poveiki, ta¢iau FEV; reikSmingai padidéjo serganciyjy astma gru-
péje, kurioje eozinofily kiekis tyrimo pradzioje buvo > 0,3 x 10%/1. Sio tyrimo
metu taip pat nenustatyta reikSmingo poveikio astmos paiméjimams mazinti
ar astmos kontrolei gerinti. Manoma, kad tyrimo rezultatai nebuvo pakanka-
mai geri dél netinkamai pasirinktos tiriamyjy populiacijos arba tiriamojo
vaisto dozés [161]. Iki Siol klinikiniy tyrimy su monokloniniais antikiinais
prie§ GM-CSF nebuvo atlikta.

4.1.2. Eozinofily potipiy pavirSiaus interleukino 3, interleukino 5
ir granulocity-makrofagy kolonijas stimuliuojancio veiksnio recep-
toriy geny raiska

IL-3, IL-5 arba GM-CSF poveikis eozinofily aktyvinimui priklauso ne
tik nuo citokiny kiekio, bet ir nuo jy receptoriy kiekio eozinofily pavirSiuje.
IL-3, IL-5 ir GM-CSF turi bendrg B granding ir citokinams specifines o
grandines [32]. Nepaisant to, kad visi trys citokinai turi standartinj  gran-
dinés receptoriaus subvieneta, kiekvienas skirtingai veikia eozinofily savybes
dél a grandinés subvienetui buidingy savybiy [147]. Daréme prielaida, kad
eozinofily receptoriy geny raiska eozinofily potipiuose gali atlikti svarby
vaidmen] reguliuojant eozinofily proliferacinj aktyvuma, BLR lasteliy proli-
feracija ir kvépavimo taky remodeliacijg. Siekéme nustatyti IL-3R, IL-5R ir
GM-CSFR geny raiska sutelkdami démesj | numatomg eozinofilopoetiny
receptoriy skaiciy eozinofily pavirsiuje skirtingose tiriamyjy grupése.

Sio tyrimo metu buvo gauti reik§mingi eozinofilopoetiny receptoriy geny
raiSkos skirtumai tarp Eosua ir Eosrez. Abejose serganciyjy astma grupése
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Eosre, i8siskyré didesne IL-3R raiSka nei Eosuzd. Abiejy eozinofily potipiy
IL-3R geny raiska buvo reikSmingai didesné SNEA tiriamyjy grupéje nei AA
ir SA grupése. I[domu tai, kad, nors IL-3R geny raiska buvo didesné¢ SNEA
serganciyjy grupéje, taciau nenustatéme reikSmingo IL-3 poveikio eozinofily
potipiy proliferaciniam aktyvumui. Taigi, IL-3R padidé¢jimas gali biiti susijes
su kity eozinofily potipiy biologinémis savybémis, ypa¢ Eosuz astmos
paiméjimy metu, o tai turi buti iStirta. Vertindami IL-5R geno raiska,
nustatéme reikSmingg padidéjima abiejuose eozinofily potipiuose ir abejose
serganciyjy astma grupése, palyginti su SA. Tad galime daryti iSvada, kad
padidéjusi IL-5R geno raiska gali biiti susijusi su sustipréjusiu Eosuzd it Eosre,
proliferaciniu aktyvumu po jy aktyvinimo IL-5 paveiktais eozinofilais.

GM-CSFR geno raiska, kaip ir [L-3R, gali biiti nesusijusi su eozinofily
potipiy proliferaciniu aktyvumu. Taip teigiame, kadangi skirtingai nuo IL-3R
ir IL-5R, geno GM-CSFR raiska abiejuose eozinofily potipiuose AA tiria-
muyjy grupéje ir Eosrez SNEA tiriamyjy grupéje buvo reik§mingai sumazéjusi,
palyginti su SA grupe. Tai galétume paaiskinti tuo, kad  grandinés citokiny
receptoriai turi specifinj su ligandu susijusj kryZminio reguliavimo mecha-
nizmg. Visi eozinofilopoetinai gali sumazinti IL-5R ir padidinti IL-3R raiska,
o GM-CSF pats slopina savo receptoriy raiSka. Sergant astma, padidéja
IL-5 ir ypa¢ GM-CSF kiekis kraujyje [104], todel tai gali biiti susij¢ su
reik§Smingai mazesne GM-CSFR geny raiSka eozinofily potipiuose. Taciau
eozinofilopoetino receptoriy kiekis néra pagrindiné signalo perdavimo prie-
zastis. Eozinofily potipiy proliferacinis aktyvumas po aktyvavimo GM-CSF
gali padidéti dél to, kad aktyvuotoje biisenoje yra daugiau receptoriy.

4.2. Naujy biologiniu Zymenuy kiekiai serume sergant alergine astma ir
ju kitimas Dermatophagoides pteronyssinus alergeno poveikyje

4.2.1. Létinio uZdegimo biologiniu Zymeny (autotaksino, tirozin-
proteinkinazés Met, lipoproteino A2 fosfolipazés ir tirpaus interleu-
kino 5 receptoriaus alfa subvieneto) kiekiai serume sergant alergine
astma ir juy kitimas Dermatophagoides pteronyssinus alergeno
poveikyje

Su létiniu uzdegimu susijusios biologisSkai aktyvios medziagos (ATX,
MET, Lp-PLA2s, sIL-5Ra) atlieka svarby vaidmenj skatinant ir palaikant
kvépavimo taky uzdegima sergant astma. Tyrimai in vitro parodé, kad ATX
aktyvuoja jvairius lgsteliy tipus [127], susijusius su kvépavimo taky uzde-
gimu, o Lp-PLA2 yra fermentas, susij¢s su uzdegimu ir jvairiy ligy, jskaitant
astma, patogeneze [21]. Atlikto tyrimo metu nenustatéme, kad Sios su létiniu
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uzdegimu susijusios medziagos gali turéti prognostinés vertés atpazistant AA
fenotipa.

MET signalo perdavimas glaudziai susij¢s su imuniniy lasteliy aktyvi-
nimu ir citokiny bei chemokiny, susijusiy su astmos patogeneze, gamyba
[162]. Anksciau atlikti tyrimai parodé, kad MET aktyvinimas ir jo signalo
perdavimas gali padidinti uzdegiminiy lgsteliy, tokiy kaip eozinofilai ir T
limfocitai, aktyvuma kvépavimo takuose. Be to, MET lemtas citokiny iSsis-
kyrimas, jskaitant IL-8 ir IL-13, gali sukelti ar paiiminti jau esamg kvépavimo
taky uzdegimg ir tokiu biidu lemti ligos sunkuma [163, 164]. Pries kelerius
metus atliktas tyrimas, kurio metu tirta MET geno raiska serganciyjy astma
kvépavimo taky biopsinése medziagose [165]. Tyrimo rezultatas — padidéjusi
MET geno raiSka bronchy epitelio lastelése. Todeél jvertinome MET kiekij
serume kaip galima AA fenotipo biologinj Zymenj. Sio tyrimo rezultatai
parodé reikSminga MET kiekio sumaZzéjima tiek pries, tiek pra¢jus 24 valan-
doms po bronchy provokacijos alergenu, o tai rodo galimg MET vaidmenj
AA patogenezeje ir jo reakcijg i alergeny poveiki. MET veikia kaip hepato-
city augimo veiksniy receptorius, o kai hepatocity augimo veiksniai prisijun-
gia prie MET receptoriaus, suaktyvinami tarplasteliniy signaly perdavimo
keliai, kurie yra labai svarbiis sergant astma [164]. MET kiekio sumazéjimas
serganciyjy AA serume gali reiksti Siy receptoriy proteolitinio skilimo slopi-
nima, o tai rodo ryskesni su MET susijusj signalo perdavimg ir imuniniy
lasteliy aktyvinimg.

sIL-5Ra, kuris susidaro atsiskyrus uzlgsteliniam domenui, yra aptinka-
mas kraujyje. IL-5 yra labai svarbus citokinas, kuris, veikdamas kaip signali-
né molekulé, atlieka svarby vaidmenj reguliuojant imuning sistema, ypac
esant alerginéms ir uzdegiminéms reakcijoms. Jis, visy pirma, Zinomas dél
savo vaidmens diferencijuojant, brandinant ir aktyvinant eozinofilus. IL-5
prisijungia prie savo receptoriy eozinofily pavirSiuje ir inicijuoja signaliza-
cijos kelius, dél kuriy aktyvinami eozinofilai. Pastebéta, kad sergantiesiems
astma su diagnozuota nosies polipoze, padidéja sIL-5Ra kiekis serume [130].
Sio tyrimo i§vados rodo, kad sergant AA sIL-5Ra kiekis yra reik§mingai
didesne nei SA, taciau bronchy provokacija alergenu sIL-5Ra kiekio sergant
AA nekeicia. Tai rodo ilgalaikj IL-5 signalo perdavima ir nuolatinj eozino-
filinj uzdegima. Be to, sIL-5Ra kiekis serume reik§mingai koreliuoja su Feno
kiekiu, eozinofily kiekiu kraujyje, bendro IgE kiekiu ir FEV,. D¢l Sios prie-
zasties sIL-5Ra kiekio serume matavimas gali turéti diagnostinés bei terapi-
nés naudos [166]. Gerai Zinomy astmos Zymeny derinimas su sIL-5Ra, kaip
galimu biologiniu Zymeniu, gali padidinti jo prognosting verte.
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4.2.2. Kraujo oksidacinio streso biologiniu Zymenu (pentaksino 3 ir
tioredoksino 1) kiekiai serume sergant alergine astma ir ju kitimas
Dermatophagoides pteronyssinus alergeno poveikyje

Oksidacinis stresas vaidina svarby vaidmen] sergant astma. Jrodyta, kad
oksidacinio streso biologiskai aktyvios medziagos yra susij¢ su oksidacine
zala Iasteléms ir kvépavimo taky uzdegimu [167]. Oksidacinio streso Zymeny
matavimas serume leidzia jvertinti oksidacinio streso jtakg lasteléms ir ligos
progresavimui. PTX3 yra tirpus receptorius, kuris atlieka svarby vaidmenj
imuniniuose atsakuose [168, 169]. Kalbant apie astma, PTX3 reguliuoja
kvépavimo taky uzdegima, kvépavimo taky remodeliavimo ir oksidacinio
streso procesus, todél jis yra potencialus astmos sunkumo biologinis zymuo
ir taip pat gydymo taikinys [170]. PTX3 kiekis skrepliuose buvo tiriamas tiek
vaiky, tiek suaugusiyjy, serganciyjy astma, populiacijose. Nustatyta, kad
PTX3 kiekis yra didesnis sergant astma, palyginti su SA [171, 172]. Taciau
triksta PTX3 kiekio serume tyrimy. Sio tyrimo rezultatai parodé mazesnj
PTX3 kiekj serganciyjy AA serume, palyginti su SA. Be to, po bronchy pro-
vokacijos alergenu AA tiriamyjy grupéje PTX3 kiekis reikSmingai sumaze¢jo,
palyginti su kiekiu prie§ bronchy provokacijg alergenu. PTX3 kiekio serume
sumazéjimas sergant AA gali biiti nulemtas keleto priezas¢iy. PTX3 kiekis
serume gali svyruoti, o tai atspindi uzdegiminius procesus, susijusius su $ia
kvépavimo taky liga. Be to, PTX3 prisideda prie audiniy atstatymo ir rege-
neracijos. Tai padeda moduliuoti uzdegiminj atsaka, kuris yra labai svarbus
gydant pazeistus audinius. Taip pat nustatéme reikSminga neigiamg korelia-
cija tarp PTX3 kiekio ir eozinofily kiekio kraujyje, o tai rodo, kad pacientams
su dideliu eozinofily kiekiu, PTX3 kiekis sumaz¢jo. Kaip imuninis modu-
liatorius, PTX3 gali turéti jtakos pakitusiam imuniniam atsakui sergant astma,
o sumazeje¢ PTX kiekiai gali rodyti imuninio profilio pasikeitimg kity
imuniniy molekuliy naudai.

TRX1 atlieka savo antioksidacing funkcijg mazindamas oksiduoty balty-
my kiekj ir iSlaikydamas jy aktyvig biiseng. Kalbant apie astmg, yra daug
jrodymy, patvirtinan¢iy, kad TRX1 dalyvauja reguliuojant kvépavimo taky
uzdegima ir oksidacinj stresg. Tyrimai parodé pakitusig TRX1 geno raiska ir
aktyvumg bronchy epitelio Iastelése, kvépavimo taky lygiyjy raumeny Iaste-
lése ir imuninése lgstelése sergant astma [173—175]. Pazymétina, kad vieno
tyrimo rezultatai parodé¢, kad serganciyjy AA kraujo plazmoje TRX1 kiekis
buvo reikmingai didesnis nei SA [176, 177]. Sie rezultatai atskleidé, kad
sisteminis oksidacinis stresas ir astmos metu esantis uzdegimas yra susij¢ su
padidéjusiu TRX1 iSsiskyrimu j krauja. Be to, sergant astma, imuniné sistema
per stipriai reaguoja } alergenus sukeldama uzdegimg ir bronchy obstrukcija.
TRX1 potencialiai moduliuoja imuniniy Iasteliy funkcija, citokiny gamyba ir
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bendra imuninj atsakg kvépavimo takuose, o tai gali turéti jtakos AA
simptomy sunkumui ir trukmei. Sio tyrimo i§vados pabrézia TRX1 svarba
sergant AA. TRXI1 kiekis serume AA tiriamyjy grupéje buvo reikSmingai
didesnis nei SA grupéje, o tai rodo galima rysj tarp TRX1 ir AA. Sie rezultatai
taip pat rodo, kad TRX1 gali turéti jtakos alerginéms reakcijoms ir gali buti
Sio astmos fenotipo biologiniu Zymeniu. Be to, TRX1 kiekis AA grup¢je
reikSmingai padidéjo praéjus 24 valandoms po bronchy provokacijos alerge-
nu. Tai rodo, kad alergeno poveikis sukelia atsakg, dé¢l kurio padidé¢ja TRX1
gamyba arba i$siskyrimas i krauja. Tokie TRX1 kiekio serume pokyciai gali
rodyti oksidacinio streso ir uzdegimo vaidmenj sergant astma, padedant
gydytojams jvertinti ligos sunkumg ir atsaka j gydyma.

4.2.3. Uzlastelinio uZpildo apykaitos komponenty (matrikso metalo-
proteinazés 7,9, 10 ir I C telopeptido I tipo kolageno) kiekiai serume
sergant alergine astma ir ju kitimas Dermatophagoides pteronyssinus
alergeno poveikyje

MMP yra proteolitiniy fermenty Seima, dalyvaujanti remodeliuojant
uzlgstelinio uzpildo komponentus, tokius kaip kolagenas ir elastinas, o Sie
atlieka pagrindinj vaidmenj sergant astma [61]. MMP-7, MMP-9 ir MMP-10
yra svarblis astmos patogenezéje, ypa¢ kvépavimo taky remodeliavimui ir
uzlgstelinio uzpildo pakitimams. Nors MMP-7 ir MMP-10 vaidmuo sergant
astma vis dar tiriamas, tuo tarpu MMP-9 jau nustatytas rySys su ligos
sunkumu ir kvépavimo taky remodeliavimo procesais [178]. Pagrindinis
miisy tyrimo pastebéjimas, kad MMP-7, MMP-9 ir MMP-10 kiekiai serume
iSliko panasiis abejose tirtose grupése, o tai rodo, kad jos gali neturéti jokios
prognostinés reikSmés sergant astma.

Be to, iStyréme kolageno skilimo zymenj ICTP ir gavome jdomiy
rezultaty. Nors ICTP tiesiogiai nedalyvauja kvépavimo taky remodeliacijoje,
jis veikia kaip kolageno skilimo zymeklis, kuris yra pagrindinis kiino jungia-
mojo audinio komponentas, jskaitant kvépavimo taky sieneles. TeoriSkai
padidéjes kolageno skilimas prisideda prie kvépavimo taky struktiiros poky-
Ciy. Ankstesniame tyrime buvo tiriamas ICTP kiekis serganciyjy astma
skrepliuose ir nustatyta, kad Siy pacienty ICTP kiekis yra mazesnis nei SA
[179]. Tadiau nebuvo tirta ICTP kiekis serume. Sio tyrimo rezultatai parodé,
kad serganciyjy AA serume ICTP kiekis reikSmingai mazZesnis nei SA.
Sergant astma, kvépavimo taky remodeliacija pasizymi padidéjusia uzlaste-
linio uzpildo baltymy gamyba [180]. Si padidéjusi kvépavimo taky audiniy
masé gali atsirasti dél padidéjusios uzlastelinio uzpildo baltymy gamybos
arba sumazéjusio jy skilimo [181]. MaZesnis ICTP kiekis, kuri nustatéme,
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gali buti paaisSkintas sumazéjusiu kolageno skaidymu kvépavimo taky audi-
nyje. Be to, ICTP kiekis reikSmingai koreliuoja su eozinofily kiekiu krau-
jyje — didesnis eozinofily kiekis kraujyje koreliuoja su sumazéjusiu ICTP
kiekiu. ICTP kiekio serume ir eozinofily skaiCiaus derinimas gali suteikti
vertingos prognostinés informacijos ne tik apie AA fenotipa, bet ir jvertinant
ligos sunkuma bei kvépavimo taky remodeliavimosi laipsnj.

Naujy biologiniy Zymeny nustatymas ir jy koreliacija su jau patvirtintais
biologiniais Zymenimis yra labai svarbu atpaZjstant AA fenotipg. Sio tyrimo
duomenimis, AA fenotipui atpazinti galéty biiti naudojami MET, sIL-5Ra,
PTX3, TRX1 ir ICTP. Siy biologiskai aktyviy medZiagy kiekiai serume
gerokai skyrési nuo SA grupés. Be to, sIL-5Ra parodé reikSmingg rysj su jau
patvirtintais astmos biologiniais Zymenimis: Feno, eozinofily kiekiu kraujyje
ir bendru IgE. D¢l Sios priezasties sIL-5Ra gali biiti AA biologinis Zymuo.

Kitos biologiskai aktyvios medZziagos, tokios kaip PTX3 ir ICTP, taip pat
gali biiti naudingos atpazjstant AA fenotipa. Blisimi tyrimai turéty atskleisti
Siy biologiniy Zymeny dinamika, jvertinti jy specifiSkumg ir jautruma
didesng¢je tiriamyjy populiacijoje, be to, jvertinti jy, kaip biologiniy Zymeny,
potencialg ir prognosting reikSmg.

4.3. Klinikinés remisijos Kkriterijai ir 2-o tipo uZdegimo biologiniy
Zymeny kiekio serume poky¢iai sergant sunkia eozinofiline astma ir
24 savaites gydant monokloniniu antikiinu prieS interleuking 5

4.3.1. Klinikinés remisijos Kkriterijai, plauciy funkcija ir naujy 2-o
tipo biologiniy Zymeny kiekio serume kitimas sergant sunkia eozino-
filine astma ir gydant monokloniniu antikiinu prieS interleuking 5

IL-5 yra vienas i§ svarbiausiy citokiny 2-o0 tipo uzdegimo patogenezéje.
Sis citokinas dalyvauja pritraukiant ir aktyvuojant eozinofilus bei prailginant
ju i8gyvenamumg. IL-5 slopinimas veiksmingai mazina eozinofily skaiciy,
eoznofilinj kvépavimo taky uzdegimg ir taip palengvina su astma susijusius
simptomus [182].

Atliktas tyrimas parodé¢, kad monokloninis antikiinas prie§ IL-5 mepoli-
zumabas lemia ilgalaikj plauciy funkcijos pageré¢jima (padid¢ja FEV)) ir
eozinofilinio uzdegimo susilpnéjimg (sumazéja eozinofily kiekis kraujyje).
Sis poveikis yra glaudziai susijes su mepolizumabo salygotu astmos kontrolés
pageréjimu. Tyrimo rezultatai atitinka kity anksc¢iau atlikty tyrimy rezultatus
[183—187]. Taip pat nustatéme, kad bendro IgE kiekis serume gydymo metu
reik§Smingai nepakito. Kadangi mepolizumabas blokuoja IL-5, gali neveikti
kity 2-0 tipo uzdegimo komponenty [188, 189]. Gydymo mepolizumabu
metu Feno kiekis taip pat reikSmingai nepakito ir tai atitinka kity tyrimy
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rezultatus, kurie neparodée Feno poky¢iy gydymo metu [187, 190]; prieSingai,
buvo nustatyta, kad jo kiekis reikSmingai padidéja [191]. Skiriant gydyma
monokloniniu antikiinu prie§ IL-5 mepolizumabu, reikSmingai padidéjo
pacienty surenkamy astmos kontrolés baly kiekis. Tai rodo, kad, nepaisant to,
jog iki gydymo biologiniais vaistais pradzios pacientams skirtas standartinis
gydymas pagal GINA rekomendacijas, pacienty liga buvo sunki.

Astmos remisija apibréziama kaip ilgalaikis simptomy nebuvimas ir
plauciy funkcijos normalizavimas bei optimizavimas. Gydant biologiniais
vaistais, pasiekiami keli astmos remisijos kriterijai [182]. Sio tyrimo rezul-
tatai parode, kad po 24 savai¢iy gydymo mepolizumabu beveik du tre¢daliai
pacienty atitiko tris ar keturis astmos remisijos kriterijus. Taip pat jvertinome
kiekvieng kriterijy atskirai pries§ ir po 24 savaic¢iy gydymo mepolizumabu. Né
vienas pacientas prie§ gydyma mepolizumabu neatitiko Siy kriterijy: be
gliukokortikoidy, be paiimé¢jimy ir astmos kontrolés testas > 20 baly. Po 24
savai¢iy gydymo mepolizumabu Sie rezultatai reikSmingai pageré¢jo. Daugelis
anksciau atlikty tyrimy parodé, kad mepolizumabas sumazina astmos patime-
jimy skaiciy, pagerina plauciy funkcijg ir astmos kontrole bei sumazina
geriamyjy gliukokortikoidy vartojimo daznuma [147—149, 192]. Sio tyrimo
rezultatai atitinka anksCiau paskelbty tyrimy rezultatus. Teigiame, kad
pacientai buvo tinkamai atrinkti ir gydymas mepolizumabu veiksmingai
slopina 2-o tipo uzdegima.

4.3.2. Alarminy (interleukino 25, interleukino 33 ir uzkricio liaukos
stromos limfopoetino) kiekio serume kitimas sergant sunkia eozino-
filine astma ir gydant monokloniniu antikiinu prieS interleuking 5

Bronchy epitelis i§skiria IL-25, IL-33 ir TSLP. Sie citokinai inicijuoja
tarplastelinio signalo perdavimg ir yra vadinami alarminais. Alarminai ska-
tina IL-4, IL-5, IL-13 iSsiskyrimg ir 2-o tipo uzdegimo vystymasi [75, 193].
Nors mepolizumabas blokuoja IL-5, $io tyrimo rezultatai rodo, kad 2-o tipo
uzdegimo slopinimas sumazino TSLP kiekj ir padidino IL-33 kiekj serume,
o IL-25 kiekis nepasikeité. Tai galime paaiskinti tuo, kad ne tik alarminai
skatina citokiny i$siskyrima, bet yra ir griZtamasis rySys — 2-o tipo citokiny
poveikis epiteliui. Nors eozinofilai turi receptorius visiems trims alarminams,
vertinant jy pagrindines funkcijas, nustatyta, kad tik IL-25 ir IL-33 tiesiogiai
veikia eozinofilus prisijunge prie eozinofily IL-17RB ir ST2 receptoriy [194—
196]. TSLP daugiau dalyvauja alerginio uzdegimo patogenezéje padédamas
formuoti imuning aplinka ir netiesiogiai sukeldamas eozinofily aktyvavima ir
pritraukima veikiant kitiems citokinams, kuriuos gamina Th2 Igstelés [197].
Sio tyrimo i§vados rodo sudétinga kompensacinj atsaka citokiny tinkle.
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Ne tik epitelio lastelés gamina IL-25, bet ir eozinofilai yra svarbus §io
alarmino Saltinis [198]. PaZymétina, kad nors biologiniai vaistai maZina eozi-
nofily kiekj serume, IL-25 lygio sumazéjimo nepastebéta. Sis neatitikimas
rodo, kad kiti 1gsteliy veiksniai, galbiit epitelis, gali kompensuoti sumazéjusia
eozinofiling IL-25 gamybg islaikydami jo kiekj serume. Toks kompensacinis
mechanizmas pabrézia sudétingg pusiausvyra tarp eozinofily aktyvumo ir
citokiny gamybos, kai IL-33 lygis didéja galbiit kaip tiesioginis atsakas |
sumazéjusj eozinofily skaiciy.

Be to, $i analizé apima TSLP, kurio vaidmuo skiriasi nuo IL-25 ir
IL-33 pirmiausia tuo, kad TSLP aktyvuoja dendritines lasteles, o ne eozino-
filus. Eozinofily skai¢iaus sumaz¢jimas susilpnina dendritines lasteles ir
tokiu biidu gali sutrikdyti TSLP sukelta aktyvacijos kelig. Sis pastebéjimas
sutampa su diskusijomis apie kompensacinius imunings sistemos mechaniz-
mus, kai vieno citokino sumaz¢jimas dél tikslinés terapijos nebiitinai sukelia
tiesioginj susijusiy uzdegimo zymeny sumaz¢jimg dél sudétingy griztamyjy
ry$iy ir tarpusavio priklausomybés imuniniame tinkle.

4.3.3. Citokiny (interleukino 4, interleukino 5 ir interleukino 13) ir
chemokino (eotaksino) kiekio serume kitimas sergant sunkia eozino-
filine astma ir gydant monokloniniu antikiinu prieS interleuking 5

IL-4 ir IL-13 yra vieni svarbiausiy 2-o tipo uzdegimo citokiny [199].
Pagrindiniai IL-4 ir IL-13 Saltiniai yra Th2 ir ILC2 Iastelés, o reikSminga
indélj Siy dviejy citokiny gamybai taip pat turi eozinofilai, bazofilai, put-
liosios ir kt. Iastelés [134]. Nors apraSyta, kad IL-4 svarbesnis AA atvejais,
jis taip pat turi didel¢ reikSme esant nealerginei astmai. Alarminy suakty-
vintos ILC2 ir Th2 Igstelés lemia padidéjusj 1L-4 kiekj [82]. IL-33 yra ypac
svarbus alarminas, turintis jtakos IL-4 gamybai [200]. Atliekant §j tyrima,
nors gydymo mepolizumabu metu IL-33 kiekis serume padidéjo, vis délto
nebuvo reikSmingo poveikio IL-4 kiekiui. Nepakitgs IL-4 kiekis serume
gydymo metu rodo kompensacinius IL-4 mechanizmus.

IL-4 ir IL-13 veikia daugel; lasteliy, pvz., B lasteles, eozinofilus, bazofi-
lus, monocitus ir fibroblastus [199]. Abu citokinai tiesiogiai prisideda prie
audiniy uzdegimo ir remodeliacijos. Be to, IL-4 ir IL-13 atlicka svarby vaid-
men] pritraukiant eozinofilus j uzdegimo vietg. Abu citokinai sinergizuoja,
kad sustiprinty alergines reakcijas. Skirtingai nei 1L-4, IL-13 kiekis reiks-
mingai sumaz¢jo gydant mepolizumabu. Nors dauguma IL-4 gaminanciy
lasteliy gali gaminti ir IL-13, sumazgjes eozinofily skaicius buvo susijes su
IL-13 sumaz¢jimu, o tuo tarpu IL-4 kompensaciniy mechanizmy nebuvo. Tai
gali reiksti, kad IL-13 gamyba yra labiau susijusi su eozinofiliniu uzdegimu,
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nes tai yra pagrindinis citokinas, kurj gamina Th2 ir [LC2 Iastelés, tiesiogiai
nukreiptos i eozinofilus [201].

Abu citokinai — IL-4 ir IL-13 — susij¢ su eozinofily chemotaksés induk-
cija, skatina eotaksino gamybg [202]. Eotaksinas yra mazas baltymas, kurj
sintetina daugybé skirtingy lasteliy tipy (epitelinés lastelés, lygiyjy raumeny
lastelés, fibroblastai). Eotaksing stimuliuoja IL-4 ir IL-13, kuriuos gamina
Th2 lastelés. Eotaksinas skatina eozinofily pritraukimg i§ kvépavimo taky
kraujagysliy i plauc¢iy audinj [137]. Mes nustatéme, kad gydymo mepolizu-
mabu metu eotaksino kiekis serume reikSmingai padidéjo [203]. Patys
eozinofilai gali moduliuoti chemokiny, jskaitant eotaksing, gamyba tiesiogiai
sgveikaudami su kitomis lgstelémis arba per jy iSskiriamus citokinus. Tokiy
reguliavimo funkcijy nebuvimas arba sumaz¢jimas gali sukelti per didele
eotaksino gamyba kitose imuninés sistemos lastelése, tokiose kaip epitelio,
endotelio lgstelés ir fibroblastai. Be to, organizmas, atpazindamas sumazéjusj
turimy eozinofily skaiiy, inicijuoja kompensacinj mechanizma, kad pri-
traukty daugiau eozinofily i vietas, kur jy paprastai reikia. Kad tai pasiekty,
organizmas padidina eotaksino, stipraus chemokino, atsakingo uz eozinofily
pritraukima, gamyba. Sis atsakas yra natiiralus organizmo bandymas palai-
kyti homeostaz¢ ir veiksmingai valdyti uzdegiminius procesus.

4.3.4. Tirpiu receptoriy (interleukino 5 receptoriaus alfa subvieneto
ir didelio afiniteto imunoglobulino E receptoriaus) kiekio serume
kitimas sergant sunkia eozinofiline astma ir gydant monokloniniu
antikiinu pries interleuking 5

IStyréme dviejy tirpiy receptoriy — sIL-5Ra ir sFceRI — kiekj kraujyje.
IL-5R yra didelio afiniteto receptorius, ekspresuojamas ant eozinofily, bazo-
fily ir putliyjy lasteliy [130]. Sis receptorius yra sudarytas i3 dviejy subvien-
ety: IL-5Ra ir Be. Nors sIL-5Ra unikaliai sgveikauja su IL-5, Bc subvienetas
tiesiogiai su juo nesijungia, bet yra bitinas tolesniems signalizacijos
procesams [204]. sIL-5Ra gali veikti kaip receptorius (prisijungti prie IL-5)
ir keisti biologinj IL-5 poveikj (daryti jtaka imuniniam atsakui). Mes nusta-
téme, kad gydymo mepolizumabu metu sIL-5Ra kiekis serume reikSmingai
sumazéjo. Tai galima paaiskinti tuo, kad po gydymo mepolizumabu
organizmas gali noréti iSlaikyti likusj IL-5 lygj, o sIL-5Ra i krauja neiSsi-
skiria.

Taip pat iStyréme sFceRI, kuris yra ekspresuojamas daugelio lasteliy,
kieki serume. Eozinofilas taip pat laikomas lastele, ekspresuojancia §j recep-
toriy [205, 206]. Sutrumpinta IgE suriSancio a subvieneto versija randama
kaip tirpi izoforma serume [207]. sFceRI serume paprastai randamas dviem
pagrindinémis formomis: laisva forma ir kompleksine forma, kur jis yra
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susijes su IgE. Nors sFceRI pirmiausia ekspresuoja imuninés 1astelés, tokios
kaip putliosios lastelés ir bazofilai, eozinofilai taip pat yra galimas tirpiy
receptoriy Saltinis, ypac esant patologinéms biikléms, tokioms kaip astma,
kuomet yra padidéjes eozinofily aktyvumas. Sio tyrimo i$vados rodo, kad
gydymas mepolizumabu sumazina cirkuliuojanéio sFceRI kiekj. Sj sumazé-
jimg galima paaiSkinti keliais mechanizmais: pirma, eozinofily skaiciaus
sumazéjimas gali tiesiogiai sumazinti sFceRI gamyba, antra, IL-5 aktyvumo
sumaz¢jimas gali lemti imuningés sistemos aktyvacijos sumazejima, jskaitant
kelius, susijusius su sFceRI gamyba arba iSsiskyrimu 1§ lastelés pavirSiaus.
Be to, esant maziau eozinofily ir sumazejus IgE receptoriy, receptoriai gali
maziau skilti ir i$siskirti j tirpig forma [208].
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ISVADOS

Eozinofilopoetinai interleukinas 5 ir granulocity-makrofagy kolonijas
stimuliuojantis veiksnys, bet ne interleukinas 3, skatina abiejy eozinofily
potipiy (j plauciy rezidentinius ir uzdegiminius eozinofilus panasiy lgste-
liy), i8skirty 1§ serganciyjy 2-o tipo astma kraujo, proliferacinj aktyvuma
bronchy lygiyjy raumeny lasteléms in vitro lyginant su sveikais asme-
nimis. Abiejy eozinofily potipiy proliferacinis aktyvumas siejamas su
eozinofily pavirSiaus interleukino 5 receptoriaus geno raiska. Be to, i
plauciy rezidentinius eozinofilus panasiy lasteliy proliferacinis aktyvu-
mas dar labiau sustipréjo Dermatophagoides pteronyssinus alergeno
poveikyje lyginant su proliferaciniu aktyvumu nesant alergeno.

Biologiniy Zymeny analizé atskleidé:

e Tirozin-proteinkinazés Met, pentaksino 3 ir I C telopeptido I tipo
kolageno kiekis serume yra maZesnis serganciyjy alergine astma nei
sveiky asmeny. Be to Dermatophagoides pteronyssinus alergeno
poveikyje tirozin-proteinkinazés Met ir pentaksino 3 kiekis dar
labiau sumazgjo.

e Tirpaus interleukino 5 receptoriaus alfa subvieneto ir tioredoksino 1
kiekis serume yra didesnis serganciyjy alergine astma nei sveiky
asmeny. Be to Dermatophagoides pteronyssinus alergeno poveikyje
tioredoksino 1 kiekis dar labiau padidéjo.

e Autotaksino ir matrikso metaloproteinaziy 7, 9 bei 10 kiekiai serume
tarp serganciyjy alergine astma ir sveiky asmeny reikSmingai nesi-
skyre.

e Tirpaus interleukino 5 receptoriaus alfa subvieneto kiekis serume
teigiamai susij¢s su zinomais 2-o tipo astmos biologiniais Zymen-
imis (azoto monoksido kiekiu iSkvepiamame ore, kraujo eozinofily
kiekiu, bendro imunoglobulino E kiekiu) ir tai rodo galimg $io
biologinio Zymens vaidmenj alerginés kilmés uzdegime.

Interleukino 5 blokavimas sergant sunkia eozinofiline astma sumaZzina
interleukino 13, uzkriicio liaukos stromos limfopoetino, tirpaus interleu-
kino 5 receptoriaus alfa subvieneto, tirpaus didelio afiniteto imunoglo-
bulino E receptoriaus kiekius serume ir padidina klinikinés remisijos
kriterijy pasiekiamuma.
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PRAKTINES REKOMENDACILJOS

Sis tyrimas papildé Zinias apie astmos patogeneze. Tyrimo metu nusta-
tyta, kad eozinofilopoetinai interleukinas 5 ir granulocity-makrofagy kolo-
nijas stimuliuojantis veiksnys stiprina abiejy eozinofily potipiy proliferacinj
aktyvumg bronchy lygiyjy raumeny Iasteléms. D¢l Sios priezasties interleu-
kino 5 ir granulocity-makrofagy kolonijas stimuliuojancio veiksnio poveikio
slopinimas gali sumazinti bronchy lygiyjy raumeny lasteliy proliferacija, tuo
paciu ir kvépavimo taky remodeliacijg, sergant 2-o tipo astma. Serganciyjy
alergine astma serume tirozin-proteinkinazés Met, pentaksino 3, tioredok-
sino 1, I C telopeptido I tipo kolageno, o ypac tirpaus interleukino 5 recepto-
riaus alfa subvieneto kiekiai skiriasi nuo sveiky asmeny. Vertinant tai, Sie
biologiniai Zymenys gali biiti pasirenkami nustatant uzdegimo tipa kliniki-
néje praktikoje ir parenkant individualizuota gydyma. Tyrimas atskleide, kad
interleukino 5 blokavimas turi jtakos ne tik interleukino 5, bet ir kity 2-o tipo
uzdegimo citokiny pusiausvyrai. Tai gali buti svarbu parenkant biologinj
vaistg sunkiai eozinofilinei astmai gydyti.
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ASM
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GM-CSFR
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1EOS-like
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IL-5R
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MMP

p

PTX3
rEOS-like
SEA
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SNEA
Th2
TRX1
TSLP

Asthma ranks among the most prevalent chronic diseases worldwide [1].
It is more commonly diagnosed in boys during childhood, while women are
more frequently affected in adulthood [2]. Asthma symptoms often manifest
early in life and are initially non-specific, commonly associated with viral
respiratory infections [3]. Typical symptoms include shortness of breath,
coughing, wheezing, and chest tightness, all stemming from chronic inflam-
mation of the airways [4-6]. Risk factors for adult-onset asthma include
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granulocyte-macrophage colony-stimulating factor
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INTRODUCTION

prematurity, early lung infections, rhinitis, smoking, and obesity [6].

Airway inflammation is considered one of the essential pathophysio-
logical mechanisms associated with asthma pathogenesis and leading to

78



structural changes in the airway, described as remodelling [7]. Although
standard treatments can generally control asthma symptoms, it is not always
possible to control the course of the disease [8]. Approximately 5-10% of
patients suffer from severe, uncontrolled asthma, which increases mortality,
hospitalisations, reduces quality of life, and raises healthcare costs [9, 10].
The primary risk factors for severe asthma are genetic predisposition and
environmental factors that modulate immune responses [8].

Asthma is a more complex disease than previously thought, as it is hete-
rogeneous [11]. This realisation prompted research into asthma pathogenesis,
the characteristics of airway inflammation, and clinical course. This led to the
introduction of phenotype and endotype concepts more than 10 years ago
[12]. Based on clinical manifestations, allergic, non-allergic, obese asthma,
asthma with persistent bronchial obstruction, and neutrophilic asthma are
distinguished [3, 13], while based on the predominant pathogenic mechanism
and cytokines involved in inflammation, type 2 and non-type 2 asthma have
been identified [14, 15]. The identification of asthma phenotypes is highly
precise, considering factors such as sex, age, allergies, family history of
diseases, age at asthma diagnosis (childhood or adulthood), response to
inhaled corticosteroid treatment, etc. The most common asthma phenotypes
are allergic asthma (AA) and non-allergic asthma [16]. In contrast, astma
endotype identification is more complex, requiring an understanding of asthma
pathogenesis. About half of asthma patients exhibit type 2 inflammation, cha-
racterised by T helper 2 (Th2) lymphocytes [17].

Biological markers aid in identifying both asthma phenotype and endo-
type [18]. Asthma is most commonly associated with type 2 inflammation
[19], hence the use of type 2 inflammation biological markers [18]. Currently
approved biological markers include: blood and sputum eosinophil counts,
total immunoglobulin (Ig) E levels in blood, exhaled nitric oxide (Feno)
levels, and periostin [20]. One of the main biological markers is the eosino-
phil count. This is the most researched and widely used biological marker in
both scientific research and clinical practice [21]. Unfortunately, none of the
mentioned biological markers are ideal and all have their drawbacks [22]. The
aim is for biological markers to be informative, easily measurable, and cost-
effective [23]. For this reason, new biological markers associated with type 2
inflammation pathogenesis are being sought [13]. It is believed that biologi-
cally active substances involved in asthma pathogenesis are potential new
biological markers [24].

Understanding the pathogenesis of asthma is important in selecting the
best individualized asthma treatment [25]. Approximately half of asthma
patients exhibit eosinophil-associated inflammation [11]. Typically, these
cells are relatively few in the blood — about 1% of all leukocytes — and in the
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airway — < 3% of all cells found in sputum. Despite their small numbers in
both blood and the airway, eosinophils are considered one of the most
important cells in asthma [26-28]. An increase in the number of these cells
in both blood and the airway is associated with increased bronchial
sensitivity, airway inflammation, and airflow limitation (obstruction). All of
these contribute to asthma symptoms, more frequent exacerbations, and a
more severe disease course [11, 27]. The impact of eosinophils on airway
remodelling in asthma depends not only on their infiltration into the airway
but also on their survival, as this prolongs the impact of eosinophils on lung
structural cells [29]. Two types of eosinophils are identified in the lungs:
inflammatory and resident. Similar eosinophils can also be found in the
blood: these cells include lung resident-like eosinophil cells (rEOS-like) and
inflammatory-like eosinophil cells (iEOS-like). These cells differ in their
roles in asthma pathogenesis [30]: iEOS-like participate in the inflammatory
response, while rEOS-like maintains tissue homeostasis [31]. Cytokines such
as interleukin (IL) 3, IL-5, and granulocyte-macrophage colony-stimulating
factor (GM-CSF), known as eosinopoietins, promote the level of eosinophils
in the blood and lungs, their survival, maturation, and activation. Activated
eosinophils release biologically active substances that exhibit proliferative
activity on airway smooth muscle (ASM) cells [32], thereby promoting the
proliferation of these cells and changes in bronchial structure [29]. Addi-
tionally, cytokine receptors are expressed on the surface of eosinophils, in-
cluding IL-3, IL-5, and GM-CSF receptors [33]. Eosinophilopoietins can
enhance the expression of their receptors (interleukin 3 receptor (IL-3R),
interleukin 5 receptor (IL-5R) and granulocyte-macrophage colony stimulating
factor receptor (GM-CSFR)) and thus intensify signal transmission to
eosinophils, prolong their survival, increase their activity and enhance their
inflammatory response [34]. The impact of eosinophilopoietins on eosino-
phils depends not only on the quantity of these cytokines but also on the
quantity of their receptors on the surface of eosinophils [35]. Meanwhile, the
effect of eosinophilopoietins on different eosinophil subtypes remains
unknown.

Asthma treatment aims to control symptoms, reduce exacerbations,
minimise treatment-related side effects, and lower mortality risk [36]. In the
treatment of asthma, the term clinical remission is increasingly used [37]. The
signifies a high level of disease control, including absence of asthma symp-
toms, absence of exacerbations, reduced systemic corticosteroid need for
exacerbation treatment, and optimal lung function [38]. Previously, asthma
was understood as a uniform disease, and all patients were prescribed the
same treatment based on inhaled corticosteroids [39]. This treatment adequa-
tely controls asthma symptoms for the majority of patients [40], but some
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continue to experience persistent asthma symptoms, severe disease progres-
sion, and recurring exacerbations requiring oral corticosteroids [27]. Under-
standing of asthma pathogenesis began to change two decades ago. At that
time, more knowledge emerged about type 2 inflammation and biological
markers that can help identify this inflammation. All of this has prompted
interest in treatment options, conducting clinical trials with monoclonal
antibodies targeting type 2 inflammation cytokines and their receptors [41].
Studies have shown that asthma treatment can be more effective when
individualized based on clinical characteristics, predominant pathogenic
pathway, and involved cytokines [42].

Given the predominance of type 2 inflammation in asthma patients, con-
tinued investigation into its pathogenesis is warranted, including evaluating
eosinophil subtype proliferative activity. Additionally, new biological markers
are needed to tailor asthma treatments and predict disease progression.

The aim

To investigate the proliferative activity of eosinophil subtypes and
immune response characteristics in type 2 asthma.

Objectives

1. To evaluate the effect of eosinophilopoietins (interleukin 3, inter-
leukin 5, and granulocyte-macrophage colony-stimulating factor) on
the proliferative activity of eosinophil subtypes in patients with
type 2 asthma and healthy individuals in vitro.

2. To determine the level of biological markers of chronic inflam-
mation, oxidative stress, and level of extracellular matrix metabo-
lism products in allergic asthma, compared to healthy individuals,
and their change in allergen exposure.

3. To assess the change in serum levels of type 2 biomarkers (cyto-
kines, alarmins, chemokines, soluble receptors) and clinical remis-
sion criteria by blocking interleukin 5 with a monoclonal antibody
in patients with severe eosinophilic asthma over 24 weeks.
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Research novelty

e No studies have been conducted on eosinophilopetins-activated
eosinophils, and their subtypes effect on ASM cells proliferation in
asthma.

e Many potential biomarkers have been investigated, but only a few
are used in clinical practice. Our study was based on circulating
biologically active substances involved in the pathogenesis of type 2
inflammation as potential serum biomarkers: chronic inflammation-
related substances, blood oxidative stress indicators, and matrix
metalloproteinases (MMPs) and I C-telopeptide of type I collagen
(ICTP) degradation products.

e Blocking IL-5 with monoclonal antibody mepolizumab may alter
the balance of other type 2 inflammation biological markers in
severe eosinophilic asthma (SEA).

STUDY DESIGN AND METHODS

The research protocol was approved by the Regional Biomedical
Research Ethics Committee of the Lithuanian University of Health Sciences
(BE-2-13; BE-2-58). The study was registered in the U.S. National Institutes
of Health trial registry ClinicalTrials.gov with identifier NCT04542902.

A study was carried out in the Department of Pulmonology at the
Hospital of Lithuanian University of Health Sciences Kauno klinikos (Kauno
klinikos). The study was prospective and lasted from September 2019 until
August 2023. All asthma patients were examined and/or treated at the Kauno
klinikos Pulmonology Clinic. Healthy individuals were volunteers.

One-hundred subjects were included in the study, of which 37 had AA,
36 had SEA, as well as 27 healthy subjects (HS) who met the inclusion
criteria. For the first study objective, 46 subjects were studied — 18 patients
with severe non-allergic eosinophilic asthma (SNEA), 17 AA and 11 HS. For
the second objective, 36 subjects were studied — 20 patients with AA and 16
HS were investigated. For the third objective, 18 patients with SEA were
investigated. The subjects did not repeat for different objectives.

Ample time was provided for all aforementioned subjects to be intro-
duced to all aspects of the study, and sufficient time to become acquainted
with the provided study protocol, after which all questions the participants
had were addressed. The investigation began following the protocol being
signed by each participant.
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Table 1. The inclusion and exclusion criteria

AA [ SEA | HS

Inclusion criteria
Age, 18-80 years v v v

Patients who have signed the informed consent v v v
Non severe course of the disease and inhaled steroids free period of at least v

1 month

Positive methacholine challenge or bronchial reversibility test v

Positive skin prick test for at least Dermatophagoides pteronyssinus allergen |

SEA and > 1 year treated with high doses of inhaled steroids + long-acting v
beta-agonist

In the 12 months before the screening visit > 2 exacerbations of asthma that N4
required treatment with oral steroids

Peripheral blood eosinophil > 0.3 x 10%/L v

No symptoms of respiratory disease v
All skin prick tests negative v
Exclusion criteria

Smoker v v v
Pregnancy, breastfeeding v v v
Other chronic airway diseases v v v
Other clinically significant non-controlled disease v v v
Active airway infection < 1 months prior to study N N v
Asthma exacerbation < 1 months prior to study N v

Use of oral steroids v v

AA — allergic asthma; HS — healthy subjects; SEA — severe eosinophilic asthma.

After the approval of the inclusion or exclusion criterion, all valid
participants were invited to the study no later than the following four weeks.
After arriving at the hospital, participants were required to stay for thirty
minutes to a maximum of two hours. Depending on the specified study group,
between one and five visits were scheduled for study participants. The study
course and the tests executed during the visits are presented in Fig. 1-3.
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' C N (Y

Screening visit Visit 1 (V1) Visit 2 (V2)
0-7 days until V1 0 weeks 24 + 3 hours
Inclusion and exclusion Blood sample collection
criteria Feno measurement
Written informed consent Spirometry Blood sample collection
Spirometry ACT Feno measurement
Methacholine challenge or BAC with Dermatopha- Spirometry
bronchial reversibility test goides pteronyssinus
Skin prick tests allergen
B m
Screening visit Visit 1 (V1)
0-7 days until V1 0 weeks

Inclusion and exclusion Blood sample collection

criteria Fenxo measurement
Written informed consent NO
Spi Spirometry
pirometry ACT
Skin prick tests
C m
Screening visit Visit 1 (V1)
0-7 days until V1 0 weeks
Inclusion and exclusion
criteria Blood sample collection
Written informed consent Feno measurement
Spirometry Spirometry

Skin prick tests

Fig. 1. Research design for the first study objective:
A — allergic asthma group, B — severe non-allergic eosinophilic asthma
group, C — healthy subjects group

ACT — asthma control test; BAC — bronchial allergen challenge; Feno — fractional exhaled nitric oxide.
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Screening visit Visit 1 (V1) Visit 2 (V2)
0-7 days until V1 0 weeks 24 + 3 hours
Inclusion and exclusion Blood sample collection
criteria Feno measurement
Written informed consent Spirometry Blood sample collection
Spirometry ACT Feno measurement
Methacholine challenge or BAC with Dermatopha- Spirometry
bronchial reversibility test goides pteronyssinus
Skin prick tests allergen
B m
Screening visit Visit 1 (V1)
0-7 days until V1 0 weeks
Inclusion and exclusion
criteria Blood sample collection
Written informed consent Feno measurement
Spirometry Spirometry
Skin prick tests

Fig. 2. Research design for the second study objective:
A — allergic asthma group, B — healthy subjects group

ACT —asthma control test; BAC — bronchial allergen challenge; Feno — fractional exhaled nitric oxide.
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Screening visit Visit 1 (V1) Visit 2 (V2)
0-7 days until V1 0 weeks 4 weeks + 3 days
Inclusion and exclusion Blood sample collection Blood sample collection
criteria Feno measurement Feno measurement
Written informed Spirometry Spirometry
consent ACT ACT
Spirometry First dose of mepolizumab Second dose of
Skin prick tests is prescribed and injected mepolizumab is injected
Visit 4 (V4) Visit 3 (V3)
24 weeks + 3 days 12 weeks + 3 days
Blood sample collection
Blood sample collection Feno measurement
Feno measurement Spirometry
Spirometry ACT
ACT Fourth dose of

mepolizumab is injected

Fig. 3. Research design for the third study objective
(severe eosinophilic asthma)

ACT - asthma control test; Feno — fractional exhaled nitric oxide.
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Asthma control test

Various questionnaires, including the asthma control test, are used to
assess asthma control. It is a simple, easy-to-understand, quick-to-complete
test consisting of 5 questions with 5 possible answers for each question. The
maximum score of this test is 25 points; the minimum is 5 points. A score of
>20 points means that asthma is well controlled, 16—19 points partly
controlled, and < 15 uncontrolled.

Pulmonary function tests

Spirometry. This test was performed to assess lung function. Spiro-
metry testing was carried out for each participant for a minimum of
three times. An ultrasonic spirometer was utilized for lung function
testing (Ganshorn Medizin Electronic, Niederlauer, Germany).
Bronchial reversibility test. This test was performed to evaluate the
reversibility of bronchial obstruction. The bronchial reversibility test
was utilized for participants with bronchial obstruction in the AA
group. This test was performed using a Ganshorn spirometer
(Ganshorn Medizin Electronic, Niederlauer, Germany) in which
airflow limitations were framed during the screening visit.
Methacholine challenge test. Bronchial inhalation provocation
with methacholine was performed to assess bronchial hyperreacti-
vity. The methacholine challenge test was provided for the subjects
in the AA group, who did not show airflow limitations during the
initial screening visit. A dosimeter (ProvoX; Ganshorn Medizin
Electronic, Niederlauer, Germany) was used for the inhalation of
methacholine.

Bronchial allergen challenge (BAC) with Dermatophagoides
pteronyssinus. The BAC using the Dermatophagoides pteronys-
sinus allergen (DIATER, Madrid, Spain) was performed for all
subjects within the AA group in which a dosimeter (ProvoX; Gans-
horn Medizin Electronic, Niederlauer, Germany) was used for
allergen inhalation.

Feno test. This test was performed to determine type 2 airway
inflammation and assess its intensity. Feno test was provided for all
study participants in all predetermined groups. The Feno levels were
recorded twice for the participants in the AA group; an initial level
and another in the following twenty-four hours using the BAC with
the Dermatophagoides pteronyssinus allergen. Feno was measured
by a handheld Vivatmo-me device (Bosch Healthcare Solutions,
Waiblingen, Germany).
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Skin prick testing. The subjects’ sensitization to allergens was
evaluated by performing skin prick samples with Dermatophagoides
pteronyssinus, Dermatophagoides farinae, dog and cat dander, five
mixed grass pollens, birch pollen, mugwort, Alternaria, Aspergillus,
and Cladosporium was performed for all study subjects. This testing
was performed using standardized allergen extracts (Stallergenes,
S.A., Antony, France).

Blood tests

Blood collection and baseline assessment. Approximately 20-50
ml of blood (depending on the test visit) were drawn for all parti-
cipants into vacutainers which contained dipotassium ethylenedia-
minetetraacetic acid (K2ZEDTA) (BD Vacutainer®; Becton Dickin-
son UK Ltd., Wokingham, UK). Samples of the routine clinical
chemistry assay were directly transported to the in-hospital Depart-
ment of Laboratory Medicine laboratory. For the complete blood
count test, the XE-5000 (Sysmex, Kobe, Japan) and UniCel® DxH
800 Coulter® Cellular Analysis System automated hematology
analyzer (Beckman Coulter, Miami, FL, USA) were employed. For
the total IgE level test, the AIA-2000 automated immunoassay
analyzer (Tosoh Bioscience, South San Francisco, CA, USA) was
employed.

Peripheral blood cell analysis. Samples of the blood cell analysis
were directly transported to the in-hospital Department of
Pulmonology laboratory. Ficoll centrifugation was used for the
isolation of erythrocytes and granulocytes. Eosinophils were
separated using magnetic separation methods. The phenotyping of
eosinophils was based on magnetic bead-conjugated antibodies
against L-selectin.

Eosinophil activation. Isolated eosinophil subtypes transferred into
separate Eppendorf® vacutainer tubes with different eosinophilo-
poetins: IL-3, IL-5, or GM-CSF (all three eosinophilopoetins were
used at 10 ng/mL). Six vacutainers were prepared and adjusted the
volume to 500 pL using DMEM cell culture. The samples were
incubated in a thermostat for three hours and then centrifugated for
10 minutes at a speed of 400 g. After centrifugation, the supernatant
was decanted into another container. Resuspension of the remaining
eosinophils was done with DMEM cell culture and poured onto
ASM cells.
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ASM cell proliferation assay. From one donor, healthy human
ASM cells were isolated. Combined cell cultures within isolated and
affected eosinophilopoetins blood eosinophil subtypes and ASM
cells were collected from each study individual and prepared using
0.5 x 10° viable eosinophils and 2 x 10> ASM cells which were then
grown for three days for all samples. ASM cell proliferation was
assessed using Alamar blue assay.

Gene expression assessment. To evaluate the expression of eosino-
philopoietin receptor genes, RNA was isolated from blood eosino-
phil subtypes, and a quantitative reverse transcriptase polymerase
chain reaction was performed. The expression levels of IL-3, IL-5,
and GM-CSF genes were determined for both eosinophil subtypes
by qPCR using the commercial Power SYBR® Green RNA-to-
CT™ [-Step kit (Applied Biosystems, Foster City, CA, USA).
Evaluation of the gene expression changes was dependent on fold
change between different eosinophil subtypes within the same group
and of the same eosinophil subtypes between the differing groups.
Enzyme-linked immunosorbent assay (ELISA). This test was
used to measure the amount of many biologically active substances
in serum. A lower limit of detection was identified for ICTP —
50 pg/mL; autotaxin (ATX) — 33 pg/mL; sIL-5Ra — 0.15 ng/mL;
MMP-10 -3 pg/mL; and thioredoxin 1 (TRX1)— 0.2 ng/mL, IL-4 —
1.3 pg/mL, IL-5 — 1.45 pg/mL, IL-13 — 0.7 pg/mL, IL-25 — 0.4 ng/mL,
IL-33 —0.9 pg/mL, thymic stromal lymphopoietin (TSLP) — 3 pg/mL,
soluble high-affinity IgE receptor (sFceRI) — 68 pg/mL. 96-well plates
precoated with primary antibodies against investigated proteins were
used for the assay. After a sufficient period of incubation with blood
serum or sample standards, the bound analyte was then allowed to
associate with biotinylated detection antibodies. A streptavidin-HRP
(SPP) conjugate was added to the antibody-antigen-antibody complex.
Chromogenic substrate 3,3',5,5'-tetramethylbenzidine (TMB) was
used to produce a blue-coloured product with an intensity in relation
to the amount of analyte in the sample. A sulphuric acid solution was
added to stop the enzymatic reaction, and optical density (OD) was
read at 450 nm wavelength (540 nm for wavelength correction) by
means of using a microplate spectrophotometer (Biotek Epoch™,
Vermont, USA).

Luminex assay. This test was used to measure serum levels of
biomarkers. A lower limit of detection was identified for MET —
14.65 pg/mL; MMP-7 — 5.18 pg/mL; MMP-9 — 0.87 pg/mL; and
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pentraxin 3 (PTX3) — 42 pg/mL. Serum samples were added to a
mixture of color-coded beads which were pre-coated with analyte-
specific capture antibodies. Afterward, biotinylated detection
antibodies specific to the analytes of interest were added and formed
an antibody—antigen sandwich. The plates were then analyzed using
a Luminex® 100 analyzer (Luminex Corporation, USA). The
concentration values were acquired from the mean fluorescent
intensity. Standard curves were generated from the reference
cytokine gradient concentrations; the concentrations of these
cytokines in serum samples were then calculated from the standard
curves. For technical reasons, several biologically active substance
levels were below the sensitivity range; therefore, these results were
then treated as zero values.

Prescribing a biological drug

In the implementation of the third task of the dissertation, the biological
drug mepolizumab was prescribed in addition to the already-used asthma
treatment for patients with SEA. This drug was administered as a solution for
injection in a pre-filled pen (I mL, 100 mg mepolizumab) every 4 weeks
during the 24-week study. Each time, the drug is injected under the skin by a
specially trained general practice nurse. After the first injection of the drug,
the subject’s 1 hour time was monitored in the treatment facility for possible
side effects.

Statistical analysis

Using SPSS statistical software (IBM SPSS Statistics 20; Chicago, IL,
USA) statistical analyses were performed. Both descriptive and analytical
statistical methods were used. The study’s sample size was calculated using
the Schwarze formula. The minimum number of subjects needed to draw
statistically significant conclusions is 70 with asthma and 23 HS. The
Shapiro—Wilk test was utilized for the assumption of normality in data
distribution. As the data distribution did not pass the normality test, the
difference between two independent groups with low numbers of individuals
was assessed in each group in which a nonparametric Mann—Whitney two-
sided U-test was used. Nonparametric Wilcoxon matched-pair, signed-rank,
two-sided test was used with an employed pairs test to evaluate the difference
between two dependent samples. Spearman’s rank correlation coefficient was
used to estimate correlations between two sets of data. The statistically
significant difference minimal limit for values was p < 0.05.
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Nowe

RESULTS

Effect of eosinophilopoietins on the proliferative properties of
eosinophil subtypes

Forty-six adults were included in the study, in which eighteen were
SNEA patients, seventeen steroid-free non-severe AA patients, and eleven
HS. Demographic and clinical characteristics of the study population are
provided in Table 2. It was noted that the SNEA patients were significantly
older than the AA and HS groups which is congruent with patients with
SNEA as it usually manifests as a late-onset disease. A higher body mass
index (BMI) value was recorded for SNEA patients in comparison to AA and
HS. A significant decrease in forced expiratory volume in one second (FEV))
was observed only in SNEA patients. The blood eosinophil counts were
higher in SNEA and AA patients than HS, with a higher count in the former
SNEA group. No differences in Fexo levels were found in either asthma
groups. The serum total IgE levels were higher in SNEA and AA patients
than HS, with the highest levels shown in the AA group.
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Table 2. Demographic and clinical characteristics of the study population

SNEA AA HS
Number, n 18 17 11
Sex, M/F 4/14 12/5 3/8
Age, years 57.8 £2.4 *# 28.1+2.4 31.4+32
BMI, kg/m? 29.9 £ 1.6 ** 24.0+0.9 253+1.2
FEV,, L 1.6+0.1 *# 3.7+£0.2 3.7+£0.2
FEV1, % of predicted 58.9+4.7 % 86.8+2.4" 99.1+3.5
PDyom, mean (range), mg ND 0.22+£0.34 ND
PDyoa, mean (range), HEP/mL ND 14.12+1.92 ND
Blood eosinophil count, x 10°/L 0.63+0.09 ** | 0.39+0.05% |0.17+0.02
Blood eosinophil count 24 h after allergen ND 0.51£0.06 ND
challenge, x 10°/L
Feno, ppb 49.1+83" 51.6+£8.9 10.8+1.9
Feno, 24 h after allergen challenge, ppb ND 78.2+12.6 ND
Total IgE, IU/mL 158.8+452 ** | 837.3+316.7%| 18.2+5.0
Total IgE, 24 h after allergen challenge, IU/mL ND 861.1 +£323.1 ND

AA - allergic asthma; BMI — body mass index; F — female; Feno — fractional exhaled nitric oxide;
FEV, — forced expiratory volume in 1s; HS — healthy subjects; IgE — immunoglobulin E; M — male;
ND — not done; PD2oa — the Dermatophagoides pteronyssinus allergen provocation dose causing a 20%
decrease in FEV; PD2om — the provocation dose of methacholine causing a 20% decrease in FEV;;
SNEA — severe non-allergic eosinophilic asthma. Data presented as mean + standard error of the mean.
*p < 0.05 comparing with AA group. *p < 0.05 comparing with HS group. %p < 0.05 comparing with
AA group after allergen challenge.

IL-3 did not affect the proliferative properties of any eosinophil subtypes
in the SNEA group; however, IL-5 and GM-CSF significantly enhanced the
effect on the proliferative properties of iEOS-like and rEOS-like cells. For
those in the AA group, IL-5 and GM-CSF significantly enhanced the effect
of iIEOS-like and rEOS-like cells on ASM cell proliferation. Also, it was
noted that IL-3 had no significant impact on any eosinophil subtypes. For
those in the HS group, IL-5 had a significant effect on the proliferative
properties of iEOS-like cells. At the same time, IL-3 and GM-CSF had no
significant impact on any eosinophil subtypes.

The effect of IL-5 on the proliferative properties of iEOS-like cells in
was higher the SNEA group than in the AA group. It was also noted in the
meantime that the effect of GM-CSF on the proliferative properties of rEOS-
like cells was higher in comparison to the AA group.
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It was noted that the effect of IL-3 and GM-CSF on the proliferative
properties of iEOS-like cell was higher in the AA group than the HS group,
while the effect of IL-3, IL-5, and GM-CSF on the proliferative properties of
rEOS-like cells was higher in the AA group when compared to the HS group.
The effect of IL-3, IL-5, and GM-CSF on the proliferative properties of both
eosinophil subtypes was higher in the SNEA group than the HS group
(Table 3, Fig. 4).

Table 3. Effect of eosinophilopoetins on proliferative properties of blood
eosinophil subtypes (changes of reduced Alamar blue reagent % over control)

SNEA AA HS
iEOS-like | rEOS-like | iEOS-like | rEOS-like | iEOS-like | rEOS-like
Non-activated |21.1£1.4*#8(347+3.1%8 10.6£1.7*% |222+3.0%(51+£06*| 12.1£1.9
eosinophils
IL-3 266+1.8% [32.1+£3.8%| 19636 [293+49%| 9421 93+1.6
IL-5 476+65% [48.0+£58%| 266+4.0% |383+1.6%| 186+29 | 13.4£1.0
GM-CSF 512+73#%%1624+£45%% 348+43% |351+378| 74+19 | 12.0+2.7

AA — allergic asthma; HS — healthy subjects; iEOS-like — inflammatory-like eosinophils; IL —
interleukin; GM-CSF — granulocyte-macrophage colony-stimulating factor; rEOS-like — lung resident-
like eosinophils; SNEA — severe non-allergic eosinophilic asthma. SNEA group n =10, AA group n=
9, HS group n = 8. Data presented as the mean =+ standard error of the mean. *p < 0.05 compared with
appropriate tEOS-like cells in the same group. "p <0.05 compared with appropriate eosinophil
subtypes from AA group. p < 0.005 compared with appropriate eosinophil subtypes from HS group.
Statistical analysis: between investigated groups, Mann—Whitney two-sided U-test; within one study
group, Wilcoxon matched-pair signed-rank two-sided test.
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Fig. 4. Effect of eosinophilopoetins on proliferative properties

of blood eosinophil subtypes
AA — allergic asthma; ASM — airway smooth muscle; HS — healthy subjects; IL — interleukin;
GM-CSF — granulocyte-macrophage colony-stimulating factor; SNEA — severe non-allergic eosino-
philic asthma. SNEA group n = 10, AA group n = 9, HS group n = 8. Data presented as the mean +
standard error of the mean. *p < 0.05 compared with appropriate rEOS-like cells in the same group.
p < 0.05 compared with appropriate eosinophil subtypes from AA group. $p < 0.005 compared with
appropriate eosinophil subtypes from HS group. Statistical analysis: between investigated groups,
Mann—Whitney two-sided U-test; within one study group, Wilcoxon matched-pair signed-rank two-
sided test.

The effect on the proliferative properties of eosinophil subtypes
following an in vitro provoked acute AA episode after a provided BAC was
determined by means of comparing the results of an initial and subsequent
twenty-four hour sample after the allergen challenge was given to the same
subject.

The BAC significantly increased the effect of IL-5 and GM-CSF on the
proliferative properties of rEOS-like cells. Also noted was that IL-3 had no
significant effect on rEOS-like cells. The BAC did not significantly change
ASM cell number after seventy-two hours of incubation in co-culture with
IL-3-, IL-5-, and GM-CSF-activated iEOS-like cells in comparison to the
same cells before the BAC (Table 4, Fig. 5).
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Table 4. The effect of bronchial allergen challenge on proliferative properties
of blood eosinophil subtypes in allergic asthma (changes of reduced Alamar
blue reagent % over control)

Visit iEOS-like rEOS-like

Non-activated eosinophils V1 10.9+1.7*# 22.2+3.0
V2 23.1+£2.8 39.3+£59

IL-3 V1 19.6 £3.6 293+49
V2 28.8+8.3 43.9+6.2
IL-5 V1 26.6+4.0 * 383+£1.6%
V2 374+74 61.1+6.9
GM-CSF V1 348+43* 35.1+£3.7"
V2 43.8+59* 662+7.3

iEOS-like — inflammatory-like eosinophils; IL — interleukin; GM-CSF — granulocyte-macrophage
colony-stimulating factor; rEOS-like — lung resident- like eosinophils. AA group n =9. Data presented
as the mean + standard error of the mean. *p < 0.05 compared with appropriate rEOS-like cells in the
same group. #p < 0.05 compared with appropriate eosinophil subtypes from AA group. Statistical
analysis: between investigated groups, Mann—Whitney two-sided U-test; within one study group,
Wilcoxon matched-pair signed-rank two-sided test.
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Fig. 5. The effect of bronchial allergen challenge on proliferative properties
of blood eosinophil subtypes in allergic asthma

ASM - airway smooth muscle; IL — interleukin; GM-CSF — granulocyte-macrophage colony-stimu-
lating factor, V1 — visit 1 (before bronchial allergen challenge); V2 — visit 2 (24 h after bronchial
allergen challenge). Results from independent experiments of AA, n = 8. Data presented as the mean +
standard error of the mean. *p < 0.05 compared with appropriate rEOS-like cells. Statistical analysis:
between investigated groups, Mann—Whitney two-sided U-test; within one study group, Wilcoxon
matched-pair signed-rank two-sided test.
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When compared to iEOS-like cells, rEOS-like cells which were isolated
from the SNEA and AA groups showed a higher expression of the IL-3R
gene. Concurrently, in the HS group, expression of the IL-3R gene did not
differ significantly between eosinophil subtypes. rEOS-like cells isolated
from SNEA, AA, and HS groups showed a higher expression of the IL-5R
gene compared with iEOS-like cells. In SNEA, a higher expression of the
GM-CSFR gene was found in isolated iEOS-like compared with rEOS-like
cells. Concurrently, in the AA and HS groups, expression of the GM-CSFR
gene did not differ significantly between eosinophil subtypes (Table 5,
Fig. 6).

Table 5. Differences in expression of interleukin 3 receptor, interleukin 5
receptor, and granulocyte-macrophage colony-stimulating factor receptor
genes (folds) between lung resident-like and inflammatory-like eosinophils in
the same groups

SNEA AA HS
IL-3R 12+05% 2.1+£0.7* 1.1+0.5
IL-5R 51+£1.6%%8 1.7£0.6 * 1.7+£0.7*
GM-CSFR ~1.94£0.5*#8 0.5+0.7 0.8+0.4

AA — allergic asthma; HS — healthy subjects; IL-3R — interleukin 3 receptor; IL-5R — interleukin 5
receptor; GM-CSFR — granulocyte-macrophage colony-stimulating factor receptor; SNEA — severe
non-allergic eosinophilic asthma. SNEA group n =10, AA group n =9, HS group n = 8. Data presented
as the mean + standard error of the mean. *p < 0.05 compared with appropriate rEOS-like cells in the
same group. #p < 0.05 compared with appropriate eosinophil subtypes from AA group. §p < 0.005
compared with appropriate eosinophil subtypes from HS group. Statistical analysis: between
investigated groups, Mann—Whitney two-sided U-test; within one study group, Wilcoxon matched-pair
signed-rank two-sided test.
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Fig. 6. Differences in expression of interleukin 3 receptor, interleukin 5
receptor, and granulocyte-macrophage colony-stimulating factor genes
between lung resident-like and inflammatory-like eosinophils
in the same groups
AA — allergic asthma; HS — healthy subjects; IL-3R — interleukin 3 receptor; IL-5R — interleukin 5
receptor; GM-CSFR — granulocyte-macrophage colony-stimulating factor receptor; SNEA — severe
non-allergic eosinophilic asthma. SNEA group n= 10, AA group n=_8, HS group n = 11. Data
presented as the mean + standard error of the mean, fold change over expression of IL-3R, IL-5R, and
GM-CSFR gene on inflammatory-like eosinophils. *p <0.05 compared with inflammatory-like
eosinophils; *p <0.05 compared with AA group; %p <0.05 compared with HS group. Statistical

analysis: between investigated groups, Mann—Whitney two-sided U-test; within one study group,
Wilcoxon matched-pair signed-rank two-sided test.

Level of potential serum biomarkers before and after bronchial
provocation with Dermatophagoides pteronyssinus allergen

Thirty-six subjects which were aged from 18 to 49 years old were
included in the study, in which there were twenty with AA and sixteen HS.
Table 6 delineates the demographic and clinical data descriptive statistics of
each group within the study population. The AA and HS groups did not differ
significantly in age, gender, or BMI. FEV (L) also did not differ between the
aforementioned study groups; however, the difference between the groups
was evident when FEV| was expressed as a percentage. In the AA patients’
group blood, eosinophil counts, Feno, and total IgE levels were significantly
higher than for the HS group. The FEV; (L) of the AA group decreased
twenty-four hours after BAC, while the blood eosinophil count and Feno was
significantly increased. It was also noted that, total IgE levels did not change
significantly after BAC.
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Table 6. Demographic and clinical characteristics of the study population

AA HSs
Number, n 20 16
Sex, M/F 11/9 6/10
Age, years 272+22 282+1.4
BMI, kg/m? 245+1.1 22.7+0.8
ACT, score 183+1.3 NA
PDyom, mg 0.33+0.07 NA
PDyoa, HEP/mL (range) 9.5+3 NA

\'%! V2

FEV,, L 3.6+027 33+0.2 40+0.2
FEV1, % of predicted 88.5+£3.0*" 81.3+3.8* 99.4+33
Feno, ppb 48275 %% 76.8+11.7* 13.3+2.0
Blood eosinophils count, x 10%/L 0.34+0.05 ** 0.46 +0.05 * 0.10+0.01
Total IgE, IU/mL 5779+ 175.6 * 603.4+188.2 * 323+129

AA — allergic asthma; ACT — asthma control test; F — female; Feno — fractional exhaled nitric oxide;
FEV| — forced expiratory volume in 1 second; HSs — healthy subjects; IgE — immunoglobulin E; M —
male; NA — not assessed; PDya — the Dermatophagoides pteronyssinus allergen provocation dose
causing a 20% decrease in FEV;; PDyu — the provocation dose of methacholine causing a 20%
decrease in FEV; V1 — experimental day; V2 — experimental day — 24 hours after V1. Data presented
as the mean + standard error of the mean. *p < comparing with the HS group. #p < 0.05 comparing
with the AA group after BAC. Statistical analysis: between investigated groups, Mann—Whitney two-
sided U-test; within one study group, Wilcoxon matched-pair signed-rank two-sided test.

It was noted that a serum circulating ATX levels in the control group
were similar to AA patients prior to and following BAC (Fig. 7 A). When
evaluating the serum level of (tyrosine-protein kinase Met) MET, significant
differences between the study groups of AA and HSs were noted. The MET
level in the AA group 24 h after the BAC reduced was significantly lower
compared to before the BAC (Fig. 7 B). Lipoprotein-associated phospholi-
pase A2 (Lp-PLA2) level in serum did not differ between healthy controls in
samples provided in both of the visits made by the AA group (Fig. 7 C).
Lastly, the chronic inflammation-related soluble interleukin 5 receptor subu-
nit alpha (sIL-5Ra) level was found to be elevated in AA patients compared
to the HS group. Before BAC, circulating sIL-5Ra levels in AA patients
remained similar after BAC. These levels were significantly higher compared
to HS groups (Fig. 7 D). All results are shown in Table 7.
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Fig. 7. Serum levels of autotaxin (A), tyrosine-protein kinase Met (B),
lipoprotein-associated phospholipase A2 (C), and soluble interleukin 5
receptor subunit alpha (D)

AA — allergic asthma; ATX — autotaxin; HS — healthy subjects; Lp-PLA2s — lipoprotein-associated
phospholipase A2; MET — tyrosine-protein kinase Met; sIL-SRo — soluble interleukin 5 receptor
subunit alpha; V1 — experimental day; V2 — experimental day — 24 hours after V1. AA group n = 20,
HS group n=16. Data are presented as the median with interquartile range. Statistical analysis:

between investigated groups, Mann—Whitney two-sided U-test; within one study group, Wilcoxon
matched-pair signed-rank two-sided test.

Table 7. The level of biologically active substances in asthma patients and
healthy subjects

Biologically active AA HSs
substances Vi V2

ATX (pg/mL) 206.8 (190.9; 286.3) 201.5 (180.3; 235.5) 233.3(190.9; 243.9)
MET (pg/mL) 30.5 (14.0; 51.1) *# 19.8 (8.0; 46.6) * 54.3 (28.0; 80.3)

Lp-PLA2 (pg/mL)

451.4 (216.4; 755.1)

445.5 (199.9; 706.6)

629.3 (224.9; 980.8)

sIL-5Ra (ng/mL)

63.4(55.9; 105.4) *

67.9 (54.9; 112.1) *

25.2(11.3;33.2)

PTX3 (pg/mL)

560.1 (326.1; 875.2) * *

498.9 (226.5; 651.1) *

1217.6 (919.8; 1580.1)

TRXI (ng/mL)

131.2 (93.8; 173.6) **

142.0 (89.4; 195.6) *

113.9 (67.4; 136.1)

MMP-7 (pg/mL)

332.9(241.5; 421.3)

295.1 (272.1; 327.7)

278.3 (195.3; 379.2)

MMP-9 (pg/mL)

253.7 (151.4; 339.9)

211.9 (116.9; 293.7)

204.2 (94.8; 498.0)

MMP-10 (pg/mL)

896.1 (318.9; 1501.0)

971.0 (355.7; 1682.6)

502.7 (324.0; 1052.5)

ICTP (pg/mL)

523.0 (478.0; 552.0) *

476.3 (411.6; 531.4) *

589.0 (540.0; 693.0)

AA — allergic asthma; ATX — autotaxin; Feno — fractional exhaled nitric oxide; HSs — healthy subjects;
ICTP — I C-telopeptide of type I collagen; Lp-PLA2s — lipoprotein-associated phospholipase A2;
MET - tyrosine-protein kinase Met; MMP-7 — matrix metalloproteinase-7; MMP-9 — matrix metallo-
proteinase-9; MMP-10 — matrix metalloproteinase-10; PTX3 — pentraxin 3; sIL-5Ra — soluble inter-
leukin 5 receptor subunit alpha; TRX1 — thioredoxin 1; V1 — experimental day; V2 — experimental
day — 24 hours after V1. AA group n =20, HS group n = 16. Data are presented as the median with
interquartile range. *p < 0.05 comparing with HS group, *p < 0.05 comparing with AA V2. Statistical
analysis: between investigated groups, Mann—Whitney two-sided U-test; within one study group,
Wilcoxon matched-pair signed-rank two-sided test.
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Circulating PTX3 and TRX1 levels were investigated in order to predict
oxidative stress in asthmatic patients’ serum to denote them as a potential
biomarker in asthma. A lower level of PTX3 was found in the AA group and
was significantly different in comparison to the HS group. The PTX3 level in
the AA group decreased twenty-four hours after the BAC and was signifi-
cantly lower compared to the level before the BAC (Fig. 8 A). In the AA
group, serum levels of TRX1 were significantly higher than in the HSs.
Furthermore, levels were significantly elevated in the AA group twenty-four
hours following the BAC, in comparison to the results before the BAC
(Fig. 8 B). All results are shown in Table 7.
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Fig. 8. Serum levels of pentraxin 3 (A) and thioredoxin I (B)

AA — allergic asthma; HSs — healthy subjects; PTX3 — pentraxin 3; TRX1 — thioredoxin 1; V1 —
experimental day; V2 — experimental day — 24 hours after V1. AA group n =20, HS group n = 16. Data
are presented as the median with interquartile range. Statistical analysis: between investigated groups,
Mann—Whitney two-sided U-test; within one study group, Wilcoxon matched-pair signed-rank two-
sided test.

Serum levels of selected MMPs and ICTP degradation products were
investigated as potential predictive and prognostic biomarkers in asthma.
MMP-7 remained homogenous between both investigated groups, indicating
no potential prognostic value (Fig. 9 A). AA patients were not able to be
distinguished from the HS group by the serum MMP-9 level. BAC had no
effect on MMP-9 level in the AA group (Fig. 9 B). The results of MMP-10
did not differ among the asthma groups; serum levels of MMP-10 were
similar during both visits of the AA patients. No significant differences were
observed in comparison to the HS group (Fig. 9 C). Furthermore, there was
an investigation of the collagen degradation indicating marker, ICTP. Serum
levels of ICTP in the AA group were significantly lower in comparison to the
HS group (Fig. 9 D). Additionally, BAC was not affectual to the ICTP level
in the AA group (Fig. 9 D). The results are shown in Table 7.
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Fig. 9. Serum levels of matrix metalloproteinase 7 (A), 9 (B), 10 (C), and
I C-telopeptide of type I collagen (D)

AA — allergic asthma; HSs — healthy subjects; ICTP — I C-telopeptide of type I collagen; MMP-7 —
matrix metalloproteinase-7; MMP-9 — matrix metalloproteinase-9; MMP-10 — matrix metallopro-
teinase-10; V1 — experimental day; V2 — experimental day — 24 hours after V1. AA group n = 20,
HS group n = 16. Data are presented as the median with interquartile range. Statistical analysis:
between investigated groups, Mann—Whitney two-sided U-test; within one study group,
Wilcoxon matched-pair signed-rank two-sided test.

Clinical remission criteria and changes in serum biological markers
level in patients with severe eosinophilic asthma treated for 24 weeks
with the anti-interleukin 5 monoclonal antibody mepolizumab

Eighteen subjects total, in ages from 37 to 80 years old with SEA parti-
cipated in the study. Patients were examined at four separate time points:
before beginning treatment with 100 mg subcutaneous injection of mepoli-
zumab and subsequently every four weeks (V1) and 4 (V2), 12 (V3), and 24
(V4) after the beginning treatment of mepolizumab.

Most study subjects were women and there was a tendency that they were
overweight. Before add-on treatment with 100 mg subcutaneous injection of
mepolizumab, all patients had asthma exacerbation. Appreciating asthma
exacerbation count after the first dose of mepolizumab, exacerbation was not
found, however, after the second dose of mepolizumab, one patient had
asthma exacerbation. Subsequent continuation of mepolizumab treatment did
not increase the number of patients experiencing asthma exacerbations.
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Four weeks following the initiation of mepolizumab treatment, the ACT,
and FEV significantly increased; however, the blood eosinophil count signi-
ficantly decreased, and this noted effect continued for the duration of the
treatment (Table 8, Fig. 10 A—C, E). Feno and total IgE levels were not signi-
ficantly different both before and during the course of the treatment (Table 8,
Fig. 10 D, F).

Table 8. Demographic and clinical characteristics of the study population

SEA

Number, n 18
Sex, M/F 4/18
Age, years 57.6+£2.2
BMI, kg/m? 303+1.7

Vi1 V2 V3 V4
Patients number, who had asthma 18 0 1 0
exacerbations
ACT, score 10.6£0.8 *#£ 163+1.3 17.7+1.2 17.1+£1.2
FEV,,L 1.84+£0.18*#£ | 211£0.16 2.15+£0.17 2.16+0.15
FEV1, % of predicted 66.0+£49*#¢ 76.9+49 773+44 77.6+3.8
Feno, ppb 48.6 £9.7 39.3+6.0 453+9.8 419+7.1
Blood eosinophil count, x 10%L | 0.64+0.08 *#£ | 0.11+0.02 0.07 £ 0.01 0.07+£0.01
Total IgE, IU/mL 128.1 £27.9 126.7+28.0 | 131.9+27.3 | 127.0+25.7

ACT —asthma control test; F — female; Feno — fractional exhaled nitric oxide; FEV; — forced expiratory
volume in 1s; Ig — immunoglobulin; M — male; SEA — severe eosinophilic asthma; V1 — visit before
starting treatment of mepolizumab; V2 — visit 4 weeks after starting treatment of mepolizumab (after 1
mepolizumab dose); V3 — visit 12 weeks after starting treatment of mepolizumab (after 3 mepolizumab
doses); V4 — visit 24 weeks after starting treatment of mepolizumab (after 6 mepolizumab doses). Data
presented as the mean =+ standard error of the mean. *p < 0.05 comparing with V2, *p < 0.05 comparing
with V3, £p < 0.05 comparing with V4. Statistical analysis — Wilcoxon matched-pairs signed-rank test.
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Fig. 10. Asthma control test scores (A), forced expiratory volume in I s (B, C),
fractional exhaled nitric oxide (D), blood eosinophil count (E), and total
immunoglobulin E (F) levels during 24 weeks of treatment with the anti-IL-5
drug mepolizumab
ACT — asthma control test; Fexo — fractional exhaled nitric oxide; FEV, — forced expiratory volume in
Is; Ig — immunoglobulin; V1 — visit before starting treatment of mepolizumab; V2 — visit 4 weeks after
starting treatment of mepolizumab (after 1 mepolizumab dose); V3 — visit 12 weeks after starting
treatment of mepolizumab (after 3 mepolizumab doses); V4 — visit 24 weeks after starting treatment of

mepolizumab (after 6 mepolizumab doses). SEA group n = 18. Data presented as the mean =+ standard
error of the mean. Statistical analysis — Wilcoxon matched-pairs signed-rank test.

Within the eighteen patients analyzed, following twenty-four weeks of
mepolizumab treatment, exacerbation-free — patients and short-term systemic
corticosteroid-free — free patients increased from 0 (0%) to 17 (94.4%), pa-
tients with asthma control test (ACT) > 20 increased from 0 (0%) to 9 (50%),
and patients with FEV| > 80% post bronchodilator increased from 4 (22.2%)
to 7 (38.9%) (Fig. 11 A). Succeeding twenty-four weeks of treatment with
mepolizumab, five patients (27.8%) fulfilled the four-component clinical
remission definition, and six patients (33.3%) fulfilled the three-component
definition. Prior to starting treatment with mepolizumab, 0 patients (0 %) met
these criteria. Furthermore, following twenty-four weeks of treatment with

102



mepolizumab, six patients (33.3%) fulfilled the two-component clinical
remission definition, and one patient (5.6%) fulfilled the one-component
definition. Prior to beginning treatment with mepolizumab, 4 and 0 patients
(0%; 22.2%) respectively met these criteria (Fig. 11 B).

100% - 94 .4 94.4 O After 24 weeks 50% -
] ] mepolizumab treatment
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treatment 333 333
60% - 50.0 30% | 27.8
40% - 38.9 20% -
22.2
20% I 10% 7 5.6
0% 0 T 0 T 0 0% I:I T
Short-term Exacerba-  Patients Patients 1 2 3 4
oral cortico- tion —free with ACT with FEV, Clinical remission
steroid-free  patients > 20 score > 80% post criteria
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Fig. 11. 24 weeks mepolizumab-treated patients number meeting
individual criteria for clinical remission in asthma (A).
24 weeks mepolizumab-treated patients number, who meet one,
two, three, or four criteria for clinical remission (B)

ACT — asthma control test; FEV; — forced expiratory volume in 1s. SEA group n = 18.

This study found that within the succeeding four weeks after initiating
treatment with mepolizumab, the serum levels of IL-4 and IL-25 significantly
did not change (Fig. 12 A, D); concurrently, serum levels of IL-5, IL-13,
TSLP, sFceRl significantly decreased, and this noted effect persisted for the
duration the treatment (Fig. 12 B, C, H, I). The serum levels of IL-33 and
eotaxin increased considerably after four weeks initiating treatment with
mepolizumab, and this effect persisted for the remainder of the treatment
(Fig. 12 E, G). All results are shown in Table 9.
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Table 9. Serum levels of type 2 inflammation biological markers during 24
weeks of treatment with the anti-IL-5 drug mepolizumab

SEA
V1 V2 V3 V4

IL-4 (pg/mL) 30.7+6.5 263+22 26.0+4.7 242+42
IL-5 (pg/mL) 1117 +4.4 *#¢ 97.5+43 83.5+3.0 82.8+4.1
IL-13 (pg/mL) 724 1.1 %%t 57409 55+ 1.0 49408
IL-25 (ng/mL) 4.0+0.7 33405 35406 4.0+0.9
IL-33 (pg/mL) 18.1+ 1.0 %%t 18.4+1.0 194+ 1.0 213408
TSLP (pg/mL) 491+ 11.9*%¢ | 424+103 39.7+ 10.0 41.8+10.5
sIL-5Ra (ng/mL) 284+055%#E | 2114047 2.43+0.52 2.42+0.47
Eotaxin (pg/mL) 1439+ 182*#¢ | 19534255 201.7 +25.9 197.5+24.8
sFceRI (ng/mL) 7.0+ 1.3 %% 59+1.1 52409 42406

IL — interleukin; sFceRI — soluble high—affinity IgE receptor; sIL-5Ra — soluble inteleukin 5 receptor
subunit alpha; SEA — severe eosinophilic asthma; TSLP — thymic stromal lymphopoietin; V1 — visit
before starting treatment of mepolizumab; V2 — visit 4 weeks after starting treatment of mepolizumab
(after 1 mepolizumab dose); V3 — visit 12 weeks after starting treatment of mepolizumab (after 3
mepolizumab doses); V4 — visit 24 weeks after starting treatment of mepolizumab (after 6 mepolizumab
doses). Data presented as the mean + standard error of the mean. *p <0.05 comparing with V2,
p < 0.05 comparing with V3, ¥p < 0.05 comparing with V4. Statistical analysis — Wilcoxon matched-
pairs signed-rank test.
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Fig. 12. Serum levels of interleukin 4 (A), interleukin 5 (B), interleukin 13 (C),

interleukin 25 (D), interleukin 33 (E), thymic stromal lymphopoietin (F),

eotaxin (G), soluble interleukin 5 receptor subunit alpha (H), soluble
high—affinity IgE receptor (I) during 24 weeks of treatment with the anti-IL-5
drug mepolizumab

IL — interleukin; sFceRI — soluble high—affinity IgE receptor; sIL-5Ra — soluble interleukin 5 receptor
subunit alpha; TSLP — thymic stromal lymphopoietin; V1 — visit before starting treatment of
mepolizumab; V2 — visit 4 weeks after starting treatment of mepolizumab (after 1 mepolizumab dose);
V3 — visit 12 weeks after starting treatment of mepolizumab (after 3 mepolizumab doses); V4 — visit
24 weeks after starting treatment of mepolizumab (after 6 mepolizumab doses). SEA group n = 18.

Data presented as the mean + standard error of the mean. Statistical analysis — Wilcoxon matched-pairs
signed-rank test.
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CONCLUSIONS

The eosinophilopoetins interleukin 5 and granulocyte-macrophage
colony-stimulating factor, but not interleukin 3, promote the proliferative
activity of both eosinophil subtypes (lung resident-like eosinophil and
inflammatory-like eosinophil) isolated from type 2 asthmatic blood to
bronchial smooth muscle cells in vitro compared to healthy people. The
proliferative activity of both eosinophil subtypes is associated with the
expression of the interleukin 5 receptor gene on the surface of eosinophils.
In addition, the proliferative activity of lung-resident eosinophil-like cells
was further enhanced under exposure to Dermatophagoides pteronyssinus
allergen compared to the proliferative activity in the absence of allergen.

Analysis of biological markers revealed:

e Serum levels of tyrosine-protein kinase Met, pentaxin 3 and 1 C
telopeptide type I collagen are lower in patients with allergic asthma
than in healthy individuals. In addition, exposure to Dermatopha-
goides pteronyssinus allergen further decreased tyrosine-protein
kinase Met and pentaxin 3 levels.

e Serum levels of soluble interleukin 5 receptor alpha subunit and
thioredoxin 1 are higher in allergic asthma than in healthy indivi-
duals. In addition, exposure to Dermatophagoides pteronyssinus
allergen further increased the level of thioredoxin 1.

e The serum levels of autotaxin and matrix metalloproteinases 7, 9,
and 10 did not differ significantly between patients with allergic
asthma and healthy individuals.

e The amount of soluble interleukin 5 receptor alpha subunit in serum
is positively related to known biological markers of type 2 asthma
(exaled nitrogen oksides level in exhaled air, blood eosinophil level,
total immunoglobulin E level) and this indicates the possible role of
this biological marker in inflammation of allergic.

Blockade of interleukin 5 in patients with severe eosinophilic asthma
reduces serum levels of interleukin 13, thymic stromal lymphopoietin,
soluble interleukin 5 receptor alpha subunit, soluble high-affinity immu-
noglobulin E receptor. It increases the achievement of clinical remission
criteria.
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PRACTICAL RECOMMENDATIONS

This study added to the knowledge about the pathogenesis of asthma.
The study found that eosinophilopoietin interleukin 5 and granulocyte-
macrophage colony-stimulating factor enhance the proliferative activity of
both eosinophil subtypes on bronchial smooth muscle cells. For this reason,
inhibiting the effects of interleukin 5 and granulocyte-macrophage colony-
stimulating factor may reduce bronchial smooth muscle cell proliferation and,
at the same time, airway remodeling in type 2 asthma. The levels of tyrosine-
protein kinase Met, pentaxin 3, thioredoxin 1, I C telopeptide type I collagen,
and especially the alpha subunit of the soluble interleukin 5 receptor in the
serum of patients with allergic asthma differ from those of healthy indi-
viduals. Considering this, these biomarkers can be used to determine the type
of inflammation in clinical practice and select individualized treatment. The
study revealed that blocking interleukin 5 affects the balance of interleukin 5
and other type 2 inflammatory cytokines. This may be important in the
selection of a biologic for the treatment of severe eosinophilic asthma.
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Abstract: Blood eosinophils can be described as inflammatory-like (iIEOS-like) and lung-resident-
like (rEOS-like) eosinophils. This study is based on the hypothesis that eosinophilopoetins such as
interleukin (IL)-3 and IL-5 and granulocyte-macrophage colony-stimulating factor (GM-CSF) alter
the proliferative properties of eosinophil subtypes and may be associated with the expression of
their receptors on eosinophils. We investigated 8 individuals with severe nonallergic eosinophilic
asthma (SNEA), 17 nonsevere allergic asthma (AA), and 11 healthy subjects (HS). For AA patients, a
bronchial allergen challenge with Dermatophagoides pteronyssinus was performed. Eosinophils were
isolated from peripheral blood using high-density centrifugation and magnetic separation methods.
The subtyping of eosinophils was based on magnetic bead-conjugated antibodies against L-selectin.
Preactivation by eosinophilopoetins was performed by incubating eosinophil subtypes with IL-3,
IL-5, and GM-CSF, and individual combined cell cultures were prepared with airway smooth muscle
(ASM) cells. ASM cell proliferation was assessed using an Alamar blue assay. The gene expression of
eosinophilopoetin receptors was analyzed with a qPCR. IL-5 and GM-CSF significantly enhanced
the proliferative properties of iEOS-like and rEOS-like cells on ASM cells in both SNEA and AA
groups compared with eosinophils not activated by cytokines (p < 0.05). Moreover, rEOS-like cells
demonstrated a higher gene expression of the IL-3 and IL-5 receptors compared with iEOS-like cells
in the SNEA and AA groups (p < 0.05). In conclusion: IL-5 and GM-CSF promote the proliferative
properties of iEOS-like and rEOS-like eosinophils; however, the effect of only IL-5 may be related to
the expression of its receptors in asthma patients.

Keywords: asthma; eosinophil; IL-3; IL-5; GM-CSF; proliferation; airway smooth muscle cells;
gene expression

1. Introduction

Eosinophils are terminally differentiated, bone-marrow-derived, granule-containing
leukocytes [1]. Typically, these cells are present in relatively low numbers in peripheral
blood, about one percent of all leukocytes [2]. Despite the low number, they are considered
the most important inflammatory cells in asthma. Eosinophils have primarily been regarded
as proinflammatory cells involved in host protection against parasite infection and the
immunopathology of allergic diseases. It is now known that eosinophils contribute to a
wide variety of physiological and pathological processes, including metabolism, tissue
remodeling and development, epithelial regulation, and immunoregulation, indicating
that these cells may play a crucial role in metabolic regulation and organ function and
diseases [3,4].
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Nearly half of asthma patients have predominant eosinophilic inflammation in their
blood and airways [5]. A higher eosinophil count in the airway is associated with bronchial
hyperresponsiveness, airway inflammation, and airflow limitation. It is determinative
of intense asthma symptoms, more frequent exacerbations, and a more severe disease
course [4,6]. At least two subtypes of eosinophils have been identified and differ according
to their role in asthma pathogenesis. One subtype is the lung-resident eosinophil (rEOS),
and the other is the inflammatory eosinophil (iEOS) [5]. Eosinophil count in the blood or
lungs, survival, maturation, and activation are promoted by cytokines called eosinophilopo-
etins, of which interleukin (IL) 3, IL-5, and granulocyte-macrophage colony-stimulating
factor (GM-CSF) are examples. Eosinophilopoetins are also observed to affect eosinophil
proliferative properties [7] and the hypertrophy and proliferation of pulmonary structural
cells, including airway smooth muscle (ASM) cells [8].

Eosinophils express receptors for multiple growth factors and cytokines on their
surface [9]. Eosinophilopoetins may enhance the receptor expression of IL-3, IL-5, and GM-
CSF, which can lead to excessive signal transduction and alter the disease course [10]. IL-3,
IL-5, and GM-CSF are classified as 3-chain cytokines because they share a common (3-chain
and have unique cytokine-specific x-chains [11-13]. Eosinophilopoetins possess unique
characteristics for eosinophil activation; that way, different cytokines can differentially
affect eosinophil functions, and eosinophil subtypes can exhibit different reactions to the
same eosinophilopoetin [14]. The effects of eosinophilopoetins depend not only on the
concentration of these cytokines but also on the number of receptors on the eosinophil
surface [13]. For this reason, anticytokine receptor antibodies, in addition to anticytokines,
may also be considered as an effective therapy for patients with asthma who are not
responding to conventional treatment [15].

Eosinophils contain about 200 morphologically distinct cytoplasmic granules contain-
ing over 35 types of mediators [16]. They produce cytokines, chemokines, and growth
factors that cause various structural changes in the airways in a process referred to as
airway remodeling [17]. Airway remodeling is characterized by an increased ASM mass
due to hyperplasia and hypertrophy, subepithelial fibrosis, goblet cell hyperplasia, sub-
mucosal mucus gland hypertrophy, and other pathological processes [18]. One of the
main pathological processes that causes the clinical manifestation of asthma and severity
of the disease is hyperplasia of ASM cells [9]. ASM cells usually maintain their airway
diameter by modulating airway tone, so the dysfunction of ASM cells is an important
component of obstructive pulmonary diseases, particularly asthma. External stimuli such
as allergens, dust, air pollutants, and changes in environmental temperature provoke ASM
cell hypertrophy and proliferation and cause ASM cell dysfunction [19].

Most patients achieve adequate symptom control through inhaled glucocorticoid-
based treatment. However, a proportion of patients continue to experience persistent and
severe disease despite good adherence to inhaled steroids, leading to frequent exacerbations
requiring treatment with oral glucocorticoids. Regardless of the success of biologic anti-IL-5
therapy in severe eosinophilic asthma, a subset of patients continue to have uncontrolled
symptoms and exacerbations [4]. It is therefore appropriate to continue to delve into
the mechanisms of eosinophilic asthma to improve asthma treatment. The novelty of
our study is that we activate blood eosinophil subtypes with eosinophilopoetins and use
them in combined cultures with ASM cells in an attempt to demonstrate their different
proliferative properties. We also hypothesize that the bronchial allergen challenge might
enhance the response of certain eosinophil subtypes to activation by eosinophilopoetins. In
this research, therefore, we aimed to investigate the effect of IL-3, IL-5, and GM-CSF on
the proliferative properties of blood rEOS-like and iEOS-like cells that might be associated
with the expression of their receptors in asthma patients.
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2. Materials and Methods
2.1. Investigation Protocol

All subjects were introduced to the study and allowed sufficient time to familiarize
themselves with the study protocol, and all questions were answered. The investigations
were started after the person signed the investigation protocol, which was approved for
use on humans by the regional biomedical ethics committee (BE-2-58). All data were
anonymized by assigning unique numbers. The study was registered on ClinicalTrial.gov
with the identification number NCT04542902.

2.2. Study Design

This study included 46 adults. Men and women aged 18-80 participated in the study.
The subjects were divided into three groups: healthy subjects (HS), SNEA, and AA patients.
Patients were recruited from the Department of Pulmonology at the Hospital of Lithuanian
University of Health Sciences Kaunas Clinics. The inclusion and exclusion criteria are
shown in Table 1.

Table 1. Inclusion and exclusion criteria.

SNEA Group AA Group HS
Asthma symptoms > 12 months
Asthma history > 12 months Nonsevere course of the disease
Inclusion Negative skin prick test Inhaled steroids free period of at least No chronic respiratory or other
criteria Peripheral blood eosinophil > 0.3 x 10° /L 3 months lung diseases
High doses of inhaled steroids + long-acting  Positive skin prick test to D. pteronyssinus Negative skin prick test
beta agonist + episodic use of oral steroids Positive metacholine challenge
test/positive bronchial reversibility test
Clinically significant allergy symptoms
Active airway infection < 1 months prior to study
E . Coronavirus infectious disease 2019 (COVID-19) < 1 months prior to study
xclusion . -
criteria Asthma exacerbation < 1 months prior to study

Use of oral steroids < 1 months prior to study
Active smoking (at least one cigarette a day)
Former smoker (at least 100 cigarettes in lifetime)

AA—allergic asthma; HS—healthy subjects; SNEA—severe nonallergic eosinophilic asthma.

All participants were invited to the study no later than four weeks after the approval
of the inclusion or exclusion criteria. Participants were required to stay 30 min to 2 h from
their arrival at the hospital. AA patients visited the hospital twice (at baseline and 24 h after
the bronchial allergen challenge) and all other participants visited the hospital once. Before
beginning the research, an informed consent form was given to each research subject, and
research started after this was signed by the subject. The research plan is shown in Table 2.

Table 2. Research plan.

SNEA Group (n =18) AA Group (n=17) HS (n=11)
Screening visit (visit 1)
Inclusion and exclusion criteria Vv Vv Vv
Written informed consent N Vv v
CBC N v N
Spirometry v Vv v
e B = / o
Skin prick test Vv Vv Vv

Experimental day (visit 2)

125



Cells 2022, 11, 3804

40f18

Table 2. Cont.

SNEA Group (n =18) AA Group (n=17) HS (n=11)

CBC Vv Vv Vv
IgE v v v
Feno measurement Vv Vv Vv
Spirometry Vv Vv Vv
Bronghial challer}ge with ND . ND

. pteronyssinus

Experimental day 24 h after
bronchial allergen challenge (visit 3)

CBC ND v ND
IgE ND v ND
Feno measurement ND v ND
Spirometry ND Vv ND

AA—allergic asthma; CBC—complete blood count; Feyo—fractional exhaled nitric oxide; HS—healthy subjects;
IgE—immunoglobulin E; ND—not done; SNEA—severe nonallergic eosinophilic asthma.

A graphic of study design is shown in Figure 1.

b
Eosinophilopoctins receptors
gene expression measurement
L8

—

.
el T L

Eosinophils isolation by using
high-density Ficoll centrifigation
and magnetic separation methods
and subtyping by using anti
CD62L-MicroBeads

o ==

Combined cell cultures
between isolated blood
cosinophil subtypes
and ASM cells b s

Eosinophilopoetins receptors
gene expression measurement

= Z]

Figure 1. Graphical overview of the study design. ASM—airway smooth muscle; IL—interleukin;

GM-CSF—granulocyte-macrophage colony-stimulating factor; CD—cluster of differentiation.

2.3. Complete Blood Count and Immunoglobulin E

Peripheral blood samples of participants were drawn into vacutainers containing
dipotassium ethylenediaminetetraacetic acid (K2EDTA) (BD Vacutainer®, Becton Dickinson
UK Ltd., Wokingham, UK). For all routine clinical chemistry assays, samples were directly
transported to the laboratory of our hospital. XE-5000 (Sysmex, Kobe, Japan) and UniCel®
DxH 800 Coulter® Cellular Analysis System automated hematology analyzer (Beckman
Coulter, Miami, FL, USA, JAV) was used for the complete blood count test. An AIA-2000
automated immunoassay analyzer (Tosoh Bioscience, South San Francisco, CA, USA, JAV)
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was used for the immunoglobulin E (Ig E) level test. Blood tests were processed under
tightly controlled and monitored conditions. A detailed blood analysis is described below.

2.4. Spirometry

Spirometry was performed on all participants at least three times. An ultrasonic
spirometer was used to test the lung function (Ganshorn Medizin Electronic, Niederlauer,
Germany). Details of the techniques for performing this procedure are described in [20].

2.5. Metacholine Challenge Test

A metacholine challenge test was performed on AA patients, except those with airflow
limitations noted at the screening visit. For the inhalation of methacholine, a dosimeter was
used (ProvoX, Ganshorn Medizin Electronic, Niederlauer, Germany), and lung function
was checked every 2 min. The methacholine challenge test was completed when the forsed
expiratory volume in 1 s (FEV1) decreased by 20%. Details of the techniques for performing
this procedure are described in [20].

2.6. Bronchial Reversibility Test

A bronchial reversibility test was performed only for 5 subjects in the AA group
that had airflow limitations noted at the screening visit. This test was performed using a
Ganshorn spirometer (Ganshorn Medizin Electronic, Niederlauer, Germany). Spirometry
was performed before and 15 min after salbutamol inhalation (400 mcg). The procedure
performance technique is described in [21].

2.7. Skin Prick Testing

All patients underwent skin prick allergy testing with D. pteronyssinus, D. farinae, cat
and dog dander, five mixed grass pollens, birch pollen, mugwort, Alternaria, Aspergillus,
and Cladosporium using standardized allergen extracts (Stallergenes, S.A., Antony, France).
Details of the techniques for performing this procedure are described in [20].

2.8. Fractional Exhaled Nitric Oxide Test

A fractional exhaled nitric oxide (Feno) analysis was performed on all study partic-
ipants. For subjects of the AA group, Feno levels were recorded twice: before and 24 h
after the bronchial challenge with the D. pteronyssinus allergen. We used a single exhalation
and electrochemical assay (NIOX VERO, Circassia, UK) according to the methodology
described in [20].

2.9. Bronchial Challenge with D. pteronyssinus

A bronchial challenge with the D. pteronyssinus allergen (DIATER, Madrid, Spain) was
performed on all AA group participants who were sensitized to D. pteronyssinus. For the
inhalation of this allergen, we used a dosimeter (ProvoX, Ganshorn Medizin Electronic,
Niederlauer, Germany). The bronchial challenge with the D. pteronyssinus test was stopped
when the FEV; decreased by 20%. The whole procedure is described in [20].

2.10. Peripheral Blood Cell Analysis

Approximately 40 mL of peripheral blood from each subject was collected into ster-
ile vacutainer tubes with ethylenediaminetetraacetic acid (EDTA) and delivered to the
laboratory. In group AA patients, blood tests were repeated and tested 24 h after the
bronchial challenge with D. pteronyssinus. Erythrocytes and granulocytes were isolated
using high-density Ficoll centrifugation. Eosinophils were separated using magnetic sepa-
ration methods. The phenotyping of eosinophils was based on magnetic bead-conjugated
antibodies against L-selectin. These procedures are described in detail in [22].
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2.11. Eosinophil Activation

Isolated eosinophil subtypes were transferred into separate Eppendorf® vacutainer
tubes with different eosinophilopoetins: IL-3, IL-5, or GM-CSF (all three eosinophilopoetins
were used at 10 ng/mL). We prepared 6 vacutainers and adjusted the volume to 500 puL
using a DMEM cell culture. The samples were incubated in a thermostat for 3 h and then
centrifugated for 10 min (speed 400 g). After centrifugation, the supernatant was decanted
into a separate container. The eosinophils remaining in the tube were resuspended with
the DMEM cell culture and were poured onto ASM cells.

2.12. Airway Smooth Muscle Cell Proliferation Assay

Healthy human ASM cells were isolated from one donor. For each study, individ-
ual combined cell cultures between isolated and affected by eosinophilopoetins blood
eosinophil subtypes and ASM cells were prepared. We used 0.5 x 10° viable eosinophils
and 2 x 10° ASM cells grown for 3 days for all experiments. ASM cell proliferation was
assessed using an Alamar blue assay, with details described in [22].

2.13. Gene Expression Assessment

The expression levels of IL-3, IL-5, and GM-CSF genes were determined for both
eosinophil subtypes with qPCR using the commercial Power SYBR® Green RNA-to-CT™
1-Step kit (Applied Biosystems, Foster City, CA, USA). The process is described in detail [22].
The gene expression changes were evaluated based on a fold change between different
eosinophil subtypes in the same group and of the same eosinophil subtypes between
different groups.

2.14. Statistical Analysis

A statistical analysis was performed using SPSS statistical software (IBM SPSS Statistics 20;
Chicago, IL, USA). The Shapiro-Wilk test was used to test the assumption of normality in the
data distribution. The data distribution did not pass the normality test, so a nonparametric
Mann-Whitney two-sided U-test and Wilcoxon matched-pair, signed-rank, two-sided test were
used. The minimal limit for a statistically significant difference in values was p < 0.05.

3. Results
3.1. Study Subject Characteristics

In this study, 18 SNEA patients, 17 steroid-free nonsevere AA patients, and 11 HS
(a total of 46 adults) were included. Demographic and clinical characteristics of the study
population are shown in Table 3. The SNEA patients were significantly older than the AA
and HS groups, as SNEA usually manifests as a late-onset disease. A higher body mass
index value was recorded for SNEA than for AA and HS. A significant decrease in FEV
was observed only in SNEA patients. The blood eosinophil counts were higher in SNEA
and AA patients than HS patients, with a higher count in the SNEA group. No differences
in Feyo levels were found in both asthma groups. The IgE levels in the serum were higher
in SNEA and AA patients than HS patients, with the highest level in the AA group.
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Table 3. Demographic and clinical characteristics of the study population.
SNEA Patients AA Patients HS
Number, n 18 17 11
Sex, M/F 4/14 12/5 3/8
Age, years 57.8 + 2.4 * 281+ 24 314 +32
BMI, kg/m? 29.9 +£1.6** 24.0+£09 253 +1.2
FEVy, L 1.6 £0.1% 3.7+0.2 37+02
FEV, % of predicted 58.9 4.7 % 86.8 £24% 99.1+35
PDygp, mean (range), mg ND 0.22 +0.34 ND
PDjga, mean (range), HEP/mL ND 1412 £1.92 ND
Blood eosinophil count, x10°/L 0.63 + 0.09 ** 0.39 +0.05 0.17 £ 0.02
Blood eosinophil count 24 h after allergen challenge, x10° /L ND 0.51 £ 0.06 ND
Feno, ppb 49.1+83* 51.6 +£ 89" 108 + 1.9
Feno, 24 h after allergen challenge, ppb ND 782+ 12.6 ND
IgE, IU/mL 158.8 + 452+ 837.3 £316.7* 182450
IgE, 24 h after allergen challenge, IU/mL ND 861.1 £323.1 ND

AA—allergic asthma; BMI—body mass index; F—female; Feyo—fractional exhaled nitric oxide; FEV;—forced
expiratory volume in 1s; IgE—immunoglobulin E; M—male; ND—not done; PDygs—the D. pteronyssinus allergen
provocation dose causing a 20% decrease in FEVy; PDygy—the provocation dose of methacholine causing a
20% decrease in FEV;; SNEA—severe nonallergic eosinophilic asthma. Data presented as mean =+ standard error
of the mean. * p < 0.05 compared with AA group. # p < 0.05 compared with HS group. § p < 0.05 compared with
AA group after allergen challenge.

3.2. Effect of IL-3, IL-5, GM-CSF on Eosinophil Subtypes Pro-Proliferative Properties

IL-3 did not affect the proliferative properties of any eosinophil subtypes in the
SNEA group (p > 0.05); however, IL-5 and GM-CSF significantly enhanced the effect on
the proliferative properties of iEOS-like and rEOS-like cells (p < 0.05). Compared with
ASM cells incubated with nonactivated eosinophils, the ASM cell number increased by
47.6 £+ 6.5% and 51.2 + 7.3% after a 72 h coculture with iEOS-like cells and by 48.0 + 5.8%
and 62.4 & 4.5% after a 72 h coculture with rEOS-like for activation with IL-5 and GM-CSF,
respectively (p < 0.05). Compared with the SNEA group, there was no significant difference
(p > 0.05) in ASM cell number for coculture with IL-3-, IL-5-, and GM-CSF-activated
iEOS-like cells.

In the AA group, IL-5 and GM-CSF significantly enhanced the effect of iEOS-like
and rEOS-like cells on ASM cell proliferation (p < 0.05). Compared with ASM cells incu-
bated with nonactivated eosinophils, the ASM cell number increased by 26.6 & 4.1% and
34.8 £ 4.3% after a 72 h coculture with iEOS-like cells and 38.3 & 1.6% and 35.1 + 3.7% for
rEOS-like cells (p < 0.05) when activated with IL-5 and GM-CSF, respectively. At the same
time, IL-3 had no significant impact on any eosinophil subtypes (p > 0.05). Compared with
the AA group, there was no significant difference (p > 0.05) in ASM cell number for the
coculture with IL-3-, IL-5-, and GM-CSF-activated iEOS-like cells (p > 0.05).

In the HS group, IL-5 had a significant effect on the proliferative properties of iEOS-like
cells (p < 0.05). The ASM cell number after 72 h of incubation in a coculture with IL-5
activated iEOS-like cells increased by 18.6 + 2.9% compared with ASM cells incubated with
nonactivated eosinophils (p < 0.05). At the same time, IL-3 and GM-CSF had no significant
impact on any eosinophil subtypes (p > 0.05). Compared with the HS group, there was no
significant difference (p > 0.05) in ASM cell number for the coculture with IL-3-, IL-5-, and
GM-CSF-activated iEOS-like cells (p > 0.05).

The effect of IL-5 on the proliferative properties of iEOS-like cells was higher in the SNEA
group than in the AA group (ASM cell number increased by 47.6 £ 6.5% vs. 26.6 &= 4.1%). Mean-
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while, the effect of GM-CSF on the proliferative properties of rEOS-like cells was higher compared
with the AA group (ASM cell number increased by 62.4 4 4.5% vs. 35.1 + 3.7%, p < 0.05).

The effect of IL-3 and GM-CSF on the proliferative properties of iEOS-like cells was
higher in the AA group than the HS group (ASM cell number increased, respectively, by
19.6 + 3.6%; 34.8 + 4.3% vs. 9.4 £ 2.1%; 7.4 + 1.9%, p < 0.05) while the effect of IL-3,
IL-5, and GM-CSF on the proliferative properties of rEOS-like cells was higher in the
AA group than the HS group (ASM cell number increased by 29.3 & 4.9%, 38.3 £ 1.6%,
35.1 £3.7% vs. 9.3 £ 1.6%, 13.4 & 1.0%, 12.0 £ 2.7%, respectively, p < 0.05). The effect of
IL-3, IL-5, and GM-CSF on the proliferative properties of both eosinophil subtypes was
higher in the SNEA group than the HS group (ASM cell number increased by 26.6 & 1.8%,
47.6 + 6.5%, and 51.2 + 7.2%, respectively, for iEOS-like cells and 32.1 + 3.8%, 48.0 & 5.8%,
and 62.4 & 4.5%, respectively, for rEOS-like cells vs. 9.4 £ 2.1%, 18.6 & 2.9%, and 7.4 £ 1.9%,
respectively, for iEOS-like cells and 9.3 + 1.6%, 13.4 & 1.0%, and 12.0 & 2.7%, respectively,
for rEOS-like cells, p < 0.05, Figure 2).

[] mflammatory-like eosinophils
. Lung resident-like eosinophils

Change of reduced Alamar blue reagent
(% over control)

SNEA AA HS
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Figure 2. Effect of eosinophilopoetins on proliferative properties of blood eosinophil sub-
types. ASM—airway smooth muscle; IL—interleukin; GM-CSF—granulocyte-macrophage colony-
stimulating factor. Severe nonallergic eosinophilic asthma (SNEA) group n = 10, nonsevere allergic
asthma (AA) group n =9, healthy subjects (HS) group n = 8. Data presented as the mean =+ standard
error of the mean. * p < 0.05 compared with appropriate rEOS-like cells in the same group. ¥ p < 0.05
compared with appropriate eosinophil subtypes from AA group. S p <0.005 compared with ap-
propriate eosinophil subtypes from HS group. Statistical analysis: between investigated groups,
Mann-Whitney two-sided U-test; within one study group, Wilcoxon matched-pair signed-rank
two-sided test. Data presented as the mean =+ standard error of the mean.
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3.3. Effect of Eosinophilopoetins on Pro-Proliferative Properties of Eosinophil Subtypes after
Allergen Activation In Vivo

The effect on the proliferative properties of eosinophil subtypes following an in vivo
provoked acute allergic asthma episode after the bronchial allergen challenge was determined
by comparing the results before and 24 h after the allergen challenge of the same subject.

The bronchial allergen challenge significantly increased the effect of IL-5 and GM-CSF
on the proliferative properties of rEOS-like cells (p < 0.05). After 72 h of incubation in co-
culture with IL-5- and GM-CSF-activated rEOS-like cells, the ASM cell number increased
by 61.1 £ 7.0% and 66.2 £ 7.3%, respectively, compared with the ASM cells incubated with
nonactivated eosinophils, and by 38.3 + 1.6% and 35.1 & 3.7% (p < 0.05), respectively, com-
pared with ASM cells incubated with IL-5- and GM-CSF-activated eosinophils before bronchial
allergen challenge. Meanwhile, IL-3 had no significant effect on rEOS-like cells (p > 0.05).

The bronchial allergen challenge did not significantly change the ASM cell number
after 72 h of incubation in coculture with IL-3-, IL-5-, and GM-CSF-activated iEOS-like cells
compared with the same cells before the bronchial allergen challenge (p > 0.05) (Figure 3).

[ Inflammatory-like eosinophils
. Lung resident-like eosinophils

p<0.05 p<0.05

°o

100 — A o
5 90— °
2 .
] 80— o 3 .
Q *
3 70 R
=
=
g2 60 ot
- Q * °
<3 50 °
= O ° G
82 40de00s .o " ]
IS sk
o< o of o
el 30 % 0 3 R
5] g °
[*] p—
o 207 | -
<
=
O

10—F§ﬂ|°° : .
O 171 TT TT 171
Viv2 V1V2 VIV2 VIV2 Viv2 V1V2 VIV2 VIV2

ASM cells + + + 4+ + + o+ + + + o+ + + + 4+ +
IL-3 + + i

IL-5 + + i
GM-CSF + + + +

Figure 3. The effect of bronchial allergen challenge on proliferative properties of blood eosinophil
subtypes in allergic asthma. ASM—airway smooth muscle; IL—interleukin; GM-CSF—granulocyte-
macrophage colony-stimulating factor, V1—uvisit 1 (before bronchial allergen challenge); V2—visit 2
(24 h after bronchial allergen challenge). Results from independent experiments of AA, n = 8.
Data presented as the mean + standard error of the mean. * p < 0.05 compared with appropriate
rEOS-like cells. Statistical analysis: between investigated groups, Mann-Whitney two-sided U-test;
within one study group, Wilcoxon matched-pair signed-rank two-sided test. Data presented as the
mean =+ standard error of the mean.
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3.4. Gene Expression of IL-3R, IL-5R, and GM-CSFR

Compared with iEOS-like cells, rEOS-like cells isolated from the SNEA and AA groups
showed a higher expression of the IL-3 receptor gene (respectively 1.2 4 0.5; 2.1 & 0.7 folds,
p < 0.05). Meanwhile, in the HS group, the expression of the IL-3 receptor gene did not
significantly differ (p > 0.05) between eosinophil subtypes. rEOS-like cells isolated from the
SNEA, AA, and HS groups showed a higher expression of the IL-5 receptor gene compared
with iEOS-like cells (5.1 £+ 1.7-, 1.7 & 0.7-, and 1.7 + 0.8-fold, respectively, p < 0.05). In
the SNEA group, a higher expression of the GM-CSF receptor gene was observed in the
isolated iIEOS-like compared with rEOS-like cells (1.9 + 0.5-fold, p < 0.05). Meanwhile, in
the AA and HS groups, the expression of the GM-CSF receptor gene did not significantly
differ (p > 0.05) between the eosinophil subtypes (Figure 4).
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Figure 4. Differences in expression of IL-3R, IL-5R, and GM-CSFR genes between lung resident-like and
inflammatory-like eosinophils in the same groups. IL-3R—interleukin 3 receptor; IL-5R—interleukin
5 receptor; GM-CSFR—granulocyte-macrophage colony-stimulating factor receptor. Severe nonallergic
eosinophilic asthma (SNEA) group n = 10, nonsevere allergic asthma (AA) group n = 8, healthy subjects
(HS) group n = 11. Data presented as the mean =+ standard error of the mean, fold change over expression
of IL-3R, IL-5R, and GM-CSFR gene on inflammatory-like eosinophils. * p < 0.05 compared with
inflammatory-like eosinophils; * p < 0.05 compared with AA group; § p < 0.05 compared with HS group.
Statistical analysis: between investigated groups, Mann-Whitney two-sided U-test; within one study
group, Wilcoxon matched-pair signed-rank two-sided test. Data presented as the mean + standard error
of the mean.

A higher expression of the IL-3 receptor gene was observed in iEOS-like and rEOS-like
cells isolated from the SNEA group than from the HS group (2.1 & 0.3- and 4.6 & 2.6-fold,
respectively, p < 0.05). A higher expression of the IL-5 receptor gene was observed in the
iEOS-like and rEOS-like cells isolated from the SNEA and AA groups than in the iEOS-like
cells isolated from the HS group (4.5 & 2.6-, 4.3 £ 0.8-, 2.7 £ 0.9-, and 4.4 + 1.7-fold,
respectively, p < 0.05). A higher expression of the GM-CSF receptor gene was observed
in rEOS-like cells isolated from the HS group than from the SNEA group (1.7 & 0.6-fold,
p < 0.05). Meanwhile, a higher expression of the GM-CSF receptor gene was observed
in iEOS-like and rEOS-like cells isolated from the HS group than from the SNEA group
(1.9 £ 0.9- and 2.4 £ 1.1-fold, respectively, p < 0.05) (Figure 5a).
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Figure 5. Differences in expression of IL-3R, IL-5R, and GM-CSFR genes between eosinophil subtypes. Com-
parison of (a) SNEA and AA groups with HS group; (b) SNEA group with AA group. IL-3R—interleukin,

3 receptor; IL-5R—interleukin 5 receptor; GM-CSFR—granulocyte-macrophage colony-stimulating factor
receptor. Severe nonallergic eosinophilic asthma (SNEA) group n = 10, nonsevere allergic asthma (AA)
group n = 8, healthy subjects (HS) group n = 11. Data presented as the mean = standard error of the mean,
fold change over expression of IL-3R, IL-5R, and GM-CSFR gene in HS and AA groups. * p < 0.05 compared
with HS group, ¥ p < 0.05 compared with AA group. Statistical analysis: between investigated groups,
Mann-Whitney two-sided U-test; within one study group, Wilcoxon matched-pair signed-rank two-sided
test. Data presented as the mean + standard error of the mean.
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A higher expression of the IL-3 receptor gene was observed in iEOS-like and rEOS-like
cells isolated from the SNEA group than from the AA group (2.6 + 0.4- and 4.5 £ 2.9-fold,
respectively, p < 0.05). Meanwhile, a higher expression of the IL-5 receptor gene was
observed in the rEOS-like cells isolated from the SNEA group than from the AA group
(3.8 + 0.5-fold, p < 0.05). A higher expression of the GM-CSF receptor gene was observed
in iEOS-like cells isolated from the SNEA group than from the AA group (3.6 £ 0.5-fold,
p <0.05) (Figure 5b).

3.5. Effect of Allergen Activation on Expression of IL-3R, IL-5R, and GM-CSFR Genes

The effect on expression of eosinophilopoetin receptors of an in vivo provoked acute
allergic asthma episode after bronchial allergen challenge was determined by comparing
the results before and 24 h after the bronchial allergen challenge of the same subject.

Bronchial allergen challenge significantly increased the expression of the IL-3 recep-
tor genes on iEOS-like cells compared with the same cells before the bronchial allergen
challenge (7.0 & 5.4 folds, p < 0.05). Meanwhile, the expression of the IL-5 and GM-CSF
receptor genes did not significantly differ for both eosinophil subtypes before and after the
bronchial allergen challenge (p > 0.05). (Figure 6).

3 Inflammatory-like cosinophils
151 B Lung resident-like eosinophils

1| I o

Difference in inflammatory-like and lung resident-like eosinophils
gene expression (folds compared to V1)

-10 T T T T T T
IL-3R IL-5R GM-CSFR

Figure 6. Differences in the expression of IL-3R, IL-5R, and GM-CSEFR genes before and after bronchial
allergen challenge. V2, visit 2 (24 h after bronchial allergen challenge). IL-3R—interleukin 3 receptor;
IL-5R—interleukin 5 receptor; GM-CSFR—granulocyte-macrophage colony-stimulating factor recep-
tor. Results from independent experiments of AA, n = 8. Data presented as the mean + standard
error of the mean, fold change over expression of IL-3R, IL-5R, and GM-CSEFR gene after bronchial
allergen challenge. * p < 0.05 compared with V2. Statistical analysis: between investigated groups,
Mann-Whitney two-sided U-test; within one study group, Wilcoxon matched-pair signed-rank
two-sided test. Data presented as the mean + standard error of the mean.

4. Discussion

Eosinophilic inflammation predominates in half of asthmatic patients, and eosinophil
counts in the airway and blood are associated with the severity of the disease. Eosinophils them-
selves as well as their maturation and activity in regulating cytokines called eosinophilopoetins
are all prominent components of eosinophilic inflammation [6]. Our study results revealed
that IL-5 and GM-CSF, but not IL-3, exhibited a significant effect on the proliferative properties
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of eosinophil subtypes in asthma patients. Moreover, we found that after the in vivo activation
of AA patients by a bronchial allergen challenge, only rEOS-like cells demonstrated a tendency
to be more activated by IL-5 and GM-CSE, with no effect on iEOS-like cells. Furthermore,
eosinophil subtypes differed in the expression of eosinophilopoetin receptors; however, only
IL-5R might be related with an effect on the proliferative properties of eosinophil subtypes.

Eosinophil is an active inflammatory cell that produces diverse cytokines, chemokines,
and growth factors. During chronic airway inflammatory diseases, such as asthma,
eosinophil activity is triggered, leading to abnormal infiltration into the airways and the
disturbance of local homeostasis. At least two subtypes of eosinophils have been identified,
and they differ according to their role in asthma pathogenesis. Studies identifying these
populations in mouse models suggest that rEOS and iEOS have distinct biological roles:
rEOS are homeostatic cells with a primary function of maintaining tissue homeostasis,
while iEOS are mainly involved in immune responses [23]. This allows us to speculate that
their effect on the physiology of lung structural cells, such as proliferation, also differs,
which may be related to different responses to elevated levels of proinflammatory cytokines
in patient blood. Our study is based on the blood-circulating eosinophils. These cells are re-
leased into the bloodstream in an active form and express airway tissue eosinophil-specific
markers. For this reason, blood-circulating eosinophils could give sufficient information
about their behavior before infiltration into asthmatic lungs.

Eosinophil development and functions depend on several cytokines, including IL-3,
IL-5, and GM-CSF [24]. IL-3 and IL-5 are expressed mainly by activated T lymphocytes and
mast cells. GM-CSF is produced by T cells, epithelial cells, and macrophages [10]. All three
cytokines have a common beta (f3)-chain receptor subunit and different specificities for
alpha (o)-chain subunits. These three cytokines can differentially affect eosinophil functions
due to the regulation and trafficking of their specific x-chain receptors on the eosinophil
surface, and their specific downstream intracellular signaling in a c-chain-independent
manner [14].

Tai et al. demonstrated that any of the ¢ family cytokines increase blood eosinophil
survival by preventing programmed cell death in human blood eosinophils [25]. Esnault et al.
compared the effects of 3-chain cytokines on eosinophil biology and demonstrated that
IL-3 has a stronger effect than any other ¢ family cytokines in activating eosinophils [14].
However, despite the strong effect of IL-3 on eosinophil activity, the effects might be related
to the stronger affinity to eosinophil IL-3 receptors rather than concentration in asthmatic
patients’ blood [22].

The role of eosinophils in the development of airway remodeling, including the
proliferation of ASM cells, was established relatively early [26]. ASM cells control muscle
tone and thus regulate the opening of the airway lumen and air passage. Evidence indicates
that ASM cells participate in airway hyperresponsiveness and the inflammatory and
remodeling processes observed in asthmatic subjects [27]. The contribution of eosinophils
to airway remodeling in asthma depends not only on their increased infiltration but also
their survivability in airways, which prolongs their effect on pulmonary structural cells [8].
Previously, we demonstrated that the inclusion of either eosinophil subtypes in a coculture
significantly increased the proliferation of ASM cells; however, no studies have been
conducted with eosinophilopoetin-activated eosinophil subtypes to date. In this study, we
aimed to determine the effect of eosinophils on the proliferative properties of eosinophil
subtypes. Our use of combined eosinophilopoetin-activated blood eosinophil subtypes
and the ASM cell culture model by simulating the processes in vivo revealed that IL-5
and GM-CSF, but not IL-3, are important for their proliferative properties. Both these
cytokines significantly enhanced the effect of both iEOS-like and rEOS-like cells on ASM
cell proliferation in AA and SNEA groups. Moreover, it was disclosed that activation by
IL-5 and GM-CSF was more pronounced for the eosinophils of asthma patients than for the
control HS. Ryan and colleagues found that IL-3 is the cytokine among the 3-chain receptor
cytokines that produces the most distinct eosinophil gene expression program; from our
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data, however, we can conclude that this dysregulation in the expression of this gene is not
associated with the pro-proliferative properties of eosinophils.

People with asthma experience shortness of breath, cough, wheezing, and chest
tightness. All these symptoms are associated with airway inflammation, obstruction, and
airway remodeling [17]. This established correlation has prompted the development of
eosinophil-targeting immunotherapies for decreasing eosinophilic count in the treatment
of severe eosinophilic asthma. However, despite the biologic therapies, a subset of patients
with severe eosinophilic asthma failed to achieve effective disease control [28]. The effect of
IL-5 on the pro-proliferative properties of rEOS-like and iEOS-like cells might potentially
be managed by anti-IL-5 antibodies; however, the condition remains poorly controlled by
this treatment for some patients. A similar pro-proliferative effect of GM-CSF might be a
suggestion for advanced and combined therapies targeting the main, eosinophils-related
ASM remodeling in asthma. Moreover, the severe course of the disease, related to the group
of SNEA patients with less control, indicates the enhanced response of iEOS-like cells to
IL-5 and of rEOS-like cells to GM-CSE. This allows us to separate the responses between
eosinophil subtypes and distinct eosinophilopoetins that, in combination with additional
individual blood eosinophil subtypes-like cells quantity determination, could allow for the
application of personalized treatment according to the disease phenotype.

The airways are constantly in contact with irritants, viruses, microbes, and allergens
that can cause and exacerbate asthma [17]. During airway inflammation, when the airways
are exposed to allergens, epithelial cells release signaling molecules that activate T helper
2 cells (Th2) or innate lymphoid type-2 cells (ILC2), which produce airway inflammatory
cytokines [29,30]. To evaluate the effect of eosinophilopoetins in mimicking asthma ex-
acerbations, we used the most common D. pteronyssinus house dust mite allergen with
which humans constantly come into contact. iEOS-like cells are proinflammatory effector
cells that are closely linked with immune responses. During a bronchial allergen challenge,
these cells might be more strongly activated compared with resident eosinophils. However,
our study revealed that in vivo activation after a bronchial allergen challenge enhances the
proliferative properties of iEOS-like cells but does not increase their response to activation
by any eosinophilopoetin. We can assume that iEOS-like cells are released in bone marrow
in a more activated state or have a larger quantity of activated eosinophilopoetin receptors.
Therefore, their pro-proliferative properties are less affected by increased levels of 3-chain
cytokines. However, Mesnil et al. (2016) described a distinct subtype of the eosinophil’s
population, called rEOS, in inflammatory conditions [5]. This allows us to assume that
steady-state rEOS-like cells might be less activated, and the bronchial allergen challenge,
related to an acute asthma episode and a release of various proinflammatory cytokines,
enhanced their response to IL-5 or GM-CSF and proliferative effects on ASM cells. We can
speculate that enhanced ASM remodeling in acute asthma might be related to switched
homeostatic rEOS-like cell functions and may be related to activation by IL-5 and GM-CSF
but not to the more pronounced proliferative properties of iEOS-like cells.

Eosinophil activation by IL-3, IL-5, or GM-CSF depends not only on the concentration
but on these cytokines and the number of f-chain cytokine receptors on the eosinophil
surface. IL-3, IL-5, and GM-CSF share a common (3-chain and have cytokine-specific «-
chains [7]. Despite all three cytokines sharing a standard (-chain receptor subunit, each
differentially affects the eosinophil biology due to the alpha () chain subunit-specific
properties [31]. We assumed that the expression of the eosinophilopoetin receptor gene
in eosinophil subtypes could play an important role in regulating the eosinophil prolif-
erative properties, ASM cell proliferation, and airway structural changes. We sought to
determine the expression of IL-3, IL-5, and GM-CSF receptor genes by focusing on expected
eosinophilopoetin receptor counts on the eosinophil surface in different subject groups.
Important differences between iEOS-like and rEOS-like cells were obtained regarding the
expression of eosinophilopoetin receptor genes. rEOS-like cells were distinguished by a
higher expression of the IL-3 receptor than in iEOS-like cells in both asthma groups. The
IL-3 receptor gene expression of both eosinophil subtypes was significantly higher in the
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SNEA group than in the AA and HS groups; however, we found no relation between IL-3
activation and the proliferative properties of eosinophil subtypes. Thus, an increase in
IL-3 receptors could be related to the biological properties of other eosinophil subtypes,
especially for iEOS-like cells during acute asthma episodes, which needs to be investigated.
Evaluating the expression of the IL-5 receptor gene, we found strong upregulation in both
eosinophil-like cell subtypes of asthma groups compared with the HS group. We can con-
clude that increased IL-5R gene expression might be related to the enhanced proliferative
properties of iEOS-like and rEOS-like cells after activation by IL-5.

GM-CSF receptor gene expression, as well as the IL-3 receptor, might not be related
to the proliferative properties of eosinophil-like cell subtypes. Differently to IL-3R and
IL-5R, the expression of the GM-CSFR gene of both subtypes in AA and in rEOS-like
cells of SNEA patients was significantly downregulated compared with the HS group.
-Chain cytokine receptors have a specific ligand-related cross-regulation mechanism.
Whole eosinophilopoetins can downregulate IL-5 receptor and upregulate IL-3 receptor
expression, while GM-CSF receptors are downregulated by GM-CSF itself in rEOS under
inflammatory conditions. Blood-circulating IL-5 and especially GM-CSF levels are en-
hanced in asthma [21]; therefore, it might be related to significantly lower GM-CSFR mRNR
levels in blood eosinophil subtype-like cells in asthma and less activation of eosinophil by
GM-CSF in our in vitro model. However, the quantity of eosinophilopoetin receptors is
not the main reason for signal transduction. The receptors of eosinophilopoetin exist as
monomers on unstimulated cells—these are inactive, while signal transmission is possible
only after activation. Eosinophilopoetins bind to their respective a-chain with low affinity,
and the subsequent recruitment of the 3-chain contributes to a conformational change with
a significant association with binding in a complex. The enhancement of the proliferative
properties of eosinophil subtypes after activation with GM-CSF might be due to more
receptors being in an activated state. Moreover, iEOS-like cells of SNEA patients could
be distinguished from the population of rEOS-like cells by enhanced GM-CSF receptor
gene expression. This difference could be considered a characteristic feature of SNEA,
which allowed us to predict the GM-CSF cytokine as a possible target to reduce the effect
of iEOS-like cells on ASM remodeling.

We established that the effect of IL-5 and GM-CSF on the eosinophil subtypes sig-
nificantly increased the ASM cell number. It leads to the thickening of the airway wall
and plays an important role in airway remodeling. For this reason, ASM cell prolifera-
tion can be associated with a severe course of asthma and weakened lung function. The
United States Food and Drug Administration (FDA) approved the first humanized mono-
clonal antibody, which blocks IL-5 (mepolizumab), to treat the severe asthma eosinophilic
phenotype in 2015. After 2 years, the same institution approved the second humanized
monoclonal antibody, which blocks IL-5 receptors (benralizumab). Anti-IL-5 and anti-IL-5
receptor antibody treatment significantly decrease the frequency of asthma exacerbations
and the use of systemic glucocorticoids, improving lung function and quality of life [31-35].

Based on the data, we think that the GM-CSF block might be an alternative target in
treating asthma. The first study in asthma patients with an anti-GM-CSF monoclonal anti-
body was performed in 2012-2014. This two-phase study’s main aim to improve lung func-
tion was not met in the overall population; however, forced expiratory volume in 1's (FEV1)
significantly increased in the group of patients with >300 peripheral blood eosinophils/mL
at baseline. No significant effect in reducing asthma exacerbations or improving asthma
control was found in this study as well. It is being considered that the study population or
study medication dose was not a good choice [36]. To date, no further clinical trials have
been conducted with anti-GM-CSF antibodies.

Our study had several limitations. A potential restriction of the eosinophil subtype
model used in the study is that after the isolation of the total blood eosinophil population
from granulocytes, rEOS-like cells were isolated by positive selection against CD62L, keep-
ing iEOS-like cells as CD62L negative cells. However, the isolated eosinophil population
was not 100% pure, and other CD62-L negative blood cells can contaminate the popula-
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tion of iEOS-like cells. Incidentally, not all the purified eosinophils remained viable after
72 h of incubation with ASM cells. Therefore, the proliferation data in this study may be
related to residual viable eosinophils. However, we assessed that activated eosinophils
can rapidly degranulate and release proliferative mediators that affect ASM cells even
when eosinophils are nonviable. Moreover, in the AA group, eosinophils were assessed
during the active allergic reaction after the bronchial allergen challenge but not during
the late allergic reaction. We think eosinophils may have been more activated in the late
allergic reaction due to more pronounced eosinophilic inflammation. We investigated the
expression levels of IL-3, IL-5, and GM-CSF receptor genes. As gene expression does not
always reflect the levels of maturate receptors, our conclusions based only on the expression
of eosinophilopoetin receptor genes is limited.

In conclusion, IL-5 and GM-CSF demonstrated a significant effect on the prolifer-
ative properties of eosinophil subtypes in patients with asthma; the exposure of these
eosinophilopoetins to eosinophil subtypes significantly increased the ASM cell number.
However, ASM cell proliferation was associated with the expression of only the IL-5 re-
ceptor gene in eosinophil subtypes. Though we did not detect an IL-3 effect on eosinophil
proliferative properties, IL-3 undoubtedly acts on the eosinophil by altering its other
functions, but more research is needed to determine the details.
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Abstract: In distinguishing the allergic asthma (AA) phenotype, it has been identified that specific
biomarkers could assist; however, none of them are considered ideal. This study aimed to analyze
three groups of biologically active substances in the serum. Twenty steroid-free AA patients, sensi-
tized to Dermatophagoides pteronyssinus, and sixteen healthy subjects (HSs) were enrolled in this study.
Blood samples were collected from all patients. Additionally, all AA patients underwent a bronchial
allergen challenge (BAC) with Dermatophagoides pteronyssinus, all of which were positive, and blood
samples were collected again 24 h later. The concentrations of ten biologically active substances
were measured in the serum samples, using enzyme-linked immunosorbent assay (ELISA) and the
Luminex® 100/200™ System technology for bead-based multiplex and singleplex immunoassays.
Descriptive and analytical statistical methods were used. A p-value of 0.05 or lower was considered
statistically significant. The soluble interleukin 5 receptor subunit alpha (sIL-5Ra) and thioredoxin
1 (TRX1) concentrations were significantly increased, whereas those of tyrosine-protein kinase Met
(MET), pentraxin 3 (PTX3), and I C-telopeptide of type I collagen (ICTP) were decreased in the AA
group compared with the HS group. A significant positive correlation was noted for sIL-5Rx with
fractional exhaled nitric oxide (Feno), blood eosinophil (EOS) count, and total immunoglobulin E
(IgE) levels, and a negative correlation was noted with forced expiratory volume in 1 s (FEV;). More-
over, PTX3 showed negative correlations with blood EOS count and total IgE levels, whereas ICTP
exhibited a negative correlation with the blood EOS count. In conclusion, this study demonstrated
that the serum concentrations of MET, PTX3, TRX1, ICTP, and particularly sIL-5Re could potentially
serve as biomarkers of the AA phenotype.

Keywords: allergic asthma; biomarker; serum biologically active substance; eosinophil; fraction of
exhaled nitric oxide; total immunoglobulin E

1. Introduction

Asthma is considered to be a chronic inflammatory disorder associated with airway
hyper-responsiveness [1]. The recognition of asthma phenotypes is reasonably accurate
in relation to gender, age, allergy, family history of allergic disease, commencement of
asthma in childhood or adult life, response to inhaled corticosteroid treatment, and others.
The most common asthma phenotypes are allergic and non-allergic asthma [2]. Allergic
asthma (AA) typically begins in childhood. This particular phenotype is associated with
sensitization to aeroallergens. The inhalation of allergens significantly contributes to
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asthmatic symptoms, leading to acute bronchoconstriction and airway inflammation [3,4].
Therefore, the AA phenotype can be suspected based on the patient’s allergic anamnesis;
however, confirmation requires specific immunoglobulin E (IgE) and/or skin prick tests for
allergens [4].

Understanding asthma pathophysiology is important for the selection of the best-
performing personalized treatment for patients [5]. AA is a type 2 (T2) airway inflammation-
driven process [6]; thus, this makes biomarkers of T2 inflammation highly valuable for AA
diagnosis and management [7]. Biomarkers associated with the AA phenotype include ele-
vated total IgE levels, sputum and blood eosinophil (EOS) counts, and exhaled nitric oxide
(Feno) [8]. One of the main biomarkers for T2 airway inflammation is the EOS numbers,
which are usually analyzed in the blood and the sputum. These EOS counts are the most
studied and most widely used biomarker in clinical practice. Increased EOS counts are
associated with a higher prevalence of exacerbations and a lower possibility of controlling
the disease [9]. Increased total IgE levels are seen in patients with atopic diseases; therefore,
they are considered a marker of atopy. IgE has an established role in defining the asthma
phenotype, and elevated IgE levels are associated with a more severe course of AA and
determine worse symptom control [10]. Total IgE level in blood serum is important in
selecting patients with severe AA, for which anti-IgE therapy is indicated [11]. Feno is
directly measurable in the exhaled breath of patients. It increases proportionally with
the intensity of T2 airway inflammation and is linked to eosinophilia [9]. Although these
biomarkers provide insights into the pathophysiologic mechanisms underlying AA, none
of them are considered ideal and all of them have their flaws [8]. The level of biological
markers in the patient can vary depending on the day or hour; moreover, the test results
can be influenced by the patient’s weight, exposure to allergens, medications, infection
status, and smoking habit [11]. Blood and sputum EOS counts may not be diagnostic
but can serve as prognostic biomarkers for treatment responses; serum total IgE levels
closely correlate with the risk of AA and the severity of asthma [8]. For these reasons, the
study of a single biomarker is not appropriate [12]. It is recommended to test at least two
biological markers to increase the sensitivity and specificity of these tests and to better
recognize T2 airway inflammation. It is also recommended to repeat tests rather than to
rely on a single, one-time test response. The combination and re-examination of several
biomarkers may be helpful in patient selection and predicting the efficacy of any treatment
targeting T2 airway inflammation [13]. For this reason, it is necessary to identify novel
biomarkers of T2 airway inflammation that can better represent allergic inflammation.
There are biologically active substances in the serum, which play a role in the pathogenesis
of AA, have the potential to serve as biomarkers, can reflect allergic inflammation, and can
be used in clinical practice [14]. Based on the literature data, we chose less investigated
biologically active substances involved in T2 airway inflammation [15-19]. We divided
the substances into three groups via the role the biologically active substances play in
AA pathophysiological pathways: circulating inflammatory biomarkers; blood oxidative
stress markers; and extracellular matrix proteinases and degradation products. Chronic
inflammation-related substances describe those molecules which play key roles in me-
diating and perpetuating inflammatory responses. We included blood oxidative stress
indicators to reflect the cellular redox homeostasis that takes place under chronic airway in-
flammation conditions. Extracellular matrix proteinases and degradation products exhibit
the ongoing extracellular matrix remodeling and collagen turnover associated with chronic
inflammation and structural changes in the airways. We chose to investigate ten potential
biomarkers for AA to enhance our understanding of allergic inflammation and accelerate
the discovery of novel biomarkers.

Thus, this study aimed to analyze biologically active substances in the serum related
to chronic inflammation, blood oxidative stress markers, and extracellular matrix factors as
potential biomarkers for the AA phenotype and to compare them with validated biomarkers
(total IgE levels, blood EOS counts, and Fenp). We performed a bronchial allergen challenge
(BAC) using Dermatophagoides pteronyssinus to evaluate the value of these substances in
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allergen-induced inflammatory responses. The evaluation of these bioactive substances
may contribute to the discovery of new biomarkers of T2 airway inflammation and targeted
treatments for asthma.

2. Materials and Methods
2.1. Study Design and Population

The participants were recruited from the Department of Pulmonology at the Hospital
of the Lithuanian University of Health Sciences (LSMU), from the Kaunas Clinics. Patients
with AA were included in the study in two ways. The first was that eligible patients were
selected through electronic hospital medical records, and then potentially eligible patients
were contacted by telephone. The second was that eligible patients were selected as they
arrived in the outpatients’ clinic for an asthma consultation. AA was diagnosed based
on asthma symptoms that last more than one year and airway hyperresponsiveness to
methacholine or a positive bronchial reversibility test. The healthy subjects (HSs) consisted
of healthy volunteers without lung diseases or allergies. The study lasted from the month
of October 2020 to the month of December 2022 and included patients with AA and HSs
(the inclusion and exclusion criteria are listed in Table 1).

Table 1. Inclusion and exclusion criteria.

Inclusion Criteria

Exclusion Criteria

AA Group HSs
Diagnosed with AA Age < 18 years
Free of inhaled steroids at least 1 month Smoker

Positive skin prick test for at least
Dermatophagoides pteronyssinus allergen
Positive methacholine challenge or

No symptoms of respiratory disease
No clinical allergy symptoms
All skin prick tests negative

Active airway infection < 1 months prior
to study
Other clinically significant non-controlled

bronchial reversibility test disease

AA—allergic asthma; HSs—healthy subjects.

No later than four weeks after the approval of the inclusion and exclusion criteria, all
eligible applicants were invited to participate in the study. Prior to initiation of the research,
each subject was provided with ample time to review, comprehend, and sign the informed
consent. The participants in the HS group visited the hospital twice—for the screening visit
and on the experimental day (V1). Meanwhile, the participants in the AA group visited
the hospital on three separate days: for the screening visit; then, for V1, the experimental
day; and finally, for the experimental day—24 h after V1 (V2). Table 2 shows the research
performed at each visit.

Table 2. Investigations at visits.

Screening Visit Vi v2*
Inclusion and exclusion criteria CBC CBC
Written informed consent Total IgE Total IgE
Spirometry Feno measurement Feno measurement
Methacholine challenge test/bronchial Spi .
pirometry Spirometry

reversibility test *
Skin prick testing

BAC with Dermatophagoides pteronyssinus
allergen *

BAC—bronchial allergen challenge; CBC—complete blood count; Feyo—fractional exhaled nitric oxide; IgE—
immunoglobulin E; V1—experimental day; V2—experimental day—24 h after V1. * only allergic asthma group.

Blood samples were collected from all study subjects on V1. AA patients’ blood
samples were also re-collected in V2. All collected blood samples were assigned a unique
study number. Blood samples were tested for eosinophil count, total IgE, and biologically
active substance concentrations. The biomarkers selected for this study are listed in Table 3.
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Table 3. Biologically active substances included in study.

Extracellular Matrix Proteinases and

Circulating Inflammatory Biomarkers Blood Oxidative Stress Markers Degradation Product
ATX MMP-7
MET PTX-3 MMP-9
Lp-PLA2 TRX1 MMP-10
sIL-5Ra ICTP

ATX—autotaxin; ICTP—I C-telopeptide of type I collagen; Lp-PLA2—lipoprotein-associated phospholipase A2;
MET—tyrosine-protein kinase Met; MMP-7—matrix metalloproteinase-7; MMP-9—matrix metalloproteinase-9;
MMP-10—matrix metalloproteinase-10; PTX-3—pentraxin 3; sIL-5Rx—soluble interleukin 5 receptor subunit
alpha; TRX1—thioredoxin 1.

2.2. Pulmonary Function Tests
2.2.1. Spirometry

All participants underwent spirometry testing at least three times. For lung function
testing, an ultrasonic spirometer was used (Ganshorn Medizin Electronic, Niederlauer,
Germany). The performance of this procedure, including details of the techniques utilized,
is described in [20].

2.2.2. Bronchial Reversibility Test

The bronchial reversibility test was performed for participants with bronchial obstruc-
tion, defined by Z-scores for FEV/FVC < —1.64, in the AA group. This test was performed
using a Ganshorn spirometer (Ganshorn Medizin Electronic, Niederlauer, Germany) in
which airflow limitations were framed during the screening visit. Beforehand, and 15 min
following administration of a salbutamol inhalation (400 mcg), spirometry was performed.
In [21], the authors describe the techniques used for performing the procedure.

2.2.3. Methacholine Challenge Test

For the subjects in the AA group, a methacholine challenge test was performed
for those who did not show airflow limitations during the screening visit. A dosimeter
(ProvoX; Ganshorn Medizin Electronic, Niederlauer, Germany) was used for the inhalation
of methacholine. After inhalation, lung function was assessed every two minutes until the
completion of the methacholine challenge test once the FEV; had decreased by 20%. The
details of the technique for performance of this procedure are described in [20].

2.2.4. BAC with Dermatophagoides pteronyssinus

The BAC using the Dermatophagoides pteronyssinus allergen (DIATER, Madrid, Spain)
was performed for all AA group participants. A dosimeter (ProvoX; Ganshorn Medizin
Electronic, Niederlauer, Germany) was used for allergen inhalation; thereafter, the BAC
with Dermatophagoides pteronyssinus ended once FEV; had decreased by 20%. The details
for the entirety of this procedure are set out in [20].

2.2.5. Feno Test

Feno analysis was performed for all study participants. The Feno levels were recorded
twice for the subjects in the AA group, before and 24 h following the BAC with the Der-
matophagoides pteronyssinus allergen. Fexyo was measured by a handheld Vivatmo-me device
(Bosch Healthcare Solutions, Waiblingen, Germany). The measurements were obtained
according to the instructions, and the test was repeated at least two times. Although
the device used in the present study is considered easy to use (patients must blow at a
specific strength for 10 s into the mouthpiece), three people were not able to successfully
measure Feno.

2.3. Skin Prick Testing

A skin prick allergy test with Dermatophagoides pteronyssinus, Dermatophagoides farinae,
dog and cat dander, five mixed grass pollens, birch pollen, mugwort, Alternaria, Aspergillus,
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and Cladosporium was performed for all study participants. This testing was performed
using standardized allergen extracts (Stallergenes, S.A., Antony, France). The technique
details for the performance of this procedure are set out in [20].

2.4. Blood Tests
2.4.1. Complete Blood Count and Total IgE

All subjects had peripheral blood samples taken and drawn into vacutainers, which
contained dipotassium ethylenediaminetetraacetic acid (K2EDTA) (BD Vacutainer®; Becton
Dickinson UK Ltd., Wokingham, UK). Samples of the routine clinical chemistry assay were
directly transported to the hospital laboratory. For the complete blood count test, the
XE-5000 (Sysmex, Kobe, Japan) and UniCel® DxH 800 Coulter® Cellular Analysis System
automated hematology analyzer (Beckman Coulter, Miami, FL, USA) were utilized. For
the total IgE level test, the AIA-2000 automated immunoassay analyzer (Tosoh Bioscience,
South San Francisco, CA, USA) was utilized.

2.4.2. Serum Levels of Selected Analytes Measurement
Enzyme-Linked Immunosorbent Assay (ELISA)

Five biomarkers—I C-telopeptide of Type I collagen (ICTP), autotaxin (ATX), interleukin-
5 receptor « (IL-5Rx), matrix metalloproteinase-10 (MMP-10), and thioredoxin 1 (TRX1)—in
serum samples were detected using the ELISA. A lower limit of detection was identi-
fied for ICTP—<50 pg/mL (Abbexa Ltd., Cambridge, UK); ATX—<33 pg/mL (Abbexa
Ltd., Cambridge, UK); IL-5Ra—=<0.15 ng/mL (Invitrogen, Waltham, MA, USA, USA);
MMP-10—<3 pg/ mL (Invitrogen by Thermo Fisher Scientific, Waltham, MA, USA); and
TRX1—<0.2 ng/mL (Invitrogen, Waltham, MA, USA). Sample collection and the technical
details for the performance of these procedures are set out in [22]. For technical reasons, sev-
eral biologically active substance concentrations were below the sensitivity range; therefore,
these results were treated as zero values.

Luminex Assay

Luminex® 100/200 System was used to measure the biomarkers'—tyrosine-protein
kinase Met (MET), matrix metalloproteinase-7 (MMP-7), matrix metalloproteinase-9 (MMP-9),
pentraxin 3 (PTX3), and lipoprotein-associated phospholipase A2 (Lp-PLA2)—concentration
in serum samples. First of all, serum samples were added to a mixture of color-coded
beads, pre-coated with analyte-specific capture antibodies. Later, biotinylated detection
antibodies specific to the analytes of interest were added and formed an antibody-antigen
sandwich. The plates were then analyzed using a Luminex® 100 analyzer (Luminex
Corporation, Austin, TX, USA). The concentration values were obtained from the mean
fluorescent intensity. Standard curves were generated from the reference cytokine gradient
concentrations; the concentrations of these cytokines in serum samples were calculated from
the standard curves. A lower limit of detection was identified for MET—<14.65 pg/mL
(Invitrogen by Thermo Fisher Scientific, Waltham, MA, USA); MMP-7—<5.18 pg/mL
(Invitrogen by Thermo Fisher Scientific, Waltham, MA, USA); MMP-9—<0.87 pg/mL
(Invitrogen by Thermo Fisher Scientific, Waltham, MA, USA); and PTX3—<42 pg/mL
(Invitrogen by Thermo Fisher Scientific, Waltham, MA, USA). For technical reasons, several
biologically active substance concentrations were below the sensitivity range; therefore,
these results were treated as zero values.

™

2.5. Confirmation of Participation in the Study

All subjects signed the protocol, which was approved for human use by the regional
biomedical Ethics Committee (BE-2-58; 19 June 2020). Unique numbers were allocated for
all data in the interest of anonymization. Registration of this study with the identification
number NCT04542902 was submitted on ClinicalTrial.gov.
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2.6. Statistical Analysis

Using SPSS statistical software (IBM SPSS Statistics 20; Chicago, IL, USA), statistical
analyses were performed. Descriptive and analytical statistical methods were used.

For the assumption of normality in data distribution, the Shapiro-Wilk test was
utilized. Since the data distribution did not pass the normality test, we assessed the
difference between two independent groups with low numbers of individuals in each
group; therefore, we used a nonparametric Mann-Whitney two-sided U-test. We used
a nonparametric Wilcoxon matched-pair, signed-rank, two-sided test with an employed
pairs test to evaluate the difference between two dependent samples. Spearman’s rank
correlation coefficient was used to estimate correlations between two sets of data. The
sensitivity and specificity of the indicators were determined by analysis of the receiver
operating characteristic (ROC) curve. The statistically significant difference minimal limit
for values was p < 0.05.

3. Results
3.1. Study Subject Characteristics

A total of 36 subjects aged from 18 to 49 years old were included in the study (20 with
AA and 16 HSs). Table 4 shows the demographic and clinical data descriptive statistics of
each group of the study population. The AA and HS groups did not differ significantly
in age, sex, or BMI. FEV; (L) also did not differ between the studied groups; however, the
difference between the groups was evident when FEV; was expressed as a percentage. In
the AA patients’ group blood, EOS counts, Fexo, and total IgE levels were significantly
higher than those of the HS group. The FEV; (L) of the AA group decreased 24 h after BAC,
while the blood EOS count and Feno increased significantly. Meanwhile, total IgE levels
did not change significantly after BAC.

Table 4. Demographic and clinical characteristics of the study population.

Characteristic AA Patients HSs
Number, n 20 16
Sex, M/F 11/9 6/10
Age, years 22 (19; 35) 27 (25; 30)
BMI, kg/m? 22.4(21.1;28.7) 22.3(20.1;24.2)
Asthma control test, score 21 (12; 23) NA
PDyom, mg 0.27 (0.10; 0.45) NA
PDyoa, HEP/mL (range) 10 (1; 10) NA
V1 V2
FEV,, L 3.75 (3.05; 3.94) * 3.41 (2.63; 3.88) 3.66 (3.21; 4.64)
FEV1, % of predicted 87 (79;102) * # 81 (65; 95) * 97 (89; 108)
Feno, ppb 42 (23; 70) *# 64 (37;108) * 13 (9; 18)
Blood EOS count, x10°/L 0.31(0.19; 0.44) * * 0.41 (0.32; 0.57) * 0.10 (0.07; 0.13)
Total IgE, IU/mL 295 (122; 640) * 377 (104; 670) * 13 (4; 44)

AA—allergic asthma; BMI — body mass index; EOS—eosinophil; F—female; Fexo—fractional exhaled nitric
oxide; FEV;—forced expiratory volume in 1 s; [gE—immunoglobulin E; M—male; NA—not assessed; PDygp—the
Dermatophagoides pteronyssinus allergen provocation dose causing a 20% decrease in FEVy; PDygy—the provocation
dose of methacholine causing a 20% decrease in FEVy; V1—experimental day; V2—experimental day—24 h after
V1. Data are presented as the median with interquartile range. Statistical analysis: between investigated groups,
Mann-Whitney two-sided U-test; within one study group, Wilcoxon matched-pair signed-rank two-sided test.
* p < comparing with the HS group. * p < 0.05 comparing with the AA group after BAC.

3.2. Biologically Active Chronic Inflammation-Related Substances as Biomarkers in Asthma

We investigated the serum levels of selected asthma-related proinflammatory sub-
stances as potential predictive and prognostic biomarkers. Table 5 provides the concentra-
tion data descriptive statistics of each biomarker from each group of the study population.

146



Biomedicines 2024, 12, 232

7of 18

Table 5. The concentration of biologically active substances in asthma patients and HSs.

Biologically Active AA Patients
HSs
Substances V1 V2
ATX (pg/mL) 206.8 (190.9; 286.3) 201.5 (180.3; 235.5) 233.3 (190.9; 243.9)
MET (pg/mL) 30.5 (14.0; 51.1) * # 19.8 (8.0; 46.6) * 54.3(28.0; 80.3)

Lp-PLA2 (pg/mL)

451.4 (216.4; 755.1)

4455 (199.9; 706.6)

629.3 (224.9; 980.8)

sIL-5R« (ng/mL)

63.4 (55.9;105.4) *

67.9 (54.9;,112.1) *

252 (11.3;33.2)

PTX3 (pg/mL)

560.1 (326.1; 875.2) *

498.9 (226.5; 651.1) *

1217.6 (919.8; 1580.1)

TRX1 (ng/mL)

131.2(93.8;173.6) * #

142.0 (89.4; 195.6) *

113.9 (67.4; 136.1)

MMP-7 (pg/mL)

332.9 (241.5; 421.3)

295.1(272.1; 327.7)

278.3 (195.3; 379.2)

MMP-9 (pg/mL)

253.7 (151.4; 339.9)

211.9 (116.9; 293.7)

204.2 (94.8; 498.0)

MMP-10 (pg/mL)

896.1 (318.9; 1501.0)

971.0 (355.7; 1682.6)

502.7 (324.0; 1052.5)

ICTP (pg/mL)

523.0 (478.0; 552.0) *

476.3 (411.6;531.4) *

589.0 (540.0; 693.0)

AA—allergic asthma; ATX—autotaxin; Feyo—fractional exhaled nitric oxide; HSs—healthy subjects; ICTP—I C-
telopeptide of type I collagen; Lp-PLA2—lipoprotein-associated phospholipase A2; MET—tyrosine-protein
kinase Met; MMP-7—matrix metalloproteinase-7; MMP-9—matrix metalloproteinase-9; MMP-10—matrix
metalloproteinase-10; PTX3—pentraxin 3; sIL-5Rx—soluble interleukin 5 receptor subunit alpha; TRX1—
thioredoxin 1; V1—experimental day; V2—experimental day—24 h after V1. Data are presented as the median
with interquartile range. Statistical analysis: between investigated groups, Mann-Whitney two-sided U-test;
within one study group, Wilcoxon matched-pair signed-rank two-sided test. * p < 0.05 comparing with HS group,
# p < 0.05 comparing with AA V2.

We found that serum circulating ATX levels in the control group were similar to AA
patients before and after BAC (Figure 1A; Table 5). Evaluating the serum concentration of
MET, significant differences between the study groups of AA patients and HSs were noted.
The MET concentration in the AA group 24 h after the BAC reduced was significantly
lower compared to before the BAC (Figure 1B; Table 5). According to ROC curve analysis,
the AUC was 0.74, 0.8, and 0.58 (Figure 2A-C). Lp-PLA2 concentration in serum did
not differ between healthy controls and both visits of the AA group (Figure 1C; Table 5).
Finally, the chronic inflammation-related soluble interleukin 5 receptor subunit alpha (sIL-
5Rx) concentration was elevated in AA patients compared to the HS group. Before BAC,
circulating sIL-5R« levels in AA patients remained similar after BAC. These levels were
significantly higher compared to the HS group (Figure 1D; Table 5). According to ROC
curve analysis, the AUC was 0.88, 0.88, and 0.51 (Figure 3A-C).
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Figure 1. Serum levels of ATX (A), MET (B), Lp-PLA2 (C), and sIL-5Rx (D). AA—allergic asthma;
ATX—autotaxin; HSs—healthy subjects; Lp-PLA2—lipoprotein-associated phospholipase A2; MET—
tyrosine-protein kinase Met; sIL-5Ra—soluble interleukin 5 receptor subunit alpha; V1—experimental
day; V2—experimental day—24 h after V1. Data are presented as the median with interquartile range.
Statistical analysis: between investigated groups, Mann-Whitney two-sided U-test; within one study
group, Wilcoxon matched-pair signed-rank two-sided test.
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Figure 2. MET ROC curves. (A) AA V1vs. HSs; (B) AA V2 vs. HSs; (C) AAV1vs. AAV2. AUC—area
under the curve.
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Figure 3. sIL-5Rx ROC curves. (A) AA V1 vs. HSs; (B) AA V2 vs. HSs; (C) AA V1 vs. AA V2.
AUC—area under the curve.

3.3. Blood Oxidative Stress Indicators as Biomarkers in Asthma

We investigated circulating PTX3 and TRX1 levels to predict oxidative stress in asth-
matic patients” serum and investigate them as a potential biomarker in asthma. A lower
concentration of PTX3 was found in the AA group and was significantly different compared
to the HS group. The PTX3 concentration in the AA group decreased 24 h after the BAC and
was significantly lower compared to the concentration before the BAC (Figure 4A; Table 5).
According to the ROC curve analysis, the AUC was 0.89, 0.97, and 0.73 (Figure 5A-C). In
the AA group, serum levels of TRX1 were significantly higher than in the HSs. Moreover,
concentrations were significantly elevated in the AA group 24 h after the BAC, compared
to the results before the BAC (Figure 4B; Table 5). According to the ROC curve analysis, the
AUC was 0.7, 0.7, and 0.61 (Figure 6A-C).

3.4. MMPs and ICTP Degradation Product as Biomarkers in Asthma

We investigated the serum levels of selected MMPs and ICTP degradation products
as potential predictive and prognostic biomarkers in asthma. MMP-7 remained similar
between both investigated groups, indicating no potential prognostic value (Figure 7A;
Table 5). AA patients were not able to be distinguished from the HS group by the serum
MMP-9 concentration. BAC had no effect on MMP-9 concentration in the AA group
(Figure 7B; Table 5). The results of MMP-10 did not differ among the asthma groups; serum
concentrations of MMP-10 were similar during both visits of the AA patients. No significant
differences were observed compared to the HS group (Figure 7C; Table 5). Finally, we
investigated the collagen degradation indicating marker, ICTP. Serum levels of ICTP in
the AA group were significantly lower compared to the HS group (Figure 7D; Table 5).
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Moreover, BAC did not affect the ICTP concentration in the AA group (Figure 7D; Table 5).

According to ROC curve analysis, the AUC was 0.79, 0.84, and 0.66 (Figure 8A-C).
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Figure 4. Serum levels of PTX3 (A) and TRX1 (B). AA—allergic asthma; HSs—healthy subjects;
PTX3—pentraxin 3; TRX1—thioredoxin 1; V1—experimental day; V2—experimental day—24 h
after V1. Data are presented as the median with interquartile range. Statistical analysis: between
investigated groups, Mann-Whitney two-sided U-test; within one study group, Wilcoxon matched-
pair signed-rank two-sided test.
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Figure 5. PTX3 ROC curves. (A) AA V1 vs. HSs; (B) AA V2 vs. HSs; (C) AA V1 vs. AA V2.
AUC—area under the curve.
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Figure 6. TRX1 ROC curves. (A) AA V1 vs. HSs; (B) AA V2 vs. HSs; (C) AA V1 vs. AA V2.
AUC—area under the curve.
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Figure 7. Serum levels of MMP-7 (A), MMP-9 (B), MMP-10 (C), and ICTP (D). AA—allergic asthma;
HSs—healthy subjects; ICTP—I C-telopeptide of type I collagen; MMP-7—matrix metalloproteinase-7;
MMP-9—matrix metalloproteinase-9; MMP-10—matrix metalloproteinase-10; V1—experimental day;
V2—experimental day—24 h after V1. Data are presented as the median with interquartile range.
Statistical analysis: between investigated groups, Mann-Whitney two-sided U-test; within one study
group, Wilcoxon matched-pair signed-rank two-sided test.
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Figure 8. ICTP ROC curves. (A) AA V1vs. HSs; (B) AA V2 vs. HSs; (C) AAV1vs. AAV2. AUC—area
under the curve.

3.5. Biologically Active Substances in Correlation with Validated Asthma Biomarkers, Lung
Function, and in Comparison with Each Other

We tested the correlation of validated asthma biomarkers (Feyo, blood EOS count,
total IgE) and lung function (FEV;) with biologically active substances whose concentra-
tions were different between the researched group and which can indicate their potential
prognostic value in asthma. Evaluating the concentration of MET with Feno, blood EOS
count, total IgE, and FEVy, no significant correlations were found between the obtained
levels (Table 6). A significant positive correlation was observed between sIL-5Rx and
Feno, blood EOS count, and total IgE (Table 6; Figure 9A-C). Moreover, a strong negative
correlation between sIL-5Rx and FEV; was obtained (Table 6; Figure 9D). PTX3 had a
strong negative correlation with blood EOS count and total IgE (Table 6; Figure 9E,F); how-
ever, no significant correlations were found with Feno and FEV (Table 6). No significant
correlations were found with PTX3 levels, Fexo, blood EOS count, total IgE, and FEV;
(Table 6). ICTP showed a significant negative relationship with blood EOS count (Table 6;
Figure 9G); meanwhile, ICTP in correlation with Feno, total IgE, and FEV; counts were not
statistically different (Table 6).
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Table 6. Correlations between biologically active substance and Feno, blood EOS count, total IgE,

and FEV;.
Feno (ppb) Blood EOS Total IgE FEVy, % of
No (PP (x10°/L) (IU/mL) Predicted
r=0.02 r=—007 r=-006 r=—007
MET (pg/mL) p=047 p=039 p=041 p=040
SIL-5Ror r=057 r=058 r=052 r=-090
(ng/mL) p=0.03 p=0.02 p=0.04 p <0.0001
r=-032 r=—-046 r=—049 r=023
PTX3 (pg/mL) p=0.10 p=002 p=001 p=017
r=0.25 r=0.19 r=0.35 r=-—0.23
TRX1 (ng/mL) p=0.18 p=023 p=0.06 p=0.18
r=—0.02 r=—048 r=-0.11 r=017
ICTP (pg/mL) p =046 p=0.02 p=032 p=0.24

EOS—eosinophil; Fexo—fractional exhaled nitric oxide; FEV;—forced expiratory volume in 1 s; ICTP—I C-
telopeptide of type I collagen; IgE—immunoglobulin; MET—tyrosine-protein kinase Met; PTX3—pentraxin 3,
r—correlation coefficient; sIL-5Rx—soluble interleukin 5 receptor subunit alpha; TRX1—thioredoxin 1. Statistical
analysis: Spearman’s rank correlation.
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Figure 9. Correlations between sIL-5Ra and Feno (A), sIL-5R«x and blood EOS (B), sIL-5Ra and total
IgE (C), sIL-5Ra and FEV; (D), PTX3 and blood EOS (E), PTX3 and total IgE (F), ICTP and blood
EOS (G). EOS—eosinophil; Feyo—fractional exhaled nitric oxide; FEV;—forced expiratory volume
in 1 s; ICTP—I C-telopeptide of type I collagen; IgE—immunoglobulin E; sIL-5Ra—soluble inter-
leukin 5 receptor subunit alpha; TRX1—thioredoxin 1; PTX3—pentraxin 3; r—correlation coefficient.

Statistical analysis: Spearman’s rank correlation.

We tested the intercorrelation of those biologically active substances whose concentra-
tions differed between the AA and HS groups. We found that sIL-5R« had a significant
positive correlation with TRX, while PTX3 had a significant negative correlation with
TRX1 (Table 7; Figure 10). No other significant correlations were found between different
biologically active substance groups (Table 7).
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Table 7. Correlations between biologically active substance groups.

MET sIL-5Ra PTX3 TRX1 ICTP
(pg/mL) (ng/mL) (pg/mL) (ng/mL) (pg/mL)

MET B r=-027 r=0.09 r=-0.35 r=-0.16
(pg/mL) p=045 p=0.75 p=022 p=0.55
sIL-5Rax r=-027 B r=-0.38 r=0.62 r=-0.06
(ng/mL) p=045 p=0.20 p=0.01 p=0.85

PTX3 r=0.09 r=—038 _ r=-049 r=031
(pg/mL) p=075 p=020 p=0.02 p=0.19

TRX1 r=-035 r=0.62 r=-049 _ r=-0.05
(ng/mL) p=022 p=001 p =002 p =086

ICTP r=-0.16 r=—0.06 r=031 r=-0.05 _
(pg/mL) p=055 p=085 p=0.19 p =086

ICTP—I C-telopeptide of type I collagen; MET—tyrosine-protein kinase Met; PTX3—pentraxin 3; r—correlation
coefficient; sIL-5Rx—soluble interleukin 5 receptor subunit alpha; TRX1—thioredoxin 1. Statistical analysis:
Spearman’s rank correlation.
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Figure 10. Correlations between sIL-5Rx and TRX1 (A), PTX3, and TRX1 (B). sIL-5Rx—soluble inter-
leukin 5 receptor subunit alpha; TRX1—thioredoxin 1; PTX3—pentraxin 3; r—correlation coefficient.

4. Discussion

In our study, elevated concentrations of sIL-5Rec and TRX1, alongside decreased levels
of MET, PTX3, and ICTP, were identified in the AA group compared to the HSs. Notably,
sIL-5Ra showed positive correlations with Feno, blood EOS count, and total IgE levels.
PTX3 exhibited negative correlations with blood EOS count and total IgE levels, while ICTP
showed a negative correlation with blood EOS count. Thus, MET, PTX3, TRX1, ICTP, and
particularly sIL-5R« serum concentrations might be associated with the AA phenotype.

Asthma is a heterogeneous disease with various distinct phenotypes. Early recognition
of these asthma phenotypes can increase the probability of successful asthma treatment,
improve disease outcomes, and prolong survival. Biomarkers or a suite of biomarkers are
needed to recognize the AA phenotype as their combined detection can enhance sensitivity.
Our study was based on novel circulating biologically active substances involved in T2
airway inflammation, which were divided into three groups: those related to chronic
inflammation (ATX, MET, Lp-PLA2, sIL-5R«), blood oxidative stress (PTX3, TRX1), and
MMPs (MMP-7, MMP-9, MMP-10), along with ICTP. All of the researched substances have
been linked with asthma; however, our study stands out in several aspects: first, we studied
a total of 10 new biomarkers at one time; second, we tested biomarkers in blood serum, a
readily available biological medium; third, to our knowledge, these substances have not
yet been studied after an allergen challenge.

Asthma-related proinflammatory substances refer to molecules or compounds associ-
ated with the inflammatory processes occurring in asthma patients. They play a crucial role
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in promoting and sustaining airway inflammation in asthma patients. Among these sub-
stances, ATX and Lp-PLA2 hold importance in asthma. In vitro studies have demonstrated
that ATX activates various cell types implicated in airway inflammation [23]; meanwhile,
Lp-PLA2 is an enzyme associated with inflammation and has been implicated in the patho-
genesis of various diseases, including asthma [9]. However, our study did not find these
proinflammatory substances to have prognostic value.

MET signaling is closely linked to the activation of immune cells and the production
of cytokines and chemokines implicated in the pathogenesis of asthma [24]. Experimental
studies have demonstrated that MET activation can enhance the recruitment and acti-
vation of inflammatory cells in the airway, such as EOS and T lymphocytes. Moreover,
MET-induced cytokine release, including interleukin-8 and interleukin-13, can promote
airway inflammation and contribute to disease severity [25,26]. A few years ago, a study
was conducted to examine MET gene expression in airway biopsies of asthma patients,
which confirmed increased MET expression in bronchial epithelial cells and subepithelial
inflammatory and resident cells in asthmatic biopsies [27]. In our study, we evaluated
serum concentrations of MET as potential biomarkers in AA. Our findings indicated a
significant reduction in MET concentration both at baseline and 24 h after the BAC, indi-
cating a potential role for MET in AA and its response to allergen exposure. MET acts as
a receptor for hepatocyte growth factor, and when hepatocyte growth factor binds to the
MET receptor, it initiates intracellular signaling events that are crucial in asthma [26]. The
decrease in MET concentrations in the serum of AA patients might indicate a suppression
in the proteolytic cleavage of these receptors, suggesting a more pronounced MET-related
signaling and immune cell activation.

The shedding of the extracellular domain of IL-5Ra generates sIL-5R«, which can be
detected in the circulation. Interleukin-5 (IL-5) is a vital cytokine, a signaling molecule
that plays a crucial role in regulating the immune system, particularly in allergic and
inflammatory responses. It is primarily known for its role in the differentiation, maturation,
and activation of EOS, a type of white blood cell involved in immune responses against
parasitic infections and allergic reactions [28]. IL-5 binds to its cell surface receptor to initiate
signaling cascades that lead to the activation of EOS. Although sIL-5R can still interact
with IL-5, it lacks the same signaling capabilities as the cell-bound receptor [29]. Elevated
serum concentrations of sIL-5Ra have been noted in asthma patients and in patients with
nasal polyposis and have been suggested to play a role in the down-modulation of the
eosinophilic inflammatory response [30]. Our findings demonstrate that AA patients
exhibit significantly higher concentrations of sIL-5Re than HSs. Furthermore, these sIL-
5Ra concentrations in AA patients are not significantly altered by, but remain elevated after,
BAC, suggesting long-term IL-5 signaling and persistent eosinophilic inflammation. The
exact mechanisms and factors influencing the shedding and release of sIL-5Rx may vary
under different physiological and pathological conditions. sIL-5R serves as a regulatory
factor in immune responses involving IL-5. It can bind to IL-5, potentially modulating
its effects on EOS activation and inflammation. Measuring sIL-5R concentrations in the
bloodstream can offer insights into immune system activity and may hold diagnostic
and therapeutic implications in conditions characterized by eosinophilic responses [31].
Moreover, serum concentrations of sIL-5R significantly correlate with Feno, blood EOS
count, total IgE concentrations, and FEV;. Combining well-known asthma markers with
sIL-5R as a potential biomarker could enhance its predictive value.

PTX3 and TRX1 have been identified as potential markers of oxidative stress in
asthma [19,32]. Oxidative stress plays a crucial role in asthma, and these markers have
been shown to have associations with oxidative damage and airway inflammation [33].
They provide valuable insights into both systemic and local oxidative stress concentrations
in asthma. Measuring these markers in serum provides a noninvasive approach to assess
the oxidative stress burden and monitor disease progression. PTX3 is a soluble pattern-
recognition receptor that plays a crucial role in the immune response and inflammatory
processes [34,35]. In the context of asthma, PTX3 regulates airway inflammation, airway
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remodeling, and oxidative stress, making it a potential biomarker for asthma severity and a
therapeutic target [36]. PTX3 concentrations in sputum have been studied in both pediatric
and adult populations with asthma, where it was found to be elevated compared with
levels in healthy controls [37,38]. However, investigations into the serum concentrations
of PTX3 are currently lacking. Our results demonstrated lower serum concentrations of
PTX3 in AA patients, significantly differing from the findings in the HS group. Moreover,
the BAC led to a reduction in PTX3 concentrations in AA patients, compared with the
levels before BAC. Several factors could explain the decrease in serum PTX3 concentrations
in AA patients. PTX3 concentrations in serum can fluctuate during asthma, reflecting
the inflammatory processes associated with this respiratory condition. Beyond its role
in immunity, PTX3 contributes to tissue repair and regeneration. It helps modulate the
inflammatory response, which is crucial for healing damaged tissues. Moreover, we found
a significant negative correlation between PTX3 concentration and blood EOS count, in-
dicating a decrease in PTX3 concentrations in highly eosinophilic patients. The immune
response in AA is complex, involving activating various immune cells, such as EOS, and
releasing inflammatory mediators. As an immune modulator, PTX3 may be influenced by
altered immune responses in asthma, with decreased concentrations potentially indicating
a shift in the immune profile in favor of other immune molecules or pathways.

TRX1 exerts its antioxidant function by reducing oxidized proteins and maintaining
their active state. In the context of asthma, there is accumulating evidence suggesting
the involvement of TRX1 in the regulation of airway inflammation and oxidative stress.
Studies have shown the altered expression and activity of TRX1 in bronchial epithelial
cells, airway smooth muscle cells, and immune cells in asthma patients [39—-41]. Notably,
one study reported that plasma TRX1 concentrations were significantly higher in AA
patients than in the study’s HSs [42,43]. This finding suggests that systemic oxidative stress
and inflammation in asthma are associated with an increased release of TRX1 into the
bloodstream. Moreover, the immune system overreacts to allergens in asthma, leading to
inflammation and bronchoconstriction. TRX1 potentially modulates immune cell activities,
cytokine production, and the overall immune response in the airways, which can impact
the severity and duration of AA symptoms. Our findings highlight the importance of TRX1
in AA. In the AA group, serum TRX1 concentrations were significantly higher than in the
HS group, indicating a potential association between TRX1 and AA. This finding suggests
that TRX1 might play a role in allergic reactions and could serve as a biomarker for this
specific asthma phenotype. Furthermore, TRX1 concentration in the AA group increased
significantly 24 h after BAC. This suggests that the allergen exposure triggers a response that
leads to the increased production or release of TRX1 into the bloodstream. Such changes in
TRX1 concentrations in the serum may indicate a role for oxidative stress and inflammation
in asthma, helping clinicians in assessing disease severity and treatment response.

MMPs are a family of enzymes involved in the remodeling of extracellular matrix
components, such as collagens and elastin, which play a crucial role in asthma [44]. MMP-7,
MMP-9, and MMP-10 are important in asthma, particularly in airway remodeling and
extracellular matrix alterations. Although the roles of MMP-7 and MMP-10 in asthma
are still being elucidated, MMP-9 has shown consistent associations with disease severity
and airway remodeling processes [45]. A key observation in our study was that MMP-7,
MMP-9, and MMP-10 concentrations remained similar across all the investigated groups,
indicating that they may not possess any prognostic value in asthma.

Additionally, we investigated the collagen degradation marker, ICTP, which showed
interesting results. Although ICTP does not directly measure airway remodeling, it serves
as a marker for collagen breakdown, which is a key component of the connective tissue
in the body, including the airway walls. In theory, increased collagen breakdown con-
tributes to alterations in the airway tissue structure. A previous study examined ICTP
concentrations in the sputum of asthma patients and found lower concentrations in these
patients than in the HSs in the study [46]. No studies have examined ICTP concentrations
in the serum. In our study, the AA group had significantly lower ICTP concentrations than
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the HS group. In asthma, airway remodeling is characterized by increased production
of extracellular matrix proteins [47]. This increased airway tissue mass can result from
either heightened extracellular matrix protein production or reduced degradation. The
lower ICTP concentrations we observed might explain reduced collagen degradation in
the airway tissue. Moreover, ICTP concentrations significantly correlate with blood EOS
count—a higher blood EOS count correlates with decreased ICTP concentration. EOSs
are a significant source of transforming growth factor 31, which promotes extracellular
matrix protein production via airway smooth muscle cells and pulmonary fibroblasts [48].
Combining serum ICTP concentrations and EOS count could offer valuable prognostic
information, not only for the AA phenotype, but also for assessing the severity of the
disease and degree of airway remodeling.

This study has several potential limitations. First, our investigation was limited to
biologically active substances in the serum, and their concentrations in sputum remain
unknown. Second, a large-scale study involving a larger number of AA patients and HSs
is needed to examine the correlation of AA asthma biomarkers. Third, in this study, we
included patients with AA who were allergic to house dust mites, regardless of the presence
or absence of allergy to other allergens. Fourth, HSs were not sensitized to allergens, which
may have some sensitization effect on T2 biomarkers levels.

5. Conclusions

This study highlights the heterogeneity of asthma and the importance of identify-
ing potential asthma biomarkers to enhance treatment effectiveness and outcomes. The
identification of novel biomarkers and correlation with validated biomarkers is crucial for
accurately diagnosing and characterizing AA phenotypes. The AA group can be better char-
acterized by distinct serum concentrations of MET, sIL-5Rx, PTX3, TRX1, and ICTP as the
concentrations of these biologically active substances significantly differ from those in HSs.
Moreover, sIL-5Rx displayed significant associations with validated asthma biomarkers,
such as Feno, blood EOS count, and total IgE, in the AA group, indicating its potential role
in allergic airway inflammation, thereby making it a potential biomarker. Other biologically
active substances, such as PTX3 and ICTP, might also prove valuable in characterizing
the AA phenotype. These findings underscore the potential utility of these biomarkers
in understanding the molecular underpinnings of AA. Future studies should explore the
longitudinal dynamics of these biomarkers, evaluate their specificity and sensitivity in
larger cohorts, and assess their potential as prognostic indicators. Additionally, mechanistic
investigations into the interplay of these biomarkers in the context of AA pathogenesis may
unveil novel therapeutic targets.
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Abbreviations

AA allergic asthma

ATX autotaxin

BAC bronchial allergen challenge
ELISA enzyme-linked immunosorbent assay
EOS eosinophil

Feno fractional exhaled nitric oxide
FEV; forced expiratory volume in 1's
HSs healthy subjects

ICTP I C-telopeptide of type I collagen
IgE immunoglobulin E

IL-5 interleukin-5

Lp-PLA2 lipoprotein-associated phospholipase A2
LSMU Lithuanian University of Health Sciences
MMP-10  matrix metalloproteinase-10

MMP-7 matrix metalloproteinase-7

MMP-9 matrix metalloproteinase-9
PTX3 pentraxin 3
ROC receiver operating characteristic
sIL-5Rax  soluble interleukin 5 receptor subunit alpha
T2 type 2
TRX1 thioredoxin 1
Vi experimental day
V2 experimental day—24 h after V1.
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Abstract: Anti-interleukin (IL) 5 is an effective treatment modality for inhibiting eosinophilic
inflammation in patients with T2-high severe asthma. The aim of this study was to determine the
clinical efficacy and serum levels of type 2 inflammatory mediators during 24 weeks of
mepolizumab treatment in patients with T2-high severe asthma. Eighteen patients with T2-high
severe asthma were enrolled in this study. All patients received 100 mg of mepolizumab
subcutaneously every 4 weeks and were retested at 4, 12, and 24 weeks. A clinical examination,
asthma control test (ACT), and spirometry were performed; fractional exhaled nitric oxide (Feno)
levels were evaluated; and blood samples were drawn at every visit. Type 2 inflammation mediator
levels were measured using enzyme-linked immunosorbent assay (ELISA). The blood eosinophil
level significantly decreased, the ACT score and FEV: increased after 4 weeks of mepolizumab
treatment with the same tendency after 12 and 24 weeks (p <0.05), and the Feno level did not change
(p > 0.05). A total of 27.8% of patients reached clinical remission criteria after 24 weeks of
mepolizumab treatment. IL-33 and eotaxin significantly increased (p <0.05) while IL-5, IL-13, thymic
stromal lymphopoietin (TSLP), soluble IL-5 receptor subunit alpha (sIL-5Ra), and soluble high-
affinity immunoglobulin E receptor (sFceRI) decreased, with the same tendency after 12 and 24
weeks (p <0.05). The serum levels of immunoglobulin (Ig) E and IL-4 and IL-25 levels did not change
during mepolizumab treatment compared to baseline (p > 0.05). In conclusion, treatment with
mepolizumab over 24 weeks improved lung function and asthma control in T2-high severe asthma
patients, with nearly one-third achieving clinical remission criteria, and affected the balance of type
2 inflammatory mediators.

Keywords: T2-high severe asthma; eosinophils; clinical remission; type 2 inflammation
mediators; mepolizumab

1. Introduction

Eosinophilic asthma is an asthma phenotype characterized by eosinophilic airway
inflammation [1]. This phenotype is predominant in approximately half of asthma
patients [2]. During eosinophilic airway inflammation, when the airways come into
contact with irritants, viruses, and microbes, the epithelial cells release cytokines that
activate inflammatory cells and initiate an inflammatory response and eosinophilopoiesis
[3]. The role of interleukin (IL)-5 is highly significant as it is one of the main cytokines that
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affect eosinophils [4]. Eosinophils play a critical role in supporting the inflammatory
process by synthesizing a variety of mediators. Increased eosinophil levels in the airways
and blood are associated with disease severity [5]. Eosinophilic airway inflammation
eventually leads to smooth muscle contraction and structural changes in the airway,
leading to reduced lung function and repeated exacerbations [6,7].

The goal of asthma treatment is to achieve good control of symptoms and minimize
the future risk of asthma-related mortality, exacerbations, persistent airflow limitation,
and side effects of treatment. However, attention has increasingly turned to clinical
remission as a treatment goal [8]. Clinical remission is characterized by a high level of
disease control, including the absence of asthma symptoms, no exacerbations, and no
need for systemic corticosteroids to treat exacerbations, as well as optimal lung function.
The possibility of achieving clinical remission appeared more than a decade ago with the
development of asthma treatment and the advent of biological medications [9].

Monoclonal antibodies directed against type 2 inflammatory cytokines and their
receptors effectively treat T2-high severe asthma [10]. IL-5 is often selected as a priority
target for reducing eosinophilia due to its broad effects on eosinophil physiology [11].
Blocking IL-5 prevents it from binding to receptors on the surface of eosinophils, thus
inhibiting the biological activity of this cytokine [12]. Our hypothesis for this study is that
anti-IL-5-directed treatment affects not only IL-5 but also other inflammation mediators.
We chose to study epithelium-derived alarmin cytokines, which play a crucial role in the
initiation of inflammation; the main type 2 inflammation cytokines, which promote
airway eosinophilia; eotaxins, which stimulate the migration of eosinophils; and soluble
receptors involved in the pathogenesis of type 2 inflammation.

The aim of this study was to determine the clinical efficacy and serum levels of type
2 inflammatory mediators during 24 weeks of mepolizumab treatment in patients with
SEA.

2. Materials and Methods
2.1. Study Design

The participants in this study were recruited from the Department of Pulmonology
at the Hospital of Lithuanian University Health Sciences Kaunas Clinics. Eligible patients
were selected as they arrived at the outpatient clinic for a T2-high severe asthma treatment
consultation. This study lasted from December 2020 to August 2023. Table 1 shows the
inclusion and exclusion criteria for subject participation.

Table 1. Inclusion and exclusion criteria.

Inclusion Criteria

Exclusion Criteria

Severe asthma history > 12 months Age < 18 years

High doses of inhaled steroids + long-acting beta agonist Asthma exacerbation <1 months prior to study

+ episodic use of oral steroids > 12 months Supported asthma therapy of oral corticosteroid (>30 days)
Uncontrolled asthma > 12 months Active airway infection < 1 months prior to study

Two or more asthma exacerbations per year, which Active smoking (at least one cigarette a day), former smoker
require short-term systemic corticosteroids (<14 days).  (at least 100 cigarettes in lifetime)

Peripheral blood eosinophil > 0.15 x 109/L Clinically significant non-controlled other organs disease

Once the inclusion and exclusion criteria were approved, all eligible applicants were
invited to the study no later than four weeks afterward. Before the initiation of research,
each subject was given ample time to review, comprehend, and sign the informed consent.
Once all subjects signed the informed consent form, the investigation began. After arrival
at the hospital, participants were required to stay 30-60 min. All participants visited the
hospital four times: before starting mepolizumab treatment (V1), 4 weeks after starting
treatment (after 1 dose of mepolizumab, V2), 12 weeks after starting treatment (after 3
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doses of mepolizumab, V3), and 24 weeks after starting treatment (after 6 doses of
mepolizumab, V4). Figure 1 depicts the research design.

Vi v2 V3 V4
24 weeks * 3 days

12 weeks * 3 days

0 weeks 4 weeks * 3 days

* ACT * ACT * ACT
« Blood sample * Blood sample * Blood sample

* Inclusion and
exclusion criteria

 Written informed collection collection collection
consent « Feyo measurement » Feyo measurement  Feyp measurement
 Skin prick tests « Spirometry * Spirometry ® Spirometry
* ACT «Then, second dose of o Then, fourth dose of
* Blood sample mepolizumab is mepolizumab is
collection injected injected
* Feyo measurement
* Spirometry
 Then, first dose of
mepolizumab is
injected

Figure 1. Research design. ACT, asthma control test; Feno, fractional exhaled nitric oxide; V1, visit
before starting mepolizumab treatment; V2, visit 4 weeks after starting mepolizumab treatment
(after 1 mepolizumab dose); V3, visit 12 weeks after starting mepolizumab treatment (after 3
mepolizumab doses); V4, visit 24 weeks after starting mepolizumab treatment (after 6 mepolizumab
doses).

In this analysis, we used a four-component clinical remission definition that required
patients to meet all these criteria for the following 24 weeks: short-term (<14 days) oral
corticosteroid free; exacerbation free; an asthma control test (ACT) score of >20; and a
percent predicted post-bronchodilator forced expiratory volume in 1's (FEV1) of 280% [13].

2.2. Pulmonary Function Tests
2.2.1. Spirometry

Spirometry was carried out on all participants at least three times. Of the results
collected, the highest of the three independent measurements was considered. An
ultrasonic spirometer was utilized for lung function testing (Ganshorn Medizin Electronic,
Niederlauer, Germany). The description of this performance, including the procedure
used and technique details, can be found in [14].

2.2.2. Fractional Exhaled Nitric Oxide (Feno) Test

Feno analysis was performed during every encounter for all participants involved in
this study. A handheld Vivatomo-me device (Bosch Healthcare Solutions, Waiblingen,
Germany) was used for the aforementioned Feno analysis, with measurements produced
according to the manufacturer’s instructions. The details and techniques employed for the
performance of this procedure are described in [15].

2.3. Blood Tests
2.3.1. Complete Blood Count and IgE

Peripheral blood samples were collected from all participants and added to
vacutainers containing dipotassium ethylenediaminetetraacetic acid (K2EDTA) (BD
Vacutainer®, Becton Dickinson UK Ltd., Wokingham, UK). After collection, the routine
clinical chemistry assay samples were promptly sent to the hospital laboratory. An XE-
5000 (Sysmex, Kobe, Japan) and a UniCel® DxH 800 Coulter® Cellular Analysis System
automated hematology analyzer (Beckman Coulter, Miami, FL, USA) were employed for
the complete blood count test. An AIA-2000 automated immunoassay analyzer (Tosoh
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Bioscience, South San Francisco, CA, USA) was employed for the immunoglobulin (Ig) E
test. During processing, the samples were rigorously controlled and monitored. More
detail on the description technique used can be found in [15].

2.3.2. Measurement of Blood Levels of Selected Analytes
Enzyme-Linked Immunosorbent Assay (ELISA)

Most biomarkers in blood samples were detected using an ELISA. All assays were
performed according to the manufacturer’s instructions. Firstly, blood serum and
standard curve samples were added to the assay plates pre-coated with analyte-specific
capture antibodies. After incubation and washing steps, antibody-horseradish peroxidase
conjugates specific to the analytes of interest were added to form an antibody—antigen
sandwich. Finally, the HRP substrate was added. After incubation, the reaction was
stopped, and the color intensity was measured with a spectrophotometer at a wavelength
of 450 nm. The investigated biomarker concentrations were calculated from standard
curves. The sensitivity for ELISA kits was as follows: IL-4, 1.3 pg/mL; IL-5, 1.45 pg/mL; IL-
13, 0.7 pg/mL; IL-25, 0.4 ng/mL; IL-33, 0.9 pg/mL; thymic stromal lymphopoietin (TSLP),
3 pg/mL; soluble IL-5 receptor subunit alpha (sIL-5Ra), 150 pg/mL; eotaxin, 2.2 pg/mL;
and soluble high-affinity IgE receptor (sFceRI), 68 pg/mL.

2.4. Skin Prick Testing

The subjects’ sensitization to allergens was evaluated by performing skin prick tests
with Dermatophagoides pteronyssinus, Dermatophagoides farinae, dog and cat dander, five
mixed grass pollens, birch pollen, mugwort, Alternaria, Aspergillus, and Cladosporium. This
testing was performed using standardized allergen extracts (Stallergenes, S.A., Antony,
France).

2.5. Confirmation of Participation in the Study

This study was initiated after obtaining prior approval from the bioethics committee
(BE-2-58, 19 June 2020). All subjects were required to sign an informed consent form before
this study began. A sufficient amount of time was allotted for subjects to become familiar
with the aspects of the study protocol, wherein all of their relevant questions were
addressed. After the subjects signed the protocol, investigations were initiated. In the
interest of anonymization, unique numbers were allocated for all data. The subject’s
safety, dignity, and well-being were ensured throughout the investigation; the interests of
the subjects were considered more important than all other interests. Registration of this
study with the identification number NCT04542902 was submitted on ClinicalTrial.gov.

2.6. Statistical Analysis

Statistical analysis was performed utilizing SPSS statistical software (IBM SPSS
Statistics 20; Chicago, IL, USA). The Shapiro-Wilk test was applied to assess the
assumption of normality in data distribution. It was found that the data distribution did
not pass the normality test; therefore, the nonparametric Mann-Whitney two-sided U-test
and Wilcoxon matched-pairs signed-rank two-sided test were applied. It is noted that the
threshold value for statistically significant differences was p < 0.05.

3. Results
3.1. Study Subject Characteristics

A total of 18 subjects aged from 37 to 80 years old with T2-high severe asthma
participated in the study. Few patients self-reported chronic sinusitis with nasal polyps
and none reported eosinophilic granulomatosis with polyangiitis or eosinophilic
pneumonia. We examined patients at four timepoints: before starting treatment with a 100
mg subcutaneous injection of mepolizumab every 4 weeks (V1) and 4 (V2), 12 (V3), and
24 (V4) weeks after starting mepolizumab treatment.
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Most study subjects were women (77.8%) without allergies (55.6%) and tended to be
overweight. Before add-on treatment with a 100 mg subcutaneous injection of
mepolizumab, 100% of patients had a recurrent exacerbation. After the first dose of
mepolizumab, no asthma exacerbations were observed; however, after the second dose of
mepolizumab, one patient experienced an asthma exacerbation. Subsequent continuation
of mepolizumab treatment did not increase the number of patients experiencing asthma
exacerbations.

Four weeks after starting treatment with mepolizumab, the ACT and FEV:
significantly increased; however, the blood eosinophil level significantly decreased, an
effect that remained throughout the treatment (p < 0.05) (Table 2, Figure 2A-C,E).
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Figure 2. ACT scores (A), FEV1(B,C), Fexo (D), blood eosinophil count (E), and total IgE (F) levels
during 24 weeks of treatment with the anti-IL-5 drug mepolizumab. ACT, asthma control test; Feno,
fractional exhaled nitric oxide; FEV1, forced expiratory volume in 1 s; Ig, immunoglobulin; V1, visit
before starting mepolizumab treatment; V2, visit 4 weeks after starting mepolizumab treatment
(after 1 mepolizumab dose); V3, visit 12 weeks after starting mepolizumab treatment (after 3
mepolizumab doses); V4, visit 24 weeks after starting mepolizumab treatment (after 6 mepolizumab
doses). Data presented as the mean + standard error of the mean. Statistical analysis—Wilcoxon
matched-pairs signed-rank test.

The Feno level was not significantly different either before or during treatment (p >
0.05). It should be noted that for several times, this measurement result was not registered
because the patient was unable to control the strength of the breath during the
measurement despite the control visualization help on the device screen. The IgE level
was also not significantly different before or during treatment (p > 0.05) (Table 2, Figure
2D,F).
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Table 2. Demographic and clinical characteristics of the study population.
Characteristic T2-High Severe Asthma
Number, n 18
Sex, M/F 4/14
Age, years 57.6+22
BMI, kg/m? 303+1.7
Number of patients with positive skin prick 8/10
test/negative skin prick test
Vi1 V2 V3 V4
Number of patients who had asthma exacerbations 18 0 1 0
ACT, score 10.6 + 0.8 *# 16.3+1.3 17.7+1.2 17.1+1.2
FEVy, L 1.84 +0.18 *= 2.11+0.16 215+0.17  2.16+0.15
FEV1, % of predicted 66.0 +4.9 *# 76.9 +4.9 773+44 77.6+3.8
Feno, ppb 48.6+9.7 39.3+6.0 45.3+9.8 419+7.1
Blood eosinophil level, x109/L 0.64 + 0.08 *# 0.11+0.02 0.07 +0.01 0.07 £0.01
Total IgE, IU/mL 128.1+27.9 126.7+28.0 131.9+273 127.0+25.7

ACT, asthma control test; F, female; Feno, fractional exhaled nitric oxide; FEV1, forced expiratory
volume in 1s; Ig, immunoglobulin; M, male; V1, visit before starting mepolizumab treatment; V2,
visit 4 weeks after starting mepolizumab treatment (after 1 mepolizumab dose); V3, visit 12 weeks
after starting mepolizumab treatment (after 3 mepolizumab doses); V4, visit 24 weeks after starting
mepolizumab treatment (after 6 mepolizumab doses). Data presented as the mean + standard error
of the mean. Statistical analysis —Wilcoxon matched-pairs signed-rank test. * p <0.05 compared with
V2; #p <0.05 compared with V3; £p <0.05 compared with V4.

3.2. Severe Asthma Clinical Remissions Criteria at 24 Weeks of Mepolizumab Treatment

In the 18 patients analyzed, after 24 weeks of mepolizumab treatment, the number of
exacerbation-free patients and short-term systemic corticosteroid-free patients increased
from 0 (0%) to 17 (94.4%), the number of patients with an ACT score of 220 increased from
0 (0%) to 9 (50%), and the number of patients with an FEV1 of 280% post-bronchodilator
increased from 4 (22.2%) to 7 (38.9%) (Figure 3A). After 24 weeks of treatment with
mepolizumab, five patients (27.8%) fulfilled the four-component clinical remission
definition, and six patients (33.3%) fulfilled the three-component definition. Before
starting mepolizumab treatment, zero patients (0%) met these criteria. Moreover, after 24
weeks of treatment with mepolizumab, six patients (33.3%) fulfilled the two-component
clinical remission definition, and one patient (5.6%) fulfilled the one-component
definition. Before starting mepolizumab treatment, four and zero patients (0%; 22.2%),
respectively, met these criteria (Figure 3B).
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Figure 3. Number of patients meeting individual criteria for clinical remission in asthma after 24
weeks of mepolizumab treatment (A). Number of patients meeting one, two, three, or four criteria
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for clinical remission following 24 weeks of mepolizumab treatment (B). ACT, asthma control test;
FEV;, forced expiratory volume in 1s.

3.3. Serum Levels of Type 2 Inflammation Mediators during 24 Weeks of Treatment with the
Anti-IL-5 Drug Mepolizumab

This study found that after 4 weeks of mepolizumab treatment, the serum levels of
IL-4 and IL-25 significantly did not change (p > 0.05) (Table 3, Figure 4A,D). Meanwhile,
the serum levels of IL-5, IL-13, TSLP, sIL-5Ra, and sFceRI significantly decreased (p <0.05),
and this effect remained throughout the treatment (Table 3, Figure 4B,C,H,I). The serum
levels of IL-33 and eotaxin significantly increased considerably after 4 weeks of
mepolizumab treatment (p < 0.05), and this effect remained throughout the treatment
(Table 3, Figure 4E,G).
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Figure 4. Serum levels of IL-4 (A), IL-5 (B), IL-13 (C), IL-25 (D), IL-33 (E), TSLP (F), eotaxin (G), sIL-
5Ra (H), sFceRI (I) during 24 weeks of treatment with the anti-IL-5 drug mepolizumab. IL,
interleukin; sFceRI, soluble high-affinity IgE receptor; sIL-5Ra, soluble IL-5 receptor subunit alpha;
TSLP, thymic stromal lymphopoietin; V1, visit before starting mepolizumab treatment; V2, visit 4
weeks after starting mepolizumab treatment (after 1 mepolizumab dose); V3, visit 12 weeks after
starting mepolizumab treatment (after 3 mepolizumab doses); V4, visit 24 weeks after starting
mepolizumab treatment (after 6 mepolizumab doses). Data presented as the mean + standard error
of the mean. Statistical analysis —Wilcoxon matched-pairs signed-rank test.
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Table 3. Serum levels of type 2 inflammation mediators during 24 weeks of treatment with the anti-
IL-5 drug mepolizumab.

T2-High Severe Asthma

Vi V2 V3 V4
IL-4 (pg/mL) 30.7£6.5 263+22 26.0+4.7 242+42
IL-5 (pg/mL) 111.7 + 4.4 %= 97.5+43 83.5+3.0 82.8+4.1
IL-13 (pg/mL) 72+1.1%%¢ 57+0.9 55+1.0 49+0.8
IL-25 (ng/mL) 40+0.7 33+05 35+0.6 4.0+09
1L-33 (pg/mL) 18.1+1.0*# 18.4+1.0 194+1.0 21.3+0.8
TSLP (pg/mL) 49.1+11.9*#« 42.4+10.3 39.7+10.0 41.8+10.5
sIL-5Ra (ng/mL) 2.84 +0.55 *# 2.11+047 243+0.52 242 +047
Eotaxin (pg/mL) 143.9 £18.2 *# 1953255 201.7 259 197.5+24.8
sFceRI (ng/mL) 7.0 +1.3*# 59+1.1 52+0.9 42+0.6

IL, interleukin; sFceRI, soluble high-affinity IgE receptor; sIL-5Rq, soluble IL-5 receptor subunit
alpha; TSLP, thymic stromal lymphopoietin; V1, visit before starting mepolizumab treatment; V2,
visit 4 weeks after starting mepolizumab treatment (after 1 mepolizumab dose); V3, visit 12 weeks
after starting mepolizumab treatment (after 3 mepolizumab doses); V4, visit 24 weeks after starting
mepolizumab treatment (after 6 mepolizumab doses). Data presented as the mean + standard error
of the mean. Statistical analysis —Wilcoxon matched-pairs signed-rank test. * p <0.05 compared with
V2; #p <0.05 compared with V3; £p <0.05 compared with V4.

4. Discussion

In this study, an initial 100 mg dose of mepolizumab administered subcutaneously
in patients with T2-high severe asthma significantly increased ACT scores and improved
lung function, and this effect was sustained throughout all 24 weeks of treatment. Almost
one-third of the subjects reached clinical remission criteria after 24 weeks of mepolizumab
treatment. This study highlights the effects of mepolizumab treatment on various serum
type 2 mediators in patients with T2-high severe asthma. It was observed that after 4
weeks of treatment with mepolizumab, the serum levels of IL-5, IL-13, TSLP, sIL-5Ra, and
sFceRI experienced a significant decrease that persisted throughout the treatment period.
In contrast, the levels of IL-4 and IL-25 remained unchanged. Conversely, the serum levels
of IL-33 and eotaxin showed a notable increase from the beginning of the treatment, a
trend that continued over time. This indicates a specific and targeted effect of
mepolizumab on certain type 2 inflammatory markers and immune responses.

In this study, a significant increase in ACT scores was observed. These results
demonstrate the severity of disease in T2-high severe asthma despite receiving standard-
of-care treatment in line with the Global Initiative for Asthma (GINA) recommendations
up to the initiation of biologic therapy. This study demonstrated that mepolizumab
elicited long-lasting improvements in lung function (increased FEV1) and eosinophilic
inflammation attenuation (decreased eosinophils level). This effect is closely related to the
mepolizumab-mediated improvement in asthma control. The results of our study are
consistent with those of other studies [16-20]. In this study, we found that mepolizumab
did not change IgE levels, which is in agreeance with the results of other studies [21,22].
This is because mepolizumab blocks IL-5 and may not affect other components of type 2
inflammation, such as IgE. Feno also remained largely unchanged during treatment with
mepolizumab, which is consistent with findings from other studies [20,23]; in contrast,
one study observed a significant increase in the Feno level [24]. We hypothesize that
although mepolizumab blocks the IL-5 pathway and thus inhibits type 2 inflammation,
the Feno levels are not significantly altered because this biomarker is not directly related
to the IL-5 pathway. Note that all inflammatory pathways are interrelated. It is possible
that blocking the IL-5 upregulates IL-13 and IL-4 pathways, which increases Feno through
compensatory mechanisms.
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Asthma remission is defined as a sustained absence of signs and symptoms and
normalizing and optimizing lung function. The biologics achieve multiple criteria for
asthma remission on treatment [25]. Our results showed that after 24 weeks of treatment
with mepolizumab, almost two-thirds of patients met three or four criteria for asthma
remission. We also evaluated each criterion separately before and after 24 weeks of
mepolizumab treatment. No patient before mepolizumab treatment did not meet the
following criteria: corticosteroid-free, exacerbation-free, and with an ACT score of >20.
After 24 weeks of mepolizumab treatment, these results significantly improved. Many
studies have shown that mepolizumab reduces the number of asthma exacerbations,
improves lung function and asthma control, and reduces the frequency of systemic
corticosteroid use [26-29]. The results of our study are consistent with those of previously
published studies. We believe that patients have been appropriately selected and that the
treatment effectively inhibits eosinophilic inflammation.

IL-5 is one of the most important cytokines in type 2 asthma pathogenesis. This
cytokine is involved in the recruitment, activation, and survival of eosinophils. IL-5
inhibition reduces eosinophilic airway inflammation [25]. Although treatment effectively
decreases eosinophil numbers, thereby alleviating asthma-related manifestations, it does
not render the patients completely cured. It is not known how anti-IL-5 treatment affects
the blood levels of pro-inflammatory biological active substances and how organisms
react to a reduction in eosinophils. Instead, organisms’ homeostatic mechanisms may
compensate by modulating the levels of various blood cytokines. Specifically, it is
hypothesized that not all cytokine levels will decrease post-treatment. Some
proinflammatory cytokines may remain elevated or even increase as the body seeks to
maintain a balanced immune response.

The bronchial epithelium secretes IL-25, IL-33, and TSLP. These cytokines initiate
intracellular signal transduction and are called alarmins. Alarmins stimulate the release
of IL-4, IL-5, and IL-13 and 2-type inflammation development [3,30]. A previous study
already found changes in serum levels of alarmins after a single dose of mepolizumab, in
patients with severe non-allergic eosinophilic asthma [31]. Although mepolizumab blocks
IL-5, our results show that the inhibition of type 2 inflammation reduced the serum TSLP
and increased the IL-33 levels. Meanwhile, the IL-25 levels did not change. We can
attribute this to the fact that not only do alarmins stimulate the release of cytokines, but
there is also a feedback relationship involving the effects of type 2 cytokines on the
epithelium. While eosinophils possess receptors for all three alarmins, evaluating their
primary functions, only IL-25 and IL-33 are identified as directly acting on eosinophils
after binding to IL-17RB and ST2 receptors on eosinophils [32-34]. Instead, TSLP’s role is
more upstream in the allergic inflammation cascade, where it helps shape the immune
environment towards a type 2 response, indirectly leading to eosinophil activation and
recruitment through the actions of other cytokines produced by Th2 cells [35]. Despite the
targeted reduction in eosinophils through biological therapy, our findings suggest a
complex compensatory response within the cytokine network, highlighting the resilience
of the immune system'’s regulatory mechanisms. Not only do epithelial cells produce IL-
25, but eosinophils are also a significant source of this alarmin [36]. Notably, while the
direct impact of biological therapy led to expected reductions in eosinophil counts, the
anticipated decrease in IL-25 levels was not observed. This discrepancy suggests that other
cellular contributors, potentially including the epithelium, may compensate for the
reduced eosinophilic production of IL-25, maintaining its serum levels. Such a
compensatory mechanism underscores the intricate balance between eosinophil activity
and cytokine production, with IL-33 levels rising, possibly as a direct response to the
diminished eosinophil count. Furthermore, our analysis extends to the role of TSLP, which
diverges from the actions of IL-25 and IL-33 by primarily activating dendritic cells, not
eosinophils. The reduction in eosinophil counts appears to attenuate the aggressive nature
of dendritic cells, potentially disrupting the TSLP-mediated activation pathway. This
observation aligns with discussions on the compensatory mechanisms within the immune
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system, where a decrease in one cytokine due to targeted therapy does not necessarily
lead to a straightforward decrease in associated inflammatory markers due to the complex
feedback loops and interdependencies within the immune network.

IL-4 and IL-13 are among the most important type 2 inflammation cytokines [37]. The
main cellular sources of IL-4 and IL-13 include T-helper (Th) lymphocytes, T follicular
helper (Tfh) cells and type 2 innate lymphoid (ILC2) cells; eosinophils, basophils, mast
cells, natural killer cells, and clusters of differentiation 8 (CD8*) T lymphocytes also
significantly contribute to the production of these two cytokines [38]. While IL-4 is
described to be more important in allergic asthma cases, it also plays a significant role in
non-allergic phenotypes. Alarmins-activated ILC2 and Th2 cells produce enhanced levels
of IL-4 [39]. IL-33 is a particularly important alarmin that affects IL-4 production [40]. In
our study, although serum IL-33 levels increased during mepolizumab treatment, there
was no significant effect on IL-4 levels. The unchanged IL-4 level in serum during
treatment indicates the compensatory mechanisms of IL-4.

IL-4 and IL-13 affect many cells, such as B cells, eosinophils, basophils, monocytes,
and fibroblasts [37]. They both share a receptor component with each other and directly
contribute to the tissue inflammation and remodeling seen in diseases such as asthma;
they also play a significant role in recruiting eosinophils to the site of inflammation. Both
cytokines synergize to amplify allergic responses. Differently from IL-4, the IL-13 levels
continuously decreased after the inhibition of type 2 inflammation by mepolizumab
treatment. While most IL-4-producing cells can express IL-13, a reduced eosinophil count
is related to a reduction in IL-13, with no compensatory mechanisms seen with IL-4. This
may suggest that IL-13 production is more associated with eosinophilic activity and
inflammation as it is the main cytokine produced by Th2 and ILC2 cells and directly
targets eosinophils [41].

Both cytokines IL-4 and IL-13 are associated with the induction of eosinophil
chemotaxis, which stimulates the production of eotaxin [42]. Eotaxin is a small protein
that is synthesized by a number of different cell types (e.g., epithelial cells, smooth muscle
cells, and fibroblasts). Eotaxin is stimulated by IL-4 and IL-13, produced by T-helper
lymphocytes. Eotaxin stimulates the recruitment of eosinophils from the airway micro
vessels into the lung tissue [43]. We detected that the serum’s eotaxin levels significantly
increased during mepolizumab treatment. The mepolizumab treatment reduced the
number of eosinophils in the blood as well as in the lung tissue [44]. Eosinophils
themselves can modulate the production of chemokines, including eotaxins, through
direct interactions with other cells or through the cytokines they release. The absence or
reduction in such regulatory functions may lead to the overproduction of eotaxins by
other cells in the immune system, such as epithelial cells, endothelial cells, and fibroblasts.
Furthermore, the body, recognizing the decreased number of available eosinophils,
initiates a compensatory mechanism to recruit more eosinophils to the sites where they
are typically needed, such as inflamed airways. To achieve this, the body increases the
production of eotaxin, a potent chemokine responsible for eosinophil recruitment. This
response is a natural attempt by the organism to maintain homeostasis and manage
inflammatory processes effectively, especially under the threat or actual presence of
inflammation, where eosinophils play a critical defensive role.

We investigated the blood levels of two soluble receptors —IL-5 receptor sIL-5Ra and
IgE receptor FceRI. The IL-5R is a high-affinity receptor expressed on eosinophils,
basophils, and mast cells [45]. This receptor complex is intricately composed of two
subunits: IL-5Ra and Be. While IL-5Ra uniquely engages with IL-5, facilitating a specific
interaction, the Bc subunit does not directly bind to IL-5 but is essential for downstream
signaling processes [46]. SIL-5Ra emerges through either alternative splicing of the mRNA
transcript or proteolytic cleavage of the membrane-bound receptor. This soluble receptor
variant retains the ability to bind IL-5, albeit without initiating traditional cell signaling
due to its lack of attachment to the cell surface. The production of sIL-5Ra via these
mechanisms allows it to function in several ways, such as acting as a decoy receptor that
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can bind to IL-5, thereby regulating its availability and activity in the extracellular
environment. This can modulate the biological effects of IL-5, influencing immune
responses and inflammation. We found that the serum levels of soluble IL-5Ra
significantly decreased during treatment with mepolizumab. If sIL-5Ra performs a
regulatory function for IL-5, after mepolizumab treatment, the organism may attempt to
maintain the current IL-5 levels; thus, sIL-5Ra will not be secreted into the blood.

Moreover, we investigated the serum concentrations of the soluble receptor FceRI, a
high-affinity IgE Fc receptor that is expressed on many cell types; eosinophil is also
characterized as a cell that expresses this receptor [47,48]. A truncated version of the IgE-
binding sFceRI in human serum [49]. sFceRI is generally found in two main forms in the
blood: the free form and the complexed form, where it is associated with IgE. Although
the transmembrane form of FceRI is primarily expressed by immune cells such as mast
cells and basophils, eosinophils have also been suggested as a potential source of the
soluble receptor variants, particularly in pathological conditions such as asthma where
eosinophil activity is heightened. Our findings indicate that mepolizumab therapy leads
to a reduction in circulating levels of sFceRI. This reduction could be explained by several
mechanisms: first, the decrease in eosinophil numbers may directly lower the production
of sFceRI if eosinophils are a contributing source. Second, the reduction in IL-5 activity
may lead to a broader downregulation of immune activation, including the pathways
involved in sFceRI production or shedding from the cell surface. Furthermore, with fewer
eosinophils and reduced IgE receptor engagement, there may be less cleavage or shedding
of the receptor into its soluble form. IgE regulates the expression of high-affinity receptors
[50]; moreover, sFceRI can interfere with IgE detection in serum, which might be of
importance in regard to interference in sIgE detection and diagnosis [49]. This nuanced
understanding of sFceRI dynamics offers potential insights into the immunomodulatory
effects of IL-5 targeted therapies in asthma, highlighting not only the direct impact on
eosinophil viability but also its broader implications for the patient’s immunological
landscape. The investigated IL-5 level in patients’ serum during mepolizumab treatment
significantly decreased; however, there was still a significant amount of circulating IL-5.

This study has several potential limitations. Firstly, this study had a relatively short
observation period spanning only 24 weeks, limiting the evaluation of clinical remission
criteria. To assess clinical remission, this research should be continued for 12 months.
Secondly, only clinically stable T2-high severe asthma patients free of systemic steroids
for at least 1 month before the study were considered; therefore, it remains unclear
whether systemic glucocorticoids can affect the level of type 2 inflammatory mediators
during treatment with anti-IL-5 mepolizumab. Thirdly, whether patients’ asthma was
allergic or non-allergic was not considered.

5. Conclusions

The results of this study confirm the efficacy of biologics in the treatment of T2-high
severe asthma. Add-on therapy with mepolizumab, an anti-IL-5 treatment, resulted in
significant functional and clinical changes. Our study results demonstrate that
mepolizumab significantly improved the ACT score and FEV: after the first four weeks of
treatment, with the effect persisting during the continuation of treatment. Meanwhile,
there was a significant decrease in the number of eosinophils in the blood. Treatment with
mepolizumab helped to achieve clinical remission criteria nearly in one-third of the
patients with T2-high severe asthma. In addition, the serum levels of type 2 inflammation
mediators such as IL-13, IL-33, TSLP, sIL-5Ra, and sFceRI were significantly altered
during treatment. These findings indicate that mepolizumab has a broader impact on T2-
high severe asthma pathophysiology.
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Abbreviations

ACT asthma control test

CDg* cluster of differentiation 8

ELISA enzyme-linked immunosorbent assay
Feno fractional exhaled nitric oxide

FEV1 forced expiratory volume in 1's
GINA Global Initiative for Asthma

Ig immunoglobulin

1L interleukin

ILC2 type 2 innate lymphoid

sFceRI soluble high-affinity immunoglobulin E receptor

sIL-5Rac  soluble IL-5 receptor subunit alpha

Tfh T follicular helper

Th T-helper

TSLP thymic stromal lymphopoietin

Vi visit before starting mepolizumab treatment

V2 visit 4 weeks after starting mepolizumab treatment (after 1 mepolizumab dose)
V3 visit 12 weeks after starting mepolizumab treatment (after 3 mepolizumab doses)
V4 visit 24 weeks after starting mepolizumab treatment (after 6 mepolizumab doses)
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Lietuvos sveikatos moksluy universiteto
Kauno regioninio biomedicininiy tyrimy etikos komiteto
leidimai atlikti biomedicininj tyrimag

KAUNO REGIONINIS BIOMEDICININIY TYRIMY ETIKOS KOMITET.

CIKALOS MO

LEIDIMAS ATLIKTI BIOMEDICININ] TYRIMA
2015-06-05  Nr. BE-2-13

Biomedicininio tyrimo pavadinimas: "Plaudiy struktiros lasteliy sqveikos su ukdegimo lgstelémis
| sergant létinémis plaudiy ligomis tyrimas"

Protokolo Nr.: PSUL-010/2015

Data: 2015-01-09

Versija: i 1.0

Asmens informavimo forma Versija: 1.1, data: 2015-03-05
Pagrindinis tyréjas: Prof. Kestutis Malakauskas
Biomedicininio tyrimo vieta: LSMUL V¥[ Kauno klinikos
Istaigos pavadinimas: Eiveniy g. 2, LT-50009, Kaunas
Adresas:

I3vada:

Kauno regioninio biomedicininiy tyrimy etikos komiteto posédZio, jvykusio 2015 m. kovo mén. 3 d.
(protokolo Nr. BE-10-3) sprendimu pritarta biomedicininio tyrimo vykdymui.

Mokslinio cksperimento vykdytojai jsipareigoja: (1) nedelsiant informuoti Kauno Regioninj biomedicininiy Tyrimy Etikos
komitets apic visus nenumatytus atvejus, susijusius su studijos vykdymu, (2) iki sausio 15 dienos — pateikti metinj studijos
vykdymo apibendrinima bei, (3) per ménesj po studijos uZbaigimo, pateikti galutinj praneSima apie eksperimenty.

. o Kauno regioninio biomedicininiy tyrimy etikos komiteto nariai
Nr. | Vardas, Pavarde Veiklos sritis Dalyvavo posédyje
I Prof. Romaldas Madiulaitis Klinikiné¢ farmakologija taip
2. Prof, Edgaras Stankevigius Fiziologija, farmakologija taip
3. | Dwe. Emnanias Peidius Filosofija taip
4 De. Ramune Kasperavidiend Kalbotyra taip
S. Med. dr. Jonas Andriuskevitius Chirurgija taip
6. Agné Krudinskaité Teisé taip
7. Prof. Skaidrius Miliauskas Pulmonologija, vidaus ligos _taip
8. Med. dr, Rokas Bagdonas Chirurgija ne
9. Eglé VaiZgeliené Visuomenés sveikata ne

Kauno regioninis biomedicininiy tyrimy ctikos komitctas dirba vadovaudamasis ctikos principais nustatytais biomedicininiy ]
my Etikos Helsinkio deklaracijoje, vaisty tyringjimo Geros Klinikinés praktikos taisyklemis.

Pirmininkas Prof. Romaldas Matiulaitis
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KAUNO REGIONINIS BIOMEDICININIU TYRIMU ETIKOS KOM]TETAS

PRITARIMAS
BIOMEDICININIO TYRIMO PAPILDYMUI/PRATESIMUI
2018-07-17 Nr. P1-BE-2-13/2015

Biomedicininio tyrimo pavadinimas: "Plaudiy struktaros lasteliy saveikos su uzdegimo Igstelémis
sergant létinémis plaudiy ligomis tyrimas" (leidimo atlikti biomedicininj tyrima leidimas
2015.06.05 Nr. BE-2-13).

Pagrindinis tyréjas: Prof. Ke¢stutis Malakauskas

. . Lietuvos sveikatos moksly universiteto ligoniné Kauno klinikos,
Biomedicininio Pulmonologijos klinika,

HTmo victa: Eiveniy g. 2, LT-50161, Kaunas.

Perziiiréti Sie (V] su minétu tyrimu susij¢ dokumentai:

[¥] Biomedicininio tyrimo: "Plaudiy struktiros lgsteliy sgveikos su uZdegimo lastelémis sergant létinémis
plautiy ligomis tyrimas" pagrindinio tyréjo praSymas dél biomedicininio tyrimo papildymo / pakeitimo.

(V] Biomedicininio tyrimo: "Plauciy struktiros lgsteliy saveikos su uzdegimo lgstelémis sergant létinémis
plautiy ligomis tyrimas" paraiska.

(V] Biomedicininio tyrimo: "Plaudiy struktiiros lIasteliy saveikos su uzdegimo lgstelémis sergant létinémis
plautiy ligomis tyrimas" protokolas nr. PSUL-010/2015, versija 2.0, data 2018-06-12.

(V] Biomedicininio tyrimo: "Plaudiy struktiiros lgsteliy sqveikos su uZdegimo lastelémis sergant létinémis
plauciy ligomis tyrimas" protokolo santrauka parengta pagal protokolg nr. PSUL-010/2015, versija 2.0, data
2018-06-12.

(] Biomedicininio tyrimo: "Plaugiy struktiiros lasteliy saveikos su uZdegimo lgstelémis sergant létinémis
plautiy ligomis tyrimas" informuoto asmens sutikimo forma parengta pagal protokolg nr. PSUL-010/2015,
versija 2.1, data 2018-07-10.

[V) Biomedicininio tyrimo: "Plaugiy struktiros lgsteliy saveikos su uZdegimo lgstelémis sergant létinémis
plaugiy ligomis tyrimas" tyréjy prof. Skaidriaus Miliausko, levos Janulaitytés,gyvenimo apraSymai.

(V] Biomedicininio tyrimo: "Plaudiy struktiros lasteliy saveikos su uzdegimo lastelémis sergant létinémis
plaudiy ligomis tyrimas" vykdymo ataskaitos santrauka.

) Nutarta'

Kauno regioninio biomedicininiy tyrimy etikos komiteto nariai
Nr, Vardas, Pavardé Veiklos sritis
B Prof. Edgaras Stankevitius Fiziologija, farmakologija
2. Prof. Skaidrius Miliauskas Chirurgija
3. Prof. K¢stutis Pclnkoms Neurologija
4, Doc. Gi G i Klinikiné farmakologija
S. Med. dr. Jonas Andriuskevitius Chirurgija
6. Dr. Rumuné Kasperavitiené Kal
r ] Audra Degutyté Visuomenés sveikata
8. Zydriné Luneckaite Filosofija
9. Jurgita Laurinaityté Teisé
Kauno regioninis biomedicininiy lyrimu cukos lonumax dirba vadovaud: is etikos principai ytais biomedicininiy tyrimy
Etikos jstatyme, Helsinkio deklaraci jimo Geros klinikinés

Pirmininkg pavaduojantis ekspertas
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KAUNO REGIONINIS BIOMEDICININIU TYRIMU ETIKOS KOMITETAS
Lietuvos sveikatos moksly universitetas, A. Mickevi¢iaus g. 9, LT 44307 Kaunas, tel. (+370) 37 32 68 89;el.pastas: kaunorbtek@lsmuni.lt

LEIDIMAS ATLIKTI BIOMEDICININI TYRIMA

2020-06-19  Nr. BE-2-58

Biomedicininio tyrimo pavadinimas: ,,Eozinofily potipiy nekoduojan¢iy RNR analizé ir jy
poky¢iu reik§mé kvépavimo taky remodeliacijai sergant astma“

Protokolo Nr.:
Data: 2020-04-24
Versija: 1
Asmens informavimo forma Versija 1, data 2020-04-24
Pagrindinis tyréjas: Med. m. dr. Prof. Kestutis Malakauskas
Biomedicininio tyrimo vieta: Lietuvos Sveikatos moksly Universiteto ligoniné Kauno
Istaigos pavadinimas: klinikos
Adresas: Eiveniy g. 2, LT-50161 Kaunas
I$vada:

Kauno regioninio biomedicininiy tyrimy etikos komiteto posédzio, jvykusio 2020 m. birZelio mén. 2 d.
(protokolo Nr. BE-10-6) sprendimu pritarta biomedicininio tyrimo vykdymui.

Mokslinio eksperimento vykdytojai jsipareigoja: (1) nedelsiant informuoti Kauno Regioninj biomedicininiy Tyrimy Etikos
komiteta apie visus nenumatytus atvejus, susijusius su studijos vykdymu, (2) iki sausio 15 dienos — pateikti metinj studijos
vykdymo apibendrinima bei, (3) per ménesj po studijos uzbaigimo, pateikti galutinj pranesima apie eksperimenta.

Kauno regioninio biomedicininiy tyrimy etikos komiteto nariai

Nr. Vardas, Pavardé Veiklos sritis Dalyvavo posédyje
1. Prof. Edgaras Stankevi¢ius Fiziologija, farmakologija Taip

2. Prof. Skaidrius Miliauskas Pulmunologija, vidaus ligos Taip

3. Med. dr. Jonas Andriuskevicius Chirurgija Taip

4. Doc. Gintautas Gumbrevicius Klinikiné farmakologija Taip

5. Prof. Kestutis Petrikonis Neurologija Taip

6. Dr. Ramun¢ Kasperaviciené Filologija Taip

7. Zydriiné Luneckaité Visuomenés sveikata Taip

8. Ausra Degutyté Visuomengs sveikata Taip

9. Jurgita Laurinaityté Teisé¢ Ne

Kauno regioninis biomedicininiy tyrimy etikos komitetas dirba vadovaudamasis etikos principais nustatytais biomedicininiy tyrimy
Etikos jstatyme, Helsinkio deklaracijoje, vaisty tyrin¢jimo Geros klinikinés praktikos taisyklémis.

Kauno RBTEK pirmininkas Prof. Edgaras StankeviCius
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PRITARIMAS
BIOMEDICININIO TYRIMO PAPILDYMUI/PRATESIMUI

2023-09-28 Nr. P3-BE-2-58/2020

Biomedicininio tyrimo pavadinimas: ,,Eozinofily potipiy nekoduojanc¢iy RNR analizé ir jy pokyciy
reik§mé kvépavimo taky remodeliacijai sergant astma*

Pagrindinis tyr¢jas: | Prof. dr. Kestutis Malakauskas

Biomedicininio Lietuvos sveikatos moksly universiteto ligoniné Kauno klinikos Pulmunologijos
tyrimo vieta: klinika

Adresas: Eiveniy g. 4, LT-50161 Kaunas

Perzitiréti die [V] su minétu tyrimu susije dokumentai:

[] Biomedicininio tyrimo ,,Eozinofily potipiy nekoduojan&iy RNR analizé ir jy poky&iy reikimé kvépavimo
taky remodeliacijai sergant astma“ pagrindinio tyréjo praSymas dél leidimo papildyti biomedicininj tyrima;

[V] Paraiska biomedicininiam tyrimui ,,Eozinofily potipiy nekoduojanciy RNR analizé ir jy poky&iy reiksmé
kvépavimo taky remodeliacijai sergant astma*;

[V] Biomedicininio tyrimo ,,Eozinofily potipiy nekoduojandiy RNR analizé ir jy pokygiy reikimeé kvépavimo
taky remodeliacijai sergant astma“ protokolas (nr. 1 versija: 5 data: 2023-05-29);

[V] Biomedicininio tyrimo ,,Eozinofily potipiy nekoduojanéiy RNR analizé ir jy poky¢iy reikimeé kvépavimo
taky remodeliacijai sergant astma“ protokolo santrauka (nr. 1 versija: 5 data: 2023-05-29);

[V]Biomedicininio tyrimo ,,Eozinofily potipiy nekoduojan&iy RNR analizé ir jy poky&iy reikimé kvépavimo taky
remodeliacijai sergant astma‘ informuoto asmens sutikimo forma sveikiems asmenims (versija nr. 5, data 2023-
05-29);

[V] Biomedicininio tyrimo ,,Eozinofily potipiy nekoduojan&iy RNR analizé ir jy poky&iy reikimé kvépavimo
taky remodeliacijai sergant astma“ informuoto asmens sutikimo forma sergantiems (versija nr. 5, data 2023-05-
29);

[V] Oscilometrijos aparato CE sertifikatas.

[\/] Nutarta: Pritarti biomedicininio tyrimo papildymui/pratesimui

Kauno regioninio biomedicininiy tyrimy etikos komiteto nariai

Nr. Vardas, pavarde Veiklos sritis

1. Doc. dr. Gintautas Gumbrevicius Klinikiné farmakologija
2. Prof. dr. Kestutis Petrikonis Neurologija

3. Dr. Saulius Raugelé Chirurgija

4. Dr. Lina Jankauskaité Pediatrija

5. Prof. dr. Dzilda Veli¢kiené Endokrinologija

6. Doc. dr. Eimantas Peicius Visuomenés sveikata
7. Ausra Degutyté Visuomenés sveikata
8. Dr. Zydriiné Luneckaité Visuomenés sveikata
9. Viktorija Bu€inskaité Teisé

Kauno regioninis biomedicininiy tyrimy etikos komitetas dirba vadovaudamasis etikos principais nustatytais
biomedicininiy tyrimy Etikos jstatyme, Helsinkio deklaracijoje, vaisty tyrinéjimo Geros klinikinés praktikos
taisyklémis.

Pirmininkas doc. dr. Gintautas Gumbrevicius

176




Astmos kontrolés testas

Visiskai 1 [ Prastai 2 [ Truputi 3 [ Gerai 4 [ Visiskai 5
nekontroliuojama kontroliuojama kontroliuojama kontroliuojama kontroliuojama

177



Name, Surname:
Address:

Phone number:
E-mail:

CURRICULUM VITAE

Jolita Palacionyte

Hospital of Lithuanian University of Health Sciences
Kauno klinikos, Department of Pulmonology, Eiveniy 2,
LT-50009 Kaunas, Lithuania

+370 625 91727

jolita.palacionyte@lsmu.lt

Professional Qualifications

2019-2023
2015-2019

2009-2015

Qualification:

PhD student, Lithuania University of Health Sciences,
Kaunas, Lithuania

Medical doctor, Lithuanian University of Health
Sciences, Kaunas, Lithuania

Master of medicine, Lithuania University of Health
Sciences, Kaunas, Lithuania

Medical doctor, medical licence MPL-20480, dated 29 JUN 2015
Pulmonologist, licence MPL-23900, dated 26 JUN 2019

Experience/Current and Previous Positions

2019-till now

2015-2019

2019-2023

Memberships
2017—present

2019—present

Pulmonologist, Hospital of Lithuanian University of
Health Sciences Kauno klinikos, Department of
Pulmonology, Eiveniy 2, LT-50009 Kaunas, Lithuania
Pulmonology resident, Hospital of Lithuanian
University of Health Sciences Kauno klinikos,
Department of Pulmonology, Eiveniy 2, LT-50009
Kaunas, Lithuania

Younger scientific worker, Lithuanian University of
Health Sciences Kauno klinikos, Faculty of Medicine,
Department of Pulmonology, Eiveniy 2, LT-50009
Kaunas, Lithuania

Member of the Lithuanian Society of Pulmonology and
Allergy (LSPA)
Member of the European Respiratory Society (ERS)

178



PADEKA

Nuosirdziai dékoju:

Mokslinio darbo vadovui prof. dr. Kestu¢iui Malakauskui uz pasitike-
jima, drasinanc¢ius postiimius, dalinimasi Ziniomis ir patirtimi.

Pulmonologijos klinikos vadovui prof. dr. Skaidriui Miliauskui uz gali-
mybe dirbti ir tobuléti Pulmonologijos klinikoje.

Dr. Andriui Januskeviciui uz visapusiska pagalba studijuojant dokto-
ranturg.

Doc. Ievai Bajoritinienei uz pagalbg renkant tiriamyjy grupes ir vykdant
ju alergologinj iStyrima.

Pulmonologijos laboratorijos darbuotojams, Pulmonologijos klinikos
gydytojams, funkcinés diagnostikos kabineto slaugytojoms uz pagalba
atliekant tiriamyjy paieska ir vykdant jy iStyrima.

Visiems tyrimo dalyviams uz geranoriSkuma ir skirtg laika.

179



	TURINYS
	SANTRUMPOS
	ĮVADAS
	Darbo tikslas
	Uždaviniai
	Tyrimo naujumas ir praktinė reikšmė

	1. LITERATŪROS APŽVALGA
	1.1. Astma ir jos paplitimas, problemos aktualumas
	1.2. Astmos patogenezė
	1.3. Eozinofilų biologinis vaidmuo sergant astma
	1.4. Eozinofilopoetinų poveikis eozinofilų funkcijoms
	1.5. Eozinofilopoetinų receptoriai ir jų vaidmuo eozinofilų funkcijoms
	1.6. Eozinofilų proliferacinis aktyvumas ir poveikis bronchų lygiųjų raumenų ląstelėms
	1.7. 2-o tipo biologiniai žymenys, būdingi sergant astma
	1.7.1. Žinomi 2-o tipo biologiniai žymenys
	1.7.2. Nauji 2-o tipo biologiniai žymenys

	1.8. 2-o tipo uždegimo slopinimas veikiant citokinus ir jų receptorius

	2. METODAI
	2.1. Bioetikos komiteto leidimas
	2.2. Tiriamųjų populiacija
	2.3. Pacientų įtraukimo ir neįtraukimo į tyrimą kriterijai
	2.4. Tyrimo dalyvių ištyrimo eiga
	2.5. Klausimynai
	2.5.1. Astmos kontrolės testas

	2.6. Instrumentiniai tyrimai
	2.6.1. Plaučių funkcijos tyrimai
	2.6.1.1. Spirometrija
	2.6.1.2. Bronchų plėtimo mėginys
	2.6.1.3. Bronchų inhaliacinis provokacinis mėginys su metacholinu
	2.6.1.4. Bronchų inhaliacinis provokacinis mėginys su Dermatophagoides pteronyssinus alergenu
	2.6.1.5. Azoto monoksido kiekio matavimas iškvepiamame ore
	2.6.1.6. Įsijautrinimo alergenams vertinimas

	2.6.2. Laboratoriniai tyrimai
	2.6.2.1. Kraujo paėmimas ir pradinis vertinimas
	2.6.2.2. Eozinofilų išskyrimas, fenotipavimas ir aktyvinimas
	2.6.2.3. Bronchų lygiųjų raumenų ląstelių auginimas in vitro. Kombinuotųjų kultūrų su kraujo eozinofilų potipiais sudarymas ir bronchų lygiųjų raumenų ląstelių proliferacijos vertinimas
	2.6.2.4. Ribonukleino rūgšties išskyrimas iš eozinofilų. Eozinofilų paviršiaus interleukino 3, interleukino 5 ir granulocitų-makrofagų kolonijas stimuliuojančio veiksnio receptorių genų raiška
	2.6.2.5. Biologiškai aktyvių medžiagų kiekio serume nustatymas imunofermentinės analizės tyrimo metodu
	2.6.2.6. Biologiškai aktyvių medžiagų kiekio serume nustatymas Luminex technologija


	2.7. Biologinio vaisto paskyrimas sergant sunkia eozinofiline astma
	2.8. Statistinė duomenų analizė

	3. REZULTATAI
	3.1. Pirmojo disertacinio darbo uždavinio tyrimų rezultatai
	3.1.1. Tiriamųjų charakteristika
	3.1.2. Eozinofilopoetinų (interleukino 3, interleukino 5 ir granulocitų-makrofagų kolonijas stimuliuojančio veiksnio) poveikis eozinofilųpotipių proliferaciniam aktyvumui in vitro prieš ir po bronchųprovokacijos alergenu
	3.1.3. Eozinofilų potipių paviršiaus interleukino 3, interleukino 5 ir granulocitų-makrofagų kolonijas stimuliuojančio veiksnio receptorių genų raiška prieš ir po bronchų provokacijos alergenu

	3.2. Antrojo disertacinio darbo uždavinio tyrimų rezultatai
	3.2.1. Tiriamųjų charakteristika
	3.2.2. Biologiškai aktyvių medžiagų (autotaksino, tirozin-proteinkinazės Met, lipoproteino A2 fosfolipazės, tirpaus interleukino 5 receptoriaus alfa subvieneto, pentaksino 3, tioredoksino 1, matrikso metaloproteinazės-7, 9, 10 ir I C telopeptido I tipo kolageno) kiekiai serume sergant alergine astma ir jų kitimas Dermatophagoides pteronyssinus alergeno poveikyje
	3.2.3. Biologiškai aktyvių medžiagų (tirozin-proteinkinazės Met, tirpaus interleukino 5 receptoriaus alfa subvieneto, pentaksino 3, tioredoksino 1 ir I C telopeptido I tipo kolageno) kiekių serume sąsajos su žinomais astmos biologiniais žymenimis ir plaučių funkcija sergant alergine astma

	3.3. Trečiasis disertacinio darbo uždavinys
	3.3.1. Tiriamųjų charakteristika
	3.3.2. Sergančiųjų sunkia eozinofiline astma klinikinės remisijos kriterijai po 24 savaičių gydymo monokloniniu antikūnu prieš interleukiną 5
	3.3.3. Sergančiųjų sunkia eozinofiline astma 2-o tipo uždegimo biologinių žymenų kiekiai serume 24 savaites gydant monokloniniu antikūnu prieš interleukiną 5


	4. REZULTATŲ APTARIMAS
	4.1. Eozinofilų potipių proliferacinis aktyvumas in vitro
	4.1.1. Eozinofilopoetinų (interleukino 3, interleukino 5 ir granulocitų-makrofagų kolonijas stimuliuojančio veiksnio) poveikis eozinofilų potipių proliferaciniam aktyvumui in vitro
	4.1.2. Eozinofilų potipių paviršiaus interleukino 3, interleukino 5 ir granulocitų-makrofagų kolonijas stimuliuojančio veiksnio receptorių genų raiška

	4.2. Naujų biologinių žymenų kiekiai serume sergant alergine astma ir jų kitimas Dermatophagoides pteronyssinus alergeno poveikyje
	4.2.1. Lėtinio uždegimo biologinių žymenų (autotaksino, tirozinproteinkinazės Met, lipoproteino A2 fosfolipazės ir tirpaus interleukino 5 receptoriaus alfa subvieneto) kiekiai serume sergant alergine astma ir jų kitimas Dermatophagoides pteronyssinus alergeno poveikyje
	4.2.2. Kraujo oksidacinio streso biologinių žymenų (pentaksino 3 ir tioredoksino 1) kiekiai serume sergant alergine astma ir jų kitimas Dermatophagoides pteronyssinus alergeno poveikyje
	4.2.3. Užląstelinio užpildo apykaitos komponentų (matrikso metaloproteinazės7, 9, 10 ir I C telopeptido I tipo kolageno) kiekiai serume sergant alergine astma ir jų kitimas Dermatophagoides pteronyssinus alergeno poveikyje

	4.3. Klinikinės remisijos kriterijai ir 2-o tipo uždegimo biologinių žymenų kiekio serume pokyčiai sergant sunkia eozinofiline astma ir 24 savaites gydant monokloniniu antikūnu prieš interleukiną 5
	4.3.1. Klinikinės remisijos kriterijai, plaučių funkcija ir naujų 2-o tipo biologinių žymenų kiekio serume kitimas sergant sunkia eozinofiline astma ir gydant monokloniniu antikūnu prieš interleukiną 5
	4.3.2. Alarminų (interleukino 25, interleukino 33 ir užkrūčio liaukos stromos limfopoetino) kiekio serume kitimas sergant sunkia eozinofiline astma ir gydant monokloniniu antikūnu prieš interleukiną 5
	4.3.3. Citokinų (interleukino 4, interleukino 5 ir interleukino 13) ir chemokino (eotaksino) kiekio serume kitimas sergant sunkia eozinofiline astma ir gydant monokloniniu antikūnu prieš interleukiną 5
	4.3.4. Tirpių receptorių (interleukino 5 receptoriaus alfa subvieneto ir didelio afiniteto imunoglobulino E receptoriaus) kiekio serume kitimas sergant sunkia eozinofiline astma ir gydant monokloniniu antikūnu prieš interleukiną 5


	IŠVADOS
	PRAKTINĖS REKOMENDACIJOS
	SUMMARY IN ENGLISH
	LITERATŪROS SĄRAŠAS
	PUBLIKACIJŲ SĄRAŠAS
	PRIEDAI
	Mokslinių publikacijų disertacijos tema kopijos
	Lietuvos sveikatos mokslų universiteto Kauno regioninio biomedicininių tyrimų etikos komiteto leidimai atlikti biomedicininį tyrimą
	Astmos kontrolės testas

	CURRICULUM VITAE
	PADĖKA



