Ovopa Yroyngreg Avdaxkropa: BAAXXH AAMIIPINH

Ovopata Tpipehotc Emrpomic: (1) POBINA NIKOAETTA
(2) AOYKIAHZ XTYATANOZ
(3)MIIAKAKOZX TETPOX

Tithog epeovnTIKIC pereTne:

Ov avocotpomtomoinTikés Kou KMvikEg smdpacsig g Oegpanciog pe -
avricopere  évavrt e IL-5 (mepolizumab) kot Ttov vmodoyxéa Tng IL-5
(benralizumab) otV avOTEPN KOl KATOTEPN GVATVELGTIKN 080, ot acBeveic pe
cofapo nowoPLMKo GoOpa Kal pvikovs TolvTodES

Eiwcuywmyn — Xtoyoc — Tpéyovosec yvoGeELS:

To aoOpa eivan o eTepoyevic xpdvia avamveusTikn vooogs, 1 omoia yapaktmpiletol
amd ¥POVIEL GAEYHOVI] TOV CAEPAYOYAV KOL PPoyyikn vaepavTidpactikOT)To. (airway
hyperresponsiveness-AHR) o un edwkd siomvedueva epebiopata'?. Tlephapfavet
oUVOETOVG Kat TOAAATAOVG KAVIKOUG QUIVOTUTTOVS, KATOOL atd TOVG 0MOIoVg UTopel va
ekomAmvovtal pe emipova ocvprntopate kot ofeieg mapobivoeis. Opopévol aohuatikoi
acbeveig eppavilovv coPapéc, nepikés @opéc ametntikés Yo ™ (o, Tapoldvesls e
vécov mapd 10 yeyovdg 6t Ppiokovion vrd Béhniomn Oepancia’?. Avtoi ot acBeveic
naoyovv and coPupd dobua (XA) mov dev eAEYYETUL EMOPKAOG KOl AVIITPOCOAEVEL LI
pepida acbevov mov emeépet peilove KOW®VIKOOIKOVOUIKY emiBapoven, aild Kot
avénpévo kootog mepiBuiyme. Exktog amd ™ @heypoviy tov  agpoayeydv, 10 TA
yopokmpiletol ond eKTETAUEVN 1GTIKT] QVOSWUOPP®OT KOl GTEVOGT] TOV OEPUYOYOV,
ndyvven tov embniiov kot otabepd mepopopd g pong tov wépa’?. M vroondda
acBevov pe ZA yopoakmpiletor and vyna avocoroyikn andkpiontomov 2 (T2-high)
Evavtt mepParlovIiKOV aAAEPYIOYOVAYV, TEPIQEPIKT NOGIVOPIALN Kol LYNAL erineda
eknvedpevon povogediov tov aldtov (FeNO)**. To noowoeiid dodua yapaktnpiletal
gmiong anod meppepikn nocwopin (>300 kdttapa/pl), mov oyetiletar pe noowoekia
670 PBpoyykd 16Td Kat To TPOKANTG mTvEld, mayvven TS Pacikig HepPpdvng Kol Goyva
ol Kol avTamokpion ot Oepancia (e EL0TVEOUEVE KOPTIKOGTEPOEIST 4.

H ovoyétion petald 1ov NOGIVOPILIKOL GoOUATOS, T™C YPOVINS PVOKOATITISNG
(CRS) xat tov pwvikdv tolvnddmv (NPs) sival kadd tekpunpropévn. Extpdton 6t 10 7%
tov acbevov pe dobuo epaviCovvy CRS pe NPs (CRSwNP) . To cofupd neocivo@iiiko
acBpa, kabog kar 1 CRSWNP, oyetiCovrar pe avinuéva emineda Th2 kvttapokwvov,
avnuévn €xepacn tov vrodoxéa ™c IL-5 (IL-5R) kot tomikh moapayoyn IgES. Qc ex
T00TOV, N 0plEmon TV maboPlOAOYIKOV UNYOVIGUAOV TOL EUTAEKOVTOL GTI QAEYHOVI
tomov 2, n omoia eivar vmevBLVN Y TO ACOUE KAl TOLG PVIKOVG MOAVTOdEG, sival
QTAPULTNTN Yo TNV OVORTUEN MO UTOTEAEGUATIKOV BepamevTik®OV Tapepfdoewmy.

H IL-5 eivar évag Pacikog mapdyovtag mov sumhéketor ot ynuewotelio, T
owpoponoinen, v evepyomoinon kot v emPimon tov noowoeiiov, kol mailel
KEVIPIKO pOLO oty maboyévesn TOL NOGWOEIAKOD GGOHNTOC Kol TOV  PVIKOV
nornddmve. Ta enineda g IL-5 £xovv amoderydei 6Tt eivol avEnpéva 6To pvikd 16TO o
ATOO pE PIVIKOVG TOAVTOSES CLYKPITIKG [IE VYU ATola Kot emiong, ovoyetiCovtatl pe Tov
nopampovuevo Badud noovoeikiog Tov pvikov otob’. Emmiiov, n sEuptduevn and mv
IL-5 noowopulikn @ieypov) €xet amodeyfel 01l cvoyetiletal ONUOVIIKG HE TNV
emOnlwkn Prapn, mv anoiewr 6cepnong ™ opacTPOTTe TV WoPractdOv, ™V



mapaymy KoAlayovov Kat TV evandfecn woTIKoD 16100 6TOVG PvIKovg molvmodecd.
[apepmntdvrog, £xel anodeybel OTL Ta LOVOKAMVIKG avTIoOUATE TOV 6ToYEvoLY TV IL-
5 elvor wkavd va Owkoyovv Ta dwpesorafovpeve amd v IL-5 Sukvttopikd
diktvo/povondti mov  mEPAApPAVOLY NOCWOPILE, HOCTOKVTIOPE Kol  ETOnAoKd
KOTTAPO GEPUYOYDOV KOl £X0VV MG OMOTEAECUR TNV ovATTVEN prvikod moidmoda’. Ta
VYNAG emimeda nwowoghmy, IL-5 kar IgE éyovv amoderybel 6Tt oyetiCoviar pe v
gnavepeavion Ta@v NPs kat qv avaykn vy yepovpyikn enéufaon ota typdpeio. Q¢ ex
T00TOV, N OvacToAn TG onuatodomong g IL-5 éyel avayvopiotel o¢ o morhd
VIOCYKOUEVT] BepamevTIK) TPoGEyywon Y T Ogpancic tov coPfapod NOGWOPIAIKOD
aoOpatog, kol Wiaitepa oty vIoopdda pe cvvomdpyovco noowogian CRSwNPY, H
Pertimon TV eMTESOV TOV NOCWVOPIAGOV TOV GIOTOC KOL TMV 16TOV GUVIEETUL LE
MyOTeEpeg mapolHveElg Kal YoUUNAOTEPO KOGTOS VYEIOVOUIKNG epifoiyng’.

H Th2 @ieypovi tov oepayonydv mailel kevipikd poro oty mabo@uotoroyia tov
arlepyikod noowvogiiikod dobuatoc. H allepywr evoicbntomoinen tov devdpitikdv
Kuttapov (DCs) napovoio g Bouikig otpopatikig repeornomtivng (TSLP), dieyeiper ta
Th2 Aeppokvttopo vo Tapdyovy KuTtapokiveg 0mmg ot vtepievkiveg IL-4, 1L-5 kot [L-13,
oL omoieg evepyomolovv e B Aspgokittopa yo ™y mapayoyn ewdikng yioo to kdde
arrepyoyovo IgEm omoila cuvvdéetar pe tovg vmodoyeic vymifig ouyyévewng Tov
HOGTOKVLTTAPMV, 001 YOVTOS 0TIV evepyoroinet Toug!h.

270 un aAAEPYIKO NOGIVOPIAIKS GoBua, 11 BAASN Tov embnhiov TOV depaywydY TOVL
TpokeAeitar amd pomaven kat maboydva odnyel e mapaywyn IL-5 kot IL-13 and épputa
reppoetdn kuttapa (ILC2s), og andkpion otic kutappokivecTSLP, I1L-25 kot 1L-33 mov
mpoépyoviatl and to embnio (choppivec)'?. Ta ILC2 kot ta Th2 kdttapa amotelovv
CNUOVTIKH TNYR KUTTOPOKIvAV TOTov 2 Kot mtailovy poro 6Ty NocvoQiin QAeyHOVOIN
QmOKPIoN, TNV OAAEPYICL KAl TNV IGTIKY OVOSILUOPOOCT TOV UepUymYdY 610 dobua'?,
Avinuéva emméda ILC2 mov exppdlovov  IL-5 kor IL-13 €xouvv avigvevbei oy
KukAo@opia ko Tantuedn oe acleveig pe coPapd dobua oe chykpion pe acbeveic pe Yo
acOpa'?. Emiong, avénuévog apbuog ILC2 nov exppalovy IL-5kat IL-13 Bpébnke ota
ntoer acBevov pe Gobua petd amd mpokinomn pe oilepyoyovo's. TalLC2 xar Th2
kottapa mov ekepalovv v IL-13 givar emiong vaevbuvve yio TV KaTaoTpo®h TOL
Bpoyyikod embniiov ka1 v amoyvuvecn g Bacikic pepfpavig oe acBeveic ue dodua'e.

H permoilovpdumn eival évo avlpormomompévo povokhovikd avticopa (IgG1/k)
TOV GTOXEVEL IE VYNAN cuyyéveln Kat ewdwotta v IL-5, amokieiovtug ) odvdeon g
oMV GADGO 0 TOL GVLUTAEYHATOS VRodoyémv g IL-5 mov ekgpdlovial 6Ty KuTTapiki
EMQAveln TV noowoeiov'’, avactédlovtog €tor ™ onuotoddmon g IL-5 xat
MELOVOVTOG TNV Topaymyn Kat VY emPinon Tov Nocvoeilov. ApKeTEc KAMVIKES Sokiuéc,
ocvpneprapfavopévoy tov peretdv DREAM, MENSA xat SIRIUS, &deiéav om, oe
acBeveig pe cofapd noowoeiiikd Gobua, 1 pemorlovpdunn peimos T1¢ TapoLHveelg e
vocov kot feitiooe v modmnta LoNg, Tov EAEY0 TOV CUUTTOUGTMY KOl THV TVEVUOVIKY
herrovpyia'®. Oha ta svpiinata €86y 0Tt N peroMCOVUAUTN VoL ATOTEAEGLOTIKY TOGO
oe oMepywodg 000 Kar oe un oAAdepywovg acbeveic, Pehtidver ™ Aettovpyia TV
TVELUOVOV O EMMESO PEYAAMV KAl HIKPOV OEPUYOYOV Kol UTOPEL VO TPOKOAEGEL DPEGT
tov Gobuatoc'’. Qotdoo, dev oy meprypapel hemtopepeic alhoyéS 6TO (UVOGOLOYIKO
to7io 610 coPapd NOovoPlikd Gobia Katd ™ didpkela g Bepanciog pe avri-IL-5, kat
£101KA ooV uvdTLTo mov oyetTileTor pe 1o CRSWNP.

H upmevpailovpdunn  eivar  éva  avBpomomomuévo, iy  @ovkolvimpévo
novokimviko avricopa (IgG1/k) mov epupuolet ta Fab tpuiupatd mg ywo vo kataloppdvet
Kal va anokieler v dheo vropovada tov vmodoyéw TG wieprevkivng-5 (IL-5Ra),
UVACTELAOVTAG GUVETOG TNV WAANAETIOpaon HETA) GUTNE TG VIOUOVASHS DTOSOYEN Kal
100 QUGIKOY mpocdénatog IL-52. H pmevpailovpdpmn €xet a&lohoynbei ektevig oto



mhaiclo evOg EVPEOG TPOYPALUATOS KAVIKGOV SoKipdv pe to 6vopo. WINDWARD, ot
omoieg KatédelZoy 6Tl avTd T0 POOYIKO QAPLAKO UEIMGE GNUAVTIIKE Tov aplOud Tmv
napodhvoemv Tov coPapod NMCWoeikoh GoBuatog kal eixe OeTikh emidpacn oToV
ELEYYO TOV OULURTOMUGTOV Kol oTn  Asttovpyion Ttov  avevpdveov'®?!.  Eriong, n
UTEVPOACOVUAUTT €XEL YUPOKTNPIGTEL (O HOVOKAOVIKG avTicopo Kovo vo efaviiel to
NOSWOPIAL 6T0 aipe, va HEIOVEL TG ToPOEDVOELS TOV GoOLOTOS Kat TNV TPOSANYT omd
TOV GTOUATOG KOPTIKOGTEPOEW®V (OCS), va avakovilel and 1o GCUUTTONATE Kal ETioNg
va PeATubvEL TOV TEPOPIGUO TG PONG TOL 0P KOl TV mayideven aépa 6TIC
Koyehidegt$?!,

Me Baon te napanave otéyol TNG peELETIS OV APOKEITUL Ve SieEayovps sivar:

(1) va oprobetoovpe Tig 0vOGOAOYIKEG UALAYEG TOL GLUBAIVOLY GTOVG NEPAYWYOVC
KoL 6T pwiki] 086 tov cofapold N@cwoeihikod GoOuatog pe Kot yxopis Tavtdypovn
CRSWNP w¢ omdéxpion omn Ogpaneic pe avr-IL-5 17 avo-IL-5Ra, Sniadhy pe
pemolovpdumn 1M pmevpolllovpdum) avticTon, Kol vo cuykpivovpe TG Sta@opéc
HETAED TV SQOPETIKOV OEpUNEVTIKAY EMAOYHY Kul

(2) va depevvijoovpe mOAVEG GULGYETIOEIS HE KAWIKEG KOL  OVOGOAOYUKES
TAPAUETPOVS TG VOGOU.

Yno0con:

Yrnobétovpe ot n pemollovpdpmn kol 1 prevpaiilovpdunn Oo evicydcovy onuaviké
TOVG AVOGOPLOLIETIKOVG UNYaVIGHOUG 68 acbevels pe cofapd Noovopilo dodua Kol ot
acBeveic pe CRSwNP.

‘Eto1, O€hove vo amoKpuRTOYPAQHGOVUE TO HOPLUKO ATOTOMMMU KUl TIC 1O10TNTEC TOV
(VOCOTTOMTIKOV KLTTAP®Y OV avTumokpivovial oty anti- IL-5 Oepancio o acbeveic pe
coPapd nocwoeihikd Gobua kot oe acbeveic pe CRSWNP kot va cvykpivovps ta
ToBoQUOI0AOYIKG Kol KAVIKG  amOTEAEGHOTO.  HE TIC OLUQOPETIKES  OEPUMEVTIKEC
dwadikaciec.

Ztoyou:

L1050¢ pag ivar va GYKEVIPOGOVHE [ Gelpd and acbeveic pe cofapd noGIvoQIiikd
aobpa ko cvvorapdn 1 oyt NPs (GINA 2018) (38) kat ERS/ATS (39). Ohot ot acbeveic
mov Bo cvppetéyovy ot perftn Ba mpémel va TANpovV Ta Kpreipla yo Oepameion e
peromovpdpmn 1 prevporlovpdpmn. H Oepancio Bo yopnyeiton and eEeidikevpévo oo
aBpa TVEVLOVORGY0,00HQmVa pe TIg 0dnyieg. Or aoBeveic Ba mapakolovBodvrat yio
ToVLAYIoTOV £V £T0¢ Bepaneiag.

Pwikég kou Ppoyyikég Broyieg, pvikd Ekmhopa, Bpoyyoxvyeidikd ékmlopo (BAL) kat
aipo 0o cvAieyxOovv kot Bo amoONKEVTOVY Yia TEPUITEP® UVOADGELS.

Ohkot ot aobBeveic Bo evnuepmBoiv kat Bu vroypdyovv évivmo cvykatddeonc. Ot
acbeveic Ba vroPfindodv oe wfloréynon tov coPupod NOGWOPIMKOD GoBuaTOC dmmC
ovvictatol and Tg KatevBuvtipieg odnyiec. H pehém £xer Hdn AaPer éykpion and to
Emompovikd Zvppoviio tov Nocokopeiov «XZotpioy.

Mé£Bodor:



Itoyoc 1. Na oproBetijoovpe T avocoroyikéc ariayic mov cvpfaivovv otovg
aepay®@yovs Kur 610 pvikod embiiio o cofupd noowo@uiko debpe pe kol yopic
suvvuntapyovse. CRSWNP, oc amdkpion oty Ogpansio pe anti-IL-5 10 anti-IL-5Ra
LLOVOKALOVIKO OVTIGCOHE KUl Vi cUYKpivovpe Tig d1a@opés petald TV S10QOopPETIKAOV
OEpaTEVTIKAY TPOTOKOLLOV.

Tmv mpotewvopevn upekét, o ypnowomomjcovpe Poyies pvikod kar fpoyyikod
gmfnhiov v yphon avocoBopiopol, mpv Kat petd m Oepaneio pe perolovpdaunn 1
prevpaliloopdunn avtictoyo, oe acbevels pe nocvoeikd dobpa pe 1 xopic NPs. Ta
KOTTApO. amd To pwiIKG kot Ppoyxokvyeldikd ekmivpate  Bo vrofinbodv  oe
kottopopetpia  pofic.Ta devdpitikd kotrape Ba  tavtomombovv wg CD45+HLA-
DR+CD11ct xvttapa, to povokdttapo/pokpopdyn g CD45+CD14+, ta ovdetepdpila
g CD45+CD15+CD16+, o nwowoégha mg CD45+CD15+Siglec-8+, ta T Aepgpokidtrapa
og CD45+CD3+, 10 poctokvttapa og CD45+FceRlat  kar ta Paced@ira  og
CD45+CDI123+HLA-DR «xvttapa. Ot avaidcelg Oa yivouv 610 KLTTAPOUETPO PONG
FACSAria III (BD Biosciences) kot ta. vAikd 0a avaivBovv pe to FlowJo.

Kottapo and pwikd kot Ppoyyokvyeldikd ekmivpote Oa tovtomomOolv emiong
ypnotponoidvtag CyTOF. Avti 1 mponypévn Teyvikn Kvttapopetpioag pdaloag petpd
TAVTOYPOVE TEPLOGOTEPEG amd 45 mpmTeiveg Katd TNV avaALeT £vOG KUTTAPOL KUl GE
cUVOLOOUO  HE  TPONYMEVEG TEXVIKEG OMadOmMOINGNG EMTPEMEL TNV OVAALGT  TNG
gtepoyévelag towv Aevkokvttdpov. Ta cvlevypéve pe petalikd Ovie aviicopoto Oa
ctoyevouy efmkuttapikodg deikteg (Sniadn CD3, CD4, CD8, CDlle, CDI4, CDI6,
CD19, CD20, CD27, CD38, CD45, CD6l, CD66, CDI23, CD235a/b, HLA-
DR)TPOKEWEVOD Vi EVIOTIOTOOV Aot T KOPLU KVTTAPIKG DIOGVVOAL TOV TEPLPEPELILKOD
aigotog,  ovumepaufovopivey  TMV  KOKKIOKDTTApoV, Tov  faceopilov, Tov
TAAGUTOKVTTUPIKOY — SEVOPITIKOV — KUTTAPOV,  TOVKLTIAP®V — QUGIKOV  QOVIGd®V
(NaturalKillercells- NKs), 1ov ektehectikdvT @ovik@v kuttapov, Tov naiveT @ovikodv
KUTTAP®Y, TOV EVEPYOTOMUEVOV T QOVIKGOV KUTTApmV, TV T QOVIKOV KUTTAPOV pviung,
tov exterestikdv T Pondnukdv kvttdpov, tov naiveT Pondnukdv kuvttdpov, tov
evepyomompévov T Bondntikdv kuttdpov, tov T kuttdpov pviung, tov B kuttapov
wnunG, TV naive B kuttdpov, tov B-kuTtdpov Tov TAGGUATOS, TOV HLEAOEWBOV
JeviPITIKOY  KUTTAPOV,TOV ~ HOVOKLTTAp®V, Kuat TV oonetoliov.Emmiéov  Oa
ypnoonomBovv deikteg wpipavong (dnrady CDI1lb, CD10, CD15, CDI124/IL-4R,
CD45RA, CD45R0), éeikteg evepyomoinong (my. CD66b, CD16, CDI1b, CD62L,
CD54/ICAM-1, CD63, CD274/PD-L1, HLA-DR), Aettovpywkoi deixkteg (m.y. Argl, FoxP3,
NOS), vrodoyeic yueokvov (.. CXCR2, CXCR4, CXCR3, CXCRS). Ou afroroynlei
emionc, 1 ékepacn daedpov kKuttapokvov (m.y. IL-4, IL-17, IL-13, IL-6, TGF-B1, IL-10,
TNF-a). I vo OTOKTHOOLUE TPOUKTIKEG TANPOQOPleg GYETIKG pHE TOLG OLAPOPOV
KLTTAPIKOVG vromnBuciote, Oa ypnoononcovpe Texvikég mov Paciloviat oe dedopiva
Yoo opadomoinon kat peimon dwotdcewv, 6nwg 10 FlowSOM, yw t dnpovpyio cvto-
opyavopivay, yopic enifreyn, xaptdv. OlokAnpopéves avaldcels Tov GLVOLOL TOV
dedouévav mov Ba dnpovpynBel pécwm g Tpotevouevng peAfémg Ba Tpaypatorombooy
pécm mponyuEvey pofnuatikdv poviéhev kot Pominpogopikng pe ) Pofibew tov
Tuuatog Brominpogopikng tov I8popatog latpoproroyikdv Epguviv Axadnuiog Anvov
(IBEAA).

Emméov, 10 Tpoeik TV KTIUPOKIWVOY 0TC PVIKE Kot BpoyyoKLYEMSIKG EKTADHOTO
Kot atov 0pd Ba tpocdiopiotet ypnoponoidvag ELISA.

16705 2. Na digpeovijoovpe mbavig ovoyeticels peTold TOV SUPNUATOV HOS KOL TOV
KAVIKOV KUl UVOGOLOYIKOY TUPAPRETPOV TI|S VOGOL.



O1 mbavic oVoYETIoEg LETAED TV TPOPIA aoBUUTIKOV AGHEVOV e KAVIKES TAPAUETPOVS
[m.y. mvevpovikn Aettovpyie, FeNO, mapdauetpor mvevpovikng Aewtovpyiog (FEV,, FVC,
MEF50, MEF25), molMukfi tolaviooiuetpia (avamvevsTikh aviidpaon, oavinpévn
TEPIPEPIKES avVTIOTAGELS K.AT.), Prodeikteg, ACT kar SNOTscores) Ba depevvnBovv. O
avoAboelc Tov cuvorovtov dedopévav mov Bo cvuliexfolv pécw tov mupandave Ha
mpaypatontom@ovy  pe T  Ponbew  wPONYMEVOV  HAONUOTIKOV  HOVIEAMV - Kal

Brominpogopiknc.
Tranietikég avaldoeig: To anoteléopata Ba avalvbovv pe m xpfion un Cevyopoutvev

Kot (EVYUPOUEVOV, TOPUUETPIKOV KOl W] TAPAHETPIKOV SOKIUOV, GOUQOVO UE TNV
kavovikodTnta Tov dedopévov (GraphPad Prism).

Avopevoneve AToTeAEGUUTO:

AVOEVODLIE OTL TO, ATOTEAECLATO GO TN CUGTNUATIKY Log avdivon mov Bu agopody
TOV (VOGOQAIVOTUMO KUl TIC AELTOVPYIKEG UTOKPIGEIG TMV KVTTAPMV TOV GEPUYMYDV Kal
7OV pvikod PALEVVOYSVOL B TUPAGYOVY, Yia TPGTN QOPE, COUPOVO HE TIGOS TMPN YVOCELS
oG, Ve OAOKANPOUEVO TOTO TOV GVOGOAOYIKGOV OTUVINGE®V 1060 TOV acBeviv pe
GoBupd NOGVOEIMKS Godpa, 660 kal Tov achevov pe CRSWNP petd ond Oepomeio pe
pemolovpdpm 1M purevpollovpdumn (otéxog 1). Thotevovpe 0T T eopNuotd pag and
1g CyTOF avardoeic Oa mpocsdiopicovy évav véo kpicipo poro g IL-5 kot ov IL-5R
omv madoyéveon tov TA kot g CRSWNP. Xty mpoypanikdmie, moTtebovpe 0t 1
avaoToA ¢ onuotoddmong g IL-5 Oa mepropicel TG QAEYHOVMIELS OMOKPICELS.
Avopévoupe 6t 1 Beporneio pe pemolovpdumn ko pe prevpailloopdunn o pewoet m
GTPUTOAOYNGN KOl TNV EVEPYOTOINGN QAEYHOVOSGY KuTtdpov, Omewg Th2 kar Thl7
KOTTAPMVY, SEVPITIKOV KUTTAP®OV, NOCWOQLLOV, HACTOKVTTApmV Kol faccopiiov, iong
1Le S1a@opeTkd Tpomo. Erniong, motehovpe 0Tt N omehevBEP®onN KLTTUPOKIVOV KoL GAAmV
OheyIovedhY HecoAafnTOV 6T pvikd BAevvoydvo Kol oTovg depaymyovg Bo pelwbet
Hetd T yopiynon anti-IL-5 kavn anti-IL-5R. Eival onpavtikd, t€A0g, OTL VaUEVOVLE TOS
ot Poroyikég Oepumeieg O PEWOOOVY GNUAVTIKG TO. GUMRTORATO XPOVIAG pvitidag, T
PWIKY LAEPUVTISPAGTIKOTO HETG OmO TPOKANGN HE OAAEPYOYOVO, TOVS PVIKOUS
TOAOTTOdES KAl TO TOG0GTO Tapouvaemy, evd Bo BEATIOCOVY TV TVELHOVIKA Agrtovpyid,
mv Katdetacn g vyelag kot my mowdmra {omg acbevav pe cofupd Neowoeiikd
aoOpa.

Ewdkdtepa, 1 avamatoln pog To OAOKANPOUEVIG GEIPAS AVTIPLEYHOVODOV Bepunetdy
Kot Oepomeldy TPOTOTOMGNG TG VOGO TOV UVTATOKPIVOVTOL KAAVTEPD OTIG UVAYKES TOV
T A kat ¢ CRSWNP pmopei va e€etaotei 610 £yy0g HEALOV.

Ematoocsic:

Tovoyilovtag Tic mapantve okEyeLs, eivat Told cagés 6t n IL-5 nailel kevipkd poro og
0 7O ONHAVTIKOS Tadoyovog pecolaPnTig, IedBVLYVOG Y1t TO NOGVOPLLKO Gohia Kot Ty
CRSwWNP, kafdg kot o¢ kpiowwog Bepumevtikdg otoyog yia Proioyikég Bepaneieg ya 10
GoBue.  Emil tov mapéviog, n EMAewyn mpoinmTikig, OepumenTIKNG KAl TPOTOMOUTIKNG
Srayeipiong g vocov yi TA kat CRSWNP cuviotd pie onpovTiky KAVIKY GvayKn Tov
Sev IKUVOTOIELTAL, EVO O EVIOMIGUOC VEMV BEpUmeELTIKMOV TPOGEYYIGEMV TAUPAUEVEL L0
dlopKNS TPOKANGT.

TYETIKG HE TNV EMIATOON GE KOWMVIKOOIKOVOUIKO eMmed0, avapeévoue OTL ot M



TpoTOo B £YEL OMUAVTIKO AVTIKTUTO GTOV TOMER NG £pEvvag GV Tvevpovoroyia,
dedopévon OtTamevdivetal oty emilvon kpicmv CnTAHATOV IOV oyetiCovtor pe 1
PUOLIGT TS PAEYHOVABOVS UTOKPLONG GTOVE AEPAYMYOVS TOV acOpatik®v achevov. v
TPOYRATIKOTNTA, GVOUEVODHE OTL 1) €MEVEVON GTOV EVIOMOUO TOV HNYUVIGUMV OV
SiEmovv ) onuatodomon g IL-5 propei va tpomdnocet my £pgvva yid 0 aoBpa Kot va
emTodvel TV TPpOOdo oV TPOANYT Kol Tov EReyX0 ToL ZA. Emumiéov, hapfavovtag
VIO OTL DIEAPYEL HI0L AVOSVOLEVT) OVEYKT Y10 GTOYEVHEVES OepUmEVTIKES TPOOEYYICELS OF
Gropa pe dobuo kar CRSWNP, avopévovpe 0Tt 0 ATOTEAECHATO GO TIC TPOTEWOHEVEG
pelETeg Ba mMTOOVOLY TNV TPO0SO TPOS EEATOMIKEVUEVEG Oepamneieg.
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The immunomodulatory and clinical effects of anti-IL-5 (mepolizumab) or anti-
IL5Ra (benralizumab) treatment on upper and lower respiratory tract in patients
with severe eosinophilic asthma and nasal polyps (NP).

Introduction — Aim — Current Knowledge:

Asthma is a chronic heterogeneous lung disease characterized by airway
hyperresponsiveness (AHR) to innocuous inhaled allergens and pulmonary
inflammation'2. Asthma encompasses complex and multiple clinical phenotypes that
incorporate persistent symptoms and acute exacerbations. Certain asthmatics exhibit
severe, sometimes life-threatening, disease exacerbations despite being under treatment!-2,
These patients suffer from severe asthma (SA) that is poorly controlled and represents a
major health and socio-economic burden. Apart from airway inflammation, SA is
characterized by extensive airway remodeling and narrowing, thickened epithelium and
fixed airflow obstruction'2. A subgroup of SA patients, termed T2-high, is characterized by
overactive type Il immune responses against environmental allergens, increased
eosinophilia and high levels of exhaled nitric oxide (FeNO)*#. Eosinophilic asthma is also
characterized by blood eosinophilia (>300 cells/ul), associated with tissue and sputum
eosinophilia, thickening of the basement membrane zone and often by good response to
inhaled corticosteroid therapy®*“.

The association between eosinophilic asthma, chronic rhinosinusitis (CRS), and
nasal polyps (NP) is well established. It is estimated that 7% of patients with asthma have
CRS with NP (CRSwNP)>. Severe eosinophilic asthma, as well as. CRSwNP are associated
with increased Th2 cytokine levels, increased expression of the IL-5 receptor (IL-5R), and
local production of IgE®. Hence, delineation of the pathobiologic mechanisms implicated
in type 2 inflammation responsible for asthma and nasal polyposis is essential for the
development of more effective therapeutic interventions.

IL-5 is a key factor involved in the chemotaxis, differentiation, activation, and
survival of eosinophils, and plays a central role in the pathogenesis of eosinophilic asthma
and NPS. IL-5 levels have been shown to be increased in NP tissue compared with nasal
tissue from healthy individuals, and also correlate with the observed degree of tissue
eosinophilia’. Moreover, IL-5-dependent cosinophilic inflammation has been shown to
significantly correlate with epithelial damage, smell loss, fibroblast activity, collagen
production, and the deposition of fibrotic tissue within nasal polyps®. Incidentally, it has
been shown that molecular antibodies targeting 1L-5 are able to interrupt IL-5-mediated
intercellular networks involving eosinophils, mast cells, and airway epithelial cells, which
result nasal polyp development®. High levels of eosinophils, IL-5, and IgE have been
shown to be associated with recurrence of NP and need for sinus surgery. Inhibition of IL-5
signaling has, therefore, been identified as a promising therapeutic approach for the
treatment of severe eosinophilic asthma, and particularly in the subgroup with concurrent
eosinophilic CRSWNP'?. Improvements in the blood and tissue eosinophilia are associated
with fewer exacerbations and lower health care costs®.



Th2 mediated airway inflammation plays a central role in the pathophysiology of
allergic eosinophilic asthma. The allergic sensitization of dendritic cells (DCs) in the
presence of thymic stromal lymphopoietin (TSLP), induces Th2 lymphocytes to produce
cytokines such as interleukins IL-4, IL-5, and IL-13, which activate B lymphocytes to
produce allergen specific IgE, which binds to the high affinity mast cell receptors, leading
to their activation'!. In non-allergic eosinophilic asthma airway epithelial damage caused
by pollution and pathogens leads to IL-5 and IL-13 production by innate lymphoid cells
(ILC2s), in response to TSLP, IL-25 and IL-33"%. ILC2s and Th2 cells are a significant
source of type 2 cytokines and play a role in eosinophilic inflammatory response, allergy
and remodelling in asthma'®. Increased circulating and sputum IL-5 and IL-13-producing
[LC2s were detected in severe asthma compared to mild asthma patients'®. Furthermore,
increased numbers of IL-5+ and IL-13+ ILC2s were found in sputum after allergen
challenge in asthma patients'®. IL-13-expressing ILC2 and Th2 cells are also responsible
for bronchial epithelial tight junction barrier leakiness in asthma patients'®.

Mepolizumab is a humanized monoclonal IgG1/k antibody that specifically interacts
with the a-chain of IL-5, thus inhibiting its binding to the « subunit of the IL-5Ra'.
Several clinical trials, including the DREAM, MENSA and SIRIUS studies, demonstrated
that, in patients with severe eosinophilic asthma, mepolizumab diminished disease
exacerbations and improved quality of life, symptom control, and pulmonary function'®.
All findings exhibited that mepolizumab is effective in both allergic and non-allergic
patients, improves lung function at the level of large and small airways, and can induce
asthma remission!®. However, detailed changes to the immunological landscape has not
been described in severe eosinophilic asthma during anti-IL-5 therapy, and especially in
the phenotype associated with CRSwNP.

Benralizumab is humanized and afucosylated IgGl/k monoclonal antibody
benralizumab applies its Fab portions to occupy and blockade IL-5Ra, consequently
inhibiting the interaction between this receptor subunit and the natural ligand IL-5%.
Benralizumab has been extensively evaluated within the context of a wide program of
clinical trials named WINDWARD, which exhibited that this biologic drug significantly
decreased the number of exacerbations of severe eosinophilic asthma, and had a positive
impact on symptom control and lung function'®. Also, benralizumab has been characterized
as a monoclonal antibody capable of depleting blood eosinophils, reducing asthma
exacerbations and OCS intake, relieving symptoms, and also improving airflow limitation
and alveolar air trapping'®.

Our aims are: (1) to delineate the immunological changes that occur in the airways
and in the nasal of severe eosinophilic asthma with and without concomitant CRSWNP in
response to treatment with anti-IL-5 or anti-IL-5Ra therapy with mepolizumab or
benralizumab, respectively, and to compare the differences between the different
therapeutic protocols, and (2) to explore possible correlations with clinical and
immunological disease parameters.

Hypothesis:

We hypothesize that mepolizumab and benralizumab will significantly enhance the
immunoregulatory mechanisms in patients with severe eosinophilic asthma and in
CRSwNP patients.

So, we want to decipher the molecular signature and effector properties of the IL-5-
responsive immune cells severe eosinophilic asthma and in CRSwNP patients and to
compare the different therapeutic processes.



Subjects:

We aim to assemble a cohort including patients with severe eosinophilic asthma and
patients with severe eosinophilic asthma and NPs (GINA 2018) (38) and ERS/ATS {39),
All patients participating in the study have to fulfil the criteria for treatment with
mepolizumab or benralizumab. The treatment will be allocated by a specialized in asthma
respiratory physician according to the guidelines. Patients will be followed-up for at least
one year of treatment.

Nasal and bronchial biopsies, nasal irrigation, bronchoalveolar lavage (BAL) and serum
will be collected and stored for further analyses.

All patients will be informed and will sign a consent form. Patients will undergo the
assessment of severe eosinophilic asthma as recommended by guidelines. The study has
already got approval by the Ethics Committee of “Sotiria” Hospital.

Methods:

Aim 1. To delineate the immunological changes that occur in the airways and in the
nasal of severe eosinophilic asthma with and without concomitant CRSwWNP in
response to treatment with anti-IL-5 or anti-IL-5Rq therapy with mepolizumab or
benralizumab, respectively, and to compare the differences between the different
therapeutic protocols.

In the proposed studies, we will utilize nasal and bronchial biopsies for
immunofluorescence staining, prior and after the treatment with mepolizumab or
benralizumab respectively, in patients with eosinophilic asthma with or without NPs. Nasal
irrigation cells and bal cells will be subjected to multicolor flow cytometry. DCs will be
identified as CD45+HLA-DR+CD11c+ cells. Monocytes/macrophages will be identified as
CD45+CD14+, neutrophils as CD45+CD15+CD16+, eosinophils as CD45+CD15+Siglec-
8+, T lymphocytes as CD45+CD3+, mast cells as CD45+FceRIa+ cells and basophils as
CD45+CD123+HLA-DR- cells. Data will be acquired on FACSAria III flow cytometer
(BD Biosciences) and analyzed with the FlowJo.

Nasal irrigation cells and bal cells we will also characterize using CyTOF. This advanced
mass cytometry technique measures simultaneously over 45 proteins at a single-cell
resolution and combined with advanced clustering techniques allows the analysis of
leukocyte heterogeneity. Metal ion-conjugated antibodies will be targeting extracellular
markers (i.e. CD3, CD4, CDS8, CD11e, CDI14, CD16, CD19, CD20, CD27, CD38, CD45,
CD61, CD66, CD123, CD235a/b, HLA-DR) in order to identify all major peripheral blood
cellular subsets, including granulocytes, basophils, plasmacytoid dendritic cells, natural
killer cells, effector T killer cells, naive T killer cells, activated T killer cells, memory T
killer cells, effector T helper cells, naive T helper cells, activated T helper cells, memory T
helper cells, memory B cells, naive B cells, plasma B cells, myeloid dendritic cells,
noncanonical monocytes, canonical monocytes, and platelets. In addition will be used
maturation markers (i.e. CDI11b, CD10, CD15, CD124/IL-4R, CD45RA,CD45R0),
activation markers (e.g. CD66b, CD16, CDIl1b, CD62L, CD54/ICAM-1, CD63,
CD274/PD-L1, HLA-DR), functional markers (e.g. Argl, FoxP3, NOS), chemokine
receptors (e.g. CXCR2, CXCR4, CXCR3, CXCRS) and cytokine expression (e.g. IL-4, IL-
17, IL-13, IL-6, TGF-p1, IL-10, TNF-a). To gain functional information about cell
subpopulations, we will employ data-driven techniques for clustering and dimensionality



reduction, such as, FlowSOM, to generate unsupervised self-organizing maps.
Comprehensive analyses of the large data sets that will be generated through the proposed
studies will be performed through advanced mathematical models and bioinformatics with
the help of the BRFAA bioinformatics department.

In addition, the cytokine profile will be determined in the nasal irrigation, bal and serum
using elisa.

Aim 2. To explore possible correlations between our findings and clinical and
immunological disease parameters.

The possible correlations between the metabolite profiles of asthmatic patients with
clinical parameters (i.e. lung function, FeNO, Pulmonary function parameters (FEV1,
FVC, MEF50, MEF25), impulse oscillometry (respiratory reactance, increased peripheral
resistance etc.), biomarkers, ACT and SNOT scores) will be investigated. Analyses of the
large data sets that will be generated through the proposed studies will be performed
through advanced mathematical models and bioinformatics.

Statistical analyses: The results will be analyzed using non-paired and paired, parametric
and non-parametric tests according to the normality of the data (GraphPad Prism).

Expected Results:

We expect that results from our systematic analysis of the immunophenotype and
functional responses of airway and nasal cells will provide, for the first time to our
knowledge, a comprehensive landscape of human immune responses in severe
eosinophilic asthma and in CRSwNP patients after treatment with mepolizumab or
benralizumab (aim 1). We believe that our findings from the CyTOF analyses will
identify a novel crucial role for IL-5 and IL-5R in the pathogenesis of SA and in
CRSwNP. In fate, we believe that inhibition of IL-5 signalling will restraint
inflammatory responses. We expect that mepolizumab and/or benralizumab
treatment will reduce the recruitment and activation of inflammatory cells, such as
Th2, Th17, DCs, eosinophils, mast cells, basophils maybe through different way. Also,
we believe that the release of cytokines and other inflammatory mediators in the
nasal and in the airways will be decreased in after IL-5 and/or IL-5R administration.
Importantly, we anticipate that biological therapies will significantly reduce chronic
rhinitic symptoms, nasal hyperresponsiveness to allergen provocation, nasal polyps,
exacerbation rate, pulmonary function, health status and quality of life of patients
with severe eosinophilic asthma.

Notably, the development of a more comprehensive array of anti-inflammatory, disease
modifying therapies that better address the needs of SA and of CRSWNP may be envisaged
in the near future.

Implications:

Taking together the above considerations, it is very clear that IL-5 plays a central role as
the most important pathogenic mediator responsible for eosinophilic asthma and C RSwNP,
as well as a crucial therapeutic target for anti-asthma biological treatments. At present, the
lack of preventative, curative and disease modifying management for SA and CRSwWNP
constitutes a major unmet clinical need, while identification of new therapeutic approaches
remains an ongoing challenge.



Pertinent to the socio-economical impact, we expect that this proposal will have a major
impact in the field

of respiratory medicine research as it addresses critical issues pertinent to inflammatory
response modulation in the airways of asthmatics. In fact, we anticipate that investment in
the identification of the mechanisms underlying IL-5 signaling may drive forward asthma
research and hasten progress in preventing, and controlling SA. Moreover, considering that
there is an emerging need for targeted treatment approaches in asthmatic and CRSwNP
individuals, we expect that results from the proposed studies will accelerate progress
towards personalized treatments.
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