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1. Wykaz stosowanych skrotow

skrot petna nazwa w jezyku angielskim
pelna nazwa w jezyku polskim
BALF Bronchoalveolar lavage fluid
Ptyn z ptukania oskrzelowo-pecherzykowego
CD cluster of differentiation
antygen powierzchniowy wykrywany odpowiednimi
przeciwciatami monoklonalnymi
CCL CC chemokine
Chemokina CC
CCR Chemokine CC receptor
receptor dla chemokin CC
CR3 Complement receptor 3
Receptor dopetniacza 3
DNA deoxyribonucleic acid
kwas deoksyrybonukleinowy
DUSP Dual specificity phophatase
ECP Eosinophil cationic protein
Eozynofilowe biatko kationowe
EDN Eosinophil-derived neurotoxin
Neurotoksyna eozynofilowa
EPO Eosinophil peroxidase
Peroksydaza eozynofilowa
EKR1/2 extracellular signal-regulated kinase 1/2
FEV1 forced expiratory volume in one second
natgzona objetos¢ wydechowa pierwszosekundowa
GM-CSF Granulocyte-macrophage colony-stimulating factor
czynnik stymulujacy wzrost kolonii granulocytéw 1 makrofagow
GOLD Global Initiative for Chronic Obstructive Lung Disease
Migdzynarodowa Inicjatywa na Rzecz Przewlektej Obturacyjne;j
Choroby Phuc
iEos Inflammatory eosinophil
Eozynofil zapalny
IgE Immunoglobulin E
Immunoglobulina E
IL interleukin
interleukina
ILC2 Type 2 innate lymphoid cells

nieswoiste komorki limfoidalne typu 2




JNK c-Jun N-terminal kinase
LABA Long-acting Beta-agonist
Beta 2- mimetyk dlugo dzialajacy
LAMA Long-acting muscarinic antagonist
Lek przeciwcholinergiczny dlugodziatajacy
MAPK mitogen-activated protein kinases
kinazy aktywowane mitogenami
MBP Major basic protein
Gtowne biatko zasadowe
MIP Macrophage inflammatory protein
Biatko zapalne makrofagow
MMP Matrix metalloproteinase
Metaloproteinaza macierzy
MRNA Messenger ribonucleic acid
Matrycowy kwas rybonukleinowy
POChP Przewlekta obturacyjna choroba ptuc
RANTES Regulated on Activation, Normal T-cell Expressed and Secreted
rEos Residual eosinophil
Eozynofil rezydualny
RR Rate ratio
Wspoétczynnik czestosci
SGRQ Saint George’s Respiratory Questionnaire
Kwestionariusz Szpitala Swictego Jerzego
TGF Tumor growth factor
transformujacy czynnik wzrostu
Th T helper lymphocyte
limfocyty T pomocnicze
TNF Tumor necrosis factor
Czynnik martwicy nowotworéw
TSLP Thymic stromal lymphopoietin
Limfopoetyna zrgbowa grasicy
wWGKS Glikokortykosteroidy wziewne
WHO World Health Organization

Swiatowa Organizacja Zdrowia




2. Streszczenie w jezyku polskim

Przewlekta obturacyjna choroba pluc (POChP) dotyczy okolo 10% $wiatowej
populacji w wieku 30-79 lat. W krajach rozwini¢tych gtownym czynnikiem uczestniczgcym
w patogenezie choroby jest palenie papierosow. Powtarzajace si¢ narazenie na czynniki
toksyczne we wdychanym powietrzu przyczynia si¢ do rozwoju przewleklego zapalenia w
drogach oddechowych, destrukcji migzszu ptucnego i zmian strukturalnych w scianie matych
naczyn plucnych. POChP ma charakter postepujacy i1 nieodwracalny, a zbyt pozna
rozpoznawalno$¢ i trudnosci w leczeniu powoduja, ze stanowi trzecig przyczyne zgonOw na

swiecie wedtug szacunkéw Swiatowej Organizacji Zdrowia.

W ostatnich latach wiele uwagi pos§wigcanej jest poszukiwaniom biomarkerow, ktore
umozliwityby wytypowanie spos$rod chorych na POChP o0so6b, ktore moglyby odnies¢ korzysé
ze spersonalizowanej formy leczenia. Jednym z badanych biomarkerow w POChHP jest liczba
eozynofilow we krwi obwodowej. Jednak rola eozynofilow w patogenezie i leczeniu POChP

jest od wielu lat przedmiotem licznych dyskusji.

Niniejsza rozprawa doktorska jest oparta na cyklu 3 prac opublikowanych w
recenzowanych czasopismach: 1 pracy pogladowej oraz 2 pracach oryginalnych. Wstep do
rozprawy doktorskiej oparty jest na pracy pogladowej (Eosinophils in COPD-Current
Concepts and Clinical Implications, doi: 10.1016/j.jaip.2020.03.017), ktéra zostata
opracowana na podstawie dostepnego na tamten czas pismiennictwa. Przygotowanie pracy
pogladowej pozwolito zapoznac si¢ z aktualng literaturg poswiecong tematyce eozynofilow w
POChP i wskaza¢ luki w 6wczesnym stanie wiedzy. W pracy przedstawiono mechanizmy
zwigzane z rozwojem eozynofilowego zapalenia w drogach oddechowych w POChP oraz
oméwiono mozliwy wplyw tego typu =zapalenia na przebieg choroby. Nastepnie,
przeanalizowano dostepng literatur¢ na temat liczby eozynofildow we krwi obwodowej jako
biomarkera. Mimo, ze istnienie zalezno$ci miedzy liczba eozynofiléw we krwi obwodowej a
liczbg eozynofilow w drogach oddechowych jest kwestig niejednoznaczng, a sama liczba
eozynofilow we krwi nie jest parametrem stabilnym, to zostata udowodniona zalezno$¢
miedzy odpowiedziag na wGKS a liczbg eozynofilow we krwi u chorych z zaostrzeniami

choroby.

Obie prace oryginalne poswigcone sg analizie porownawczej eozynofilow u chorych

na POChP oraz na astm¢. W pracy pt. Blood and Sputum Eosinophils of COPD Patients Are



Differently Polarized than in Asthma (doi: 10.3390/cells12121631) za pomocag cytometrii
przeptywowej scharakteryzowano eozynofile pod katem wystepowania wybranych czasteczek
powierzchniowych, a nastgpnie poréwnano je w dwoch kompartmentach: we krwi
obwodowej oraz w drogach oddechowych (w plwocinie indukowanej). To pozwolito
zaobserwowac, ze eozynofile we krwi charakteryzowaty si¢ zwigkszong ekspresja CD125,
CD193, CD62L i CD14 w poréwnaniu z eozynofilami w plwocinie indukowanej w grupie
chorych na POChP, astm¢ oraz w grupie kontrolnej, co sugeruje zmiang fenotypu

eozynofilow po rekrutacji do drog oddechowych niezaleznie od rozpoznania.

W grupie chorych na POChP zaobserwowano wyzszy odsetek eozynofilow CD193+ i
CD66b+ w plwocinie indukowanej w poréwnaniu z grupa kontrolng oraz wyzszy odsetek
eozynofilow CD11b+ w porownaniu z grupg chorych na astme. Nastepnie subpopulacje
eozynofilow scharakteryzowano poprzez ekspresje pary markerow: CD125 i CD193. We
wszystkich trzech grupach eozynofile we krwi i plwocinie charakteryzowaty si¢ przewaga
profilu CD193+CD125+. Stwierdzono obnizony poziom eozynofilow CD193-CD125+ w
plwocinie u chorych na POChP w poréwnaniu z grupg kontrolng. Wyniki naszego badania
sugerujg rozng polaryzacje eozynofilow tkankowych i ogolnoustrojowych oraz réznice w
subpopulacjach eozynofilow u chorych na POChP w poréwnaniu z chorymi na astme lub

osobami zdrowymi.

Nie stwierdzono korelacji pomigedzy ekspresja CD125 na eozynofilach w plwocinie
lub krwi a stezeniem IL-5 w plwocinie oraz pomiedzy ekspresja CD193 na eozynofilach w
plwocinie lub krwi, oraz pomigdzy stezeniem eotaksyny-3 w plwocinie. Co wigcej, w zadnej
z badanych grup nie stwierdzono korelacji pomigdzy IL-5 lub eotaksyng-3 a odsetkiem
subpopulacji eozynofiléw CD125+CD193+.

W pracy pt. Transcriptional profiles of peripheral eosinophils in chronic obstructive
pulmonary disease and asthma — an exploratory study (doi: 10.1111/jcmm.70110) oceniono i
poréwnano profile transkrypcyjne eozynofilow we krwi obwodowej u chorych na POChP 1
astme¢, co umozliwito identyfikacje 26 gendw ulegajacych réznicowej ekspresji. Geny,
ktorych ekspresja byla najsilniej zwickszona w POChP - CCL3L1 i CCL4L2 kodowaty
chemokiny. Gen CCL3L1 koduje biatko zapalne makrofagow 1 a (MIP-1 o). Wigzanie MIP-
la — CCRS bierze udzial w procesach zwigzanych z uszkodzeniem potaczen $cistych w

nabtonku droég oddechowych w POChP. CCRS5 jest takze receptorem dla MIP-1 kodowanym
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m.in. przez CCLA4L2, ktorego ekspresja w naszym badaniu okazata si¢ zwigkszona u
pacjentow z POChP. Zaréwno MIP-1a, jak i MIP-1f sa chemoatraktantami monocytow i
makrofagow. Stwierdzona w niniejszej pracy zwigkszona ekspresja mRNA CCL3L1 w
eozynofilach u chorych na POChP moze sugerowaé, ze rolg eozynofilow w POChP jest
przyciagganie makrofagdw do pluc, a nie promowanie zapalenia eozynofilowego w drogach
oddechowych. Moze to wskazywa¢ na odmienng funkcj¢ eozynofildéw w patobiologii astmy 1

POChP oraz moze wyjasnia¢ r6zng wrazliwos¢ na wGKS u pacjentéw z POChP lub astma.
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3. Streszczenie w jezyku angielskim

The analysis of transcriptional profiles and phenotypes of eosinophils in the
blood and in the airways in COPD patients

Chronic obstructive pulmonary disease (COPD) affects approximately 10% of the
world's population aged 30-79. In developed countries, the main factor involved in the
pathogenesis of the disease is cigarette smoking. Repeated exposure to toxic factors in inhaled
air contributes to the development of chronic inflammation in the respiratory tract, destruction
of the lung parenchyma and structural changes in the walls of small pulmonary vessels.
COPD is progressive and irreversible, and late diagnosis and difficulties in treatment make it
the third cause of death in the world according to the estimates by the World Health

Organization.

Hence, in recent years, many efforts have been made in the search for biomarkers that
would enable the selection of COPD patients who could benefit from a personalized form of
treatment. One of the biomarkers extensively studied in COPD is the number of eosinophils in
peripheral blood. Despite many efforts, the role of eosinophils in the pathogenesis and

treatment of COPD remains ambiguous.

This doctoral dissertation consists of three research papers published in peer-reviewed
journals: 1 review and 2 original papers. The introduction to the doctoral dissertation is based
on the review of the world literature (Eosinophils in COPD-Current Concepts and Clinical
Implications, doi: 10.1016/j.jaip.2020.03.017). The paper presents the mechanisms associated
with the development of eosinophilic inflammation in the respiratory tract in COPD and
discusses the possible impact of this type of inflammation on the course of the disease.
Moreover, the available literature on the number of eosinophils in peripheral blood as a
biomarker was analyzed. The association between the number of eosinophils in peripheral
blood and the number of eosinophils in the respiratory tract is equivocal and the number of
eosinophils in the blood itself was not found to be a stable parameter. However, a relationship
between the response to corticosteroids and the number of eosinophils in the blood in patients

with exacerbations has been found.

In both original papers a comparative analysis of eosinophils in patients with COPD
and asthma was performed. In the study Blood and Sputum Eosinophils of COPD Patients
Are Differently Polarized than in Asthma (doi: 10.3390/cells12121631), we evaluated the
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expression of several surface molecules on eosinophils using flow cytometry, and then
compared it to eosinophils in peripheral blood and in the respiratory tract (induced sputum).
We observed that eosinophils in the blood exhibited increased expression of CD125, CD193,
CD62L, and CD14 compared to eosinophils in induced sputum in the COPD, asthma, and
control groups, which might suggest a change in eosinophil phenotype after recruitment to the

respiratory tract regardless of diagnosis.

In the group of COPD patients, a higher percentage of CD193+ and CD66b+
eosinophils was observed in induced sputum compared to the control group, and a higher
percentage of CD11b+ eosinophils compared to the asthma group. Subsequently, eosinophil
subpopulations were characterized by the expression of the pair of markers CD125 and
CD193. In all three groups, eosinophils in blood and sputum were predominantly
CD193+CD125+. A decreased level of CD193-CD125+ eosinophils was found in sputum in
COPD patients compared to the control group. Our study results suggest different polarization
of tissue and systemic eosinophils and differences in eosinophil subpopulations in COPD

patients compared to those with asthma or healthy individuals.

No correlation was found between the expression of CD125 on eosinophils in sputum
or blood and the concentration of IL-5 in sputum, nor between the expression of CD193 on
eosinophils in sputum or blood and the concentration of eotaxin-3 in sputum. Furthermore, in
none of the studied groups was found a correlation between IL-5 or eotaxin-3 and the
percentage of CD125+CD193+ eosinophil subpopulations.

In the study Transcriptional profiles of peripheral eosinophils in chronic obstructive
pulmonary disease and asthma — an exploratory study (doi: 10.1111/jcmm.70110) we
assessed and compared transcriptional profiles of eosinophils in peripheral blood in patients
with COPD and asthma. The RNA-Seq data analysis identified 26 differentially expressed
genes in COPD and asthma. The most strongly up-regulated genes in COPD were CCL3L1
and CCL4L2, which encode chemokines. The CCL3L1 gene encodes macrophage
inflammatory protein la (MIP-1a). MIP-1a-CCR5 binding is linked to the processes
associated with tight junction injury in the airway epithelium in COPD. CCR5 also serves as a
receptor for MIP-1B encoded by i.a. CCL4L2 which in our study was found to be up-
regulated in COPD patients. Both MIP-1o. and MIP-1 are monocyte and macrophage
chemoattractants. The upgraded mRNA expression of CCL3L1 in COPD eosinophils
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observed in our study may suggest that in COPD eosinophils attract macrophages into the
lungs rather than drive local eosinophilic inflammation. This finding underscores the different
function of eosinophils in asthma and COPD pathobiology and might explain different ICS-
sensitivity of patients with COPD and asthma.
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4. Wstep

Niniejsza rozprawa doktorska opiera si¢ na cyklu 3 prac opublikowanych w
recenzowanych czasopismach: 1 pracy pogladowej oraz 2 pracach oryginalnych. Wstep do
rozprawy doktorskiej oparty jest na pracy pogladowej (Eosinophils in COPD-Current
Concepts and Clinical Implications, doi: 10.1016/j.jaip.2020.03.017), ktéra zostata
opracowana na podstawie dostepnego na tamten czas (rok 2020) pismiennictwa.
Przygotowanie pracy pogladowej pozwolilo zapozna¢ si¢ z aktualng literaturg poswiecong
tematyce eozynofilow w przewleklej obturacyjnej chorobie ptuc (POChP) i wskazaé luki w
owczesnym stanie wiedzy. Dotychczasowe badania skupialy si¢ na charakterystyce
eozynofildow u chorych na astme, jednak brakowato badan, ktoére ocenialtyby eozynofile pod

katem jakosciowym u chorych na POChP.

Obie prace oryginalne pos§wigcone s3 analizie porownawczej eozynofilow u chorych
na POChP oraz na astm¢. W pracy pt. Blood and Sputum Eosinophils of COPD Patients Are
Differently Polarized than in Asthma (doi: 10.3390/cells12121631) za pomocag cytometrii
przepltywowej scharakteryzowano eozynofile pod katem wystepowania wybranych czasteczek
powierzchniowych, a nastgpnie poréwnano je w dwoch kompartmentach: we krwi
obwodowej oraz w drogach oddechowych (w plwocinie indukowanej), co pozwolito
zaobserwowac, jakie zmiany zachodza w eozynofilach podczas migracji z krazenia do
dolnych drég oddechowych u chorych na POChP, astme oraz w grupie kontrolnej bez chordb
uktadu oddechowego. W pracy pt. Transcriptional profiles of peripheral eosinophils in
chronic obstructive pulmonary disease and asthma — an exploratory study (doi:
10.1111/jcmm.70110) oceniono i poréwnano profile transkrypcyjne eozynofilow we krwi
obwodowej u chorych na POChP 1 astme, co umozliwito identyfikacje gendw ulegajacych

réznicowej ekspres;ji.

4.1. Przewlekta obturacyjna choroba phuc

POChP dotyczy okoto 10% $wiatowej populacji w wieku 30-79 lat (1). Etiologia
POCHP jest ztozona, sposrdd uznanych czynnikdéw ryzyka jest palenie papieroséw, narazenie
na dymy uwalniane podczas palenia biomasy, nieoptymalny rozwoj pluc (np. niska masa

urodzeniowa, wczesniactwo, czeste infekcje w dziecinstwie, astma dziecieca) (2). W krajach
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rozwini¢tych gléwnym czynnikiem uczestniczacym w patogenezie choroby jest palenie
papierosOw. Powtarzajace si¢ narazenie na czynniki toksyczne we wdychanym powietrzu
przyczynia si¢ do rozwoju przewlektego zapalenia w drogach oddechowych, destrukcji
migzszu ptucnego i zmian strukturalnych w $cianie matych naczyn ptucnych (2). POChP ma
charakter postepujacy i nieodwracalny (2), a zbyt pdézna rozpoznawalno$¢ i trudnosci w
leczeniu powodujg, ze stanowi trzecig przyczyne zgonow na $wiecie wedlug szacunkow

Swiatowej Organizacji Zdrowia (WHO, ang. World Health Organization) (3).

Podstawowym narzedziem stuzacym do rozpoznania POChP jest badanie
spirometryczne. Warunkiem rozpoznania POChP u 0s6b z objawami lub wywiadem narazenia
na dym papierosowy lub pyly, jest stwierdzenie utrwalonej obturacji w spirometrii (2, 4).
Najczestszymi objawami choroby sa kaszel, odkrztuszanie wydzieliny oraz dusznos$¢

wysitkowa (2).

Najistotniejszym elementem leczenia POChP jest zaprzestanie palenia papieroséw (2,
5). Stosowane w farmakoterapii leki rozszerzajace oskrzela (bronchodylatacyjne) tagodza
objawy 1 moga jedynie spowolni¢ postgp choroby (5). Istotnym problemem klinicznym w
POChHP sa zaostrzenia, ktore wiaza si¢ z pogorszeniem czynnosci ptuc i jakosci zycia oraz

zwigkszong Smiertelnoscig (6).

POChP moze mie¢ roznorodny przebieg, co wynika z jej heterogennego charakteru (2,
7). Na podstawie obrazu klinicznego i wynikow badan dodatkowych obecnie wyrdznia si¢
kilka fenotypow choroby, ktore charakteryzuje odmienny obraz kliniczny, m.in. (8):

- przewlekle zapalenie oskrzeli,

- rozedma,

- POChP przebiegajaca z czestymi zaostrzeniami,
- POChP przebiegajaca bez zaostrzen,

- wspolistnienie astmy 1 POChP.

Ukierunkowanie terapii na dany fenotyp moze poprawi¢ skuteczno$¢ leczenia i

przyczyni¢ si¢ do zmniejszenia $miertelnosci.
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W ostatnich latach wiele uwagi pos§wigcanej jest poszukiwaniom biomarkeréw, ktore
umozliwityby wytypowanie sposrod chorych na POChP o0so6b, ktoére mogtyby odnies¢ korzysé
ze spersonalizowanej formy leczenia. Jednym z badanych biomarkeréw w POChHP jest liczba
cozynofilow we krwi obwodowej. Zwigkszona liczba eozynofilow we krwi obwodowej jest
cecha charakterystyczng dla astmy (9). Wobec wielu podobienstw migdzy astmg a POChP
(m.in. obturacja oskrzeli, wspdlne objawy kliniczne typu przewlekty kaszel, duszno$¢) (10),
podejmowane sa proby zastosowania lekow skutecznych w astmie, takich jak wziewne
glikokortykosteroidy (WGKS) czy leki biologiczne, réwniez w POChP. Jednak rola
eozynofilow, a co za tym idzie, rowniez wGKS, ktoére maja ugruntowane znaczenie w astmie,

w patogenezie i leczeniu POChP jest od wielu lat przedmiotem licznych dyskusji.

4.2. Biologia eozynofilow

4.2.1. Funkcje eozynofilow

Eozynofile stanowig cze¢$¢ populacji leukocytow 0 znaczeniu regulatorowym.
Eozynofile wplywaja na rekrutacje, dojrzewanie limfocytow T w grasicy i uczestniczg w
odpowiedzi przeciwko réznym patogenom poprzez tworzenie pozakomorkowych putapek z
mitochondrialnego DNA (11), czy uwalnianie biatek cytotoksycznych z ziarnistosci (12).
Eozynofile dojrzewaja w szpiku kostnym pod wplywem cytokin, takich jak interleukiny (IL)-
3 1 IL-5 i czynnikow transkrypcyjnych, np. czynnika stymulujacego tworzenie kolonii
granulocytow i makrofagow (GM-CSF, ang. granulocyte-macrophage colony-stimulating
factor), po czym przechodza do krazenia, gdzie w warunkach fizjologicznych stanowig <5%
leukocytow. Nastepnie sg rekrutowane do innych tkanek: przewodu pokarmowego, tkanki
thuszczowej, grasicy, sledziony czy ptuc (13, 14). Istnieje znaczaca réznica pomiedzy czasem
przebywania eozynofilow w krazeniu, ktory trwa od 8 do 18 godzin, a czasem ich przezycia w
tkankach, ktory moze sigga¢ nawet kilku dni (15). Warto przy tym zauwazy¢, ze liczba
cozynofilow w tkankach jest okoto 100-krotnie wigksza niz we krwi, a uklad krazenia shuzy
jedynie jako droga transportu ze szpiku kostnego do tkanek (15). Na rycinie 1 przedstawiono

cykl zyciowy eozynofilow.
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Rycina 1. Schemat przedstawiajacy cykl zyciowy eozynofilow w POChP. Zaadaptowano z
publikacji Mycroft i wsp. ,,Eosinophils in COPD-Current Concepts and Clinical

Implications™

W tkankach, dojrzewanie, migracja i rekrutacja eozynofiléw, regulowane sa przez
cytokiny i chemokiny wytwarzane lokalnie w miejscu zapalenia: eotaksyne-1, -2, -3, IL-4, IL-
5, IL-33, GM-CSF, chemoking CCLS5 (inaczej RANTES, ang. Regulated on Activation,
Normal T-cell Expressed and Secreted) oraz biatka adhezyjne (np. receptor dopetniacza CR3
— CD11b/CD18 lub L-selektyna — CD62L) obecne na eozynofilach (16, 17). W pewnych
warunkach, np. w odpowiedzi na alergeny lub pasozyty, wytwarzanie mediatoréw
przyciagajacych eozynofile jest nasilane przez limfocyty T pomocnicze typu 2 (komorki
Th2), powodujac naciek eozynofilowy w tkankach (9, 16). Zapalenie eozynofilowe moze ulec
dalszemu nasileniu na skutek dzialania czynnikdéw sprzyjajacych przezyciu lub hamujacych
apoptoz¢ (IL-3, IL-5, GM-CSF, alarminy) (18-20) czy zwigkszonej rekrutacji eozynofilow
prowadzac do rozwoju astmy, przewleklego zapalenia zatok przynosowych lub
cozynofilowego zapalenia przetyku (16). Diugotrwata akumulacja eozynofilow w drogach

oddechowych przyczynia si¢ do niekontrolowanej degranulacji eozynofilow i uwolnienia z

18



ziarnisto$ci biatek cytotoksycznych: gtownego biatka zasadowego (MBP, ang. major basic
protein), eozynofilowego biatka kationowego (ECP, ang. eosinophil cationic protein),
peroksydazy eozynofilowej (EPO, ang. eosinophil peroxidase), neurotoksyny eozynofilowej
(EDN, ang. eosinophil-derived neurotoxin) i w konsekwencji uszkodzenia i uposledzenia
funkcji nabtonka, m.in. drég oddechowych.

4.2.2. Heterogenno$¢ eozynofilow

Eozynofile w roznych tkankach i stanach chorobowych roznig si¢ wygladem struktur
wewnatrzkomorkowych, ekspresja biatek powierzchniowych oraz profilem transkrypcyjnym
(21-23). Wyrdznia si¢ dwie gtdowne populacje eozynofilow: dziewicze (nieaktywowane) i
aktywowane (22). Markerami aktywacji eozynofilow sa m.in. biatka adhezyjne, takie jak
integryna Mac-1 (CD11b/CD18), L-selektyna (CD62L) oraz receptory dla cytokin, np. IL-
2Ra (CD25), IL-3Ra (CD123) czy IL-5Ra (CD125) (22, 24).

Przed migracjag do docelowych tkanek eozynofile dojrzewaja i zmieniajg ekspresje
receptorow powierzchniowych (22). Ponadto na ekspresje receptorow moze mie¢ wplyw
srodowisko lokalne, np. w drogach oddechowych. Zmiana ekspresji receptora moze by¢
zwigzana z jego internalizacja, eksternalizacja lub oddzieleniem z powierzchni komorki, co
powoduje, ze dana komoérka zmienia swoje wilasciwosci 1 moze petni¢ inng funkcje niz
dotychczas. Roznice w stanach aktywnosci migdzy eozynofilami krazacymi we krwi a tymi w
drogach oddechowych zostaly wykazane zarowno u osob zdrowych (25), jak i u chorych na
astme (26). W jednym z badan prowadzonych na populacji chorych na astme¢ na powierzchni
eozynofilow w drogach oddechowych obserwowano zwigkszong ekspresje CD11b, CD66b 1

obnizong ekspresje CD62L w porownaniu do eozynofilow krwi obwodowej (26).

Wyniki badan przeprowadzonych z uzyciem modelu mysiego scharakteryzowaty dwa
odmienne podtypy eozynofildéw: eozynofile zapalne petnigce rolg komorek efektorowych
(iEos) i eozynofile rezydualne utrzymujace homeostaze (rEos) (21). Obie populacje roznity
si¢ wygladem jadra komorkowego i ekspresja bialek powierzchniowych: L-selektyny
(CD62L) 1 CD101. Zaréwno rEos jak i iEos byly obecne w plucach i we krwi, co sugeruje, ze
réznicowanie eozynofildw na oba podtypy rozpoczyna si¢ jeszcze przed rekrutacja

eozynofiléow do tkanek docelowych.
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4.3. Rola eozynofilowego zapalenia w drogach oddechowych w patogenezie
chorob obturacyjnych uktadu oddechowego

4.3.1. Astma

Astma charakteryzuje si¢ przewlekltym zapaleniem w drogach oddechowych
prowadzacym do nadreaktywnos$ci oskrzeli i nadmiernej produke;ji sluzu. Patogeneza astmy
moze mie¢ rézne podloze immunologiczne: z dominacja odpowiedzi immunologicznej typu
Th2 zwigzang z limfocytami Th2 lub rzadziej, z ograniczong odpowiedzig Th2-zalezna, gdzie
wigksza role odgrywaja limfocyty Thl i Th17.

W szlaku Th2-zaleznym uczestniczag eozynofile, limfocyty Th2 oraz wrodzone
komorki limfoidalne typu 2 (ILC2, ang. type 2 innate lymphoid cells) (27). Limfopoetyna
zrebowa grasicy (TSLP, ang. thymic stromal lymphopoietin), IL-25 i IL-33, nazywane
réwniez alarminami, wydzielane sg przez komoérki nabtonkowe w odpowiedzi na stresory i
biorg udzial w rekrutacji i aktywacji komorek Th2 i ILC2. Cytokiny produkowane przez
komorki ILC2 i Th2 (IL-4, IL-5 oraz IL-13) wplywajg na rekrutacje, rdznicowanie i
aktywacje eozynofilow. IL-5 oraz eotaksyny sa silnymi chemoatraktantami dla eozynofilow i
powoduja ich naptyw z krwi obwodowej 1 akumulacje w oskrzelach. Pod wpltywem cytokin
produkowanych przez komodrki Th2 ulegaja aktywacji. Aktywowane eozynofile uczestnicza w
mechanizmach prowadzacych do uszkodzenia nablonka oskrzeli, remodelingu drog
oddechowych, nadreaktywnosci oskrzeli oraz zwigkszonej produkcji sluzu (28). Po rekrutacji
do drog oddechowych eozynofile ulegaja degranulacji pod wptywem IL-5 i uwalniajg
ziarnisto$ci o wihasciwosciach cytotoksycznych, co prowadzi do miejscowego uszkodzenia
nabtonka. MBP 1 EPO zawarte w ziarnistoSciach eozynofiléw dodatkowo stymuluja
mastocyty 1 bazofile do uwolnienia histaminy. Histamina w potaczeniu z IL-13 i
leukotrienami prowadzi do nadreaktywnosci oskrzeli. IL-13 dodatkowo wptywa na produkcje
Sluzu przez promowanie roznicowania komodrek kubkowych. Remodeling oskrzeli
spowodowany jest przerostem migs$ni gladkich, proliferacjag fibroblastow, nadmierng
produkcja kolagenu pod wplywem transformujacego czynnika wzrostu  (TGF-f, ang. tumor
growth factor f). TGF- moze by¢ uwalniany bezposrednio z eozynofilow lub pod wptywem

uszkodzenia nablonka.

Astma z dominujacg odpowiedzig Th2-zalezng moze mie¢ podtoze alergiczne, gdzie w

patogenezie dodatkowo uczestnicza mechanizmy nadwrazliwosci typu 1. W reakeji
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nadwrazliwosci typu 1 dochodzi do zaleznej od immunoglobuliny E (IgE) degranulacji
mastocytow 1 bazofilow po kontakcie z zewnatrzpochodnymi antygenami. IgE majg
bezposredni wptyw na eozynofile poprzez receptory FceRIl i FceRIl znajdujace si¢ na
powierzchni eozynofilow (29). Aktywacja receptora FceRI prowadzi do aktywacji i
degranulacji eozynofilow oraz uwolnienia EPO z ziarnistosci, podczas gdy aktywacja
receptora FceRIl skutkuje uwolnieniem czynnika martwicy nowotwordéw alfa (TNFa, ang.
tumor necrosis factor alpha) oraz zwigkszona ekspresja integryn i wydluzonym przezyciem

eozynofilow (29).

Powyzsze mechanizmy majg istotne znaczenie dla przebiegu i leczenia astmy.
Podstawowymi lekami kontroluyjacymi przebieg astmy sa glikokortykosteroidy wziewne,
ktore rekomendowane sg na kazdym stopniu leczenia astmy (30). U wybranych chorych z
astmg cigzka zalecane sg leki biologiczne o r6znych punktach uchwytu, ktére majg za zadanie

przerwanie kluczowych szlakéw patofizjologicznych astmy.

4.3.2. POChP

Eozynofilowe zapalenie drog oddechowych wystepuje rzadziej i jest mniej nasilone u
chorych na POChP niz u chorych na astme (31-33), a jego mechanizm nadal nie jest dobrze
poznany. Sugeruje si¢, ze uposledzona funkcja makrofagow w usuwaniu apoptotycznych
eozynofiléw u chorych na POChP prowadzi do uwolnienia wewnatrzkomorkowych cytokin
prozapalnych i wigze si¢ ze zwigkszong cigzkoscig i czgstotliwoscig zaostrzen (34). W
patogenezie eozynofilowego zapalenia drég oddechowych moga tez uczestniczy¢ szlaki Th2-
zalezne (ryc. 1) (35). Wykazano, ze zarowno u chorych na POChP, jak i u chorych na astme,
wystepuje zwigkszona ekspresja IL-33 w btonie $luzowej oskrzeli w poréwnaniu z grupa
kontrolng bez chordb uktadu oddechowego (33), a u pacjentow z POChP i eozynofilig drog
oddechowych stwierdzono podwyzszony poziom IL-33 w plwocinie indukowanej oraz krwi
obwodowej (36). Indukowany przez IL-33 oraz inne alarminy rozwoj zapalenia Th2-
zaleznego prowadzi poprzez cytokiny IL-4, IL-5 czy IL-13 do aktywacji eozynofilow.
Podwyzszony poziom zaréwno IL-4, jak i1 IL-13 jest zwigzany z rozwojem zaostrzen u
chorych na POChP (37, 38). Natomiast wyniki badan z uzyciem modelu mysiego wykazaty
indukcje¢ ekspresji IL-13 w eozynofilach drog oddechowych przez IL-33 (39). Co wiecej, IL-

13 produkowana przez eozynofile stymuluje ekspresj¢ metaloproteinazy macierzy-12 (MMP-
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12, ang. matrix metalloproteinase) w makrofagach pecherzykowych (40, 41).
Metaloproteinazy macierzy sg proteazami, ktore powoduja niszczenie przegrod
pecherzykowych, co w konsekwencji prowadzi do rozedmy ptuc (40). U chorych na POChP z
zapaleniem eozynofilowym i wspoétistniejgcg rozedmg stwierdzono wyzszy poziom MMP-12
w plwocinie w porownaniu z chorymi na POChP bez zapalenia eozynofilowego i bez
rozedmy (40), co sugeruje, ze 1L-13 poprzez MMP-12 wplywa na rozwdj rozedmy phuc u
chorych na POChP. Biorac pod uwagg fakt, ze zard6wno u chorych na POChP, jak i u chorych
na astm¢ wystepuje zwickszone stezenie MMP-12 w plwocinie oraz, ze zwigzek pomiedzy
poziomem MMP-12 w plwocinie a stopniem rozedmy stwierdzono jedynie u chorych na
POChP (42), mozna przypuszcza¢, ze MMP-12 moze odgrywa¢ odmienng role w obu

chorobach obturacyjnych.

Eozynofilia w drogach oddechowych, definiowana jako min. 3% odsetek eozynofilow
w sktadzie komorkowym w plwociny indukowanej (43), wystepuje u okoto 30% chorych na
POChP (32, 44). Wplyw cozynofilowego zapalenia w drogach oddechowych na przebieg
POChHP pozostaje przedmiotem badan. Sugeruje si¢, ze poziom eozynofilow w plwocinie >2%
zwicksza ryzyko zaostrzen POChP (45). Co wigcej, liczne badania kliniczne wykazaty
skutecznos¢ wGKS u chorych z eozynofilia w plwocinie w zmniejszeniu dusznosci (32) czy

zapobieganiu zaostrzeniom (46).

Oceniano réwniez zwigzek migdzy liczbg eozynofilow w drogach oddechowych a
wynikami badan czynnosciowych ptuc. Dane dotyczace zaleznosci migdzy eozynofilig a
warto$cig natgzonej objetosci wydechowej pierwszosekundowej (FEVi, ang. forced
expiratory volume in one second) sa sprzeczne. Wyniki niektorych badan wykazaty wyzsza
warto$¢ FEV1 po podaniu leku rozszerzajacego oskrzela u pacjentéw z nizszymi wartosciami
odsetka eozynofilow w poréwnaniu do pacjentéw z wyzszymi odsetkami eozynofilow w
plwocinie (32, 45), natomiast w innych badaniach nie zaobserwowano takiej zaleznosci (44,
47).

Pomimo, ze nie stwierdzono zwigzku migedzy dodatnia préoba rozkurczowsa
(definiowang jako wzrost FEV1 0 >12% i >200 ml po leku rozszerzajacym oskrzela) u
chorych na POChP a eozynofilia w plwocinie (47, 48), to u pacjentéw z wybitnie dodatnig
proba rozkurczowa (definiowang jako wzrost FEV:1 o > 15% i > 400 ml) stwierdzono

znacznie wyzszy odsetek eozynofilow w plwocinie (mediana 6,11%) niz u pacjentéw bez
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dodatniej proby rozkurczowej (mediana 1,02%) (47). W przeciwienstwie do astmy (49),
zwigzek migdzy nadreaktywnos$cig oskrzeli a liczba eozynofilow w drogach oddechowych w
POCNhP jest nadal niejednoznaczny (50, 51).

4.3.3. Liczba eozynofilow we krwi obwodowej jako biomarker eozynofilii w drogach
oddechowych w astmie i w POChP

Ocena typu zapalenia dolnych dréog oddechowych moze by¢ dokonana na podstawie
analizy roznych materiatow (52, 53). Zgodnie z hipoteza zjednoczonych drog oddechowych
(the unified airways hypothesis) przyjmuje si¢, ze zapalenie w uktadzie oddechowym jest
podobne na wszystkich jego poziomach (54). Najczesciej stosowang metodg stuzacg ocenie
zapalenia w drogach oddechowych jest badanie sktadu komoérkowego indukowanej plwociny.
Przyjmuje si¢, ze t0 badanie odzwierciedla typ zapalenia toczacego si¢ w oskrzelach
wickszego kalibru. Zdecydowanie rzadziej, ze wzgledu na inwazyjny charakter badania,
wykonuje si¢ bronchoskopi¢ z biopsja oskrzeli i/lub plukaniem oskrzelowo-pgcherzykowym.
Ocena sktadu komorkowego z ptynu z plukania oskrzelowo-pecherzykowego (BALF, ang.
bronchoalveolar lavage fluid) umozliwia wglad w zapalenie w koncowych odcinkach drzewa
oskrzelowego. Poniewaz analiza indukowanej plwociny i1 materiatu z bronchoskopii jest
trudno dostgpna w rutynowej praktyce klinicznej, czgsto w ocenie zapalenia drog

oddechowych bierze si¢ pod uwage liczbe cozynofilow we krwi obwodowe;j.

Liczba eozynofilow we krwi obwodowej byla szeroko badana jako marker
eozynofilowego zapalenia w drogach oddechowych. Dodatnia korelacja migdzy odsetkiem
eozynofiléw w plwocinie indukowanej a liczbg lub odsetkiem eozynofilow we krwi u chorych
na astmg zostala stwierdzona w kilku badaniach (55-57). W przypadku POChP korelacja ta
jest niejednoznaczna. Dodatnig korelacj¢ wykazano w kilku badaniach (45, 58). Analizujac
cytowane wczesniej badania, nalezy podkresli¢ fakt, ze obejmowaly one pacjentow ze
wspotistniejaca astma (45, 58) lub pacjentow sklasyfikowanych jako GOLD 0, czyli osoby z
objawami ze strony uktadu oddechowego, ale prawidlowa spirometrig (45). W badaniach, w
ktorych wilaczono wyltacznie chorych na POChP, obecnos¢ i sita korelacji wydaja sig
dodatkowo zalezne od ciezko$ci choroby. W tagodnej do umiarkowanej postaci POChP w
okresie stabilnym choroby nie stwierdzono takiej zaleznosci (44, 55). W stopniu
umiarkowanym do cigzkiego zaawansowania choroby, stwierdzono jedynie stabg (59, 60), za$

u chorych w trakcie zaostrzenia obserwowano silniejszg korelacje (59, 61).
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Pomimo stabej zaleznosci migdzy liczba eozynofilow we krwi obwodowe] a
odsetkiem eozynofilow w drogach oddechowych, liczba eozynofilow we krwi obwodowe;]
>300/ul, podobnie jak eozynofilia w drogach oddechowych (45), wigze si¢ z podwyzszonym
ryzykiem zaostrzen (62-64). Jednak liczba eozynofilow we krwi obwodowej nie wptywa na
cigzko$¢ zaostrzenia u chorych hospitalizowanych (65), a chorzy z utrzymujaca si¢ wyzsza
liczbg eozynofilow we krwi obwodowej majg lepsze rokowanie niz ci bez (66, 67). Jednym z
mozliwych wyjasnien tego zjawiska jest dobra odpowiedz na wGKS u tych chorych, co
pokazaty wyniki kilku badan klinicznych (68-71).

4.3.4. Podtoze molekularne funkcji eozynofilow w chorobach obturacyjnych

Wykazano, ze eozynofile we krwi obwodowej u chorych na astm¢ w poréwnaniu do
0so0b zdrowych majg odmienny profil ekspresji genow, podczas gdy u chorych na astme i inne
choroby przebiegajace z eozynofilia obwodowa profil ekspresji genow byl podobny (72).
Jednak nie wszystkie badania potwierdzily te obserwacje. W ocenie profilu transkrypcyjnego
leukocytéw krwi obwodowej u chorych z eozynofilowa POChP i1 eozynofilowa astma,
przeprowadzone] przez Yun 1 wsp. nie stwierdzono roznic w profilu ekspresyjnym
leukocytéw, za$ ekspresja genow specyficznych dla eozynofiléw byta na podobnym poziomie
(73). Z kolei u chorych na eozynofilowg POChP stwierdzono podwyzszong ekspresje genow
biatek zwigzanych z odpowiedziag Th2-zalezna: CLCA1l, CCL26, IL-13 oraz CST1 w
materiale z biopsji szczoteczkowej oskrzeli i probkach plwociny (74). W innym badaniu
wykazano wyrazne rdéznice w ekspresji genoOw w materiale z biopsji szczoteczkowej
pomiedzy chorymi na astmg eozynofilowa i eozynofilowag POChP (75). Co ciekawe, niektore
geny, ktorych zwigkszona ekspresja zostala wykazana w astmie, nie byly zwigzane z

eozynofilowym zapaleniem w POChP, tj. periostina i SERPINB2 (74).

4.4. Eozynofilia obwodowa jako cel terapeutyczny w POChP

4.4.1. Glikokortykosteroidy wziewne w leczeniu POChP

Podstawa leczenia POChP sa leki rozszerzajace oskrzela z grupy P-mimetykéw i
cholinolitykow. Wskazaniem do zastosowania wGKS jako elementu terapii trdjsktadnikowej
na poczatku leczenia jest liczba eozynofilow we krwi obwodowej >300/ul u chorych z
wywiadami co najmniej 2 umiarkowanych lub 1 cigzkiego zaostrzenia w ciggu 12 miesigcy

(kategoria E POChP) (76). Natomiast u chorych leczonych dotychczas jedynie lekami
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bronchodylatacyjnymi, a u ktorych wystepuja zaostrzenia nalezy uwzgledni¢ liczbe
eozynofilow w morfologii krwi obwodowej. Chorzy z 1 zaostrzeniem i liczbg eozynofilow we
krwi obwodowej >300/ul oraz chorzy z co najmniej 2 zaostrzeniami i liczba eozynofilow we
krwi obwodowej >100/ul powinni by¢ rozwazeni pod katem dotgczenia WGKS do terapii.
Nalezy podkresli¢, ze obecnie zastosowanie wGKS w monoterapii lub jedynie w potaczeniu z
dlugodziatajacym beta-mimetykiem (LABA, ang. long-acting beta-agonist) nie jest
rekomendowane w POChP. Na rycinie 2 przedstawiono schemat podsumowujacy
zastosowanie liczby eozynofilow we krwi obwodowej w podejmowaniu decyzji

terapeutycznych u chorych na POChP.
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obwodowej w podejmowaniu decyzji terapeutycznych u chorych na POChP. Zaadaptowano z
publikacji Mycroft i wsp. ,,Eosinophils in COPD-Current Concepts and Clinical

Implications’’. LEO — liczba eozynofilow we krwi obwodowe;.

Podstawg wydania takich rekomendacji byly wyniki kilku badan klinicznych, w
ktorych oceniano wplyw wGKS na redukcje liczby zaostrzen w zaleznosci od liczby
eozynofilow we krwi obwodowej (69, 70, 77, 78). Dostrzezenie roli eozynofilow w

patofizjologii POChP doprowadzito do postawienia hipotezy, ze WGKS mogg by¢ skuteczne



w hamowaniu zapalenia drog oddechowych u chorych na POChP. W zwiazku z tym
przeprowadzono kilka analiz post hoc wczesniejszych badan dotyczacych skutecznos$ci
WGKS u chorych na POChP (70, 71, 79, 80). W badaniach tych oceniano skuteczno$¢ terapii
WGKS w skojarzeniu z LABA w poréwnaniu z wGKS w monoterapii, LABA,
dlugodziatajacym cholinolitykiem (LAMA, ang. long-acting muscarinic antagonist) lub
placebo. Punktami koncowymi byly czesto$¢ zaostrzen oraz poprawa FEVi i jakoSci zycia
mierzonej za pomocg kwestionariusza Szpitala $w. Jerzego (SGRQ, ang. Saint George'’s
Respiratory Questionnaire) lub kwestionariusza klinicznego POChP (ang. Clinical COPD

Questionnaire).

W badaniu Pascoe i wsp. wykazano, ze tylko u pacjentow z wyjsciowa liczba
eozynofilow wieksza lub réwnag 2% leczenie wGKS/LABA prowadzito do istotnego
zmniejszenia rocznej czestosci zaostrzen w porownaniu do stosowania LABA w monoterapii
(70). Ten efekt byt jeszcze bardziej widoczny w grupach z liczbg eozynofilow we Krwi
wickszg lub rowng 4% i wigkszg lub réwng 6% (70). W analizie post hoc badania
FORWARD stwierdzono redukcje czgstosci zaostrzen u pacjentow z liczbg eozynofilow we
krwi >181,6/ul (71). Inne analizy potwierdzily, ze korzystny wplyw terapii laczonej
WGKS/LABA w porownaniu Z LABA zwigksza si¢ wraz ze wzrostem liczby eozynofilow we

krwi obwodowej (69, 81).

W  kolejnych latach oceniano skuteczno$¢ tzw. terapii potrojnej (potaczenie
wGKS/LABA/LAMA) jako potencjalnej metody leczenia pacjentow z ci¢zka objawowa
POChHP z wysokim ryzykiem zaostrzen pomimo terapii LAMA/LABA lub wGKS/LABA (68,
77,78, 82). Sposrod badan IMPACT, TRIBUTE i KRONOS jedynie dwa ostatnie wykluczaty
pacjentéw ze wspoOlistnieniem astmy. W badaniu IMPACT zaobserwowano zmniejszenie
czesto$ci zaostrzen w grupie otrzymujacej terapi¢ potrojng w porownaniu do grupy leczonej
LAMA/LABA, niezaleznie od poziomu eozynofilow we krwi obwodowej (77). Z kolei w
badaniu TRIBUTE wykazano zmniejszenie cze¢sto$ci zaostrzen w grupie leczonej terapia
potrdjng tylko u pacjentdw z odsetkiem eozynofilow >2%, podczas gdy u chorych z liczba
eozynofilow >200/ul réznica byta nieistotna (78). Czgstos¢ zaostrzen byla drugorzedowym
punktem koncowym badania KRONOS, do ktorego wilaczano objawowych chorych na
POChP (68). W badaniu tym wykazano, ze pacjenci z liczba eozynofilow we krwi
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obwodowej >75/ul leczeni terapig potrojna mieli mniej zaostrzen niz pacjenci leczeni

LAMA/LABA.

Wziewne GKS jako leki przeciwzapalne mogg hamowac¢ eozynofilowe zapalenie drog
oddechowych u chorych na POChP (32). Mechanizmy odpowiedzialne za wrazliwo$¢ na
WGKS w POChP badano w kilku badaniach ex vivo na komorkach, gtéwnie makrofagach (83-
86). W =zbiorczej analizie tych badan wykazano wybidrczag wrazliwo$¢ wybranych
mediatorow prozapalnych na glikokortykosteroidy (87). TNF-a i IL-6 byty silniej hamowane
niz IL-8 zaréwno u chorych na POChP, os6b palacych bez POChP, jak i oséb zdrowych.
Natomiast nie wykazano r6znic w hamowaniu powyzszych mediatorow miedzy grupami. Co
ciekawe, stwierdzono duzg rozbiezno§¢ w odpowiedzi makrofagéw na GKS wsrdd chorych
na POChP, co moze odzwierciedla¢ kliniczne réznice w odpowiedzi na leczenie wGKS.
Ustalenie, ktére ze szlakow ulegaja zahamowaniu pod wptywem leczenia wGKS u chorych na
POChHP, moze by¢ kluczowe w wyborze kolejnych celéw terapeutycznych. Niestety powyzsze
badania nie koncentrowaty si¢ na roli eozynofiléw, a jedynie makrofagdéw w odpowiedzi na
steroidy wziewne u chorych na POChP. Brak jest réwniez badan poréwnujacych odpowiedz
makrofagdbw u chorych na POChP z uwzglgdnieniem poziomu eozynofilow we krwi

obwodowej.

Glikokortykosteroidy wykazuja dziatanie przeciwzapalne, poprzez hamowanie kaskad
zwigzanych z kinazami aktywowanymi mitogenami (MAPK, ang. mitogen-activated protein
kinases) (88). MAPK uczestniczg w wielu procesach w komoérkach, m.in. proliferacji,
réznicowaniu czy apoptozie. Do kinaz grupy MAPK naleza EKR1/2 (ang. extracellular
signal-regulated kinase 1/2), c-Jun N-terminal kinase (JNK) czy p38 MAPK.
Glikokortykosteroidy indukuja zwigkszenie ekspresji DUSP1, co z kolei hamuje aktywacje
p38 MAPK i JNK (88). Z drugiej strony, zmniejszenie ekspresji DUSP1 prowadzi do
nadmiernego uwolnienia cytokin prozapalnych, np. TNF-a, IL-6, CCL3 i CCL4 (88).
Zaburzenia w obrebie kaskad zwigzanych z MAPK moga wigza¢ si¢ z upos$ledzeniem
odpowiedzi na glikokortykosteroidy. W badaniach dotyczacych patomechanizméw astmy
ciezkiej wykazano, ze kaskady sygnalizacyjne MAPK uczestnicza w rozwoju opornosci na
glikokortykosteroidy poprzez zwigckszenie ekspresji czynnika transkrypcyjnego c-Jun (89).
Niewykluczone, ze dysregulacja MAPK moze wystgpowac¢ rowniez u chorych na POChP, co

by thumaczyto gorsza odpowiedz na wGKS niz u chorych na astme.
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4.4.2. Leki biologiczne w leczeniu POChP

Pomimo stosowania terapii trojsktadnikowej, u czgsci chorych na POChP utrzymuja
si¢ zaostrzenia (77, 78, 90), co moze wynika¢ z niedostatecznego hamowania szlakow
immunologicznych bioracych udziat w patogenezie POChP (91). W badaniach klinicznych u
chorych na POChP oceniano leki wptywajace na IL-5 (mepolizumab) lub receptor dla I1L-5
(IL-5R, benralizumab), szlak zwigzany z IL-4 i IL-13 (dupilumab), czy na alarminy: IL-33

(itepekimab, tozorakimab, astegolimab) oraz TSLP (tezepelumab).

Badania oceniajace wptyw lekéw anty-IL-5 i anty-IL-5R przyniosty niejednoznaczne
rezultaty (92, 93). W jednej z analiz oceniajagcych wyniki dwoch badan, METREX i
METREO celem byla ocena skutecznos$ci mepolizumabu jako leczenia uzupelniajgcego do
terapii potrojnej u pacjentow z eozynofilowg POChP z zaostrzeniami w wywiadzie (92).
Eozynofili¢ obwodowa definiowano jako >150 eozynofilow/pul przy wiaczeniu do badania lub
>300 komorek/ul w roku poprzedzajagcym wiaczenie do badania. Uczestnicy badania zostali
losowo przydzieleni do grupy otrzymujacej 100 mg mepolizumabu albo placebo w badaniu
METREX, a w badaniu METREO 100 mg lub 300 mg mepolizumabu albo placebo.
Pierwszorzedowy punkt koncowy, czyli zmniejszenie czgstosci zaostrzen, osiggni¢to jedynie
w badaniu METREX (roczny wspolczynnik zaostrzen wyniost 1,40 w grupie otrzymujacej
mepolizumab i 1,71 w grupie placebo; wspotczynnik czgstosci (RR, ang. rate ratio) 0,82;
95% przedziat ufnosci 0,68 do 0,98; skorygowane p =0,04). W badaniu METREO nie
stwierdzono istotnego zmniejszenia czgstosci zaostrzen (roczna czesto$¢ zaostrzen wyniosta
1,19 w grupie mepolizumabu w dawce 100 mg, 1,27 w grupie otrzymujgcej mepolizumab w

dawce 300 mg i w grupie placebo — 1,49 rocznie).

W badaniach GALATHEA i TERRANOVA benralizumab lub placebo podawano
chorym na POChP z warto$cig FEV1 po leku rozszerzajgcym oskrzela miedzy 20 a 65%
wartos$ci naleznej i co najmniej 2 umiarkowanymi lub 1 cigzkim zaostrzeniem w wywiadzie,
ktorzy otrzymywali wziewng terapie podwojng lub potréjna wziewng (93). W zbiorczej
analizie post-hoc dla dawek 30 mg i 100 mg nie wykazano skutecznosci benralizumabu w
zmniejszaniu rocznej czegstosci zaostrzen u pacjentow z podwyzszong liczba eozynofilow
(>220/pul). Jednakze dalsza analiza pozwolila zidentyfikowaé podgrupy, ktore moglyby
odnie$¢ korzys$¢ z leczenia benralizumabem. Zaobserwowano, ze u pacjentow z podwyzszong
liczba eozynofilow >220/ul, ktorzy spetniali co najmniej jeden z warunkéw: 1. co najmniej 3

zaostrzenia w poprzednim roku, 2. FEV1 po leku rozszerzajacym oskrzela <40% wartosci
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naleznych lub 3. poprawa w zakresie FEV1 po leku rozszerzajacym oskrzela o >15%,
benralizumab w dawce 100 mg znaczaco zmniejszyl czgsto$¢ zaostrzeh w porOwnaniu z
placebo. Natomiast nizsza dawka benralizumabu (30 mg) nie wykazala takiego efektu

leczenia.

Bardziej optymistyczne dane dotyczg zastosowania dupilumabu u chorych na POChP,
ktore zaobserwowano w badaniach BOREAS i NOTUS (94, 95). Dupilumab jest ludzkim
przeciwcialem monoklonalnym, ktore blokuje wspolny receptor dla IL-4 i IL-13, tym samym
hamujac szlak Th-2 zalezny (96). Do badan wlaczono pacjentow z POChP i umiarkowanymi
lub ciezkim zaostrzeniami pomimo terapii wziewnej oraz udowodnionym zapaleniem typu 2
definiowanym jako eozynofilia obwodowa >300/ul. Z badania wykluczano chorych ze
wspotistnieniem astmy. W rocznej obserwacji zaobserwowano zmniejszenie czestosci
zaostrzen i poprawe w zakresie FEV1 w grupie stosujacej dupilumab w poréwnaniu z placebo
(94, 95), co potwierdza istotng rol¢ IL-4 i 1L-13 w patofizjologii eozynofilowej POChHP.
Jednym z hipotetycznych mechanizmow dziatania dupilumabu jest zmniejszenie nadmiernego
wydzielania $luzu, prowadzace do poprawy czynnosci ptuc, ztagodzenia objawow zapalenia

oskrzeli i zmniejszenia czestosci zaostrzen (91).

Podejmowane sg roéwniez proby stosowania przeciwcial monoklonalnych przeciw
alarminom, majac za cel dzialanie plejotropowe i hamowanie kaskady zapalenia Th2-
zaleznego juz od poziomu nabtonka oskrzelowego. W badaniu drugiej fazy nad
tezepelumabem, bedacym przeciwciatem monoklonalnym anty-TSLP, nie stwierdzono
istotnego statystycznie zmniejszenia czgstosci zaostrzen u chorych na POChP w poréwnaniu z
placebo. Obecnie trwajg badania trzeciej fazy nad lekami celowanymi przeciw I1L-33
(itepekimab) oraz jej receptorowi ST2 (astegolimab). W badaniach drugiej fazy itepekimab
oraz astegolimab nie zmniejszyty czgstosci zaostrzen w porownaniu z placebo u chorych na
POChP (97, 98). Obiecujgce sg natomiast wyniki dodatkowych analiz. W analizie podgrup
stwierdzono, ze itepekimab zmniejszyt czesto$¢ zaostrzen i poprawil wartos¢ FEV 1 u bytych
palaczy z POChP (97), co w przyszto$ci moze przetozy¢ si¢ na poprawe skutecznosci leczenia

u tych chorych.
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5. Zalozenia i cel pracy

Eozynofile sg komoérkami kluczowymi w patogenezie astmy, jednak w ostatnich latach
podkresla sie wptyw eozynofilow na przebieg POChP (55). Szacuje si¢, ze okoto 30%
chorych na POChP ma eozynofilowy typ zapalenia w drogach oddechowych (44). POChP i
astma maja inng patogenez¢ i przebieg kliniczny, ale Iaczg je niektore cechy kliniczne i
biologiczne. Podwyzszona liczba eozynofilow we krwi obwodowej u chorych na astmeg i
POChHP jest skorelowana z lepsza odpowiedzig na steroidy wziewne (99). Ma to swoje
przetozenie na praktyke kliniczng — od kilku lat w mig¢dzynarodowych rekomendacjach
GOLD wskazuje si¢ na potrzebe dolagczenia wGKS do leczenia chorym na POChHP z
zaostrzeniami w wywiadach i liczbg eozynofilow we krwi obwodowej >100/ul albo >300/pul
w zaleznosci od wywiadu zaostrzen (2). Nalezy jednak podkresli¢, ze odpowiedz na wGKS u
chorych na POChP jest gorsza niz w astmie (100), a terapie biologiczne celowane przeciw
cozynofilom okazaty si¢ mniej skuteczne w POChP (101) w przeciwienstwie do astmy (102).

Jedng z hipotetycznych przyczyn odmiennej odpowiedzi na leczenie przeciwzapalne u
chorych na astme¢ i POChP moze by¢ roznica w fenotypie lub aktywnosci eozynofilow w obu
jednostkach chorobowych. Wczesniejsze badania pozwolilty dobrze poznaé rolg eozynofilow
u 0so6b chorych na astme¢. W badaniu Barnig i wsp. wykazano, ze eozynofile we krwi majg
inny profil transkrypcyjny w stanach przebiegajacych z eozynofilig (np. astmie) niz u osoéb
zdrowych (72). Z kolei Rodrigo-Mufioz i wsp. zaobserwowali roznice w profilu miRNA
eozynofilow we krwi u chorych na astme i zdrowych ochotnikow (103). W innych badaniach
opisywano roznice ekspresji markerow powierzchniowych eozynofilow (np. CD11b, CD62L,
CD123, CD125, CD193) w drogach oddechowych i we krwi u astmatykow i osob zdrowych
(21, 22, 26, 104). Jednak jak do tej pory nie przeprowadzono badania, ktore
charakteryzowatyby eozynofile u chorych na POChP.

Podsumowujgc, eozynofile odgrywaja istotng, ale nadal stabo poznang rolg w
patogenezie POChP. Poznanie réznic w fenotypie i aktywnosci eozynofilow we krwi
obwodowej oraz w drogach oddechowych mogloby sie¢ przyczyni¢ do lepszego zrozumienia
patogenezy eozynofilowego zapalenia w drogach oddechowych chorych na POChP oraz
poznania potencjalnych nowych celow terapeutycznych. Z racji na dos¢ dobrze poznang role i
charakterystyke eozynofilow w astmie, zalozenie pracy obejmuje badanie oceniajace fenotyp
tych komérek w POChP i jego poréwnanie z fenotypem eozynofilow w astmie. Nasza

hipoteza badawcza zaktada, ze eozynofile w POChP we krwi obwodowej oraz w drogach
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oddechowych rdéznig si¢ od eozynofilow w astmie ekspresja markerow powierzchniowych i
profilem transkrypcyjnym.
Uwzgledniajac powyzsze obserwacje zdefiniowano cel gtowny i1 cele szczegdtowe

badan sktadajacych si¢ na rozprawe doktorska.

5.1. Cel glowny:

1. Ocena fenotypu i profilu transkrypcyjnego eozynofilow u chorych na POChP oraz u
chorych na astmeg.

5.2. Cele szczegotowe:

2. Przeglad $wiatowej literatury dotyczacej roli eozynofilow w patofizjologii i leczeniu

POChP.

3. Porownanie ekspresji CD125, CD193 CD14, CD11b, CD62L, CD66b na powierzchni

cozynofilow krwi obwodowej a eozynofilow plwociny indukowane;j.

4. Poréwnanie ekspresji CD125, CD193 CD14, CD11b, CD62L, CD66b na powierzchni
eozynofilow krwi obwodowej oraz plwociny indukowanej migdzy chorymi na POChP, astme

oraz grupa kontrolna.

5. Ocena zwigzkow miedzy ekspresja CD125 i CD193 na powierzchni eozynofiloéw a

mediatorami szlaku Th2.

6. Poréwnanie profilu transkrypcyjnego eozynofilow krwi obwodowej mi¢dzy chorymi na

POChHP a chorymi na astmg.
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Eosinophils in COPD—Current Concepts and
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In recent years, heterogeneity in chronic obstructive pulmonary
disease (COPD) inflammatory paterns has been recognized as a
basis for more precise treatment interventions because current
therapies have limited effectiveness. Eosinophilic airway
inflammation in COPD has become a subject of research interest
as a potential treatment target for inhaled corticosteroid therapy.
However, the role of eosinophils in COPD is still unclear, and it
is unknown why only some patients with COPD develop
eosinop hilic airway inflammation. Induced sputum analysis is
the most common method of assessing the type of airway
inflammation. Accessibility to sputum induction, however, is
limited in dinical practice, and blood eosinophils have been
proposed o serve as a surrogate marker and treatment guide.
Blood eosinophil count has been shown to poorly predia
sputum eosinophilia, and, moreover, it seems to be fairly
unstable and affected by various factors. Nevertheless, in several
irials, blood eosinophil count appeared to predict good response
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review, we briefly summarize the current knowledge on
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INTRODUCTION

Hetergeneiry in inflammarory parterns in chronic chstruaive
pulmonary disease (COPD) has recently gained considerable
amendon. The growing interest in identifying the inflammarory
pattems is closely related t the concepr of treaable traits, thar is,
the fearures of the disease thar could be a warger of a milored
therapeutic interven tion.” These trgers can be similar in
different diseases and their identificarion would allow specific
treatment to those patients for whom it would be most benehicial
and to avoid it in cases where the benefits would be insignificant
and/or the risk of side effecis high.

Eosinophilic airway inflam marion, a typical fearure of asthma, has
also been proposed as a treatable trait in some patients with COPD.
This inflammarory partern can be found in patiens with COPD
either as a resulr of a coexisting asthma (asthma-COPD overap) or
poory understood mechanisms thar may lead  airway eosinophilia
in patients with COPD withour any fearures of asthma. Depending
on the diagnostic criteria, asthma-COPD overlap is present in 3.8%
(Spanish criteria) o 18.4% (clinician’s diagnosis) of parients with
obstuctive lung diseases (both COPD and as thma),” whereas
eosinophilic COPD constirutes 32% to 40% of the COPD popu-
lation.” " Over the past decade, a number of studies haveinvestgared
cosinophilic airway inflammarion in COPD as a promising target for
inhaled comicosteroid (ICS) therapy. Ithas been documented tharin
patients with COPD, ICS drration o nommalize spurum eosinophil
count resulted in a reduction of a severe exacerbation rate.” How-
ever, spumum analysis is not widely available and requires specific
technical expertise. Therefore, blood eosinophil count has been
extensively evaluared as a sumogare marker of eosinophilic airway
inflammartion becuse it is easily accessible. This review presents
current conceprs on eosinophilic COPD and the potentdial of blood
cosinophils © serve as a biomarker and predicor of a favorable
response to therapeuric intervention,

EOSINOPHILIC AIRWAY INFLAMMATION IN COPD
Eosinophil correlations between different respiratory
samples

Airway inflammarion can be defined on the basis of evaluation of
various airway samples, for example, induced sputum (I5), bronchial
mucosa biopsy, or bronchoalveolar lavage Huid (BALF).™"" The
eosinophil count and percentage vary among different respiratory
comparmments, " and therefore, different thresholds for elevared
sputum levels have been established for each type of sample. Spurum
ensinophilia is usually defined as 3% or more ecsinophils of all
nonepithelial sparum CE"S,l * whereas the increased eosinophil per-
centage in the BALF is defined as more than 1%."7

The relationship berween ensinophil counts in different com-
partments is poor. A study by Hartjes er al demonstrared a weak
comrelarion berween the eosinophil counts in the IS and bronchial
binpsy_l'1 This correlation could be related o the fact thar IS and
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Abbreviations used

BALF- Bronchoalveolar lavage fluid

COPD- Chronic obstructive pulmonary disease

GOLD- Global Initiative for Chronic Obstructive Pulmonary

Disease
ICS- Inhaled corticosteroid
18- Induced sputum

LABA- Long-acting 8. -agonist

LAMA- lorg-actin g Muscarinic danld gomist
MMP-12- Matriv-me talloproteinase-12

SGRO- S5t George s Respiratory Questionnaire

bronchial biopsy represent adjacent comparmments. In mm, the
eosinophil counts in BALF and bronchial biopsies do not seem
to correlate.' ™" Because the acquisition of 1S, BALF, and
bronchial biopsy requires experrise and is conrmindicared in
patients with a severe or unstable disease, peripheral blood
sampling and assessment of blood eosinophil cuns became a

subject of considerable interest.

Phenotypes of pulmonary eosinophils

Heterogeneiry of eosinophils in humans has been described as
early as in the 1980s."1° Two types of eosinophils were re-
ported: nommodense and hypodense. Hypodense cosinophils
were found in increased numbers in blood in hypereosinophilic
diseases. It was hypothesized that they derived from immarmure
cells released from the bone marrow, presented a greater cyto-
wxic activity, and were merabolically more active compared with
normodense eosinophils. However, the role of these 2 emimrhi]
ypes in eosinophilic COPD has not yer been established. 516
More recendy, Mesnil et al'” in a murine modd of allergic
inflammarion characrerized 2 distina types of eosinophils in the
lungs. Eosinophils locared in the lung parenchyma, referred to as
residual eosinophils, had a rfng-shaped nucleus, were indepen-
dent from IL-5, and manifested L-selectin expression. It has been
suggested thar residual eosinophils could be involved in main-
maining immune homeostasis in the lungs by hindering Ty2-
related responses. In contrast, eosinophils found in the peri-
bronchial area and in BALF (inflammatory eosinophils) had a
segmented nucleus, were IL-5—dependent and L-selectin nega-
tive, and had a high surface expression of CD101. It is passible
that inflammarory eosinophils observed by Mesnil et al and
activated hypodense eosinophils could represent the same
ensinophil phenotype thar is involved in inflammarory response.
Mesnil er al also described differences in the eosinophil charac-
teristics berween residual eosinophils in lung parenchyma from
those withour asthma and inflammartory eosinophils found in the
sputum of patients with asthma. The differences were similar w
those found in the murine model.'” However, it must be spec-
ified that the human material used to assess the eosinophils in the
lung parenchyma was taken from the healthy margins of lung
cardinoma of those withour asthma' and, therefore, does nor

fully represent the molecular environment in healthy lungs.

Biological mechanisms involved
airway inflammation in COPD
Eosinophilic airway inflaimmartion is less common and less

pronounced in patiens with COPD than in padents with

in eosinophilic
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“21% and i mechanism is sill not well understood. It

asthma,
was reported that impaired funaion of macrophages o clear
apoptotic eosinophils in COPD led to the release of intrace-
lular proinflammarory cytokines and was associated with an
increased severity and frequency of exacerbarions.'” Thymic
stromal lymphopoietin and IL-33, secreted by epithelial cells,
are involved in recruitment and .‘lEI\:i\-‘.‘l[iOn of Ty2 and type 2
innare lymphoid cells (Figure 1).” It was demonstrared thac
both patienss with COPD and patients with asthma have an
increased expression of IL-33 in bronchial mucosa compared
with control 5|.11'jjeu:[5.lH Moreover, higher IL-33 concentrations
in spurum or blood were found in patents with COPD with
spumum eosinophilia.”” Ty2 cells, rogether with type 2 innate
lymphoid cells, produce numerous T2 cyrokines, pardcularly
IL-4, IL-5, and IL-13. IL-5 stdmulates recruitment and
acrivarion of eosinophils and leads to tissue eosinophilia In
a murine model, [L-33 was shown to induce IL-13
expression in airway eosinophils.”” In wn, eosinophil-derived
IL-13 was found o stimulare alveolar macrophages w pro-
duce martrix-metallo proteinase-12 (MMP-12).2*%  Marrix-
metalloproteinases are proteases that cause destruaion of the
alveolar sepra and in consequence lead o emph}rsema_:s A
higher level of spurum MMP-12 was found in patients with
eosinophilic COPD with coexisting emphysema compared with
parients with noneosinophilic COPD without emp|'11J.rserr1:1.25
Taking into account the fact that both patiens with COPD
and patients with asthma have inceased spumum MMP-12
levels and thar the relationship berween spurum MMP-12
level and the extent of emphysema was found only in parients
with COPD,”” it is likely that MMP-12 could act differendy in
both diseases.

Clinical characteristics of patients with COPD with
eosinophilic airway inflammation

There are limited dara on the potential differences in
clinical characteristics of patients with COPD with eosino-
philic and neurrophilic airway inflammartion. Smdies thar
characrerized parents with high and low spurum eosinophil
counts yielded conflicting results. Some authors reporeed
higher postbronchodilator FEV, in noneosinophilic patients
compared with padenss with higher spumum eminnp|'1i|_'i.5':H
In contrast, in other studies there were no differences in the
severity of airway obstruction berween eosinophilic and non-
eosinophilic p:uienui.T'z'J However, Chou er al® found
significantly higher spurum eosinophil percenmages in patients
with very positve bronchodilator revemibility (defined as
FEV, increase =15% and =400 mL) (median, 6.11%) than
in patients withour very positive bronchodilator reversibiliry
(median, 1.02%).>” In contrast, differences in spurum
eosinophil levels in relation to the presence of positive bron-
chodilator reversibility (FEV) increase >12% and >200 mL)
were not found.””*" In a different study, in both patients wich
COPD and parients with asthma, the postbmonchodilaror
change was lower with the increasing spumum eosinophil
count.”’ In contrmst to .11[|'Ln‘1;1,""2 the reladonship between
bronchial hyperresponsiveness and eosinophils in COPD is
still equjvo-ca].'“"” However, a comprehensive discussion of

this topic is beyond the scope of this review.
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FIGURE 1. Eosinophil life cycle in the bone marrow, blood, airways, and lungs. Eosinophil maturation in the bone marrow is mediated by
IL-3, IL-5, and GM-CSF. Then, mature eosinophils enter the blood circulation on the way to tissues. There is a significant difference
between the duration of eosinophil stay in the circulation, which lasts between 8 and 18 hours, and their survival time in tissues, which
may be up to several days.“” Survival of eosinophils in the tissues can be enhanced by various cytokines (eg, IL-3 and IL-5), and this etfect
is mediated by NF-kB—induced upregulation of BekxL.”" Itis worth noting that the number of eosinophils in the tissues is abowt 100-fold
greater than in the blood, and blood circulation serves merely as a track from the bone marrow to the tissues.”” Therefore, it is rather
questionable whether blood eosinophil counts have the power to predict airway eosinophil levels. £C2, Type 2 innate lymphoid cell;
MMPs, matrix-metalloproteinases; TSLP, thymic stromal lymphopoietin.

PERIPHERAL BLOOD EOSINOPHILS IN COPD
Current Global Initiative for Chronic Obstructive
Pulmonary Disease recommendations on the role
of blood eosinophils in the treatment of COPD

The latest Global Initiative for Chronic Obstructive Pulmo-
nary Disease (GOLD) 2020 reporr recommends using blood
eosinophil counts to guide trearment in patients with COPD, for
both new diagnoses classified as GOLD D and for those who
exacerbare despite bronchodilaration (Figure 2).*" It has been
proposed that in padents with COPD GOLD D starting cher-
apy, a cumft of greater than or equal w 300 cells/ul. should
identify those who may benefit from [CS/long-acting ﬁz-ag-:.-nin
(LABA) combination. In patents in whom treatment with
bronchodilators is nor adequare t prevent exacerbations, an add-
on of ICSs should be considered depending on the number of
exacerbarions and the eosinophil count. Among patients with
only 1 exacerbation per year, those with eosinophils greater than
or equal to 300 cells/uL have the greatest likelihood to benefic
from a wearment regimen thar indudes ICSs. In turn, when
there are ar least 2 moderare or 1 severe exacerbarions per year
observed, a curoff of greater than or equal w 100 cells/pL may
indicate a benefic from ICS meatment. A curoff of less than 100
cells/pl. however could select parients who are less likely w
benefit from ICSs and therefore should have their trearment
modified, for example, by considering roflumilast or azi-
thromydn as an add-on therapy. Impormantly, the cutoft of 100
cells/pL. lies within the nomal range for both general COPD
popu]al:inn?"ﬁ"”‘ and frequent exacerbarors.”” Thar means thar
according w GOLD 2020 recommendations, ICS treamment
should be considered for most parients with exacerbatons. In

turn, this could lead w prescripton of ICSs for patenss who

might not profit from this rearment. The prevalence of frequent
exacerbations in patenss with blood eosinophil count greater
than or equal w 100 cells'uL is unknown, bur it is estimated that
approximately 10% of padenss with COPD with eosinophilia
greater than or equal w 300 cells/pL have ar least 2

exacerbations.™

Prevalence and stability of elevated blood eosinophil
count in COPD

The prevalence of high peripheral eosinophil levels in patients
with COPD varies across the smdies because of, for example,
different thresholds (Table I) or different inclusion aitena.
Impaortandy, peripheral eosinophilia could be present in other
nonpulmonary disorders, for instance, in helminth infections and
in various allergic discases.”” It seems however that peripheral
eosinophilia in COPD has a similar prevalence to that in the
general population. For comparison, 24% and 65.5% of subjects
older than 40 years with normal lung funcion had eosinophil
levels grearer than or equal w 300 cells/pL and greater than 2%,
re_':pec|:i\-‘e|]r_'1 ® These dara may suggest thar there is no increased
eosinophil recruitment to the blood draulation in COPD.

If blood eosinophil counts are w be used as a guide for ICS
therapy in COPD, the stability of blood eosinophil counts seems
to be an impomant issue. It has been shown that blood eosinophil
counts in asthma are vardable over time.”” In COPD), unstable
eosinophilia was reported in as many as 40.5% (threshold =300
cells/uL)™ to 49% (threshold >2%)" of patients. Conse-
quendy, a smaller propomion of patdents remains with persis-
tendy elevared or lower eosinophil counts. Over a 4-year
observarion, 19% of patients with COPD with eosinophils less
than or equal o 2% and only 4% of patents with eosinophils
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FIGURE 2. Current COPD GOLD recommendations on the blood eosinophil count assessment to guide treatment with [CSs.

TABLE I. Prevalence of high blood eosinophil counts for different
thresholds in patiems with COPD

Thresheold for high blood eosinophil count

150 cells/pL 300 cellsiplL 2% 3%
Prevalence 52%™ 220%™ 32+ 7>

57%" 24%% 57 455"
615%™ 6150+
67% 665!

BB

745

T5%

*Persistent ensinophilia after prednisone.

greater than 2% stayed in their respective gmups.'s“ The stabilicy
of blood eosinophil levels in subsequent measurements appears
to be better in patients with COPD with lower than with higher
eosinophil counss ™" and it was shown w be affected by
systemic corticosteroids and antibiotics, older age, and male sex
bur the impaa of ICS5 use or smoking smms was negli-

gihle_-ill.-i 1,52-54

Can blood eosinophils predict sputum eosinophilia?

Blood eosinophil counts have been extensively investigated as
a sumogate marker for eosinophilic airway inflammarion. A
positive correlation berween sputum and peripheral ensinn'!shils
in asthma has been documented in several studies.” " In
COPD, however, the existing dara on thar correlarion are
equivocal. This might be pardy explained by technical issues, for
example, differences in spurum acquisition and analysis in
multicenter studies or different inclusion criterda. Positive find-
ings have been shown in several smudies.” ™ However, it must be
noted that they induded patients with coexisting asthma®™*® or
patients classified as GOLD 0, thar is, patients having respiratory

symproms but normal spir'nmenﬂ.r_:H In studies thar induded
patients with pure COPD, the presence and strength of corre-
lation seem additionally dependent on the severity of the disease.
In stable mild to moderate COPD, no such comelation was
ohserved.””* Moreover, although in moderare ro severe disease a
weak comelation was found, ?eripheral eosinophils could not
predicc sputum ensinnphi]i.a.L' % In contrast, during COPD
exacerbations stronger comelations berween spumum and blood
eosinophil counts were reported and blood eosinophils were able
to reliably predicc spurum 1a|n_~:irmphi|i.a."l's""H Deespite these rather
poor correlations in stable COPD, blood eosinophil counts have
been proposed as a marker w guide ICS earment.

WHAT IS THE EVIDENCE THAT BLOOD
EOSINOPHILIA IN COPD CAN PREDICT GOOD
RESPONSE TO ICS TREATMENT?

The first data on the relarionship berween blood eosinophil
counts and the efficacy of ICS therapy in COPD came from post
hoc and retrospective .'inal].rses_'il"i 557 Those studies compared
the effeciveness of ICS therapy combined with LABA to ICS,
LABA, or long-acting muscarinic antagonists (LAMAs) alone or
placecbo. The end points were exacerbation rate and improve-
ment in FEV; and quality of life measured by the 5t George's
Respiratory Questionnaire (SGRQ) or Clinical COPD Ques-
tionnaire scores. Recendy, the so-called trple therapy (ICS/
LAMA/LABA combination) came into the spodight as a po-
tential treatment in parents with severe sympromadc COPD
who are ar increased risk of exacerbaton despite the LAMA/
LABA or LABA/ICS therapies. However, in most of the studies
on the relationship berween the effectiveness of wiple therapy
and blood eosinophil count published w date, the observation
period does not exceed 1 }near_'*“'h“ “ Differences in smudy de-
signs, thresholds defining blood eosinophilia, and drugs used in

the interventions, and the fact that most analyses were supporred
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by pharmaceutical companies make the interpretadon of dam
challenging,

The relationship between blood eosinophil count
and effect of ICSs on moderate to severe COPD
exacerbations

Three prospective studies have shown thar padents with
COPD with increased baseline blood eosinophil levels (=300
cells/iL) were ar a greater risk of disease exacerbations.™"%*
However, the baseline eosinophil count does not seem w
impact exacerbation severity in hospiralized |:|nal|:iems.“‘i Surpris-
ingly, patients with pemistent peripheral eosinophilia seem w©
have a betrer survival rate in comparison tw persistendy non-
eosinophilic pal:imrs."“'“"’ The plausible explanarion for a berer
prognosis in eosinophilic patents is that those padents benefit
from ICSs thar reduce the exacerbation rare. ™ """ Table 11
presents thresholds for elevated peripheral eosinophil counts
that were used in several clinical trials and their ability to identify
patents who could benefir from ICSs.

Recognition of eosinophilic infammarory pamern in patients
with QOPD has led to the hypothesis thar ICSs could be
effective in supressing airway inflammarion in patienss with
COPD with peripheral eosinophilia. Consequentdy, several post
hoc analyses of earlier studies on ICS efﬁc:u:y in patents with
COPD were performed. Pascoe e al"! showed thar only patients
with baseline eosinophil count greater than or equal w 2% had a
significant reduction in their annual modente to severe exacer-
bation rate when treated with ICS/LABA versus LABA mono-
therapy. The effect was even more pronounced in the groups
with blood eosinophils greater than or equal w 4% and greater
than or equal w 6%. In a post hoc analysis of the FORWARD
study by Siddiqui er al® an increasingly greater reduction in the
exacetbarion mre was found in pariens with higher blood
eosinophil count classified into quartiles. The reduction was
significant (P < .05) in padents in the third and fourth quartiles
(eosinophil count, 181.6-279.8 and >279.8/uL, respacﬁwzly}.“"]
The more recent analyses have confirmed that the beneficial ef-
fect of ICS/LABA compared with LABA inaeases with higher
eosinophil counes.” 7

Interestingly, the beneficial effect of ICSs on the exacerbarion
rate does not seem w be present in parientss who remained
eosinophilic after the course of oral |:|r\31:].ni50ne.'i'5 During a 3-
year observation, ICSs were shown o be ineffective in
reduding moderate to severe exacerbations in patients with severe
COPD and a relatively high eosinophil count (>2%) after a 2-
week oral prednisone treamment. In coneast, a signiﬁc:m[
reduction compared with placebo was observed when ICSs were
applied to patients with lower eosinophil percentage (<<2%).
Thar could suggest thar ICSs might be mainly effective in sus-
ceprible patients, in whom the cosinophil count decreased after
the omal corticosteroids.

Only a few wials assessed the effec of ICSs added o LAMA/
LABA on exacerbarion rare in padents with COPD: Informing
the Pathway of COPD Treamment (IMPACT, which did noc
exdude padents with a history of asthma),™ TRIBUTE," and
KRONOS™ (the larer 2 excluded patients with asthma). In the
IMPACT study, the reduction in the exacerbarion rare compared
with thar found in padents treated with LAMA/LABA was
greater in the miple therapy group regardless of the eosinophil
level.® The TRIBUTE tral, however, which enrolled patients
with more severe COPD compared with the IMPACT study,
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showed the reducion in moderate to severe exacerbadon rate
only in patents with blood eosinophils grearer than or equal w
2%, whereas in patients with eosinophils grearer than or equal
200 cells/uUL or those with lower eosinophil count (<2% or
<200 cells/uL) the difference was in.signiﬁc:am.r"D The moderare
to severe exacerbarion rare was a secondary outcome of another
wriple therapy mial—KRONOS.™ Although the study induded
symptomatic padenss with a low exacerbation rate in the pre-
ceding year (88% had <1 exacerbation), it showed thart patients
wirh blood eﬂsinophi].s grearer than 75 cells/pL treated with ICS/
LAMA/LABA had lower exacerbarion rares compared with those
treated with LAMA/LABA.*® Two different meta-analyses
assessed the efficacy of wiple therapy versus ICS/LABA® and
single (LAMA or LABA) or dual (LAMA/LABA) bronchodila-
tarion.”” Calzerra er al™ found thar the efficacy of ICS/LAMA/
LABA thempy versus ICS/LABA was nor affected by baseline
eosinophil counts. In contrast, the mera-analysis by Cazzola
et a” showed thar the additon of ICSs to bronchodilarors
provided benefits in eosinophilic patienss. ICSs as and-
inﬂamnumr}r agents have a po{enl:ia] to suppress airway
inflammarion® and, therefore, might have an additional effect in
patients with airway eosinophilia, contrary o LAMAs.

Imporandy, it has been demonstrated thar ICS withdrawal in
patients with COPD with blood eosinophils grearer than or
equal to 300 cells/tIL was assodated with a higher exacerbation
risk.”"® This was particulady pronounced in patdents with a
history of ar least 2 exacerbarions per }Yﬂlr.ﬂ However, more dara
are needed ro fully ascertain the safery of ICS cessation in selecred
patients with COPD.

Impact on FEV4

There were several studies thar compared lung function in
patients with COPD with higher and lower number of blood
cosinophils. In general, none of these studies showed signiﬁcan[
differences beoween these 2 groups in rerms of EEV,, 571
bronchial reversibility, or hyperinflation.” Similar findings
with regard o airway eosinophilia further support the hypothesis
thar there might be some dissociation berween the lung funcdon
and eosinophils in COPD.

The impact of ICS therapy on FEV, is unclear. Post hoc
analysis by Pavord er al™ showed thar ICSs did not improve
FEV) in parients with blood ecsinophil percentage greater than
or equal o 2%. However, Barnes et al” repomed thatr [CSs
reduced the rae of FEV, decline in pemistently eosinophilic
patients (>>2%). A recent study by Bafadhel et al®” showed that
the trearment with higher doses of ICS/LABA was associated
with a significant FEV; improvement in parients with COPD
with blood eosinophil count greater than or equal w 270 cells/pL
and no history of asthma and thar the effect was more pro-
nounced with increasing eosinophil levels. Similar results were
found by other authors, who demonstrated that in patients with
higher eosinophil blood levels ICS/LABA therapy was associared
with a more .signiﬁcam FEV, improvement than thar found in
patients treared with LABA alone.”™™ Of note, triple therapy
signifiantly improved prebronchodilaror FEV, in parients with
COPD with peripheral eosinophils greater than or equal w 150
cells/uL. and wichour a history of asthma.™®

In the recent SUNSET mial, the effect of the tearment
deescalation from the wriple therapy  dual bronchodilation was
assessed in rerms of the lung funcrion decline.”’ An imporant

finding in this study was thar nonfrequent exacerbarors withour a
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history of asthma bur with eosinophil count grearer than or equal
w 300 cells/UL. or greater than or equal to 2% had a greater
reducrion in postbronchodilaror FEV, after ICS cessation in
comparison to patents who continued ICS therpy. In contmst,
the study showed thar parients with lower eosinophil counts had
no decline in FEV; after ICS withdrawal.

Quality of life

Although the quality of life has been measured in several rrials
evaluating the efficacy of 1CSs in patients with COPD, only a
few of them aimed to relate the results to the blood eosinophil
level."*#***7 Blood eosinophil percentages were not found w
be associared with symprom level in the Clinial COPD
Questionnaire score and neither higher nor lower eosinophil
percentages (<2% and >2%) were relared to the change in the
Clinical COPD Questionnaire or SGRQ) scores during ICS
treatment.' """ However, when absolute cosinophil counts were
considered, the clinically important differences in the health
starus berween patients treated with ICS/LABA versus LABA
were found ar higher eosinophil levels in favor of ICS/
LABA.***" In the analysis by Siddiqui er al® of the FOR-
WARD study, the SGRQ) score was modeled over a continuous
range of eosinophils (0-1000 cellsul). The authors demon-
strated thar a threshold for improvement in the SGRQ score in
ICS/LABA versus LABA arms was 67 eosinophils/L and pa-
tents using [CS/LABA had greater improvements with higher
ensinophil counts.

ICS and the risk of pneumonia

Despite the apparent efficacy of ICSs in reducion of the
exacerbarion rate in patdents with eosinophilic COPD), it has
been shown thar ICSs have a major drawback—an increased risk
of pneumonia“z'?z'”—whid'l seems o be present irrespective of
the blood cosinophil level.”" Thus, even in patients with COPD
with blood eosinophilia, the positive effects of ICS therapy
should be carefully weighed against the risk of pneumonia. In
this context, the exacerbation rate and their severity play a major
mle. In an editorial by Suissa and Emst,wl the authors suggest
thar the exacerbarion risk associared with nor applying 1CSs
ourweighs the ICS-related risk of pneumonia only in patents
with blood eosinophils greater than 4%. Bearing thar in mind, it
is reasonable w consider other therapies not conraining ICSs in
the trearment of easinophilic COPD. For example, LAMAs were
shown w be equally effective as ICS/LABA, the latter being
superior only in patents with high blood eosinophil count (>4%
or =300 cells!].lL)_?s Moreover, the FLAME study demonstrared
thar dual bronchodilaton (LAMA/LABA) was superior o [C5/
LABA in terms of reducing the annual exacerbarion rate and
prolongarion of the interval w the first moderate o severe
exacerbation in both patients with higher (>2%) and lower
(<2%) blood ensinophil count. 70

However, itis unclear whether elevared blood eosinophil levels
in padents with COPD are associared with pneumonia suscep-
tbility independendy of ICSs. In a study by Vedel-Krogheral,”
blood eosinophilia (340 cells/UL) in patents with COPD with
predicted FEV, less than 50% was associared with a higher risk
of pneumonia. The risk ceased to be significant after exclusion of
patients using [CSs. Moreover, in patdents with predicted FEV,
greater than or equal to 50% and blood eosinophilia, there was a
mend toward signiﬁc:mce in diminishing the risk ofpneumoni.a,
suggesting thar eosinophils mighr have, in fact, a protective
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role.”™ OFf note, ICS-related preumonia in patients with COPD

is not assodated with increased m-nrl.‘l]iq.r_'_"J

COULD ASTHMA BIOLOGICS BE EFFECTIVE IN
EOSINOPHILIC COPD?

Because eosinophils might play a role in COPD pathogenesis,
it has been investigared whether asthma biologics rargeting eo-
sinophils could be effective in COPD. Clinical trials tw date have
smdied the efﬁc:lq.? of several mAbs in COPD: and—IL-5
(mepolizumab), anti—IL-5 recepror (benralizamab) and anii-
—IL-13 (lebrikizumab).

The analysis by Pavord et al®™ of 2 wials, METREX and
METREQ, aimed w evaluare the efﬁcaqr of mepolizumab as an
add-on t mwiple therapy in parients with eosinophilic COPD
with exacerbadon history. Eosinophilic COPD was defined as
having greater than or equal @ 150 blood eosinophils/|IL at
baseline or grearer than or equal to 300 blood eosinophils/uL in
the previous year. Sudy participants were randomised to receive
100 mg mepolimumab or placcho in the METREX study and
100 mg mepolizumab, 300 mg mepolizumab, or placebo in the
METREOQ smdy. The primary end point, thar is, the reduction
in the exacerbaton rate, was mer only in the METREX study
(annual exacerbarion rae was 1.40 in the mepolizumab group
and 1.71 in the placebo group; rate rado, 0.82; 95% CI, 0.68-
0.98; adjusted P = .04). In the METREQ smdy, the reduction
in exacerbation rate was nor found to be significant (annual
exacerbation rate was 1.19 in the 100 mg mepolzumab group,
1.27 in the 300 mg mepolizumab group, and 1.49 per year in the
placebo group).

In a pospectve study by Brighting et a],m benralizumab was
shown ro reduce eosinophil numbers in blood and spurum in
patents with moderate to severe COPD with no history of
asthma The smdy populaton included padentss who had
sputum ecsinophilia (3% and had atleast | moderate to severe
exacerbation in the year preceding the study onser, regardless of
the underlying inhaled therapy. Although the reducton in
eosinophil levels did not lead w a reducrion in the exacerbation
rare, an improvement in both prebronchodilaror and post-
bronchodilator FEV, was observed in the group treared wich 100
mg benralizumab versus placebo. In more recent GALATHEA
and TERRANOWVA swmdies, benralimumab or placcho was
administered to patdents with COPD wirth moderare o severe
aiflow limitadion and exacerbation history who were on dual or
triple inhaled l]'l-er:q:vj.r_HE In a pooled post hoc analysis of those
studies, 30 mg and 100 mg benralizumab was shown o be
ineffective in reducing the annual exacerbation rate in patients
with elevated eosinophil count (>220/pL). However, further
explomation of possible cochamacteristics has identified subgroups
that could benefir from wearment with benralizumab. It was
observed thar in parients with elevared eosinophil count who had
1 of the following: (1) ar least 3 exacerbarions in the previous
year, (2) post-FEV, less than 40% predicted values, or (3)
postbronchodilator response grearer than or equal to 15%, 100
mg benmalizumab signifiantly reduced the exacerbation rare
versus placebo. In contrast, a lower dose of benralizumab (30
mg) showed no such earment effect. However, the findings
from GALATHEA and TERRANOVA swmdies need to be tested
prospectively.

Lebrikizumab has been assessed in patents with COPD with
exacerbations  despite  ICS  mearment  (NCT02546700).
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However, preliminary data suggest that it does not have an effea
on exacerbarion rate versus planebo.“3 Srudies that investigared
other mAbs, thar is, anti—IL-4 and ant—IL-13 (dupilumab) and
ant—IL-33, are still ar recruimment stage.

The results of the thals with biological themapies give us
further insight into the potential rle of eosinophils and show the
complexity of the association berween eosinophilic ai
inflammarion and a clinical course of COPD. The benefir of
ant—IL-5(R) thempy in exacerbadon reductdon was not
consistent berween the studies and generally, blood eosinophil
counts per se had poor predicability of good outcomes with
biological therapies. It seems that some additional factors might
impact the efﬁclcy of those therapies in patients with eosino-
philic COPD, for example, frequent (>3 per year) exacerbations
or poor lung function. Moreover, it is possible thar response
biologics could depend on eosinophil activaton sams.

PERSPECTIVES AND SUMMARY

In recent years, eosinophils have gained a considerable interest
as one of the impomnant facrors involved in COPD pathogenesis
and as a potendal biomarker. It is siill largely unknown why only
a cermin proportion of parients with COPD have eosinophilic
airway inflammartion and how eosinophils impact the coure of
the disease. The subpopulations identified as potendally
benefiting need to be prospectively studied.

It seems thar the role of eosinophils in COPD pathogenesis is
different from thar in asthma. Further studies should nor only
consider eosinophil levels in different comparmments when
assessing airway inflammation bur also address the actdvarion
starus or phenorypes of pulmonary eosinophils, which might be
the key to better understanding of the role of these cells in
COPD. It seems important to compare the levels of different
eosinophil phenotypes in the airways, as well as in the peripheral
blood, in eosinophilic COPD} and asthma. Moreover, it is un-
known how ICSs impact eosinophils in patents with COPD. It
was shown thar ICSs have a small impact or none on the pe-
rpheral eosinophil counts. Blood eosinophils are varable over
time and are affecred by various facrors, yet it appears thar
elevared ensinophils could reliably predict the profile of frequent
COPD exacerbarors who benefir from [CSs.
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Abstract: Different eosinophil subpopulations have been identified in asthma and other eosinophilic
disorders. However, there is a paucity of data on eosinophil subpopulations in patients with chronic
obstructive pulmonary disease (COPD). The aim of this study was to compare eosinophil phe-
notypes in blood and induced sputum in patients with COPD, asthma and controls. Stable pa-
tients with mild-to-moderate COPD (n = 15) and asthma (n = 14) with documented blood eosinop-
hilia >100 cells/ pL in the year prior to the study and the control group (n = 11) were included to
the study. The blood and sputum eosinophil phenotypes were analyzed by flow cytometry. IL-5,
IL-13, CCL5 and eotaxin-3 levels were measured in the induced sputum. The marker expression on
blood eosinophils was similar among control, asthma and COPD groups. The expressions of CD125,
CD193, CD14 and CD62L were higher on blood than on sputum eosinophils in all three groups. We
found increased levels of CD193+ and CD66b+ sputum eosinophils from COPD patients, and an
elevated level of CD11b+ sputum eosinophils in asthma compared to COPD patients. The results of
our study suggest that the profile of marker expression on COPD sputum eosinophils differed from
other groups, suggesting a distinct phenotype of eosinophils of COPD patients than in asthma or
healthy subjects.
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1. Introduction

Eosinophils are crucial in the development of allergies and other inflammatory con-
ditions, and in fighting parasitic infections. Eosinophils originate from the bone marrow
and migrate through the bloodstream to different organs and tissues, e.g., lymph nodes,
gastrointestinal tract, spleen and lung [1,2]. Eosinophil maturation, migration and recruit-
ment are regulated by cytokines and chemokines produced locally at inflammation sites:
eotaxin-1, -2, -3; interleukin (IL)-4, IL-5, IL-33; granulocyte-macrophage colony-stimulating
factor (GM-CSF); regulated on activation, normal T-cell expressed and secreted (RANTES);
and surface adhesion proteins (e.g., complement receptors CR3-CD11b/CD18 or L-selectin—
CD62L) expressed on eosinophils [3,4]. Under certain conditions, e.g., in response to
allergens or parasites, the production of mediators attracting eosinophils is enhanced by T
helper type 2 (Th2 cells), leading to eosinophil infiltration of the tissue [3,5]. In some cases,
the eosinophilic inflammation may become uncontrollable through the activity of factors
promoting survival or inhibiting apoptosis (IL-3, -5, GM-CSF, alarmins) [6-8], and increased
eosinophil recruitment. Eosinophilic inflammation is the cornerstone of the pathogenesis of
asthma, chronic rhinosinusitis and eosinophilic esophagitis [3]. The prolonged eosinophil
accumulation in the airways leads to uncontrolled eosinophil degranulation and the re-
lease of cytotoxic proteins (major basic protein (MBP), eosinophil cationic protein (ECP),
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eosinophil peroxidase (EPX), eosinophil-derived neurotoxin (EDN)) from granules and,
consequently, airway epithelium damage and impairment.

Elevated eosinophil levels are found in around one-third of COPD patients [9]. The
exact role of eosinophils in COPD remains unknown but it has been shown that in-
creased eosinophil levels are associated with better treatment response to inhaled corticost-
eroids [10-12]. However, inhaled corticosteroid therapy in eosinophilic COPD patients is
not as effective as in asthma [13].

Further discrepancies between COPD and asthma have been observed when evaluat-
ing treatment responses to therapies directed against IL-5, which have been shown to be
effective in severe eosinophilic asthma [14]. However, the effectiveness of IL-5 biologics in
eosinophilic COPD patients was found to be worse than in asthma [15]. On the other hand,
the results of the recent BOREAS trial have shown that dupilumab, a monoclonal antibody
blocking the shared receptor component for interleukin-4 and interleukin-13, is effective
in both eosinophilic COPD and asthma patients [16]. We hypothesize that the molecular
regulation of eosinophil function differs in these two obstructive lung diseases.

Some authors identified different eosinophil subpopulations in asthma and other patho-
logical conditions [2]. Sputum eosinophils of asthma patients were CD62LIew ] -3Rhish while
in non-asthmatic patient lungs, eosinophils were CD62L + IL-3R'" [17]. Differences
were also observed between circulating and airway eosinophils, suggesting distinct acti-
vation states. CD11b, CD18 and CD29 (Integrin beta 1) were upregulated while CD193
(CC-chemokine receptor 3, CCR3), CD125 (Interleukin-5 receptor alpha) and CD62L were
downregulated in local airway eosinophils compared to systemic blood eosinophils [18].
However, there is a paucity of data on eosinophi] subpopulations in COPD patients. We
hypothesize that eosinophils in COPD and asthma differ in their surface marker expression.
Therefore, the aim of this study was to assess eosinophil phenotype variants in the blood
and in the induced sputum of COPD, asthma and control subjects.

2. Materials and Methods
2.1. General Study Design and Participants

Stable patients with mild-to-moderate COFPD or asthma, presenting to the outpatient
clinic at the Department of Internal Medicine, Pulmonary Diseases and Allergy of the
Medical University of Warsaw from October 2020 to February 2022, were enrolled in the
study. The study was approved by the ethics committee of the Medical University of
Warsaw (KB/62/A /2020). All participants provided informed consent. This study was
registered on ClinicalTrials.gov, number NCT05398133.

Inclusion criteria for the COPD group were as follows: (1) age 40 years and over;
(2) diagnosis of COPD based on past medical history, history of smoking > 10 packyears,
typical signs and symptoms [19] and irreversible airway obstruction found in spirome-
try (z-score of the post-bronchodilator FEV1/FVC below —1.645 [20]); (3) blood eosino-
philia > 100 cells/uL in the year prior to the study.

Inclusion criteria for asthma were as follows: (1) age 18 years and over; (2) diagnosis
of asthma based on past medical history, typical signs and symptoms and demonstration
of variable expiratory airflow limitation [21]; (3) a negative smoking history; (4) blood
eosinophilia > 100 cells/uL in the year prior to the study.

Patients were excluded if there was a documented current or previous history of
asthma (for COPD patients) or COPD diagnosis (for asthma patients); history of any
other chronic lung disease, autoimmune and hemato]ogical diseases, malignancies, severe
cardiovascular diseases; COPD or asthma disease exacerbation requiring treatment with
systemic corticosteroid and/or antibiotics in the past 3 months; biological treatment (e.g.,
mepolizumab); history of using immunosuppressives; or current helminth infection.

Control subjects were matched by age and gender to the study groups and were
recruited among volunteers with normal spirometry who had no lung condition, hemato-
logical or malignant disease, and had no respiratory tract infection in the past3 months.
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Clinical and demographic data (including exacerbation history, comorbidities, medica-
tion) were collected during the visit. COPD patients performed the COPD Assessment Test
(CAT) and modified Medical Research Council (mMRC) dyspnea scoring, while asthma
patients completed the Asthma Control Test (ACT). Spirometry was performed according
to the ATS/ERS guidelines [22]. Atopy was diagnosed when either at least one skin prick
test for inhalant allergens was positive (a mean wheal diameter > 3 mm) or the specific IgE
level for inhalant allergens was over 0.35 kU/L.

2.2. Blood and Sputum Sampling and Processing

Venous blood was taken for measurement of a full blood count, serum C reactive pro-
tein (CRP), total immunoglobulin E (IgE), inhalant allergen panel, cytokine measurements
and flow cytometry. Peripheral blood mononuclear cells (PBMCs) and granulocytes were
isolated from freshly drawn venous blood (9 mL collected in EDTA tube) by Lymphoprep
(StemCell, Vancouver, BC, Canada) centrifugation according to manufacturer protocol.

Sputum induction was preceded by inhalation of 400 pg of salbutamol. Then, inhala-
tions of sterile hypertonic saline (NaCl) were applied at increasing concentrations (3, 4, and
5% solutions) via an ultrasonic nebulizer (ULTRA-NEBTM2000, DeVilbiss, Somerset, PA,
USA) following ERS recommendations [23]. The induced sputum samples were processed
as described previously [24].

2.3. Assessment of Surface Receptor Expression by Flow Cyfometry

Cells were stained with antibodies against the surface binding molecules: CD45
(mouse anti-human APC-H7, cat. no. 641408), CD16 (mouse anti-human BV510, cat.
no. 563830), CD125 (mouse anti-human BV421, cat. no. 743927), CD193 (mouse anti-human
PE, cat. no. 558165), CD62L (mouse anti-human BV605, cat. no. 562719), CD66B (mouse
anti-human PerCP-Cy5-5, cat. no. 562254), CD11B (rat anti-human APC, cat. no. 564985)
and CD14 (mouse anti-human Alexa Fluor 488, cat. no. 557700) (BD Biosciences, San Jose,
CA, USA) in BD Horizon Brilliant Stain Buffer (BD Biosciences, San Jose, CA, USA), and
incubated for 20 min in the dark at room temperature. Cells were analyzed on a FACS
Celesta flow cytometer (BD Biosciences, San Jose, CA, USA) equipped with blue (488 nm),
violet (405 nm) and red (640 nm) lasers. Unstained cells and compensation beads (BD
Biosciences, San Jose, CA, USA) were used to set voltages and create single-stain negative
and positive controls. Compensation was set to account for spectral overlap between the
seven fluorescent channels used in the study. The cut-off gating for negative populations
was determined using fluorescence minus one (FMO) (a sample that has been stained with
all fluorophores except one) controls (Figure 1A). Samples were examined by side scatter
area (SSC-A) vs. forward scatter area (FSC-A), then using forward scatter height (FSC-H)
vs. FSC-A to select single cells, eliminating debris and clumped cells from the analysis.
At least 50,000 cells in the target gate were collected. The eosinophils were identified
as SSChi, CD45+ and CD16— cells. In the first step, each marker (CD125, CD193 CD14,
CD11b, CD62L, CD66b) was analyzed separately in each group. Next, the eosinophil
subpopulations were characterized by the expression of the following pairs of markers:
(1) CD125 and CD193, (2) CD14 and CDT11b, (3) CD62L and CD66b. BD FACS Diva 8.0.1.1
software was used for data analysis. The scheme of the gating strategy for blood and
sputum is presented in Figure 1B,C.

44



Cells 2023, 12,1631

40f13

FSCH

FSC-H

S5CA4

L
< T
g g 3
@ o 4
e
ol i ¢ v
W't W e ‘WZ '1,‘71,"
APCHT-A Alexa Fluor 488-4 APC-RT00A
w0
3 3 - g 3
H G am H 2
ol
T T T o T T T hl
w0 ' W ow 0t e o ' a0? 0’! 10’ '’ e
BV510-A BVEO5-A PE-A PercP-Cys 5-A
ANTIGEN APCHT ALEXAFLUOR  [APC-R700 | Bva2l BYSI0  [BWEDS | FE POrCFCys-5
Az
APC-HY C0a5 -~ P - a €018 L0125 €h1s D62l o193 | (06658
ALEXAFLUOR4EECD14~ a5 CD11B €D125 €015 CD6zL CD193 CD&68
FLO
APC-RIGOCD116 - FMO 1045 w14 - D125 01e Dozl [CD193 | CDecB
BYA1 L0125 FMOD 05 14 0118 E 016 D6zl [CD193 | CDa6B
BYS10C016 -FMO L0as 014 0118 D125 = CD52L  |CD193 | CDsBB
BYEDS CD6 2L~ FRIC L5 14 0118 0125 s - [SLEE] [RALLL)
PECD193-FMO ©Das 14 CD11B D125 €016 CD6IL CD558
PerCP-Cy5-5 CDGGE-FMO | CD45 14 CD11B D125 16 CD&iL | cp193

[La]
w
2
E
S
-
i
=
o
2
FSCA [
SPUTUM
wt
—_
a0 =
o
singiets w
an o 2
S
g
0 g
=
ol
0 =
. ot

FSCA

SSC-A

a0 o

a0

ame

200 =

EV510-A CD16

0
€00 -

L3

iy

I

@
an -
2004
[]

acsinophil “noutrohils

BVS10-A CD16

Figure 1. The gating strategy. (A) Fluorescent minus one (FMO) (B) blood, (C) sputum. Legend:

Fluorescence minus one (FMO) controls for the experiment. FMO controls were prepared without

adding a particular fluorophore-conjugated isotype control antibody, as shown in the table below.
Gating strategy: Obtained events were gated in an FSC-A vs. FSC-H intensity dot plot to eliminate
doublets. Leukocytes were gated on CD45+ vs. FSC. Granulocytes were selected as cells with high
FSC and high SSC. The eosinophils were selected from granulocytes as CD16- cells. FSC: forward
scatter, SSC: side scatter.
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2.4. Protein Analysis in Induced Sputum

Sputum cytokine and eotaxin levels were measured by using ELISA kits (R&D Sys-
tems, Minneapolis, MN, USA) according to the manufacturer’s instructions. The minimal
detectable concentrations were as follows: IL-5 (0.29 pg/mL), IL-13 (13.2 pg/mL), RANTES
(2.0 pg/mL), eotaxin-3 (0.215 pg/mL).

2.5. Statistical Analysis

Statistical analyses were performed using Statistica 13.3 software (StatSoft Inc., Tulsa,
OK, USA) and GraphPad Prism software (version 9.3.1) (GraphPad Software, Inc.,
San Diego, CA, USA). Data are presented as median and interquartile range (IQR) or
number and percentage. Differences between continuous variables in 3 groups were
tested using the Kruskal-Wallis test and between 2 groups using the nonparametric Mann—
Whitney U test. For the comparison of surface marker expression between blood and
sputum eosinophils, the Wilcoxon matched pairs test was used. Fisher’s exact test was
used to test the differences between nominal variables. Correlations between variables
were analyzed with Spearman’s rank test. A p-value of less than 0.05 was taken as the
threshold of statistical significance.

3. Results
3.1. Patient Characteristics

In total, 11 controls, 14 asthmatics and 15 COPD patients were recruited to the study;
blood and induced sputum were collected from all study participants (Figure 2). Patients’
characteristics are presented in Table 1. COPD patients were significantly older than asthma
patients, but there were no differences in age between COPD patients and controls and
between asthma and control subjects. Among COFPD patients, 5 were ex-smokers and
10 were current smokers. In the control group, five patients were smokers. Both asthma
and COPD patients were mildly to moderately symptomatic; the median ACT and CAT
scores were 20 (14-23.5) and 14 (8-21) for asthma and COPD patients, respectively. At the
time of the study, two patients with COPD and five patients with asthma received low-
dose ICS.

Quality and quantity material

verification
Blood
m 1 Blood n =10
Healthy controls n=11
n=11 Sputum
— — Sputumn =8
n n=11
=
g Blood
E . — Blood n =11
5 3 Asthma n=14
2 [T -
B n=14 Sputum
=] — — Sputumn =9
4 n=14
51
U
= Blood
o — Blood n =14
COPD n=15
n=15 Sputum
— — Sputumn =13
n=15

Figure 2. The flowchart of patients’ recruitment and study scheme. Forty patients were recruited;
all patients had undergone blood sampling and sputum induction. Overall, 5 blood samples were
not taken into FACS analysis because of low eosinophil levels and 10 sputum samples because of
poor sputum quality (>20% of squamous cells, low number of cells) or low eosinophil levels. Blood
samples were excluded if there were no eosinophils present in flow cytometry. The sputum was
excluded if (1) the percentage of squamous cells was >20%, (2) there was a low number of cells
isolated from sputum < 1 x 10° or (3) there were no eosinophils in flow cytometry.
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Table 1. Patients” characteristics.
Variable Control (n=11) Asthma (n = 14) COPD (n=15) p-Value
Age (years) 58 (35-63) 46 (39-61) 64 (55-72) 0.046
BMI (kg/m?) 28.3 (24.1-32.3) 26 (23-32.5) 275 (23-32) 0.832
Females, 1 (%) 6 (55%) 10 (71%) 6 (40%) 0.47
Atopy, n (%) 5 (45%) 10 (71%) 4(27%) 0.049
FEV; (% pred.) 89 (86-102) 89 (84-95) 66 (59-84) 0.002
FEV1/FVC% 71 (70-78) 74 (64-76) 53 (41-62) <0.001
COPD severity according to GOLD 2020
GOLD A, n (%) n/a n/a 4(27%)
GOLD B, n (%) n/a n/a 10 (68%)
GOLDC, 1 (%) n/a n/a 1 (7%)
Asthma severity according to GINA 2019
GINA 1, 1 (%) n/a 9 (64%) n/a
GINA 2, 11 (%) n/a 2 (14%) n/a
GINA 3, 11 (%) n/a 3(21%) n/a
Total IgE (IU/mL) 73.6 (11.3-270.1) 49.2 (33.6-150.1) 30.7 (8.8-79.5) 0.848
CRP (mg/L) 29(2.5-3.2) 2.5 (0.4-4.7) 1.9 (0.85-3.8) 0.834
Blood eosinophil count (cells/uL) 171 (55-185) 219 (137-390) 175 (127-282) 0.554
Blood eosinophil (%) 2(1-2) 3(4-7) 2(1-5) 0.019
Sputum eosinophil (%) 1(0-1) 1(0-1) 1(0-1) 0.88

Data are presented as median (IQR) or number (percentage). Abbreviations: COPD—chronic obstructive pulmonary
disease, CRP—C-reactive protein, FEV;—forced expiratory volume in one second, [gE—immunoglobulin E.

3.2. Expression of CD125, CD193, CD62L, CD66b, CD14, CD11b on Sputum and
Blood Eosinophils

Data on the total percentage of sputum and blood eosinophils with surface CD125,
CD193, CDe2L, CD66b, CD14 and CD11b expression in COPD, asthma and control subjects
are presented in Figure 3. The profiles of blood and sputum eosinophils differed signif-
icantly. We found that blood eosinophils were characterized by increased expression of
CD125+, CD193+, CD62L and CD14+ compared to sputum cells in all evaluated groups,
suggesting the changed phenotype of eosinophils after recruitment into the airway. Inter-
estingly, the expression of CD11b was increased on sputum 99.4 (98.8-100.0)% compared
to blood 96.9 (82.6-98.8)% eosinophils (p = 0.002), but only in the asthma group. The
expression of CD66b remained the same in systemic and airway eosinophils, implying the
important role of CD66b as a unified eosinophil marker.

We found that the profile of marker expression on COPD sputum eosinophils differed
from other groups. We showed an increased percentage of CD193+ sputum eosinophils
from COPD patients compared to controls (48.1 [29.8-69.3]% vs. 18.7 [11.6-32.8]%, respec-
tively, p = 0.028), a higher proportion of CD66b+ sputum eosinophils in COPD subjects
compared to controls (67.9 [59.9-75.7]% vs. 39.1 [25.6-58.4]% and in asthma compared
to controls (p = 0.024), respectively, p = 0.036), and a decreased level of CD11b+ spu-
tum eosinophils in COPD compared to asthma (97.9 [96.6-99.1]% vs. 99.4 [98.9-100]%,
respectively, p = 0.009).
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Figure 3. The comparison of CD125, CD193, CDé62L, CD66b, CD14, CD11b expression on eosinophils
inblood (1 = 10, 11, 14) and sputum (1 = 8, 9, 13) of control, asthma and COPD subjects. The data are
presented as median (column) and individual data. Statistical significance between study groups was
labeled as * for p-value < 0.05; ** p-value < 0.01; *** p-value < 0.001.
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Eosinophil phenotype analysis based on the expression of CD193 and CD125. Blood
and sputum eosinophils in all three groups were characterized by the predominance of
the CD193+CD125+ profile. Interestingly, we found a decreased level of CD193—-CD125+
sputum eosinophils in COPD compared to controls (Figure 4).
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Figure 4. The distribution of blood (1 = 10, 11, 14) (A) and sputum (B) (n = 8, 9, 13) subpopulations of
eosinophils defined by the expression of CD193 and CD125 in control, asthma and COPD groups.
The data are presented as median (column), interquartile range (IQR) (whiskers) and individual
data (points). Statistical significance between study groups was labeled as * for p-value < 0.05;
** p-value < 0.01; *** p-value < 0.001; **** p-value < 0.0001.

3.3. Cytokine and Eotaxin Concentrations in Sputum Samples
Protein sputum levels are presented in Table 2. There were no differences in concen-
trations of IL-5 and eotaxin-3 among the groups.
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Table 2. Sputum cytokine concentrations in control, asthma and COPD subjects.

Control (1 =9) Asthma (n=12) COPD (n =14) p-Value
IL-5 (pg/mL) 1.95 (1.61-2.27) 1.84 (1-1.99) 2.16 (0.91-2.91) 0.48
Eotaxin-3
0.22 (0-0.6 0(0-0.13 0.26 (0-0.7 0.17
g/ mD) (0-0.6) (0-0.13) (©-07)
IL-13 (pg/m) 0 (0-0) 0(0-0) 0(0-0) 0.95
CCL5 (pg/mL) 0 (0-0) 0(0-0) 0(0-0) 0.09

3.4. Correlations between Th2 Inflammation Biomarkers and Eosinophil Phenotype

There was no correlation between blood and sputum eosinophils and IL-5 and eotaxin-
3 concentrations in any of the examined groups.

We found no correlations between sputum IL-5 concentration and CD125 expression
on sputum or blood eosinophils and between sputum eotaxin-3 concentration and CD193
expression on sputum or blood eosinophils. Moreover, there was no correlation between
either IL-5 or eotaxin-3 and CD125+CD193+ eosinophil subpopulation percentage in any of
the examined groups.

Total IgE level correlated with sputum CD125—CD193+ eosinophil percentage in
the whole group (r = 0.44, p = 0.041). There was a strong correlation between IgE level
and sputum CD125 expression in the asthma group (r = 0.79, p = 0.036) which was not
found in COPD or controls. IgE level did not correlate with TL-5 or eotaxin-3 concentra-
tions or the expression of CD193 on sputum and blood eosinophils in asthma, COPD or
control subjects.

4. Discussion

This study is, to our knowledge, the first that analyzed eosinophil subsets in the blood
and sputum of COPD patients and compared them to asthma and control subjects. We
found that the expressions of CD125, CD193, CD14 and CD62L were higher on blood than
sputum eosinophils. We discovered a higher number of sputum CD193+ eosinophils and
CD66b+ eosinophils in the COPD group compared to controls and CD11b+ eosinophils
compared to the asthma group. The results of our study suggest different profiles of
polarization of tissue and systemic eosinophils and a distinct phenotype of eosinophils in
COPD patients compared to asthma or healthy subjects.

The eosinophil recruitment from systemic circulation to the local site of inflammation
requires a series of biochemical and immunological changes in cells manifested by the
expression of different surface receptors. The results of our study showed different profiles
of surface markers between the blood and sputum eosinophils—we found an increased
number of CD125+, CD193+, CD62L+ and CD14+ blood eosinophils compared to sputum
eosinophils. Moreover, blood eosinophils’ marker expressions were similar across all
three groups, suggesting that circulating eosinophils exhibit a low a priori activity level,
irrespective of the pathological or normal conditions. Eosinophil activity in the airways
depends on the stimulation of cytokines, mediators and antigens located in the lung,.
However, we found that different eosinophil subpopulations are present already in the
blood, which is consistent with findings from another study [17].

The changed expression of surface markers on sputum eosinophils might reflect
their increased activity under both normal and pathological inflammatory conditions [25].
According to our observations, bronchial eosinophils of COPD patients are characterized
by a higher CD193 and CD66b expression compared to controls and CD11b expression
compared to asthma. We believe that the local airway environment modulates the degree of
activation of these cells. Upon reaching the airways, the eosinophils come into contact with
locally produced mediators and become activated. The primed eosinophils in the airways
participate in keeping the lung immune homeostasis and host defense [18]. These tasks are
performed by a rapid eosinophil degranulation and the release of cytotoxic proteins and the
formation of extracellular eosinophil traps which have the ability to control extracellular
pathogens [26].
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We observed that both CD193 and CD125 were highly expressed on blood eosinophils
compared to sputum eosinophils in controls, COPD and asthma patients. The lower CD193
expression on sputum eosinophils initiated eotaxin-induced CD193 internalization and
eosinophil activation in the airways [7]. Interestingly, sputum eosinophils in COPD patients
had a higher expression of CD193 compared to controls. This finding is consistent with
other studies that showed significantly greater proportions of airway cells expressing
CCR3 in COPD and exacerbated chronic bronchitis patients compared with non-smoking
controls [27,28]. The exact role of CD193 and CD125 in the pathogenesis of COPD remains
unclear. It has been suggested that oxidative stress related to prolonged tobacco smoke
exposure stimulates the Th2-like response in COPD pathobiology [29]. In a murine model
of asthma, cigarette smoke induced allergic inflammation and was associated with delayed

tolerance to inhalant antigens [30]. Cigarette smoke exposure alters the balance between
Thl and Th2 CD4+ T cells in the lung, which is mediated by lipocortin 1 [31]. The Th1 to Th2
shift promotes allergic sensitization whereas Th1l augmentation induces the development of
emphysema [31]. In our study, the known eosinophil chemoattractants IL-5 and eotaxin-3
were found at similar levels in COPD, asthma and control subjects and did not correlate with
CD125 and CD193 expression, respectively, suggesting other than the classical Th2-related
pattern of eosinophil activation in the airways of COPD patients. Although no correlation
between IL-5 and sputum eosinophils in asthma was found in other studies [32,33], sputum
eotaxin-3 levels significantly correlated with sputum eosinophil counts in severe asthmatic
patients [34]. This discrepancy between our results and other studies may be due to the
difference in disease severity (no severe asthma in our study), as well as different cut-off
points for the definition of eosinophilia (100 cells/uL vs. 300 cells/ uL)

CD62L and CD11b are both adhesion molecules that participate in the migration of
blood granulocytes to the place of local inflammation in the tissue [35]. CD62L has been
shown to be downregulated on sputum eosinophils in asthma and healthy subjects [25,36].
Low CD62L expression was found on activated (“inflammatory”) eosinophils [17], which
suggests that primed eosinophils lose their ability to migrate to other tissues. The CD62L
is detached intravasally before granulocytes migrate from the blood to the airways [37].
Our results confirm that CD62L is shed from eosinophils migrating into the airways also in
COPD. However, we did not find any differences in eosinophil CD62L surface expression
between COPD, asthma and controls, indicating that altered expression of CD62L is not
specific to airway inflammation in obstructive lung diseases. The downregulation of CD62L
coincides with the upregulation of CD11b on activated granulocytes [25,35,37]. In our study,
we only found increased expression in sputum eosinophils of asthma patients. Of note, the
expression of CD11b on blood eosinophils was already high in all groups, which is a sign
of eosinophil maturity [38] and suggests that circulating eosinophils are already primed.

The results of our study revealed that CD66b, a surface molecule involved in regulat-
ing the adhesion and activation of eosinophils [39], had a higher expression on Spﬁtum
eosinophils of COPD and asthma patients compared to controls. The upregulation of
CD66b in COPD and asthma might be caused by airway microbiome dysbiosis since a
higher expression of CD66b on leukocytes has been linked to the homotypic clustering
of cells during Gram-positive sepsis [40]. The cross-linking of CD66b by a natural ligand
(galectin-3) causes tight cellular adhesion and clustering of CD11b and induces eosinophil
effector functions [39]. Although we did not find any significant differences in the expres-
sion of CD66b between blood and sputum eosinophils, other authors found that CD66b was
upregulated on sputum eosinophils in asthma [25]. In a recent study, CDé66bMERC 1 5hieh
eosinophil levels correlated with blood eosinophil number and IL-5 levels in sputum in
allergic asthma with airway eosinophilia [41]. The increased CD66b expression in asthma
probably reflects the inflammatory state of eosinophils; however, the role of CD66b in
COPD eosinophils needs further evaluation.

The results of our study do not explain the differences in the response to the therapy
with anti-IL5 biologicals between COPD and asthma patients, as the CD125 (IL-5 receptor)
level was similar in both diseases. However, the differences in phenotypes between sputum
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eosinophils in the examined groups might indicate the future direction of personalized
therapy in COPD and asthma, e.g., with CCR3 monoclonal antibody.

Our study has some limitations. The analysis of blood and sputum eosinophils in
humans has many obstacles which have also been noted by other authors [42], e.g., small
amounts of eosinophils compared to other cell types and eosinophil level variability. We
included patients on the basis of blood eosinophilia, and all patients but one had low
sputum eosinophils counts (<3%). Therefore, we could not characterize the phenotype
of eosinophils in COPD patients with a marked sputum eosinophilia and compare it to
those with low sputum eosinophil counts. This shortcoming could be limited by including
patients based on sputum eosinophilia since blood and sputum eosinophil levels are not
correlated [9]. It would also be interesting to study eosinophil phenotypes of severe COPD
and asthma patients and to compare them with patients with mild-to-moderate disease.
However, severe COPD and asthma patients are often treated with steroids which suppress
inflammation. Moreover, we did not evaluate clinical features related to the Th2 pathway,
such as bronchodilator responsiveness and fractional exhaled nitric oxide, which could
have provided more insight into the study groups and the relationship between clinical
and cellular data. Finally, we are aware that the study groups are relatively small. Despite
the small study size, we found significant differences in eosinophil phenotypes between
the study groups.

5. Conclusions

In conclusion, the results of our study suggest different profiles of polarization of
airway and systemic eosinophils. The results of our study suggest distinct phenotypes of
airway eosinophils in COPD compared to asthma and control patients.
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Transcriptional profiles of peripheral eosinophils in chronic
obstructive pulmonary disease and asthma—An exploratory
study
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University of Warsaw, Warsaw, Poland The role of eosinophilic inflammation in the pathogenesis of chronic obstructive pul-
Correspondence monary disease (COPD) remains ambiguous and likely differs from its role in asthma.
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and Allergy, Medical University of asthma and COPD have not been sufficiently studied. The objective of this study was
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The molecular processes underlying the differences between eosinophils from

Ermatl katareynamycroft@wum.edu.pl to compare the transcriptomic profiles of blood eosinophils in COPD and asthma.
Eosinophils were isolated from peripheral blood drawn from stable mild-to-moderate
COPD and asthma patients. RNA was isolated from eosinophils and sequenced using
an NGSelect RNA. The prepared libraries were sequenced on an Illumina platform.
The study group included five patients with asthma and four patients with COPD. The
RNA-Seq data analysis identified 26 differentially expressed genes between COPD
and asthma (according to adjusted p-value). In total, 6 genes were upregulated (e.g.
CCL3L1, CCL4L2, GPR82) and 20 were downregulated (e.g. JUN, IFITM3, DUSP1, GNG7)
in peripheral eosinophils of COPD patients compared to asthma. The genes associ-
ated with signalling of IL-4 and IL-13 pathways were downregulated in COPD easino-
phils compared to asthma. In conclusion, blood eosinophils from COPD and asthma
patients present different transcriptomic profiles suggesting their different function
in pathobiology of both obstructive airway diseases. These differences might indicate
the direction of the search of targeted therapy in COPD.

KEYWORDS
asthma, blood, COPD, eosinaphil, IL-13, RNA-Seq, transcriptomic analysis

1 | INTRODUCTION differin their pathogenesis and clinical course, but they share several

clinical and bioclogical features.2? Elevated blood eosinophil counts
Eosinophils have been traditionally attributed to asthma pathobi- in asthma and COPD patients are associated with better treat-
ology, but growing evidence suggests their involvement in chronic ment response to inhaled corticosteroids 4 However, the efficacy

obstructive pulmonary disease (COPD) as well.l COPD and asthma of inhaled corticosteroids ICS in COPD is poorer than in asthma.®
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Moreover, contrary to asthma,® therapies targeting eosinophils (e.g.
anti-IL5(R)) have not been found effective in CcoPD’

These differences in response to anti-inflammatory treatment
between COPD and asthma patients might be caused by the com-
plexity of immune pathways in the airv\‘rays.8 Recent work by our
group revealed differences in eosinophil polarization between COPD
and asthma patients.9 However, the molecular processes underlying
these differences remain largely unexplored. In recent years, next-
generation sequencing (NGS) technologies have provided an in-
depth understanding of the eosinophil function at a transcriptional
level in various tissues, allowing for comparison of gene expression
profiles between different conditions.’® Since eosinophils constitute
a low percentage of blood cells, analysis of their gene expression
has been challenging. RNA sequencing (RNA-seq) data analysis has
revealed differences between the transcriptional profiles of eosin-
ophils located in different tissues such as blood, !t adipose tissue,11
lung or bone marrow.?

It has been shown that circulating eosinophils from asthmatics
vary from those of healthy controls in their gene expression profile
and eosinophils from patients with different hypereosinophilic con-
ditions exhibit similar gene expressian profile13 Yun et al. demon-
strated that eosinophilic COPD and eosinophilic asthma share a
similar blood transcriptomic profile with overlapping eosinophil-
specific gene expression‘14 Conversely, George et al. reported that
transcriptional profiles of bronchial brushes in eosinophilic COPD
and asthma showed little overlap with CST1 being the only gene as-
sociated with blood eosinaphils count.}” These contradictory results
could be explained by the use of different biological samples, such
as blood versus epithelial brush. Alternatively, they might indicate
the complexity of molecular mechanisms of inflammation in COPD
and asthma.

The transcriptional profiles of isolated peripheral eosinophils of
COPD and asthma patients have not yet been compared. Therefore,
the present study was aimed to compare the mRNA expression pro-
files of blood eosinophils in COPD and asthma to minimize the inter-

ference from other cell types.

2 | RESULTS AND DISCUSSION

21 | Patients

Initially, 25 patients were recruited, but 16 samples were excluded
due to low RNA concentration and unsuccessful library generation.
The final study group included five patients with asthma and four
patients with COPD. All subjects were White. Among the assessed
variables, only smoking status was significantly different between
these two groups (Table S1). We found that among patients with in-
adequate RNA quality the majority (62.5%) were current smokers,
whereas among patients with adequate RNA quality, current smok-
ers constituted only 11%. This suggests that current smoking might
have impacted eosinophil RNA quality and integrity. It is well known

that smoking significantly impacts pattern of mRNA expression

56

TABLE 1 Subject characteristics.

COPD (n=4) Asthma (n=5) p
Age (years) 68.5(59-73) 66 (47-72) 0.62
Gender (f/m) 1/3 3/2 0.36
BMI (kg/m?) 29.5(27.2-35) 32.5(28.4-32.7) 0.90
FEV, (L) 2.0(1.77-2.5) 27(2.4-3.5) 0.39
FEV, (% pred.) 69.5 (64-76.5) 88 (84-99) 0.027
Packyears 40 (30-80) Q 0.01
Atopy.n 0 2 0.22
Eosinophils, n 237.6(129-354) 160 (141-311) 071
Eosinophils, % 3.5(1.5-5.0) 2(1.5-51) 0.80

Note: Data are presented as median (interquartile range) or number.

and induces cytotoxic, mutagenic and oxidative stress effects on
cells.® Cigarette smoke contains over 7000 chemicals, including
well-characterized ones such as acrolein, formaldehyde, acetalde-
hyde, which could impair RNA stability and integrity‘lé Data on RNA
quality, concentration and eosinophil numbers in each subject are
presented in Table S2. The subjects’ characteristics are presented in
Table 1. At the time of the study, none of the COPD patients were
receiving |ICS, three of the five asthma patients were on low-dose
ICS, and none of the studied patients received biological treatment
or oral steroids. The COPD patients were all but one ex-smaokers, the
median smoking load of 40 (IQR 30-80) pack-years (Table 1).

2.2 | RNA-seqanalysis
The RNA-Seq data analysis identified 26 differentially expressed
genes (DEGs) between COPD and asthma (according to adjusted p-
value). In total, 6 genes were upregulated and 20 were downregu-
lated in eosinophils of COPD patients compared to asthma (Tahle 2).
The most strongly upregulated genes in COPD (2.40-fold
change and 2.35-fold change, respectively) were CCL3L1 and
CCL41 2, which encode chemaokines. Dot plots showing the tran-
scripts per million (TPM) values of CCL3L1 and CCL4L2 in COPD
and asthma patients are presented in Figure 1. CCL3L1 and CCL4L2
expression is largely driven by copy number variation which is
dependent on race.'” However, in the present study we found
that all COPD subjects had increased expression levels of both
genes compared to asthma. Interestingly, we found that CCL3L1,
but not CCL3, was upregulated in eosinophils of COPD patients.
Both CCL3L1 and CCL3 are isoforms of macrophage inflammatory
protein 1o (MIP-1a), with the former exhibiting a sixfold greater
affinity to the receptor CCR5.Y MIP-1a-CCR5 binding is linked to
the processes associated with tight junction injury in the airway
epithelium in COPD.!8 CCRS5 also serves as a receptor for MIP-1p
encoded by i.a. CCL4AL2 which in our study was found to be upreg-
ulated in COPD patients. Both MIP-1a and MIP-1p are monocyte
and macrophage chemoattractants. It has been shown that MIP-1a

t,19

plays a negligible role as an eosinophil chemoattractan unlike
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TABLE 2 Genes significantly up- or downregulated in blood eosinophils of patients with COPD compared to asthma. Genes
downregulated in COPD are at the same time upregulated in asthma and vice versa.

Fold Adjusted
Gene symbol Gene name Protein function change p-value
Genes significantly CCL3L1 C-C motif chemokine ligand 3 Chemokine 2.40 0.0048
upregulated in COPD like 1
CcCcldr? C-C motif chemakine ligand 4 Chemokine 2.35 0.0555
like 2
RSAD2 Radical S-adenosyl methionine Antiviral response and 2.23 0.0250
domain containing 2 innate immune signalling
SERPINBZ2 Plasminogen activator inhibitor Protease inhibitor 2.1 0.0763
2
PRSS21 Serine protease 21 Serine protease 2.1 0.0636
GPR82 G protein-coupled receptor 82 G-protein coupled receptor 2.01 0.0930
Genes significantly SCARF1 Scavenger receptor class F Membrane traffic protein -2.02 0.0620
upregulated in asthma member 1
ENSG00000263244 -2.03 0.0555
ZNF467 Zinc finger protein 467 C2H2 zinc finger -2.04 0.0816
transcription factor
ENSG00000272916 IncRNA -2.04 0.0556
LINC02035 Long intergenic non-protein IncRNA -2.07 0.0717
coding RNA 2035
NOL4L Nucleolar protein 4 like Nuclear protein, RNA -2.16 0.0897
binding
JUNB Transcription factor jun-B Basic leucine zipper -2.17 0.0477
transcription factor
BCLé B-cell lymphoma & protein C2H2 zinc finger -2.17 0.0897
transcription factor
PELATON Plaque enriched LncRNA IncRNA -2.20 0.0625
In atherosclerotic and
inflammatory bowel macrophage
regulation
ENSG00000268903 Pseudogene -2.22 0.0897
CNTNAP3 Contactin-associated protein- Cell adhesion molecule -2.22 0.0897
like 3
LINC00963 IncRNA -2.30 0.0636
GNG7 Guanine nucleotide-binding Heterotrimeric G-protein -2.34 0.0477
protein G(I)/G(5)/G(Q) subunit
gamma-7
ENSG00000280138 Uncategorized gene -2.34 0.0048
ENSG00000228327 General transcription factor lli Pseudogene -2.35 0.0556
(GTF2l) pseudogene
SLC25A37 Mitoferrin-1 Mitochondrial iron -2.40 0.0556
transporter
ZNF107 Zinc finger protein 107 C2H2 zinc finger -2.41 0.0556
transcription factor
DUSP1 Dual specificity protein Protein phosphatase -2.42 0.0477
phosphatase 1
IFITM3 Interferon induced Defence/immunity protein -3.26 0.0015
transmembrane protein 3
JUN Transcription factor AP-1 Basic leucine zipper -3.30 0.0015

Abbreviation: LncRNA, long non-coding RNA.
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CCL3L1 CCL4L2 FIGURE 1 Dot plots showing the

expression of CCL3L1 and CCL4L2 in
COPD and asthma patients.
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FIGURE 2 (A, B) Gene ontology analysis of the downregulated genes selected among 10% of genes with the lowest p-value. The

bar chart showing the GO terms for biological processes (A) and molecular function. (B) The x-axis represents the fold change. (C) The
REACTOME significantly enriched pathways among the top 10% of genes (up- and downregulated analysed separately). Analysis according
to the adjusted p-value.

M\Pflﬁ.zg Increased expression of MIP-1a in COPD patients has and its biological function has not been studied.?! The upgraded
been linked to cigarette smoke exposure.18 However, the MIP-1p mRNA expression of CCL3L1 in COPD eosinophils found in our
isoform encoded by CCL4L2 has an unknown affinity to CCR5 study may suggest that in COPD eosinophils attract macrophages
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into the lungs rather than drive local eosinophilic inflammation.
This finding underscores the different function of eosinophils in
asthma and COPD pathobiology and might explain different 1CS-
sensitivity of patients with COPD and asthma. Keeping in mind
a small sample size in this analysis, these results should be inter-
preted carefully and confirmed in larger cohorts.

Other genes upregulated in COPD eosinophils in our study in-
clude protease inhibitor (SERPINB2), serine protease (PRSS21) and
G-protein coupled receptor (GPR82). Of these, GPR82 has previously
been identified as an eosinophil signature gene,22 but in fact, its role
in the pathogenesis of eosinophilic inflammation remains unknown.
SERPINBZ2 upregulation in COPD patients found in our study is surpris-
ing. SERPINB2Z is typically induced by IL-13 and elevated in eosinophilic
asthma patients.23’24 In COPD however, the SERPINB2 expression was
found not to be different between eosinophilic and non-eosinophilic
COPD patients.25 Although SERPINB2 is known to be downregulated

with corticosteroid treatment,?*

additional analysis did not reveal signif-
icant differences in expression level between asthmatics receiving 1CS
and those without ICS (p=0.39). However, these results must be inter-
preted with caution due to the low sample size included in our study.
The two most strongly upregulated genes (over 3-fold) in asth-
matic eosinophils revealed in our analysis, JUN and IFITM3, have al-
ready been reported to be involved in asthma pathogenesis. IFITM3
belongs to the IFITM family which encodes homologous proteins
localized in the plasma and endolysosomal membranes. It has been
shown that IFITM deficiency reduces allergic inflammation in a
murine model of asthma.?® Moreover, increased expression of JUN
in PBMC, the transcription factor known to upregulate other in-
flammatory genes has been previously observed in patients with
severe asthma compared to mild-to-moderate asthma or healthy
controls.?” The protein encoded by JUN is involved in MAPK sig-
nalling cascades?® and might contribute to severe asthma patho-
genesis by causing corticosteroid resistance.?’ Interestingly, we
found upregulation of DUSP1 in asthma patients which might sug-
gest an expectation of downregulated JUN expression, as DUSP1
attenuates MAPK signalling cascade. Our study implies that MAPK
signalling in eosinophils is complex and dependent on many signal
inducers. Moreover, DUSP1 upregulation is known to be induced
by 1CS treatment.?® Although DUSP1 expression trended higher
in ICS-users (n=3) compared to ICS-non-users (h=46), it did not
achieve statistical significance (p=0.09), probably due to the small
sample size. Other genes downregulated in eosinophils of COPD
compared to asthma patients in our study encoded membrane pro-
teins (GNG7, CNTNAP3, SCARF1) and transcription factors (ZNF107,
BCLé, JUNB, ZNF447). A volcano plot was used to visually present
the detailed analysis of differentially expressed genes between

blood eosinophils from COPD and asthma patients (Figure S1).

2.3 | Enrichment and pathway analyses

The Gene Ontology (GO) enrichment analysis of the down-
regulated genes in COPD versus asthma eosinophils revealed

WI Ll—:\(Jﬂ

association with negative regulation of transcription by RNA pol-
ymerase |l (GO:0000122), positive regulation of RNA metaholic
process (GO:0051254) and cell differentiation (GO:0030154)
(Figure 2A). The molecular function terms of the downregulated
genes in COPD versus asthma eosinophils were associated with
DNA binding (GO:0003677), including: DNA-binding transcrip-
tion factor activity, RNA polymerase |l-specific (GO:0000981),
RNA polymerase |l cis-regulatory region sequence-specific DNA
binding (GO:0000978) and RNA polymerase Il transcription reg-
ulatory region sequence-specific DNA binding (GO:0000977)
(Figure 2B). Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway analysis did not reveal any significantly overrepresented
pathways. However, REACTOME pathway analysis indicated five
overrepresented pathways (three for the upregulated and two
for the downregulated genes) in COPD compared to asthma eo-
sinophils (Figure 2C). Significant associations were found with
pathways involving Rhodopsin-like receptors, G protein-coupled
receptors (GPCR) ligand binding and metabolism of proteins (for
the upregulated genes) and signalling of IL-6 family, IL.-4 and
IL-13 (for the downregulated genes) in COPD eosinophils. [L-4
and IL-13, alongside IL-5 are the key cytokines in type 2 (Th2)
inflammation. Our results confirm that Th2 inflammation is an
important pathway in asthma pathophysiology but to a lesser ex-
tent in COPD. Similar conclusions were made by other authors
suggesting that the differences in the transcriptional profiles in
COPD and asthma patients might reflect different mechanisms
driving eosinophilic inflammation in COPD.?® On the other hand,
the promising results of a recent dupilumab trial among severe
eosinophilic COPD patients30 suggests greater inveolvement
of IL-4/1L-13 genes and therefore of the Th2 pathway in COPD
pathobiology.

3 | LIMITATIONS

The analysis of transcriptomic profiles of peripheral eosinophils
in humans is challenging due to their low number in the circula-
tion and the difficulty to obtain high-quality RNA as reported
by other authors.'® Even though elevated blood eosinophil lev-
els =300 cells/pL are found in up to 24% of COPD, significant
eosinophilia is rare in COPD. Moreover, eosinophil levels can
vary throughout the day and between stable and exacerbated
state of the disease.! Some authors overcame these difficulties
by analysing the whole blood and identifying eosinophilic gene
signa‘tures‘l'4 In our study, we attempted the single cell eosino-
philic analysis as a more precise and detailed evaluation of eo-
sinophil function in COPD versus asthma. However, we did not
assess the associations between eosinophil gene expression and
the microenvironment (e.g. cytokine levels) which could have
impacted the transcriptional profiles of eosinophils. Eosinophil
gene expression is also dependent on the activation status which
was not evaluated in the present study. Moreover, corticoster-
oid treatment profoundly impacts has a huge impact on the gene
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expression; it is estimated that between 1000 and 2000 genes
are regulated by the glucocorticoid receptor.31 Patients included
to our study were treated with low-dose ICS, and it is known
that only a small fraction of them enters the bloodstream. On the
other hand, patients on ICS treatment are more symptomatic and
have a higher level of inflammatory mediators. Bearing in mind
the possible impact of ICS on mRNA expression further evalua-
tion of the results in untreated patients is needed. Finally, we are
aware that the results of the present study are hampered by the
small sample size. Considering the exploratory character of this
study, the evaluation of these results in larger group and verifica-
tion with other methods (PCR) will be needed in the future.

4 | CONCLUSIONS

Peripheral eosinophils from COPD and asthma patients exhibit dis-
tinct transcriptomic profiles suggesting their different function in
pathobhiology of both obstructive airway diseases.

In COPD, eosinophils show upregulation of CCL3L1 and CCL4L2,
potentially promoting macrophage-mediated inflammation with less
involvement in Th2 inflammation. These differences might indicate

the direction of the search of targeted therapy in COPD.
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7. Podsumowanie

Przedstawiony w rozprawie cykl publikacji zawiera omoéwienie dotychczasowego
stanu wiedzy na temat roli eozynofilow w POChP oraz szczegdtowa analiz¢ fenotypu oraz
profilu transkrypcyjnego eozynofilow w chorobach obturacyjnych ptuc. Do badan wiaczono
chorych na POChP, astm¢ oraz grup¢ kontrolng bez chorob uktadu oddechowego.

W pracy pt. Eosinophils in COPD-Current Concepts and Clinical Implications (doi:
10.1016/j.jaip.2020.03.017)  przedstawiono  mechanizmy zwigzane z  rozwojem
eozynofilowego zapalenia w drogach oddechowych w POChP oraz omoéwiono mozliwy
wplyw tego typu zapalenia na przebieg POChP. Nastepnie, przeanalizowano dostepng
literature na temat liczby eozynofilow we krwi obwodowej jako biomarkera. Mimo, ze
istnienie zalezno$ci migdzy liczbg eozynofilow we krwi obwodowej a liczbg eozynofiloéw w
drogach oddechowych jest kwestig niejednoznaczng, a sama liczba eozynofilow we krwi nie
jest parametrem stabilnym, to zostata udowodniona zalezno$¢ miedzy odpowiedzig na wGKS

a liczba eozynofilow we krwi u chorych z zaostrzeniami.

W badaniu pt. Blood and Sputum Eosinophils of COPD Patients Are Differently
Polarized than in Asthma (doi: 10.3390/cells12121631) wykazano, ze eozynofile we krwi
charakteryzowaty si¢ zwigkszong ekspresja CD125, CD193, CD62L i CD14 w poréwnaniu z
eozynofilami w plwocinie indukowanej w grupie chorych na POChP, astme¢ oraz w grupie
kontrolnej, co sugeruje zmiang fenotypu eozynofilow po rekrutacji do drég oddechowych

niezaleznie od rozpoznania.

Stwierdzono, ze eozynofile we krwi charakteryzowaly si¢ zwigekszong ekspresja
CD125+, CD193+, CD62L i CD14+ w poréwnaniu z eozynofilami w plwocinie we
wszystkich badanych grupach. Ekspresja CD11b byta zwigkszona na eozynofilach plwociny
indukowanej w poréwnaniu do eozynofilow we krwi [99,4 (98,8-100,0)% vs 96,9 (82,6—
98,8)%, p = 0,002], ale tylko w grupie chorych na astmg¢. Ekspresja CD66b byta taka sama na
eozynofilach krazacych i w drogach oddechowych. Stwierdzono, ze profil ekspresji markerow
na eozynofilach plwociny POChP réznit si¢ od profilu w innych grupach. Wykazano
zwiekszony odsetek eozynofiléw CD193+ w plwocinie u chorych na POChP w poréwnaniu z
grupg kontrolng (odpowiednio 48,1 [29,8-69,3]% vs. 18,7 [11,6-32,8]%, p = 0,028), wyzszy
odsetek eozynofilow CD66b+ w plwocinie u chorych na POChP w poréwnaniu z grupa
kontrolng (67,9 [59,9-75,7]% vs. 39,1 [25,6-58,4]% oraz w astmie w poréwnaniu do grupy
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kontrolnej (p = 0,024), p = 0,036) oraz obnizony poziom eozynofiléow CD11b+ w plwocinie w
POChP w pordéwnaniu z astmg (odpowiednio 97,9 [96,6-99,1]% vs. 99,4 [98,9-100]%, p =
0,009).

Nastepnie subpopulacje eozynofiléw scharakteryzowano poprzez ekspresje pary
markerow: CD125 i CD193. We wszystkich trzech grupach eozynofile we krwi i plwocinie
charakteryzowaty si¢ przewaga profilu CD193+CD125+. Co ciekawe, stwierdzono obnizony
poziom eozynofilow CD193-CD125+ w plwocinie u chorych na POChP w pordéwnaniu z
grupg kontrolng. Wyniki naszego badania sugeruja rézng polaryzacje eozynofilow
tkankowych 1 ogdlnoustrojowych oraz réznice w subpopulacjach eozynofilow u chorych na

POChP w poréwnaniu z astmg lub osobami zdrowymi.

W zadnej z badanych grup nie stwierdzono korelacji pomigdzy liczbg eozynofiléw we
krwi 1 plwocinie a st¢zeniem IL-5 i eotaksyny-3. Nie stwierdzono korelacji pomiedzy
stezeniem IL-5 w plwocinie a ekspresja CD125 na eozynofilach w plwocinie lub krwi oraz
pomiedzy stezeniem eotaksyny-3 w plwocinie a ekspresja CD193 na eozynofilach w
plwocinie lub krwi. Co wigcej, w zadnej z badanych grup nie stwierdzono korelacji pomiedzy
IL-5 lub eotaksyng-3 a odsetkiem subpopulacji eozynofilow CDI125+CD193+. Poziom
catkowitego IgE korelowat z odsetkiem eozynofiléow CD125-CD193+ w plwocinie w calej
grupie (r = 0,44, p = 0,041). W grupie chorych na astme¢ stwierdzono silng korelacje
pomiedzy poziomem IgE a ekspresja CD125 w plwocinie (r = 0,79, p = 0,036), ktorej nie
stwierdzono w grupie chorych na POChP ani w grupie kontrolnej. Poziom IgE nie korelowat
ze stgzeniem IL-5, eotaksyny-3 ani ekspresjg CD193 w plwocinie i eozynofilach we krwi u

pacjentow z astma, POChP i grupa kontrolna.

Analiza transkryptomu eozynofiléw we krwi obwodowej w pracy pt. Transcriptional
profiles of peripheral eosinophils in chronic obstructive pulmonary disease and asthma — an
exploratory study (doi: 10.1111/jcmm.70110) pozwolita zidentyfikowaé 26 gendéw o
zroznicowane] ekspresji MRNA pomiedzy POChP a astmg, co moze sugerowa¢ odmienng
funkcje biologiczng eozynofilow w obu jednostkach chorobowych. mRNA genow o najsilniej
zwickszonej ekspresji w POChP byly CCL3L1 i CCL4L2 kodujace chemokiny. Ekspresja
mRNA obu genéw byta wyzsza u wszystkich chorych na POChP w poréwnaniu do chorych
na astm¢. Co wiecej, stwierdzono, ze ekspresja CCL3L1, ale nie CCL3, byta podwyzszona w
eozynofilach pacjentow z POChP. Zaréwno CCL3LI, jak i CCL3 s3 izoformami biatka
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zapalnego makrofagow 1 o (MIP-1 ), przy czym ta pierwsza ma 6-krotnie wigksze
powinowactwo do receptora CCRS. Wigzanie MIP-1a — CCRS bierze udzial w procesach
zwigzanych z uszkodzeniem potaczen $cistych w nabtonku drog oddechowych w POChHP.
CCRS5 jest takze receptorem dla MIP-1f3 kodowanym m.in. przez CCL4L2, ktérego ekspresja
w naszym badaniu okazata si¢ zwigkszona u pacjentéw z POChP. Zarowno MIP-1a, jak i
MIP-1f sg chemoatraktantami monocytéw i makrofagow. Stwierdzona w niniejszej pracy
zwigkszona ekspresja mRNA CCL3L1 w eozynofilach u chorych na POChP moze sugerowacé,
ze rolg eozynofilow w POChP jest przycigganie makrofagéw do pluc, a nie promowanie
zapalenia eozynofilowego w drogach oddechowych. Moze to wskazywa¢ na odmienna
funkcje eozynofilow w patobiologii astmy w poréwnaniu do POChP oraz moze wyjasniac

r6zng wrazliwos¢ na wGKS u pacjentéw z POChP i astma.

Analiza szlakow REACTOME dla genéw o obnizonej ekspresji w POChP wskazata
nadreprezentacj¢ szlaku zwigzanego z IL-4 i IL-13. IL-4 i IL-13, obok IL-5, sa kluczowymi
cytokinami w zapaleniu typu 2 (Th2). Powyzsze wyniki potwierdzaja, ze zapalenie Th2 jest

waznym szlakiem w patofizjologii astmy, a w mniejszym stopniu w POChP.
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8. Whnioski

1. Przeprowadzone badania pozwolily na wykazanie réznic mi¢dzy ekspresja wybranych
czasteczek na powierzchni eozynofiléw u chorych na POChP i astme oraz wskazanie genow

r6znicujacych migdzy POChP a astma.

2. Przeglad literatury S$wiatowej szeroko opisuje funkcje biologiczng eozynofilow w
warunkach fizjologicznych oraz w patofizjologii i leczeniu POChP. Szlaki immunologiczne
zwigzane z eozynofilami mogg prowadzi¢ do rozwoju rozedmy, a eozynofilowy typ zapalenia
w drogach oddechowych wigze si¢ z wigkszym ryzykiem zaostrzen. Podwyzszona liczba
eozynofilow, szczegdlnie >300 komorek/pl, zwigzana jest z lepsza odpowiedzia na
glikokortykosteroidy wziewne oraz niektore leki biologiczne, np. na dupilumab u chorych z

zaostrzeniami.

3. Wykazano, ze we wszystkich badanych grupach eozynofile we krwi charakteryzowaty sie
zwigkszong ekspresja CD125, CD193, CD62L i CD14 w poréwnaniu z eozynofilami w
plwocinie indukowanej, co sugeruje zmiang fenotypu eozynofilow po rekrutacji do drog

oddechowych niezaleznie od rozpoznania.

4. W grupie chorych na POChP zaobserwowano wyzszy odsetek eozynofilow CD193+ i
CD66b+ w plwocinie indukowanej w porownaniu z grupa kontrolng oraz wyzszy odsetek
eozynofilow CD11b+ w porownaniu z grupg chorych na astme. Ekspresja CD125, CD62L,
CD14 byta podobna we wszystkich badanych grupach, zaréwno we krwi obwodowej, jak 1 w

plwocinie indukowanej.

5. Nie stwierdzono korelacji pomigdzy ekspresja CD125 na eozynofilach w plwocinie lub
krwi a stg¢zeniem IL-5 w plwocinie oraz pomigdzy ekspresja CD193 na eozynofilach w
plwocinie lub krwi oraz pomigdzy stezeniem eotaksyny-3 w plwocinie. Co wigcej, w zadnej z
badanych grup nie stwierdzono korelacji pomigdzy IL-5 lub eotaksyng-3 a odsetkiem
subpopulacji eozynofiléw CD125+CD193+.

6. Analiza mRNA eozynofilow we krwi obwodowej pozwolita zidentyfikowaé rdznice w
profilu transkrypcyjnym pomiedzy POChP a astma, co moze sugerowa¢ odmienng funkcjg

biologiczng eozynofilow w obu jednostkach chorobowych.
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9. Opinia Komisji Bioetycznej

/ _ WEDICY L . o .
S EE T Komisja Bioetyczna
£ N £ 2 przy Warszawskim Uniwersytecie Medycznyn
> a i O
= P .
Z (g 2 Tel.: 022/57 - 20 -303 ul. Zwirki i Wigury nr 6
. J Fax: 022/57-20-165 02-091 Warszawa
J(Y( ot 8o9 \C,‘?g) e-mail: komisja.bioetyczna@wum.edu.pl
Tr puny www.komisja-bioetyczna.wum.edu.pl

KB/...t./2020

Komisja Bioetyczna przy Warszawskim Uniwersytecie Medycznym
w dniu 13 stycznia 2019 r. po zapoznaniu si¢ z wnioskiem:

Dr hab. n. med. Katarzyna Goérska
Katedra i Klinika Chor6b Wewngtrznych, Pneumonologii i Alergologii
ul. Banacha 1a, 02-097 Warszawa

dotyczacym: wyrazenia opinii w sprawie badania pt.: ,,Ocena profilu molekularnego i fenotypu
eozynofiléw we krwi i drogach oddechowych u chorych na przewlekls obturacyjng chorobe ptuc.”
wyraza nast¢pujaca
opinig

- stwierdza, ze jest ono dopuszczalne i zgodne z zasadami naukowo-etycznymi*,

Uwagi Komisji — verte

Komisja dziala na podstawie art.29 ustawy z dnia 5.12.1996r. o zawodzie lekarza /Dz.U.nr 28/97
poz.152 wraz z pézn.zm./, zarzadzenia MZiOS z dn.11.05.1999r. w sprawie szczegolowych zasad
powolywania i finansowania oraz trybu dzialania komisji bioetycznych /Dz.U.nr 47 poz.480/,
Ustawy prawo farmaceutyczne z dnia 6 wrze$nia 2001r. (Dz.U.Nr 126, poz. 1381 z pézn. zm.) oraz
Zarzadzenie nr 56/2007 z dnia 15 pazdziernika 2007r. w sprawie dzialania Komisji Bioetycznej
przy Warszawskim Uniwersytecie Medycznym /Regulamin Komisji Bioetycznej przy
Warszawskim Uniwersytecie Medycznym/.

Komisja dziala zgodnie z zasadami GCP .

Przewodniczaca Komisji Bioetycznej

Ui oty —_

hab. n. med. Magdalena Kuzma-Kozakiewicz

Prof.

*niepotrzebne skresli¢
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10. Oswiadczenia wspolautorow publikacji

Lek. Katarzyna Mycroft-Rzeszotarska

Warszawa, 26.09.2024 r.

OSWIADCZENIE

Jako wspoétautorka pracy pt. Eosinophils in COPD-Current Concepts and Clinical
Implications (doi: 10.1016/j.jaip.2020.03.017) oswiadczam, ze méj wkiad merytoryczny w
powstanie tej pracy obejmowat opracowanie koncepcji i planu manuskryptu, pracg nad
tekstem manuskryptu oraz merytoryczne poprawki. Méj udziat procentowy w przygotowanie
publikacji wynosit 60%.

Jako wspotautorka pracy pt. Blood and Sputum Eosinophils of COPD Patients Are
Differently Polarized than in Asthma (doi: 10.3390/cells12121631) o$wiadczam, ze mdj
wktad merytoryczny w powstanie tej pracy obejmowat pozyskanie zrodet finansowania
badania, opracowanie koncepcji badania, rekrutacje chorych, oznaczenia laboratoryjne,
interpretacje wynikéw badan oraz prace nad tekstem manuskryptu. Méj udzial procentowy w
przygotowanie publikacji wynosil 50%.

Jako wspoétautorka pracy pt. Transcriptional profiles of peripheral eosinophils in
chronic obstructive pulmonary disease and asthma — an exploratory study (doi:
10.1111/jemm.70110) o$wiadczam, ze m¢éj wkiad merytoryczny w powstanie tej pracy
obejmowat pozyskanie zrédet finansowania badania, opracowanie koncepcji badania,
rekrutacje chorych, oznaczenia laboratoryjne, interpretacj¢ wynikow badan oraz prace nad
tekstem manuskryptu. M6j udziat procentowy w przygotowanie publikacji wynosit 55%.

podpis oswiadczajgcego)
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Dr hab. n. med. Katarzyna Gérska

Warszawa, 25.09.2024 r.

OSWIADCZENIE

Jako wspotautorka pracy pt. Eosinophils in COPD-Current Concepts and Clinical
Implications (doi: 10.1016/jjaip.2020.03.017) oswiadczam, ze méj wkiad merytoryczny w
powstanie tej pracy obejmowat opracowanie koncepcji i planu manuskryptu, prace nad
tekstem manuskryptu oraz merytoryczne poprawki. M6j udziat procentowy w przygotowanie
publikacji wynosit 30%.

Jako wspotautorka pracy pt. Blood and Sputum Eosinophils of COPD Patients Are
Differently Polarized than in Asthma (doi: 10.3390/cells12121631) o$wiadczam, ze moj
wktad merytoryczny w powstanie tej pracy obejmowat pozyskanie Zrodet finansowania
badania, opracowanie koncepcji badania, rekrutacje chorych, interpretacje wynikéw badan
oraz prace nad tekstem manuskryptu. M6j udzial procentowy w przygotowanie publikacji
wynosit 20%.

Jako wspotautorka pracy pt. Transcriptional profiles of peripheral eosinophils in
chronic obstructive pulmonary disease and asthma — an exploratory study (doi:
10.1111/jcmm.70110) o$wiadczam, ze moj wkiad merytoryczny w powstanie tej pracy
obejmowat pozyskanie Zrodet finansowania badania, opracowanie koncepcji badania,
rekrutacje chorych, interpretacje wynikow badan oraz pracg nad tekstem manuskryptu. Mj
udziat procentowy w przygotowanie publikacji wynosit 20%.

Jednocze$nie wyrazam zgodg na wykorzystanie w/w prac jako czgsci rozprawy
doktorskiej lek. Katarzyny Mycroft-Rzeszotarskiej.
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Dr hab. n. med. Magdalena Paplinska-Goryca

Warszawa, 27.09.2024 r.

OSWIADCZENIE

Jako wspoétautorka pracy pt. Blood and Sputum Eosinophils of COPD Patients Are
Differently Polarized than in Asthma (doi: 10.3390/cells12121631) o$wiadczam, ze moj
wklad merytoryczny w powstanie tej pracy obejmowat opracowanie koncepcji badania,
oznaczenia laboratoryjne, interpretacj¢ wynikow badan oraz prace nad tekstem manuskryptu.
Moj udzial procentowy w przygotowanie publikacji wynosit 20%.

Jako wspoétautorka pracy pt. Transcriptional profiles of peripheral eosinophils in
chronic obstructive pulmonary disease and asthma — an exploratory study (doi:
10.1111/jemm.70110) oswiadczam, ze mdj wkiad merytoryczny w powstanie tej pracy
obejmowal opracowanie koncepcji badania, oznaczenia laboratoryjne, interpretacje wynikow
badan oraz prace nad tekstem manuskryptu, M6j udzial procentowy w przygotowanie
publikacji wynosit 20%.

Jednoczesnie wyrazam zgod¢ na wykorzystanie w/w prac jako czgsci rozprawy
doktorskiej lek. Katarzyny Mycroft-Rzeszotarskie;j.

(podpis o$wiadczajacego)
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Prof. dr hab. n. med. Rafal Krenke

Warszawa, 27.09.2024 r.

OSWIADCZENIE

Jako wspodtautor pracy pt. Eosinophils in COPD-Current Concepts and Clinical
Implications (doi: 10.1016/.jaip.2020.03.017) o$wiadczam, ze méj wklad merytoryczny w
powstanie tej pracy obejmowal prace nad tekstem manuskryptu oraz merytoryczne poprawki.
MJj udzial procentowy w przygotowanie publikacji wynosit 10%.

Jako wspotautor pracy pt. Blood and Sputum Eosinophils of COPD Patients Are
Differently Polarized than in Asthma (doi: 10.3390/cells12121631) o$wiadczam, ze mdj
wklad merytoryczny w powstanie tej pracy obejmowat analize wynikdéw badan oraz pracg nad
tekstem manuskryptu. Méj udzial procentowy w przygotowanie publikacji wynosit 2,5%.

Jako wspotautor pracy pt. Transcriptional profiles of peripheral eosinophils in
chronic obstructive pulmonary disease and asthma — an exploratory study (doi:
10.1111/jemm. 70110) oswiadczam, ze mdj wkiad merytoryczny w powstanie tej pracy
obejmowat analize wynikow badan oraz prace nad tekstem manuskryptu. Mdj udziat
procentowy w przygotowanie publikacji wynosit 2%.

Jednoczes$nie wyrazam zgode na wykorzystanie w/w prac jako czgsci rozprawy
doktorskiej lek. Katarzyny Mycroft-Rzeszotarskiej.
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(podpis o$wiadczajacego
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Dr n. med. i n. o zdr. Malgorzata Proboszcz

Warszawa, 18.09.2024 r.
OSWIADCZENIE

Jako wspoétautorka pracy pt. Blood and Sputum Eosinophils of COPD Patients Are
Differently Polarized than in Asthma (doi: 10.3390/cells12121631) o$wiadczam, ze méj
wklad merytoryczny w powstanie tej pracy obejmowat wykonanie oznaczen laboratoryjnych
oraz merytoryczne poprawki. M6j udziat procentowy w przygotowanie publikacji wynosit
5%.

Jako wspoétautorka pracy pt. Transcriptional profiles of peripheral eosinophils in
chronic obstructive pulmonary disease and asthma — an exploratory study (doi:
10.1111/jemm.70110) o$wiadczam, ze mdj wklad merytoryczny w powstanie tej pracy
obejmowat wykonanie oznaczen laboratoryjnych oraz merytoryczne poprawki. M¢j udziat
procentowy w przygotowanie publikacji wynosit 3%.

Jednoczesnie wyrazam zgode na wykorzystanie w/w prac jako czesci rozprawy
doktorskiej lek. Katarzyny Mycroft-Rzeszotarskie;j.

Ifolzem caka Teob S22

(podpis oswiadczajgcego)
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Dr hab. n. med. Patrycja Nejman-Gryz

Warszawa, 27.09.2024 r.
OSWIADCZENIE

Jako wspdlautorka pracy pt. Blood and Sputum Eosinophils of COPD Patients Are
Differently Polarized than in Asthma (doi: 10.3390/cells12121631) o$wiadczam, ze mdj
wklad merytoryczny w powstanie tej pracy obejmowat oznaczenia laboratoryjne oraz prace
nad tekstem manuskryptu. M¢j udzial procentowy w przygotowanie publikacji wynosit 2,5%.

Jednoczesnie wyrazam zgodg na wykorzystanie w/w prac jako czgsci rozprawy
doktorskiej lek. Katarzyny Mycroft-Rzeszotarskiej.
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J (podpis o$wiadczajacego)
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11. PiSmiennictwo do rozdzialow w jezyku polskim
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