lek. Natalia Przysucha

Ocena aktywnosci i stezenia chitynaz w réznych
materialach biologicznych u pacjentow z wybranymi

chorobami ukladu oddechowego

Rozprawa na stopien doktora nauk medycznych i nauk o
zdrowiu

w dyscyplinie nauki medyczne

Promotor: prof. dr hab. Rafal Krenke

Klinika Chorob Wewngtrznych, Pneumonologii 1 Alergologii

Warszawskiego Uniwersytetu Medycznego

Obrona rozprawy doktorskiej przed Radg Dyscypliny Nauk
Medycznych

Warszawskiego Uniwersytetu Medycznego

Warszawa 2026 r.
1



Stowa kluczowe: chitynazy, chitotriozydaza, CHIT1, YKL-40, astma, POChP, ptyn w
optucnej, wysigk gruzliczy, palenie tytoniu.
Keywords: chitinases, chitotriosidase, CHIT1, YKL-40, asthma, COPD, pleural effusion,

tuberculous pleurisy, smoking.



Podzi¢kowania

Sktadam serdeczne podziekowania
Promotorowi, Panu Profesorowi Rafatowi Krenke za cierpliwosé, Zyczliwos¢ oraz

nieocenione wsparcie merytoryczne.

Pani Profesor Katarzynie Gorskiej dzigkuje za merytoryczng pomoc oraz inspiracje do

pracy naukowej.

Wyrazy wdziecznosci kieruje do dr hab. n. med. Magdaleny Paplinskiej-Gorycy za

cenne wskazowki metodologiczne.

Serdecznie dzigkuje Pracownikom Osrodka Diagnostyki Laboratoryjnej Chorob Uktadu
Oddechowego Kliniki Chorob Wewnetrznych, Pneumonologii i Alergologii UCK WUM
za pomoc w realizacji pracy doktorskiej.

Podziekowania kieruje rowniez do pozostatych Pracownikow Katedry i Kliniki Chorob
Wewnetrznych, Pneumonologii i Alergologii Warszawskiego Uniwersytetu Medycznego

za owocng wspolprace naukowq oraz okazywang zyczliwosé.

Dzigkuje Pracownikom Molecure S.A. za nieoceniony wkitad w badania nad

chitynazami.

Wyrazy wdziecznosci sktadam wszystkim Wspotautorom publikacji stanowigcych

podstawe niniejszej rozprawy.

Szczegolne podzigkowania kieruje do Rodziny i Bliskich, w tym Rodzicow i Rodzenstwa,

za wsparcie oraz niezachwiang wiareg we mnie.
Mezowi dzigkuje za cenne wskazowki edytorskie i wsparcie w trudnych momentach.

Dzieciom — za obecnos¢ i bliskosé.



Wykaz publikacji stanowigcych prace doktorska:

1. Przysucha N, Gorska K, Krenke R. Chitinases and chitinase-like proteins in
obstructive lung diseases - current concepts and potential applications. Int J Chron

Obstruct Pulmon Dis. 2020 Apr 23;15:885-899. doi: 10.2147/COPD.S236640.

Praca pogladowa Punktacja MEiN: 100 Impact Factor: 3,1

2. Przysucha N, Gorska K, Maskey-Warzgchowska M, Proboszcz M, Nejman-Gryz
P, Paplinska-Goryca M, Dymek B, Zagozdzon A, Krenke R. The role of chitinases
in chronic airway inflammation associated with tobacco smoke exposure. Cells.

2022 Nov 25;11(23):3765. doi: 10.3390/cells11233765.

Praca oryginalna Punktacja MEiN: 140 Impact Factor: 5,2

3. Przysucha N, Paplinska-Goryca M, Goérska K, Misiukiewicz-Stepien P, Mlacki
M, Cyran A, Krenke R. Exploring CHIT1 and YKL-40 in tuberculous pleural
effusion: Insights and implications. Tuberculosis (Edinb). 2025 Dec;155:102692.
doi: 10.1016/j.tube.2025.102692.

Praca oryginalna Punktacja MEiIN: 100 Impact Factor: 2,9

Y.aczna punktacja MEiN: 340
Laczny IF: 11,2



Spis tresci:

1.  WYKAZ STOSOWANYCH SKROTOW ...ueeeireeeenencnsnsnsescsesasassens 6
2. STRESZCZENIE W JEZYKU POLSKIM......ccccooevvvricrsrrnnrecsssnnsecssnnns 9
3. STRESZCZENIE W JEZYKU ANGIELSKIM .12
4. WSTEP . 14
4.1. CHITYNAZY I BIALKA CHITYNAZOPODOBNE . ....cettueeeeiieeeeeeeeeeeeeaenes 14
4.1.1.  Prawdziwe ChityNazy .........ccccooiimiiiniiiieeeee e 16
Q1110 CHITT et 16
A.1.1.2.0  AMECASE oot e et e e e et a e e e e e eea e e aaaaaaas 18
4.1.2. Bialtka chitynazopodobne ...........ccccoeviiiiiniiiiiiiiee e 18
4.2. ROLA CHITYNAZ W CHOROBACH UKEADU ODDECHOWEGO.................. 19
A2 1. ASTMIA e e et e e e e e e e et aaeaa—aaaaa—_ 20
422, POCKP ... 21
4.2.3. Przewlekle zapalenie indukowane ekspozycja na dym papierosowy

22
424, WYSIEK GrUZIICZY ...coeeiiiieiieeiie et 22
5. ZALOZENIA I CELE PRACY 25
6. KOPIE OPUBLIKOWANYCH PRAC .....ceeeeeneeereeneesesessesscssssescees 26
7. PODSUMOWANIE I OMOWIENIE UZYSKANYCH WYNIKOW 62
8. WNIOSKI 67
9, OPINIA KOMISJI BIOETYCZNE. c.auueierneeeceersenccscsssscscsssssssssssssene 69
10. OSWIADCZENIA WSPOLAUTOROW PUBLIKACJL..........cuu..... 71
11. PISMIENNICTWO DO ROZDZIALOW W JEZYKU POLSKIM.. 83



1. Wykaz stosowanych skrotow

Pelna nazwa w jezyku

Pelna nazwa w jezyku

Skrot
angielskim polskim
. . Aktywno$¢ deaminazy
ADA Adenosine Deaminase
adenozyny
AMCase Acidic Mammalian Chitinase Kwasna chitynaza ssacza
. Ptyn z ptukania oskrzelowo-
BALF Bronchoalveolar Lavage Fluid
pecherzykowego
BMI Body Mass Index Wskaznik masy ciata
CAT COPD Assessment Test Kwestionariusz CAT
CLPs Chitinase-Like Proteins Bialka chitynazopodobne
Chronic Obstructive Pulmonary Przewlekla obturacyjna
COPD _
Disease choroba ptuc
Chronic Obstructive Pulmonary Przewlekta obturacyjna
POChP
Disease choroba ptuc
Enzyme-Linked
ELISA Test ELISA
Immunosorbent Assay
ERK Extracellular Signal-Regulated  Kinaza serynowo-treoninowa
Kinase z rodziny MAPK
_ _ Natgzona objetosc
Forced Expiratory Volume in 1
FEV1 wydechowa
Second )
pierwszosekundowa
FVC Forced Vital Capacity Nategzona pojemnos¢ zyciowa
Czynnik stymulujacy
Granulocyte-Macrophage
GM-CSF tworzenie kolonii
Colony-Stimulating Factor '
granulocytow i makrofagow
Global Initiative for Chronic Swiatowa Inicjatywa
GOLD
Obstructive Lung Disease Zwalczania POChP
IFN-y Interferon gamma Interferon y
il Interleukin Interleukina
LPS Lipopolysaccharide Lipopolisacharyd




Mitogen-Activated Protein

Kinaza aktywowana

MAPK . . .
Kinase mitogenami
MCP-1 Monocyte Chemoattractant Biatko chemotaktyczne dla
Protein-1 monocytow 1
MIP-1 Macrophage Inflammatory Bialko zapalne makrofagéw 1
-la
Protein-1 alpha o
Modified Medical Research Skala nasilenia dusznosci
mMRC .
Council Dyspnea Scale mMRC
_ . Metaloproteinaza macierzy
MMP-9 Matrix Metalloproteinase-9 '
zewnatrzkomoérkowej 9
NF-«x Nuclear Factor kappa beta Czynnik jadrowy «f3
Nucleotide-Binding Biatko zawierajace domeng
NOD2 Oligomerization Domain- oligomeryzacji wigzaca
Containing Protein 2 nukleotyd 2
. ‘ Biatko podobne do chitynazy
Stabilin-1-Interacting . '
SI-CLP wchodzace w interakcj¢ ze
Chitinase-Like Protein
stabiling-1
TGF-p Transforming Growth Factor Transformujacy czynnik
beta wzrostu 3
Limfocyty T pomocnicze typu
Th2 T Helper Type 2 Cells 5
TLR Toll-Like Receptor Receptor Toll-podobny
Czynnik martwicy
TNF-a Tumor Necrosis Factor alpha
NOWOtworow o
Treg Regulatory T Cells Limfocyty T regulatorowe
Swiatowa Organizacja
WHO World Health Organization _
Zdrowia
w.nal. Predicted Values Warto$ci nalezne
Biatko podobne do chitynazy
YKL-39 Chitinase-3-Like Protein 2
3 typu 2
Biatko podobne do chitynazy-
YKL-40 Chitinase-3-Like Protein 1

3typul




Vil Chitinase-3-Like Protein Mysie biatko podobne do
m
(Mouse) chitynazy 3

CHIT1 Chitotriosidase chitotriozydaza




2. Streszczenie w jezyku polskim

Ludzkie chitynazy nalezg do rodziny glikozylohydrolaz, ktorych zadaniem jest
rozktad biopolimeru chityny. W przesztosci stanowity istotny element wrodzonej
odpornosci (m.in. przeciwko chitynowym pancerzom pasozytéw), obecnie ich znaczenie
upatruje si¢ w zlozonych mechanizmach odpornosciowych wrodzonych i nabytych.
Najwazniejszymi przedstawicielami tej grupy sa: chitotriozydaza (CHIT1) oraz kwasna
chitynaza ssacza (AMCase). Oprocz aktywnych enzymatycznie chitynaz, wiele
organizméw wytwarza réwniez biatka chitynazopodobne, pozbawione zdolno$ci
hydrolizy chityny, lecz petnigce istotne funkcje regulacyjne w odpowiedzi komorkowej i
tkankowej. Z klinicznego punktu widzenia najistotniejszym przedstawicielem tej drugiej
grupy jest biatko podobne do chitynazy-3 typu 1 (CHI3L1), znane rowniez jako YKL-40.

Niniejsza rozprawa doktorska obejmuje cykl trzech prac opublikowanych w
recenzowanych czasopismach: jednej pracy pogladowej oraz dwoch pracach
oryginalnych. Wstgp do rozprawy doktorskiej oparty jest na pracy pogladowej pt.
Chitinases and chitinase-like proteins in obstructive lung diseases - current concepts and
potential applications, w ktorej przeprowadzono szeroka analize dostgpnego
piSmiennictwa podsumowujac dotychczasowa wiedzg o potencjalnej roli chitynaz w
chorobach obturacyjnych uktadu oddechowego (przede wszystkim astmy i przewlektej
obturacyjnej choroby ptuc- POChP), uwzgledniajac zardwno dane in vitro, dane z modeli
zwierzecych 1 badan z udziatem ludzi. Omoéwiono mechanizmy zwigzane z rolg tych
mediatorow w zapaleniu, remodelingu 1 destrukcji migzszu ptucnego. Usystematyzowano
dotychczasowa (na rok 2020) wiedz¢ dotyczaca potencjalnych stymulatorow, typow
komorek produkujacych chitynazy i szlakow sygnatowych. Uwzgledniono badania
pokazujace efekt nadmiernej stymulacji chitynaz, jak i sytuacji ich zmniejszonej lub
catkowitego braku aktywno$ci (np. w wyniku mutacji genetycznych). Dodatkowo
przeanalizowano role wybranych czynnikow, mogacych mie¢ wpltyw na aktywnos$¢
chitynaz (m.in. wiek, pte¢, steroidoterapi¢) i zasugerowano dalsze mozliwe kierunki
badan nad tymi biatkami.

W kolejnej pracy przeprowadzonej w ramach przewodu doktorskiego, tj. The role
of chitinases in chronic airway inflammation associated with tobacco smoke exposure
zbadano rol¢ chitynaz w rozwoju przewleklego zapalenia w drogach oddechowych w
odpowiedzi na ekspozycj¢ na dym tytoniowy. Publikacja o powyzszym tytule przedstawia

obserwacyjne badanie kliniczne przeprowadzone w latach 2018-2019. Do badania
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wlaczono 43 osoby powyzej 40. roku zycia, w tym 22 pacjentow z fagodng i umiarkowang
postaciag POChP, 12 palaczy bez choréb uktadu oddechowego oraz 9 zdrowych osob
nigdy niepalacych. Analizowano dost¢gpna dokumentacje medyczng (m.in. stopien
nasilenia objawow chorobowych przy uzyciu kwestionariusza mMRC 1 CAT, wyniki
badan czynnos$ciowych), sktad komorkowy plwociny indukowanej oraz stezenia
wybranych cytokin zapalnych, metaloproteinazy MMP-9, a takze chitynaz (YKL-40,
CHIT1) metoda ilosciowego testu ELISA. Dodatkowo przeprowadzono oceng
aktywnos$ci chitynolitycznej CHIT1. Stwierdzono, ze st¢zenie YKL-40 byto istotnie
wyzsze u pacjentow z POChP w pordownaniu do pozostatych grup. Co wigcej,
wykorzystanie modelu regresji logistycznej pozwolito wskazac¢, ze zwigkszone stezenie
YKL-40 w indukowanej plwocinie stanowi czynnik ryzyka rozwoju POChP. Dodatkowo
wykazano pozytywna korelacj¢ migdzy stezeniem i aktywnosciag CHIT1 oraz stgzeniem
YKL-40 a stezeniem prozapalnych cytokin- I1-8 oraz MMP-9. Szczeg6lowa analiza
klasterowa grup badanych wykazata dodatkowo, Ze pacjenci z POChP nie sg jednorodna
grupa. Wyodrebniono dwa podstawowe klastry. Tylko cze$¢ pacjentow z POChP (zwana
klastrem 2) charakteryzowala si¢ bardziej nasilonym stanem zapalnym drég
oddechowych, odzwierciedlonym przez wyzsza liczb¢ komorek zapalnych w plwocinie,
wyzszymi st¢zeniami cytokin oraz wigksza aktywno$cig 1 podwyzszonymi st¢zeniami
CHIT1 1 YKL-40 w poréwnaniu z osobami zakwalifikowanymi do klastra 1
(obejmujacego pozostatych uczestnikéw badania).

Ostatnia praca z cyklu publikacji pt: Exploring CHITI and YKL-40 in tuberculous
pleural effusion: Insights and implications dotyczyla st¢zen 1 aktywnosci chitynolitycznej
w plynach z optucne; wywolanych réznymi schorzeniami oraz ekspresji chitynaz w
bioptatach z oplucnej. Przedstawiona praca miata charakter retrospektywnego badania i
obejmowata 66 dorostych pacjentéw z wysigkiem oplucnowym, u ktérych wykonywano
torakocentez¢ w Katedrze i Klinice Chorob Wewnegtrznych, Peumonologii i Alergologii
WUM w latach 2020- 2023. U wszystkich pacjentow oprocz diagnostycznej
torakocentezy, przeprowadzono kompleksowg analiz¢ pltynu optucnowego, obejmujaca
ocen¢ parametrow biochemicznych, cytologicznych, mikrobiologicznych i aktywnosci
deaminazy adenozyny (ADA), zgodnie z obowigzujacymi standardami. Stgzenia YKL-
40 1 CHIT1 w ptynie oplucnowym oznaczano metoda ilo$ciowego testu ELISA o
wysokiej czutosci, a w wybranych przypadkach gruzlicy optucnej dodatkowo oceniano
ich ekspresje w ziarniniakach gruzliczych za pomocg barwien immunohistochemicznych.

Najwyzsze stezenia CHIT1 oraz YKL-40 odnotowano w plynach o etiologii gruzlicze;.
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Dodatkowo wykryto pozytywng korelacj¢ miedzy stezeniem YKL-40 a odsetkiem
makrofagow oraz aktywnos$cig deaminazy adenozyny (ADA). Oceniono rowniez warto$¢
diagnostyczng stezenia YKL-40 w plynie optucnowym (czuto$¢ 78,85% oraz swoistos¢
85,7% przy wartosci odcigcia wynoszacej 500 ng/mL). Analiza materiatu
histopatologicznego z biopsji oplucnej wykazata wyrazny, jednoznacznie wykrywalny
sygnat YKL-40 w cytoplazmie komoérek nabtonkowych oraz komorek wielojadrzastych.
Natomiast barwienie CHIT1 bylo pomijalne. Uznano, ze analiza wzorca ekspresji
chitynaz w materiatach histopatologicznych moze stanowi¢ warto$ciowy biomarker w

diagnostyce rdznicowej chordb ziarniniakowych.
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3. Streszczenie w jezyku angielskim

Human chitinases belong to the glycoside hydrolase family whose primary
function is the degradation of the biopolymer chitin. Historically, these enzymes have
been integral to innate immunity (e.g., against chitinous exoskeletons of parasites);
nowadays, their significance is recognized within the complex network of both innate and
adaptive immune mechanisms. The most prominent members of this enzymatic group are
chitotriosidase (CHIT1) and acidic mammalian chitinase (AMCase). Beyond catalytically
active chitinases, a wide range of organisms express chitinase-like proteins (CLPs) that,
despite lacking chitinolytic activity, fulfill essential regulatory functions in the
modulation of cellular and tissue responses. From a clinical perspective, the most relevant
member of this second group is chitinase-3-like protein-1 (CHI3L1), also known as
YKL-40.

The present doctoral dissertation is based on a series of three peer-reviewed
publications, comprising one review article and two original research papers. The first
article “Chitinases and chitinase-like proteins in obstructive lung diseases — current
concepts and potential applications.” provides a comprehensive analysis of the literature
up to 2020 was performed, summarizing the current understanding of the putative role of
chitinases in obstructive respiratory diseases, principally asthma and chronic obstructive
pulmonary disease (COPD). The review synthesizes evidence derived from in vitro
studies, animal models, and human investigations, delineating the molecular and cellular
mechanisms through which these mediators contribute to inflammation, tissue
remodeling, and parenchymal destruction. It systematizes knowledge on potential stimuli,
chitinase-producing cell types, and signaling pathways, and discusses the consequences
of both excessive chitinase activation and reduced or absent activity (e.g., due to genetic
mutations). Moreover, the influence of selected modifiers such as age, sex, and steroid
therapy on chitinase activity is examined, and future research directions are proposed.

The first original article entitled “The role of chitinases in chronic airway
inflammation associated with tobacco smoke exposure,” reports the findings of an
observational clinical study assessing the involvement of chitinases in chronic airway
inflammation triggered by tobacco smoke. This study, conducted between 2018 and 2019,
enrolled 43 subjects aged >40 years: 22 patients with mild-to-moderate COPD, 12
smokers without respiratory disease, and 9 never-smokers. Clinical records (including
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mMRC and CAT scores, pulmonary function tests) and induced sputum were analyzed
for cellular composition, selected inflammatory cytokines, matrix metalloproteinase-9,
and chitinases (YKL-40, CHIT1) using quantitative ELISA, together with assessment of
CHIT1 chitinolytic activity. We found that YKL-40 concentrations were significantly
higher in COPD patients compared with the other groups. Logistic regression identified
elevated YKL-40 in induced sputum as an independent risk factor for COPD. Positive
correlations were observed between CHIT1 concentration and activity, YKL-40 levels,
and pro-inflammatory mediators (IL-8, MMP-9). Cluster analysis revealed heterogeneity
within the COPD cohort, distinguishing two sub-clusters; only the second cluster
exhibited a pronounced inflammatory phenotype characterized by higher inflammatory
cell counts, cytokine levels, and increased chitinases concentrations and activity.

The second original article, entitled “Exploring CHIT1 and YKL-40 in tuberculous
pleural effusion: Insights and implications,” describes the study evaluating the
concentrations, enzymatic activity, and tissue expression patterns of chitinases in pleural
effusions of diverse etiologies. This retrospective study included 66 adult patients who
underwent thoracentesis at the Department of Internal Medicine, Pulmonary Diseases and
Allergy, Medical University of Warsaw (2020-2023). Comprehensive pleural fluid
analysis encompassed biochemical, cytological, microbiological parameters and
adenosine deaminase (ADA) activity. YKL-40 and CHIT1 concentrations were measured
by high-sensitivity ELISA; immunohistochemistry for these proteins was performed on
selected tuberculous pleural biopsies. The highest CHIT1 and YKL-40 levels were
observed in tuberculous effusions, with YKL-40 positively correlating with macrophage
proportion and ADA activity. A diagnostic cut-off 500 ng mL for YKL-40 yielded 78.9 %
sensitivity and 85.7 % specificity for tuberculous pleuritis. Immunohistochemistry
demonstrated robust cytoplasmic YKL-40 staining in epithelial-like and multinucleated
giant cells, whereas CHIT1 staining was negligible. The study concludes that the pattern
of chitinase expression in pleural tissue may serve as a valuable biomarker for differential

diagnosis of granulomatous diseases.
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4. Wstep

Zroédlem zainteresowania potencjalng rola chitynaz w chorobach uktadu
oddechowego byta wspolpraca zespotu Katedry i1 Kliniki Choréb Wewnetrznych,
Pneumonologii i Alergologii z pionem badawczo-rozwojowym firmy Molecure S.A
(dawniej OncoArendi) w zakresie badan nad mozliwo$cig terapeutycznego
wykorzystania inhibitorow tych enzymow. Udziat w zespole badawczym pozwolit mi na
zebranie odpowiednich grup pacjentdow oraz przeprowadzenie badan nad ekspresja
chitynaz w materiatach biologicznych pochodzacych z uktadu oddechowego pacjentéw z
przewlekta obturacyjng chorobg pluc (POChP) oraz ptynem w jamie optucnej. Wstep do
czesci badawczej stanowit przeglad piSmiennictwa dotyczacego roli chitynaz w
chorobach uktadu oddechowego. Ze wzgledu na znacznie mniejsza ilo$¢ danych
dotyczacych roli tych enzyméw w patogenezie i diagnostyce ptynu w oplucnej, to
zagadnienie nie bylo przedmiotem odpowiedniej pracy pogladowej, ale doczekato si¢
omoOwienia w pracy oryginalnej. Tak wiec podstawe niniejszej rozprawy stanowig
publikacja pogladowa o roli i chitynaz w obturacyjnych choréb i dwie publikacje
oryginalne, w ktorych przeprowadzono pomiary st¢zen 1 aktywnosci chitynaz w
plwocinie indukowanej chorych na POChP 1 ptynie optucnowym uzyskanym od chorych

z r6znymi schorzeniami stanowigcymi przyczyn¢ ptynu.
4.1. Chitynazy i bialka chitynazopodobne

Chitynazy stanowig grupe enzyméw nalezacych do hydrolaz, ktorych funkcja jest
rozktad chityny — drugiego pod wzgledem czestosci wystepowania biopolimeru na Ziemi
[1]. Chityna pelni role strukturalng w organizmach wielu gatunkow, stanowigc istotny
sktadnik $cian komorkowych grzybow, nicieni, stawonogdéw, owadow i skorupiakow, a
takze niektorych gatunkow ryb i ptazow [2,3]. Enzymy te sg szeroko rozpowszechnione
w przyrodzie 1 syntetyzowane przez liczne organizmy, poczawszy od bakterii, poprzez
rosliny, az po zwierzeta. Uczestniczg w procesach odzywiania, pasozytnictwa oraz w
mechanizmach odporno$ciowych, zar6wno wrodzonych, jak i nabytych [4].

Oprécz aktywnych enzymatycznie chitynaz, wiele organizméw wytwarza rdwniez
biatka chitynazopodobne, pozbawione zdolno$ci hydrolizy chityny, lecz pelnigce istotne
funkcje regulacyjne w odpowiedzi komoérkowej i tkankowej. Ludzkie chitynazy naleza
do rodziny glikozylohydrolaz 18, w obrgbie ktorej wyrdznia si¢ dwie zasadnicze grupy:

chitynazy o aktywnoS$ci enzymatycznej — reprezentowane przez chitotriozydazg (CHIT1)
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oraz kwasng chitynaze ssacza (AMCase) — oraz biatka chitynazopodobne (ang. chitinase-
like proteins, CLPs), zdolne do wigzania czasteczek chityny, lecz pozbawione
wlasciwo$ci hydrolitycznych [5]. Z klinicznego punktu widzenia najistotniejszym
przedstawicielem tej drugiej grupy jest biatko podobne do chitynazy-3 typu 1 (CHI3L1),
znane rowniez jako YKL-40.

Wspo6lng cechg chitynaz i biatek chitynazopodobnych jest ich potencjalny udziat w
modulacji odpowiedzi immunologicznej cztowieka. Badania naukowe wskazuja na
zwigzek migdzy podwyzszong aktywnoscig i zwigkszonym stezeniem CHIT1, AMCase
oraz YKL-40 a procesami zwigzanymi z aktywacjg stanu zapalnego drég oddechowych i
zapalenia stawow, infekcjami, procesami nowotworzenia oraz przebudowa strukturalng
tkanek, w tym woknieniem [5-7]. Pomimo rosnacej liczby doniesien naukowych, zakres
wiedzy dotyczacej roli chitynaz w fizjologii i patofizjologii cztowieka pozostaje wcigz
ograniczony. Zrozumienie funkcji oraz mechanizméw ich dziatania stanowi istotne
wyzwanie badawcze 1 moze przyczyni¢ si¢ do identyfikacji nowych biomarkeréw oraz
potencjalnych celow terapeutycznych w réznych jednostkach chorobowych [6].

Poniewaz chitynazy i biatka chitynazopodobne (CLPs) odgrywaja znaczaca role w
odpowiedzi immunologicznej, ich aktywnos¢ jest podwyzszona w tkankach narazonych
na bezposredni kontakt z czynnikami $rodowiskowymi i drobnoustrojami. Z tego
wzgledu pluca sg jednym z kluczowych miejsc, w ktorych nalezy analizowaé obecnos¢,
aktywnos$¢ oraz potencjalne znaczenie biologiczne chitynaz i biatek chitynazopodobnych.
Ogolny poglad na przebieg zjawisk inicjowanych przez kontakt chityny z komoérkami

uktadu oddechowego przedstawiono na Ryc.1.
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Ryc. 1 Grafika przedstawiajaca proces stymulacji chityng komorek- neutrofilii,
makrofagdw oraz innych komorek (m.in. komorek nabtonkowych) 1 wytwarzanie przez
nie chitynaz oraz bialek chitynazopodobnych, ktére w efekcie uczestniczg w patogenezie
wielu choréb uktadu oddechowego. Czarne strzatki wskazujg na kierunek dziatania.
Czarne przerywane strzatki oznaczaja wplyw negatywny (tj. destrukcyjny), natomiast
szare strzalki wskazuja na mozliwy wptyw pozytywny (tj. ochronny) [7]. AMCase-
kwasna chitynaza, CHIT1- chitotriozydaza, POChP- przewlekta obturacyjna choroba
phuc, YKL-40- biatko podobne do chitynazy 3 typu 1.

4.1.1. Prawdziwe chitynazy

Chitynazy enzymatycznie aktywne, reprezentowane sa przez chitotriozydaze

(CHITT) oraz kwasna chitynaze¢ ssacza (AMCase).

4.1.1.1. CHIT1
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CHIT1 byla pierwsza chitynazg odkrytag u cztowieka; zwiekszong jej aktywnos$¢
zarejestrowano poczatkowo w chorobie Gauchera [8]. Enzym ten wykazuje zarowno
aktywno$¢ hydrolityczna, jak i transglikozylacyjng. W ptucach cztowieka CHIT1 jest
wydzielana przez makrofagi pecherzykowe oraz neutrofile [5]. W warunkach
fizjologicznych znaczenie CHIT1 wynika z jego udzialu w mechanizmach obronnych
przeciwko patogenom zawierajacym chityne, w tym grzybom i owadom. Nowsze badania
wykazaty, ze nadmierna aktywacja CHITI moze nasila¢ proces =zapalny oraz
profibrotyczny, co prowadzi do rozwoju stanu zapalnego, destrukcji pecherzykow
phucnych oraz przebudowy tkanki [7] (Ryc. 2). W ostatnim czasie zwraca si¢ uwage na
potencjalng role inhibitorow chitotriozydazy w leczeniu choréb uktadu oddechowego

[9,10].

Czynniki wyzwalajace Gtoéwne zrodia komorkowe Komorki efektorowe Efekt tkankowy
. , ﬁ IL-8, MMP-9, MCP-1 Zapalenie
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srodowiskowe | I I e —
% / Makrofag

* Narazenie na dym

. - e krOfag
tytoniow
vt Y ex¥ CHIT1 D estrukcja pecherzykéw

* TNFa, LPS, IFNy, 0 < \ Szlak TGF-B,

* GM-CSF, > Przebudowa tkankowa<
* Aktywacja NOD2 Neutrofil . 4 —’ — ~___

* Aktywacja TLR *-—\, —

Fibroblast
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Ryc. 2 Schemat zwigzkow migdzy chitotriozydazg (CHIT1) a patogeneza
zapalenia 1 uszkodzenia pluc. Ekspozycja na dym tytoniowy i inne czynniki zwigksza
ekspresje CHIT1 w makrofagach i neutrofilach ptucnych. CHIT1 moze promowac proces
zapalny i1 degradacj¢ tkanki (z udziatem m.in. I1-8, MMP-9 i MCP-1) oraz uczestniczy¢
w rozwoju witoknienia ptuc poprzez szlak TGF-B. Strzatki w schemacie przedstawiaja
odpowiednio: stymulacje komorek (biata), wydzielanie CHIT1 (szare), kierunki dziatania
CHIT1 (czarne) oraz nasilenie procesow (zo6tta) [7]. CHIT1 — chitotriozydaza, GM-CSF
— czynnik stymulujacy tworzenie kolonii granulocytéw i makrofagdéw, IFN-y — interferon
v, 11-8 — interleukina 8, LPS — lipopolisacharyd, MCP-1 — biatko chemotaktyczne dla
monocytow 1, MMP-9 — metaloproteinaza macierzy zewnatrzkomorkowej 9, NOD2 —
biatko zawierajgce domeng oligomeryzacji wigzacg nukleotyd 2, TGF-f — transformujacy
czynnik wzrostu B, TLR — receptor Toll-podobny, TNFa — czynnik martwicy

NOWOtwWOrow o.
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4.1.1.2.AMCase

AMCase stanowi kolejng aktywng formg chitynazy w uktadzie oddechowym. Jej
ekspresj¢ wykazano w nabtonku oddechowym oraz makrofagach [5]. W zwiazku z
faktem, ze kwasne $rodowisko jest niezbedne do zainicjowania aktywnos$ci
enzymatycznej AMCase (optymalne pH o wartosci 2) niektérzy autorzy sugeruja, ze
enzym ten moze by¢ nieaktywny w ludzkich ptlucach [11,12]. Dostepne dane wskazuja
jednak na zwigzek miedzy zwigkszong aktywno$ciag AMCase a astma i przewlektym

zapaleniem zatok z polipami [13].
4.1.2. Bialka chitynazopodobne

Biatka podobne do chitynaz to grupa protein, ktore nie wykazuja aktywnosci
hydrolitycznej, ale utrzymaly konserwatywna domeng w obrebie glikozylohydrolaz 18.

Efektem tego, jest zdolno$¢ do wigzania chityny lub jej czastek [5]. Przedstawicielami tej

grupy sg.

e biatko podobne do chitynazy 3 typu 1 (CHI3L1), znane rowniez jako YKL-40;
e bialko podobne do chitynazy 3 typu 2 (YKL-39);

e mysie biatko podobne do chitynazy 3 (Yml);

e biatko podobne do chitynazy wchodzace w interakcj¢ ze stabiling-1 (SI-CLP);

e owiduktyna.

Najwazniejszym 1 najlepiej opisanym przedstawicielem grupy jest biatko YKL-40
[7]. YKL-40 wiaze ligand oligosacharydowy w sposob identyczny jak katalitycznie
aktywne chitynazy. Jednakze, w przeciwienstwie do chitynaz, w przypadku YKL-40
wigzanie ligandu oligosacharydowego wywotuje zmian¢ konformacyjng, ktéra moze
mie¢ znaczenie regulacyjne odpowiedzi immunologicznej [14].

W drogach oddechowych YKL-40 jest wydzielane przez makrofagi, komorki
nablonkowe 1 neutrofile [5,7]. Szlak sygnatowy, prowadzacy do aktywacji zapalenia i
przebudowy tkankowej jest mediowany przez roznorodne biomarkery (Ryc. 3) [7]. Po raz
pierwszy odnotowano wyzsze st¢zenia powyzszego biomarkeru w ptynie stawowym
pacjentow z chorobg zwyrodnieniowa stawow 1 zapalnymi chorobami stawow [15].
PozZniej stwierdzono podwyzszone stezenia biatka YKL-40 1 jego mRNA w wielu
chorobach zapalnych, nowotworach oraz zaburzeniach zwigzanych z przebudowg tkanek

(m.in. w zapaleniu pluc, nieswoistych chorobach zapalnych jelit, miazdzycy, cukrzycy,
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wldknieniu watroby oraz w nowotworach piersi, watroby, jajnika, jelita grubego i ptuc)
[5,16-18]. Wiele danych naukowych sugeruje, ze bialka chitynazopodobne odgrywaja
istotng role w patogenezie choréb uktadu oddechowego [19-21] (Ryc. 3).
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Ryec. 3. Schematyczne przedstawienie potencjalnych mechanizméow
zaangazowanych w destrukcj¢ migzszu plucnego, zapalenie tkanek oraz ich przebudowe
zwigzang z aktywacja YKL-40. Duza biata strzatka reprezentuje stymulacje
makrofagdw, komorek nablonkowych oraz neutrofili przez rézne czynniki; cienka
przerywana czarna strzatka przedstawia posredni wptyw czynnikdw srodowiskowych;
duze szare strzatki wskazuja na wydzielanie YKL-40 przez komorki; czarne cienkie
strzalki obrazujg potencjalne szlaki sygnatowe YKL-40; szara cienka przerywana
strzatka przedstawia efekt stymulujacy interleukiny 13 (I1-13) na transformujacy
czynnik wzrostu beta (TGFp); zotta pionowa strzatka oznacza wzrost lub nasilenie [7].
ERK — kinaza serynowo-treoninowa z rodziny MAPK, Il — interleukina, MAPK szlak —
szlak kinaz aktywowanych mitogenami, MCP-1 — biatko chemotaktyczne dla
monocytow 1, MIP-1 o — biatko zapalne makrofagow 1 a, MMP-9 — metaloproteinaza
macierzy zewnatrzkomorkowej 9, NF-«xf3 — czynnik jadrowy k3, TGF-3 —
transformujacy czynnik wzrostu 8, Th2 szlak — szlak odpowiedzi limfocytéw T
pomocniczych typu 2, TNF-a — czynnik martwicy nowotworéw o, YKL-40 — biatko
podobne do chitynazy-3 typu 1.

4.2. Rola chitynaz w chorobach ukladu oddechowego
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4.2.1. Astma

Szacuje si¢, ze na astm¢ choruje ponad 250 milionéw 0s6b na §wiecie (WHO Global
Asthma Report 2022) [22]. Ta choroba ptuc charakteryzuje si¢ specyficznym typem
przewlektego zapalenia, nadreaktywnos$cig oskrzeli oraz zmiennym, odwracalnym
ograniczeniem przeptywu powietrza przez drogi oddechowe. Pomimo dostepnych
skutecznych form leczenia i szeroko opisywanej jej patofizjologii wcigz wyzwaniem dla
klinicystow pozostanie uzyskanie kontroli w przypadku astmy cigzkiej [23].

Wiele badan doswiadczalnych i klinicznych oceniato znaczenie chitynaz w astmie.
Ciekawe spostrzezenia dotyczace patogenezy tej choroby wysnut zespdt badaczy
kierowany przez Brinchmann, sugerujac, ze wczesna ekspozycja wziewna na czasteczki
zawierajace chityng moze przyczyniaé si¢ do rozwoju reakcji alergicznej na powyzszy
czynnik [24]. Badania oceniajace czgstos¢ wystepowania chordb obturacyjnych posrod
pracownikow przemyshlu morskiego i grzybiarskiego, z wieksza niz populacyjnie
ekspozycja na chityng, wydaja si¢ potwierdza¢ hipoteze nadreaktywnos$ci drog
oddechowych w przypadku wysokiego stezenia chityny w powietrzu wdychanym
[25,26]. Z drugiej strony, nadmiernie zmniejszona ekspozycja na mikroorganizmy i
pasozyty moze, zgodnie z hipoteza higieniczng, przyczynia¢ si¢ do wzmozonej
odpowiedzi typu T2 gospodarza. Badania u ludzi wskazujg na podwyzszone stezenie
powyzszych biomarkerow u pacjentdéw z astmg, w szczegolnosci w okresie zaostrzenia
objawow [28,29].

W modelach zwierzgcych astmy wykazano jej zwigzek z aktywnoscia AMCase.
Wyniki tych badan sugeruja, ze enzym ten moze by¢ istotnym mediatorem reakcji
indukowanej przez Il1-13 w chorobach zwigzanych z odpowiedzig Th2 [27]. Opisano
réwniez zwigzek migdzy poliformizmem tego enzymu a astmag wieku dziecigcego [30].
Jak wspomniano jednak wczesniej, wydaje sie, ze pH w obrebie drog oddechowych jest
zbyt wysokie, aby AMCase mogt odgrywac istotng role enzymatyczng [11,12].

Wykazano, ze duplikacja genu kodujacego CHIT1, prowadzaca do powstania
nieprawidlowo zlozonego mRNA i1 w efekcie syntetyzowania nieaktywnej formy biatka
CHIT1, moze by¢ czynnikiem ryzyka ci¢zkiej astmy z nadwrazliwo$cig na grzyby,
alergicznej aspergilozy oskrzelowo-plucnej 1 alergicznego zapalenia zatok [31]. Modele
zwierzece astmy wskazujg rowniez na ochronng role¢ CHIT1 w patogenezie zapalenia
alergicznego i odpowiedzi drég oddechowych w astmie, prawdopodobnie poprzez

regulacje ekspresji TGF-B 1 komorek regulatorowych T (Treg, Foxp3+) [32]. Wedtug
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autorow CHIT1 bierze udzial w regulacji immunologicznej poprzez wspieranie ekspresji
1 sygnalizacji TGF-B1 i dalszg indukcj¢ 1 akumulacje Foxp3* Treg w tkankach zapalnych.
Brak chitotriozydazy powoduje przesunigcie rownowagi w kierunku silniejszej
odpowiedzi Th2, co moze poglebiaé alergiczne zapalenie.

Najbardziej interesujace z punktu klinicznego wydaja si¢ badania analizujace role
YKL-40. Wysokie stezenie YKL-40 we krwi koreluje ze stopniem obturacji u pacjentow
z astmg oraz zwigksza ryzyko zaostrzen choroby [33, 34]. Dodatkowo stwierdzono
korelacje migdzy stezeniem YKL-40 a liczba neutrofili we krwi i plwocinie, natomiast
nie obserwowano takiego zwigzku z eozynofilami [35]. Moze to sugerowac, ze neutrofile
sg istotnym zrodlem YKL-40 w astmie. Z drugiej strony, poniewaz YKL-40 koreluje z
czynnikami chemotaktycznymi dla neutrofili (np. I1-8), mozliwe jest, ze zwigkszona
liczba neutrofili jest skutkiem wzmozonej ekspresji YKL-40. By¢ moze szlak ten
odgrywa rolg w trudnej do leczenia astmie neutrofilowej. Nie mozna jednak wykluczyc¢,
ze YKL-40 jest jedynie markerem przebudowy tkanek, a nie bezposrednim uczestnikiem
patogenezy. Aby to rozstrzygnac¢, konieczne sg dalsze badania wyjasniajace mechanizmy

dziatania i regulacji YKL-40.
4.2.2. POChP

Kolejng chorobg obturacyjna uktadu oddechowego, stanowiacg istotny problem
kliniczny 1 spoteczny jest przewlekta obturacyjna choroba ptuc (POChP). Zgodnie z
danymi WHO, w 2021 roku POChP bylo trzecig najcze¢stsza przyczyna zgondéw na
swiecie odpowiadajac za ok. 3,5 miliona zgonow [36].

Ekspozycja na dym tytoniowy, szkodliwe gazy 1 pyly, a takze alergeny pobudza
wydzielanie mediatorow (m.in. interleukin- II-1,-13,-17A, -18, GM-CSF 1 TNF-a)
stymulujacych neutrofile, makrofagi i komodrki nabtonkowe drég oddechowych do
produkcji YKL-40 1 CHIT1 [5, 12, 37-43]. Chitynazy 1 bialka chitynazopodobne
stymuluja wydzielanie prozapalnych 1 profibrotycznych mediatorow, takich jak I1-8,
MMP-9, MCP-1, MIP-1a oraz TGF-f, ktére uczestnicza w patofizjologii przewlektego
zapalenia, odktadania macierzy pozakomorkowej i nadmiernej produkcji kolagenu, co, w
konsekwencji prowadzi do nieodwracalnej destrukcji 1 remodelingu pecherzykow
phlucnych [37,44,45]. Dodatkowo wykazano, ze nadmierna ekspresja YKL-40 stymuluje
wydzielanie I1-8 i prowadzi do proliferacji 1 migracji komorek migéni gtadkich oskrzeli
poprzez stymulacje szlaku MAPK i NF-kB [44]. Efektem tych dziatan jest nasilony
remodeling drég oddechowych, zmniejszenie elastycznosci ptuc oraz postgpujace
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zwezenie drog oddechowych, co skutkuje zwigkszeniem stopnia obturacji.
Przeprowadzona metaanaliza wykazata, ze podwyzszone stezenia YKL-40 w surowicy
negatywnie koreluja z wartoscig FEV1 w.nal., co wskazuje na ich zwigzek z pogarszajaca
si¢ funkcja pluc i cigzkoscig choroby [21]. Wspotdziatanie CHIT1 i YKL-40 w aktywacji
szlakow zapalnych, fibrogenezy i remodelingu sugeruje ich mozliwy udzial w rozwoju
POChP, a takze wskazuje na ich potencjalng rolg¢ diagnostyczng i terapeutyczng.
Przeprowadzono szereg badan oceniajacych znaczenie chitynaz w patogenezie POChP.
Cze$¢ badaczy wskazuje, ze stezenia powyzszych bialek, zarbwno w surowicy, jak i w
plwocinie indukowanej i1 plynie z plukania oskrzelowo-pecherzykowego (BALF), sa
wyzsze u palaczy z POChP w poréwnaniu z palaczami bez stwierdzonej choroby i
osobami, ktére nigdy nie pality [37,38].

Z drugiej strony, AMCase prawdopodobnie nie odgrywa istotnej roli ani u pacjentow
z POChP, ani u zdrowych palaczy. St¢zenia tej chitynazy w BALF byl ponizej progu
wykrywalnosci testu ELISA [37].

4.2.3. Przewlekle zapalenie indukowane ekspozycja na dym papierosowy

Wiele czynnikow, w tym toksyny srodowiskowe oraz ekspozycja na dym tytoniowy,
moze zwigksza¢ produkcje chitynaz 1 biatek chitynazopodobnych (Ryc. 2 i Ryc. 3).
Palenie wiaze si¢ ze zwigkszong ekspresja genéw kodujacych chitynazy, a stezenia
chitynaz sa wyzsze u osob palacych niz u oséb, ktére nigdy nie pality [37,38]. Moze to
by¢ zwiazane z faktem, ze liScie tytoniu sa powszechnie zakazone organizmami
grzybiczymi, zawierajacymi chityne. Majac na uwadze powyzsze dane, Seibold 1 wsp.
przedstawili hipoteze, ze polimerowa chityna obecna w dymie papierosowym moze
aktywowa¢ makrofagi oraz komoérki nabtonka drog oddechowych, a takze zwigkszaé
ekspresj¢ 1 wydzielanie chitynaz [12]. Nalezy jednak podkresli¢, Zze wciaz niejasne
pozostaje, czy podwyzszone stezenie chitynaz jest markerem rozwoju POChP, czy jest
wtorne do stanu zapalnego w drogach oddechowych wynikajacego z ekspozycji na

szkodliwe czynniki, gtbwnie te obecne w dymie tytoniowym.
4.2.4. Wysiek gruzliczy

Prawidtowy ptyn optucnowy powstaje zwykle jako przesacz z naczyn
wlosowatych optucnej S$ciennej, a odptywa droga naczyn limfatycznych [45].
Gromadzenie si¢ nadmiernej ilo$ci pltynu optucnowego jest efektem zaburzenia tych

procesow. Zgodnie z ogodlnie przyjetymi kryteriami, ptyny w jamie oplucnej dzieli si¢ na
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przesicki 1 wysigki [46]. Przesicki sg spowodowane zwigkszonym ci$nieniem
hydrostatycznym (np. niewydolnos¢ serca), zmniejszonym cisnieniem onkotycznym (np.
hipoproteinemia), zwigkszonym ujemnym ci$nieniem w jamie oplucnej (np. niedodma)
lub przemieszczaniem si¢ ptynu puchlinowego z jamy brzusznej przez przepong (np.
wodobrzusze optucnowe w przebiegu chordb watroby). Natomiast wysieki powstajg w
wyniku zwiekszonej przepuszczalnosci naczyn wlosowatych i/lub uposledzonego
drenazu limfatycznego, bedacych skutkiem procesow rozrostowych (np. nowotwory) lub
zapalnych (np. wysieki parapneumoniczne, gruzlicze) [47]. Biorac pod uwage powyzsze
réznice w patofizjologii, wydaje sie¢, ze chitynazy nie powinny odgrywac istotnej roli w
przesigkach. Natomiast w przypadku ptyndw wysigkowych, ktorych tworzenie w
istotnym stopniu zwigzane jest z procesami zapalnymi, takiej roli nie mozna wykluczy¢.
W zwigzku z opublikowanymi wczesniej przez zespdt badawczy wynikami badan,
wskazujacymi, ze chitynazy wykazuja istotng ekspresje w ziarniniakach sarkoidalnych
[9], uznali$my, ze ocena ekspresji chitynaz w ziarniniakach gruzliczych oraz ich st¢zenia
w wysieku gruzliczym moze wnie$¢ nie tylko istotny aspekt poznawczy, ale moze miec¢
pewng warto$¢ diagnostyczng (w razie uzyskania pozytywnych wynikow w ptynie
optucnowym 1 bioptatach). Pomimo, ze diagnostyka plucnej postaci gruzlicy jest
stosunkowo prosta i latwo dostgpna, to sytuacja jest zgota odmienna w przypadku
wysunigcia podejrzenia wysigku o etiologii gruzliczej. Wedlug danych z 2024 r.
najczestsza postacig gruzlicy pozaptucne] w Polsce jest gruzlicze zapalenie optucnej —
powyzsze przypadki stanowity 3,9% ogoétu chorych z rozpoznang gruzlica [48]. Trzeba
jednak podkresli¢, ze wysigki gruzlicze zdarzaja si¢ czgsciej, co wynika z faktu, ze w
przypadku wspdtwystgpowania zmian w migzszu ptucnym przypadki te sg raportowane
jako gruzlica ptuc. W krajach o wysokiej zapadalnos$ci na gruzlice, zakazenie pratkiem
kwasoopornym jest odpowiedzialne w 33% za gromadzenie ptynu w jamach
oplucnowych [49]. Glowne wyzwania diagnostyczne zwigzane z rozpoznaniem
gruzliczego wysigku wynikajg z ograniczonej czuto$ci i1 niskiej wartosci predykcyjnej
wyniku ujemnego testow mikrobiologicznych w wykrywaniu Mycobacterium
tuberculosis lub jej DNA w ptynie oplucnowym [50]. Efektem tych ograniczen, jest ciaglte
poszukiwanie markerow wysigku gruzliczego (obecnie znaczenie kliniczne ma przede
wszystkim deaminaza adenozyny- ADA) [50]. Analiza dotychczasowych danych
literaturowych wykazala, ze rola chitynaz w etiologii wysigkow nie jest jednoznaczna, a
etiologia pltynu, w ktérym stezenie tych biomarkerdéw jest najwyzsze jest rézna [51-53].

Czg$¢ z badan wskazuje, ze powyzsze biomarkery moga odgrywac role w patogenezie
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gruzliczego wysigku [53,54]. Co wigcej, aktywnos¢ CHIT1 obniza si¢ w trakcie leczenia
przeciwpratkowego 1 koreluje z cigzkoscig choroby [55]. Majac na uwadze uzyskane
wczesniej dane, wskazujace na podwyzszong ekspresjc CHIT1 w ziarniniakach
sarkoidalnych [9], cieckawym do oceny aspektem jest ocena aktywnos$ci chitynaz w
ziarniniakach gruzliczych, ich znaczenie w procesie tworzenia gruzliczego wysieku i

finalnie ocena, jakg role diagnostyczng mogg odgrywa¢ CHIT1 oraz YKL-40.
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5. Zalozenia i cele pracy

W badaniach stanowigcych podstawe rozprawy doktorskiej skoncentrowatam si¢ na
scharakteryzowaniu stezenia, aktywnosci 1 ekspresji chitynaz w materiatach
biologicznych pozyskanych od pacjentow z wybranymi chorobami uktadu oddechowego,
takimi jak POChP, z zapaleniem dréog oddechowych indukowanym dymem
papierosowym oraz z ptynem w jamie oplucnej. Uzupehlieniem tych celéw byla
odpowiednia interpretacja uzyskanych danych, wnioskowanie i wskazanie kierunkow

przysztych badan.

Gléwny cel rozprawy obejmowat realizacje nastgpujacych celow szczegodtowych:

1. Przeglad S$wiatowej literatury dotyczacej roli chitynaz w patogenezie i
diagnostyce wybranych chordb uktadu oddechowego (m.in. astma i POChP) i
okreslenie brakow w aktualnej wiedzy dotyczacej powyzszych biomarkerow.

2. Porownanie stezen CHIT1 1 YKL-40 oraz aktywnosci CHIT1 w plwocinie
indukowanej u zdrowych ochotnikoéw, osob palacych papierosy, bez stwierdzonej
choroby uktadu oddechowego oraz pacjentow z POChP.

3. Ocena zwigzkéw migdzy stezeniem 1 aktywnoscig chitynaz, a wybranymi
markerami stanu zapalnego (tj. catkowitej liczby komorek w plwocinie, liczby
neutrofilii, makrofagdw, stezenia interleukiny 6 (I11-6), 11-8, 11-18 oraz MMP-9.

4. Analiza klasterowa pacjentow pozwalajaca na wyznaczenie profili klinicznych
badanych grup w kontekscie ekspozycji na dym tytoniowy.

5. Ocena stezenia YKL-40 oraz CHIT1 w ptynach z optucnej o rdznej etiologii, ze
szczegblnym uwzglednieniem gruzliczego wysieku.

6. Ocena ekspresji komorkowej chitynaz w bioptatach z optucnej pacjentow ze
zdiagnozowanym gruzliczym wysigkiem.

7. Oszacowanie warto$ci diagnostycznej CHIT1 1 YKL-40 jako potencjalnych

biomarkeréw wysieku gruzliczego
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Abstract: Chitinases, enzymes that cleave chitin’s chain to low molecular weight chitooligomers,
are widely distributed in nature. Mammalian chitinases belong to the 18-glycosyl-hydrolase family
and can be divided into two groups: true chitinases with enzymatic activity (AMCase and
chitotriosidase) and chitinase-like proteins (CLPs) molecules which can bind to chitin or chitoo-
ligosaccharides but lack enzymatic activity (eg, YKL-40). Chitinases are thought to be part of an
innate immunity against chitin-containing parasites and fungal infections. Both groups of these
hydrolases are lately evaluated also as chemical mediators or biomarkers involved in airway
inflammation and fibrosis. The aim of this article is to present the current knowledge on the
potential role of human chitinases and CLPs in the pathogenesis, diagnosis, and course of
obstructive lung diseases. We also assessed the potential role of chitinase and CLPs inhibitors as
therapeutic targets in chronic obstructive pulmonary disease and asthma.

Keywords: asthma, COPD, YKL-40, CHITI, chitotriosidase, AMCase

Background

Chitin is the second (after cellulose) most abundant biopolymer on Earth,' mainly
forming various building block structures of fungi, mollusks, arthropods, and other
invertebrates.” Its major unique features include water insolubility and high resis-
tance to mechanical stress and degradation. The utility of chitin-containing products
has been recognized and, since many years, chitin has been widely used for
commercial purposes: in agriculture, food industry, pharmacy or biomedical
industry.® > Chitin is an enzymatic product of chitin synthases and requires specific
enzymes — referred to as chitinases — for its degradation. Although it had previously
been assumed that vertebral tissues contain no chitins and chitinases, in the light of
recent studies, this assumption seems to be no longer valid.® Endogenous chitin can
be found in some vertebrates, including fish and amphibians.7 In general, human
organisms are not able to produce chitin due to the absence of chitin synthases.
However, minute amounts of chitin can be detected in humans. They either have
external sources or may have the form of short-chain oligomers associated with
hyaluronic acid synthesis.®® Thus, the lack of chitin synthases does not a priori
exclude the presence of chitin in human tissues. It seems that under some circum-
stances even minute amounts of chitin or chitin-like polysaccharides can accumu-
late and contribute to human pathology, eg, in certain forms of Alzheimer’s
disease.” Considering the high prevalence of chitin and the fact that the
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immunological reaction to this polysaccharide is thought
to be time- and dose-dependent, the above issue seems to
have at least potential clinical implications.'®
Nevertheless, the role of chitin in humans is still obscure.

Chitinases, enzymes that cleave chitin’s chain to low
molecular weight chitooligomers, are widely distributed in
nature. These enzymes are produced by bacteria, fungi,
arthropods and  vertebrates."'

plants, actinomycetes,

Curiously, albeit the human genome is completely void of

genes for chitin synthases, it does contain several genes
encoding different human chitinases.'> Moreover, these
genes are active and proteins with potent chitinolytic activity
can be detected in different human tissues. This phenomenon
is intriguing in the context of only a trace amount of chitin in
human organisms. At least in part, chitinases probably repre-
sent a defensive mechanism against chitin-containing para-
sites and fungal infections.' In addition, these enzymes may
also play a role in destroying potent chitin antigens.
Nonetheless, it must be admitted that our current knowledge
on the place of chitinases in human physiology and patho-
physiology is highly unsatisfactory.

Human chitinases belong to 18-glycosyl-hydrolases
(GH18). Within the family of GH18, we can distinguish
two groups based on their activity:'*

e enzymatically active chitinases, represented by chit-
otriosidase (CHIT1) and acid mammalian chitinase
(AMCase);

chitinase-like proteins (CLPs), a group of several pro-
teins which do not have hydrolytic activity but are still

capable of binding chitin or chitin’s particlcs‘IH7 The
most important representatives of this group are:

o chitinase-3-like protein 1 (CHI3L1), also known as
YKL-40 with animal homologue-BRP-39 (mouse
breast regression protein 39);

chitinase 3-like protein 2 (YKL-39);

murine chitinase-like 3 protein (Ym1);

o o

o stabilin-1-interacting chitinase-like protein (SI-
CLP);
oviductin.

o

Enzymatically active chitinases (true chitinases), ie,
CHIT1 and AMCase, have been identified in different
mammals including humans and laboratory animals (eg,
mice). Humans and other mammals also produce YKL-40
(with mouse homologue BRP-39), oviductin and SI-CLP.
Chitinase 3-like protein 2 (YKL-39) was found in humans
but was absent in rodents.'® Animal studies indicate the

role of eating behaviors in chitinase gene expression.
Higher AMCase enzyme and mRNA levels were found
in omnivores (eg, pigs, chickens, monkeys) than in herbi-
vores (eg, bovines) and carnivores (eg, dogs).w'20 The
highest levels of chitinase expression were reported in
the lungs, stomach, kidney, and liver.'>2 1t may be
hypothesized that a higher exposure to chitin-containing
organisms results in the overexpression of chitinase
genes.! It is worth to note, however, that chitinase genes
are not always present in the genome (ie, according to the
National Center for Biotechnology Information (NCBI)
genome database, the CHIT1 gene is absent in the dog
genome). The lack of chitinase gene in some species may
lead to lower chitin digestibility and a reduced tolerance to
overfeeding with chitin-containing food."

From the clinical perspective, CHIT1, AMCase and
YKL-40 seem to play the most significant role in different
human diseases. A common feature of the above enzymes is
their potential involvement in the human immune response.
Hence, the majority of studies have been focused on these
molecules. These studies demonstrated various relationships
between the level of CHIT1, AMCase or YKL-40 and
different human diseases and pathologies, such as infections,
cancer, chronic pulmonary disorders, arthritis, fibrosis, tissue
remodeling, and others.'>'* The association of other CLPs
with human diseases has been poorly addressed and both the
number and the quality of data are limited, eg, YKL-39 was
reported to be involved in osteoarthritis, whereas SI-CLP
probably plays a role in Th-2 induced allergies.'* Since
chitinases and CLPs are believed to play an active role in
human immune defense, their activity should be expressed
mainly in locations with high exposure to microorganisms.
This refers to the lungs which are exposed to approximately
10,000 liters of air contaminated with various potential
pathogens per day.***> Moreover, the most common dis-
eases of the lower respiratory tract such as astima and
chronic obstructive pulmonary disease (COPD) have
a strong relationship with inhaled antigens and air pollution.
Therefore, the respiratory system seems to be one of the
major sites in which the presence and activity of chitinases
should be considered. The possible role of chitin, chitinases
and CLPs in pulmonary diseases is shown in Figure 1.6:1824
The aim of this article is to present the current knowledge on
the potential role of human chitinases and CLPs in the
pathogenesis, diagnosis, and course of obstructive lung dis-
eases. In particular, two major aspects that are critical from
a clinical perspective will be reviewed: their role in
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/7 7/ [

/7 /7 : 1

YR 4 1
7 7 11
s ' _
Asthma COPD . Other diseases '
(eg, idiopahic pulmonary fibrosis,
sarcoidosis)
Figure | Sch ic depiction of chitin, ch and chiti like proteins (CLPs) involvement in lung diseases.

Notes: Exposure to chitin may trigger the secretion of chitinases and CLPs from neutrophils, macrophages and other cells (solid-line black arrows show cell activation after
chitin exposure and secretion of chitinases). Both groups of enzymes are thought to play a role in the pathogenesis of pulmonary diseases (eg, asthma and COPD). Black
dashed arrows reflect a negative (ie, destructive) effect, while the grey dashed arrows show a possible positive (ie, protective) influence. See manuscript text for more

details.

pathogenesis as a potential target of therapeutic intervention
and the role as biomarkers characterizing specific features of
the disease.

Basic Characteristics of Selected
Chitinases and CLPs Potentially
Involved in Human Pathophysiology
Chitotriosidase

CHIT1 was the first true chitinase discovered in humans.?®
This enzyme has a hydrolytic and trans-glycosylation
activity.'* Elevated levels of CHITl have been first
described in patients with Gaucher disease and later, in
a variety of diseases (eg, acute and chronic infections,

neurodegenerative diseases and other).'** In the human
lung, CHIT1 is prominently expressed by alveolar macro-
phages and neutrophils and it is said to play an active role in
the innate immune response.”* Under normal conditions,
the importance of CHIT1 results from its role in the defense
against chitin-containing human pathogens, including fungi
and insects.”® CHIT1 may stimulate alveolar macrophages
and enhance tissue inflammation.”’ However, the exact
mechanism of CHIT1 action has not been fully explained.

Acid Mammalian Chitinase

In 2001, a new enzyme with chitinolytic activity —
AMCase — was discovered.”” It has been shown that
AMCase has hydrolytic activity in the gastrointestinal
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tract and lungs and that it may play a role in digestion and/
or immune defense.*® The enzyme is acid stable, has an
optimal pH around 2 and an acidic environment is required
to initiate AMCase enzymatic activity.31 This may suggest
that the highest enzymatic activity can be found in gastric

20
mucosa.

AMCase is expressed by lung epithelial cells
and macrophages. AMCase mRNA expression and the
number of AMCase-positive cells are upregulated during
Th2 inflammation. This phenomenon has been demon-
strated mainly in asthma (in lung epithelial and subepithe-
lial cells) but also in chronic rhinosinusitis with nasal
polyps (in ethmoid mucosa).>**? The above effects were
found to be mediated mainly through IL-13303334
Although AMCase was detected in gastric mucosa, it did
not correlate with the presence of H. pylori and
inflammation.*® The role of AMCase in the human respira-
tory system has not been adequately investigated and some
authors suggested that this enzyme could be inactive in
human lungs.>®

Chitinase-3-Like Protein |

YKL-40, a 40 kDa plasma protein, is the best-known
protein from the CLPs group. YKL-40 lacks chitinolytic
activity due to the mutation of glutamic acid to leucine in
the chitinase-3-like catalytic domain.”’ The expression of
YKL-40 was found in different mammalian organs and
tissues (ie, humans, cows, mice, goats),””10 The enzyme
is secreted by macrophages, epithelial cells, neutrophils,
chondrocytes, synoviocytes, vascular smooth muscle cells
and cancer cells.*'*? Studies which used human lung
specimens and bronchoalveolar lavage fluid (BALF)
showed the expression of YKL-40 in the cytoplasm of
neutrophils and macrophages both in healthy subjects

and patients St

with obstructive airway diseases.
Nevertheless, the role of this protein is somewhat contro-
versial. It does not have any enzymatic activity but it is
believed to be involved in the regulation of cell prolifera-
tion, adhesion, migration and activation.'* Higher concen-
trations of YKL-40 in synovial fluid from patients with
osteoarthritis and inflammatory joint
reported already in 1993.4°
of YKL-40 protein and mRNA were noted in many inflam-
matory diseases, malignancies and disorders associated
with tissue remodeling (ie, pneumonia, inflammatory
bowel disease, atherosclerosis, diabetes, liver fibrosis,
and breast, liver, ovarian, colon or lung camcer).“fkso To
date, YKL-40 has been the most extensively evaluated
chitinase in patients with obstructive lung diseases.

diseases were
Later, elevated concentration

The Role of Chitinases and CLPs in

Obstructive Lung Diseases

The knowledge on the pathogenesis of obstructive airway
diseases has significantly evolved in the last decades but
the mechanisms of airway inflammation and obstruction
are still not completely understood. The role of chitinases
and CLPs in asthma and COPD has been evaluated with
the perspective that better understanding of the complex
relationships between different mechanisms involved in
the pathogenesis of these two disecases may become
a prerequisite for the development of more personalized
treatment and improvement of its effectiveness.

The Role of Chitinases and CLPs in

Asthma
Asthma is a common airway disease characterized by
a relatively specific type of chronic airway inflammation,
airway hyperresponsiveness, and variable, reversible air-
flow limitation. According to the Global Initiative for
Asthma (GINA) 2019 report, 300 million people world-
wide suffer from this disease.! Untreated or inadequately
treated asthma causes respiratory symptoms, reduces daily
activity and quality of life, increases the risk and severity
of exacerbations, including life-threatening events.
Although the proportion of patients with severe asthma is
rather small (usually reported between 3% and 8%), it is
responsible for a significant proportion (20.6%) of total
costs of treatment.’>"** Therefore, a better understanding
of the phenotype and endotype of severe asthma may not
only improve the efficacy of treatment but also signifi-
cantly reduce its cost.>

The high prevalence of asthma and chronic cough
among people exposed to chitin-containing compounds
(eg, working in seafood or fungi manufactures) may sug-
gest the importance of chitin in asthma pathogenesis.>*>’
It is possible that chitin may act as an airborne endotoxin
that triggers airway hyperresponsiveness. On the other
hand, early exposition to chitin may also result in hyper-
sensitization to chitin as an allergen.”® These observations
are consistent with the hygiene hypothesis, which empha-
sizes the importance of early childhood exposure to infec-
tions, and parasites in the proper
development of the immune system. Thus, it has been
hypothesized that a reduced number of infections with

microorganisms,

chitin-containing pathogens could contribute to the exag-
gerated Th2 response of the host which involves such Th2
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cytokines as IL-4, IL-5 and IL-13 and may provoke hyper-
responsiveness of the airways.>**°

There has been a number of human and experimental
studies on chitinases and chitinase-like proteins in asthma.
Human studies revealed that the levels of these proteins in
asthmatics are higher than in control subjects. In most of
the studies, chitinase levels were measured in serum and
induced sputum.®®> Less commonly, BALF, and bron-
chial biopsies obtained by bronchoscopy or specimens
from resected lung were used to measure chitinase activity
and expression.>*-¢463

Chitinases and CLPs in Animal Models of Asthma

Several studies showed that AMCase plays a role in ani-
mal models of asthma. The results of these studies imply
that the enzyme can be an important mediator of IL-13-
response in  Th2-related 30,64
A significant increase of AMCase mRNA and protein
was detected in the lung of ovalbumin (OVA)-sensitized
mice (acroallergen asthma model).*® AMCase was signifi-
cantly upregulated after 2 weeks of house dust mite
(HDM) exposure in the murine model, while increased
expression of this enzyme was not observed following
cigarette smoke exposure.®® The above data suggest that
AMCase can be regarded as a marker of allergic airway
inflammation.®> HDM-induced mouse model of asthma
was also used to evaluate the impact of selective
AMCase inhibitor (compound 7f) on allergic airway
inflammation. The study showed the effectiveness of this
compound in reducing the number of inflammatory cells in
BALF and total IgE concentration in serum. These

induced conditions.

changes correlated with the decrease of chitinolytic activ-
ity in BALF.®®

Another selective AMCase inhibitor also reduced allergic
inflammation (eosinophilia) but its application was asso-
ciated with unexpected serious side effects, including neu-
trophilia, an increase in macrophage inflammatory protein-1
alpha (MIP-1a) secretion and alterations in airway remodel-
ing genes (resulting in increased procollagen I, matrix-
metalloprotease-12 (MMP-12), and Yml production).f’7 It
has to be determined whether these serious adverse events
were directly drug-induced or were the result of the altered
eosinophil/neutrophil balance.

An animal study on the impact of CHIT1 on allergic
asthmatic reaction led to some surprising conclusions.®® The
CHIT I-deficient mice demonstrated the enhanced allergic Th2
inflammatory, cytokine and IgE responses to OVA or HDM
allergen sensitization and challenge. A possible protective role

of CHIT1 in the pathogenesis of allergic inflammation and
asthmatic airway responses is considered to be mediated by
regulating transforming growth factor-beta (TGF-P) expres-
sion and Foxp3+ regulatory T cells (Treg).*® BRP-39, an
animal homologue of YKL-40, also plays an important role
in the pathogenesis of IL-13-induced inflammation and tissue
remodeling.® The involvement of this CLP in multiple immu-
nological responses includes antigen sensitization, immuno-
globulin  E induction, dendritic
accumulation and activation, induction of alternative macro-
phage activation, inhibition of eosinophil, T cell, and macro-
phage apoptosis.®’

stimulation of cell

Chitinases and CLPs in Childhood Asthma
One study that included 322 children with asthma, 270
adult and 565 pediatric controls, demonstrated an associa-
tion between polymorphism of genetic variants of
AMCase and childhood asthma.”® In contrast, mutations
in CHITI did not seem to significantly affect asthma
prevalence and severity.”' Nevertheless, gene analysis of
six children with severe asthma with fungal sensitization
(SAFS) demonstrated that CHIT1 duplication may be
a risk factor for SAFS, allergic bronchopulmonary asper-
gillosis and allergic fungal sinusitis.”” An association
between the serological features of fungal infection (fun-
gal-specific 1gG and IgA reactivity) and higher BALF
chitinase activity was reported in asthmatic children.”
Compared to non-asthmatics, children with asthma had
increased YKL~40 levels in serum and BALF.°""”> Higher
serum YKL-40 levels correlated with the fraction of
exhaled nitric oxide, blood neutrophils, and bronchial wall
thickening on high-resolution computed tomography."I
Konradsen et al suggested that YKL-40 might be a risk
factor of a worse course of the disease and resistance to
standard therapy.®' However, it must be stressed that other
authors do not share this opinion.”

Chitinases and CLPs in Adult Asthma

Numerous studies analyzed the role of YKL-40 in adult
asthma. In general, the results of these studies suggested
a relationship between the level of this enzyme and asthma,
its severity and the level of asthma control.**""” Serum
YKL-40 and CHIT1 were elevated in patients with asthma
and their levels correlated with the degree of airway obstruc-
tion and the risk of exacerbation.®®’®” There was also
a weak but statistically significant correlation between
serum YKL-40 level and CHIT1 activity in patients with
obstructive airway diseases.*” Chupp et al found that patients
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with elevated serum levels of YKL-40 used significantly
more rescue inhalers, required higher doses of oral corticos-
teroids and had a higher rate of hospitalization than patients
with lower YKL-40 levels.”® These authors also demon-
strated an increased local expression of YKL-40 in bronchial
mucosa in patients with severe asthma compared to the
healthy control. Importantly, local YKL-40 expression cor-
related with serum YKL-40 level.”® Other authors showed
asignificant increase in YKL-40 level in induced sputum (IS)
after allergen bronchial provocation in patients with atopic
asthma.®

An interesting study on the relationship between
serum levels of YKL-40 and a specific asthma phenotype
was published by Specjalski et al** The study included
167 patients with three different phenotypes of chronic
asthma: early-onset atopic, late-onset non-atopic, and
obesity-related asthma. The authors demonstrated signifi-
cant differences between serum levels of YKL-40 in the
three asthma phenotypes, with the highest YKL-40 levels
in patients with the obesity-related disease. Serum levels
of the enzyme were significantly higher in asthmatics
with a high level of symptoms and exacerbations com-
pared to patients with well-controlled disease as well as
in atopic compared to non-atopic asthmatics.** The posi-
tive correlation between serum and sputum concentra-
tions of YKL-40 in asthmatic subjects and truncal
adiposity was confirmed by another study.”’ Moreover,
the authors found that a high-fat diet augmented the
pulmonary expression of YKL-40 (animal study). It was
probably due to inflammatory, repair, and remodeling
responses mediated by this CLP (probably partially
mediated by interaction with Sirtuin 1).

A fascinating issue which may be, at least to some
extent, linked to the relationship between severe
asthma and high serum YKL-40 levels are the charac-
teristics of inflammation associated with increased
YKL-40 expression. Studies on sputum and serum
YKL-40 and COPD
a positive correlation with blood and sputum neutrophil
count.***® At the same time, there were no correlations
between chitinase concentrations (both YKL-40 and
CHITI1) and blood eosinophils count either in asthma
or in COPD patients.®® This pattern of YKL-40 corre-
lation with the number of neutrophils but not the num-
ber of eosinophils may suggest that neutrophils are an
important source of YKL-40 in asthma.** On the other
hand, as the correlation between the level of YKL-40
and some chemotactic factors for neutrophils (eg, IL-8)

level in asthma revealed

was reported, it might also be hypothesized that the
increased number of neutrophils is an indirect effect of
enhanced expression of YKL-40. Correlations between
sputum YKL-40 and the levels of myeloperoxidase, IL-
8, IL-6, and IL-5 in patients with severe asthma were
observed by Hinks et al.*' Additionally, Tang et al
showed that YKL-40 induced IL-8 expression in bron-
chial epithelium via a mitogen-activated protein kinase
(MAPK: c-Jun N-terminal kinases — JNK and extracel-
lular signal-regulated kinase — ERK) and nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-
«kB) pathways, causing bronchial smooth muscle pro-
liferation and migration.®? Considering the inability of
corticosteroids to ameliorate neutrophilic asthma and

neutrophil-generated  overexpression of mediators
aggravating airway remodeling [ie, TGF-f, IL-8,
metalloproteinase 9 (MMP-9), clastase],m'85 the corre-

lation between YKL-40 and neutrophil cells in asthma
is still uncertain and intriguing. All the above data
seem to be consistent with clinical observations linking
YKL-40  with
However, it cannot be excluded that YKL-40 is only
a marker of extracellular tissue remodeling. Whether
YKL-40 is only an independent marker of airway

severe, therapy-resistant asthma.

inflammation or it is truly involved in asthma patho-
genesis still needs to be elucidated. This requires
a more comprehensive explanation of the exact
mechanism of YKL-40 stimulation and action.

Of the three discussed chitinases, the most contro-
versial data on the involvement in asthma pathobiology
refer to AMCase. Zhu et al found that AMCase is
expressed in lung tissue samples from patients with
asthma but seems to be inactive in human lungs.***¢
Despite the fact that airway pH in patients with acute
asthma is lower compared to healthy control (pH 5.23
vs pH 7.65),% the rate of airway acidification may be
still insufficient for the optimum AMCase activity. The
lack of AMCase bioactivity may, at least partially,
result also from the increased pH in the airways during
inhaled or systemic corticosteroid treatment,>*3 18687
The lack or lower chitinolytic activity of human
AMCase compared to the chitinolytic activity of mice
AMCase may also result from evolutionary mutations
of chitinase genes.*® These processes lead to amino
acid substitutions (some specific amino acids in
human AMCase are not present in mice AMCase)
and, probably, synthesis of a nonfunctional enzyme.
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The Role of Chitinases and CLPs in
COPD

Chronic obstructive pulmonary disease is another common
chronic lung disease with high morbidity and mortality
worldwide. It has been estimated that 328 million people
suffer from COPD and according to the newest WHO report,
it is the third leading cause of death worldwide.*** Airway
inflammation, obstruction and remodeling, as well as struc-
tural changes in lung parenchyma belong to the most impor-
tant features of COPD. These processes produce clinical
symptoms (ie, dyspnea, productive cough, exercise intoler-
ance) which are directly associated with irreversible and
progressive airflow limitation, manifested particularly during
disease exacerbations. COPD significantly reduces the qual-
ity of life and leads to physical disability. The main cause of
COPD is tobacco smoke exposure and air pollution. Despite
a significant progress in the understanding of the complex
COPD pathophysiology, there are still many unresolved
questions (ie, why COPD develops only in some smokers).
In consequence, the effectiveness of treatment seems to be
highly unsatisfactory.

An interesting concept of the relationship between
COPD, chitin, and chitinases was proposed by Seibold
et al.*® These authors suggested that smoking is associated
with higher airway exposure to chitin. This suggestion was
based on the fact that tobacco leaves are commonly
infected with fungal organisms>® Some years earlier,
Verveij et al showed that commercially available cigarettes
and marijuana (semi-legally sold in the Netherlands) were
o1 Aspergillus
fumigatus was the most frequently isolated organism
from cigarettes, while Penicillium genus predominated in
marijuana. Bearing in mind the above data, Seibold et al

heavily contaminated with fungal spores.

presented the hypothesis that polymeric chitin, present in
cigarette smoke, might activate macrophages and airway
epithelial cells and increase chitinase expression and
secretion.*®

Studies evaluating the role of chitinases in the patho-
physiology of COPD have been conducted since 2008”2
and include both a human and animal models. However, it
should be emphasized that the number of publications on
COPD is significantly smaller than on asthma.

Chitinases and CLPs in Animal Models of COPD

A study in the murine model of COPD showed that cigar-
ette smoke (CS) exposure did not change the level of
AMCase in the murine lung.®® In contrast, an experimental
study in the mouse model showed that exposure to CS led

to higher YKL-40 accumulation in airway epithelial cells,
alveolar macrophages, alveolar type II cells and an
increase in YKL-40 mRNA concentration.” Importantly,
the authors documented that YKL-40 was induced by an
IL-18-dependent pathway. An immunohistochemistry
study demonstrated that the overexpression of CHITI in
a mouse lung pretreated with an adenoviral vector carrying
full-length CHIT1 was localized mainly in the bronchial
and bronchiolar epithelium and tissue macrophages.’
CHIT1 overexpression promoted inflammation in the air-
ways (as in COPD) manifested by a higher number of total
cells, alveolar macrophages, and higher amounts of the
murine homologue of IL-8 and monocyte chemoattractant
protein 1 (MCP-1) in BALF.*" Interestingly, the study by
Matsuura et al demonstrated the protective role of YKL-40
against CS-induced lung injury.” The lack of this enzyme
resulted in more pronounced CS-induced lung emphy-
sema, mainly through the up-regulation of the CS-
induced cell death response. Thus, the authors suggested
that proper chitinase levels might play a protective role in
preventing lung destruction.”® These pleiotropic effects of
chitinases (tissue destruction as a consequence of inflam-
mation and remodeling and, on the other hand, the protec-
tive role against apoptosis) should be
consideration when planning therapeutic interventions tar-
geted at chitinases (application of potential chitinase
inhibitors).

taken into

Chitinases and CLPs in Patients with COPD

The involvement of chitinases in human COPD seems
ambiguous. There were studies showing that AMCase prob-
ably plays no role in both patients with COPD and healthy
smokers. The level of this chitinase in BALF was below the
ELISA detection threshold.?” On the other hand, serum,
induced sputum (IS) and BALF levels of CHIT! and
YKL-40, as well as the number of CHITI positive cells
infiltrating the bronchial epithelium and submucosa, were
significantly higher in smokers with COPD than in smokers
without COPD or never smokers.?”¢"29495 1t has been
postulated that it could be related to higher macrophage
and neutrophil CHIT1 and YKL-40 expression in COPD
patients. >3
CHIT! is stimulated by interferon-gamma (IFN-y), tumor
necrosis factor-alpha (TNF-a), granulocyte-macrophage
colony-stimulating factor (GM-CSF), lipopolysaccharide
(LPS) as well as toll-like receptor (TLR) and nucleotide-
binding oligomerization domain (NOD)-2 activation.”” "’
The exposure of alveolar macrophages from smokers with

96 Recent studies showed that the release of
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and without COPD to CHITI resulted in the production of
IL-8, MMP-9 and MCP-1, cytokines said to be involved in
tissue inflammation, alveolar destruction, and fibrosis.?’
Moreover, CHITI increases the activity of TGF-f signaling
in fibroblasts (eg, through the induction of TGF-B receptor
expression, inhibition of its feedback inhibitor — SMAD7
and interacting with a chaperone protein TGF-B receptor
associate protein 1 (TGFRAPI) and forkhead box O3
(FOX03)) resulting in enhanced production of extracellular
connective tissue (eg, collagen), extracellular matrix protein
(ECM) accumulation that may lead to alveolar destruction
and tissue remodeling.'® ' Possible CHITI-related sig-
naling pathways are shown in Figure 227369297102 3y
should be mentioned, however, that the exact role of
CHIT1 in the pathogenesis of lung diseases is still highly
hypothetical.

Similar pulmonary effect was demonstrated for YKL-40.
Allergen and/or cigarette smoke (CS) exposure have been
shown to trigger YKL-40 expression in several cell types
(especially neutrophils, macrophages epithelial
cells). 29293959 The induction of YKL-40 expression and
secretion may be mediated by various mediators, including
interleukin (IL)-1,-13,-17A,-18 and TNFq.%>¢%9%104-106
YKL-40 induces the production of proinflammatory and

and

profibrotic mediators, ultimately resulting in tissue inflam-
mation, alveolar destruction and remodeling. This complex
process involves different pathways, mechanisms and multi-
ple stages of inflammatory and tissue reactions. These

STIMULI AND TRIGGERS MAIN CELLULAR

SOURCES

* Enviromental
toxins

SOy
Macrophage

0-

¢ Cigarette smoke

exposure - }'

EFFECTOR CELLS

/ Macrophage

include: 1) the activation and accumulation of dendritic
cells (DC),* 2) significant increase of IL-8 production
from bronchial epithelial cells (dependent on MAPK and
NF-kB pathway activation),” 3) prevention of macrophage
apoptosis and induction of alternative (M2) macrophage
differentiation® with enhanced production of cytokines
and chemokines, eg, IL-8, TGFp, MCP-1, MIP-la and
MMP-9,” 4) increased collagen production from lung fibro-
blasts (dependent on ERK and p-38 pathway activation).”®
Other inflammatory pathways may also play a role in mod-
ulation and aggravation of the YKL-40 response, eg, stimu-
lation of TGFp production and its activation by IL-13,'® as
well as IL-8 mediated proliferation and migration of bron-
chial smooth muscle cells*? The effects of YKL-40 on
pulmonary structure and function are summarized in
Figure 3.5569:829293.95.96.103-106

Higher levels of CHIT1 and YKL-40 in serum and
BALF of COPD patients correlated with a faster decline of
lung function, the degree of airflow obstruction, the degree
of diffusion lung capacity impairment, and frequency of
exacerbations.””**® The results of other studies also
emphasized a positive correlation between high serum
YKL-40 concentrations and the severity of COPD (mea-
sured as the rate of decline in lung function, lower arterial
oxygen pressure and desaturation during the 6-min walk
test)."**!7 Gumus et al showed a relationship between
serum levels of YKL-40 and the low-attenuation area per-
centage (LAA%) in chest computed tomography in COPD

TISSUE EFFECTS

ﬁ IL-8, MMP-9, MCP-1

N

Alveolar destruction

* TNFa, LPS, IFNy, TGF-
* GM-CSF, signalling Tissue remodelin
* NOD2 activation Neutrophil /_! — — 4
* TLR activation ‘ —
Fibroblast
Collagen & ECM
proteins production
Figure 2 Sch ic pr of the hypothesized links between chitotriosidase (CHITI) and the pathogenesis of lung inflammation and injury (eg, in COPD).

Notes: The exposure to cigarette smoke and other factors may enhance CHIT| expression and increase its production, mainly by lung macrophages and neutrophils. The
impact of CHITI on lung cells is heter and include infk and tissue destruction, mediated by interleukin 8 (IL-8), metalloproteinase 9 (MMP-9) and
monocyte chemoattractant protein | (MCP-1), as well as lung fibrosis induced by transforming growth factor-beta (TGF-}) pathway. However, the exact role of CHIT| in the
pathogenesis of lung diseases is still highly hypothetical. A large white arrow represents stimulation of macrophages and neutrophils by various factors, the thick grey arrows
show the secretion of CHITI from the cellular sources, the thin black arrows depict the pathways of CHIT| activity, the vertical yellow arrow represents the increase or
enhancement.
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patients, what may suggest the association between YKL-40
development  of  emphysematous changes.'”
Interestingly, some studies suggest a protective role of
CHIT! against lung injury.'®!% Aminuddin et al found
that smokers without a functional isoform of CHIT1 devel-
oped a faster rate of FEV, decline.'”® This may indicate that

and

an active form CHIT1 may play a protective role against
rapid COPD progression. In fact, the relationship between
CHIT1 and COPD refers rather to more profound mechan-
isms of the disease than to exposure to cigarette smoke and
polymeric chitin, only. This might be supported by the
observations on no relationship between the levels of
CHIT! chitinolytic activity in BALF and serum with smok-
ing history (measured in pack-years). %%

The possible protective role of chitinases in inflam-
mation and lung injury may, at least partially, be related
to anti-inflammatory effects of CHIT1 (mentioned earlier
in the section on animal models of asthma).®® CHITI
inhibits allergen-stimulated Th2 cytokine production
while enhancing the expression of the anti-inflammatory
cytokines (TGF-Bl1 and IL-10).°® Moreover, CHITI
enhances TGF-B1-stimulated fibroblast proliferation and
ECM accumulation in lungs.'oo An optimal level of
CHIT1 seems to be both necessary and sufficient for

STIMULIAND TRIGGERS MAIN CELLULAR
SOURCES

+ Enviromental
toxins

« Cigarette smoke
exposure quy.

Macrophage

X/

EFFECTOR CELLS

Epithelial cells

physiologic TGF-B1-stimulated fibrotic ECM deposition
and tissue repair responses. Nevertheless, the protective
and favorable role of chitinases in inflammation and lung
injury seems to be somewhat controversial and the data
supporting this view are uncertain.

The Impact of Sex and Age on
Chitinase and CLP Levels in Various

Biological Samples

The activity of chitinases and their levels should also be
discussed in the context of sex and ageing. Several stu-
dies documented a relationship between serum level of
YKL-40 as well as CHIT1 and age. These findings refer
to both patients with obstructive airway diseases (asthma
and COPD) and healthy individuals.®®!'%!"! The increase
in chitinase levels and activity in the elderly population
could be associated with age-related comorbidities. It is
also possible that the higher serum chitinase activity in
older patients is associated with the accumulation of
lipid-laden macrophages during the progression of age-
related atherosclerosis.'"! In contrast to age, no differ-
ences between plasma YKL-40 levels in healthy men and
women were found.'"”

TISSUE EFFECTS

Th2 cytokines
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Figure 3 Sch ic repr of the supposed involved in YKL-40-related emphysematous lung destruction, tissue inflammation and remodeling.

Notes: The large white arrow represents stimulation of macrophages, epithelial cells and neutrophils by various factors, the thin dashed black arrow depicts an indirect
effect of environmental factors, the thick grey arrows show the secretion of YKL-40 from the cellular sources, the thin black arrows depict the possible YKL-40 signaling
pathways, the thin dashed grey arrow depicts a stimulatory effect of interleukin 13 (IL-13) on transforming growth factor-beta (TGFf), the vertical yellow arrow represents
the increase or enhancement. See manuscript text for more details.
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The Polymorphisms of Chitinases/
CLPs and the Course of Obstructive

Airway Diseases

There were some studies aimed to evaluate whether the
genetic variations of chitinase genes affect the course of
obstructive diseases. Most of these studies analyzed the
potential role polymorphism  (single-
nucleotide polymorphisms — SNPs) in the expression of
chitinase proteins and lung function.”*''>!"* Some authors
found that SNPs in AMCase and YKL-40 gene influence
chitinase levels and have been associated with asthma
status, atopy, IgE impaired  lung
function.”® >3 However, other studies showed no rela-
tionship between the polymorphism of chitinases and
CLPs (AMCase, chitotriosidase and YKL-40) and asthma
or allergy.”"''* One possible explanation for these discre-
pancies may be associated with differences in cohort char-
acteristics included in various studies. It is possible that
the influence of variation of these genes alone is weak and

of chitinase

levels and

gene-environment interactions are essential to provoke
allergic reactions. As mentioned previously, a 24-bp dupli-
cation in exon 10 in the CHIT1 gene results in producing
a nonfunctional form of the protein.*® This polymorphism
has been associated with reduced chitinase activity in the
lungs of smokers. The results of the analysis of genetic
variations of CHIT1 and AMCase genes in large cohort
groups are inconsistent. Aminuddin et al demonstrated that
polymorphisms of CHIT1 and AMCase were associated
with the baseline FEV, in a large cohort of COPD
patients.'®® Moreover, there was a relationship between
CHIT! rs2494303 and AMCase G339T genotypes and
a faster rate of lung function decline. Due to the differ-
ences in demographic factors characterizing different
study cohorts (ie, the LHD group was statistically younger
than the subjects in other cohorts), the authors suggested
that chitinase polymorphism probably plays a role in lung
development or early impairment of lung function but its
influence in later stages of COPD (eg, as an effect of
multiple factors that influence the course of the disease)
cannot be easily estimated.

The Effect of Corticosteroids on
Chitinase and CLP Levels

The impact of corticosteroids on the levels of chitinases
and CLPs seems to be an important and interesting issue.
This is not only because corticosteroids are commonly
used to treat asthma and COPD but also because some

intriguing data on the influence of systemic corticosteroids
on chitinase levels in patients with different diseases have
been reported. As early as in 1999, Johansen et al reported
that prednisolone therapy reduced serum YKL-40 levels in
patients with rheumatoid arthritis.'"® On the other hand,
the BIOAIR study showed that two-week oral prednisone
course (0.5 mg/kg body weight/day) added to regular
treatment did not change serum YKL-40 levels and chito-
triosidase activity in patients with asthma.® Surprisingly,
the same therapeutic regimen in patients with COPD
resulted in a reduction in serum chitotriosidase activity.(’o
Moreover, an in vitro study by Kunz et al revealed that
dexamethasone strongly inhibited the release of YKL-40
from the population of proinflammatory macrophages that
are characterized by classic mechanism of activation,
secretion of pro-inflammatory cytokines (eg, IFN-y, IL-1,
IL-6, IL-12) and promotion of Thl immunity.''® However,
long-term treatment with ICS (30 months) did not signifi-
cantly change sputum and serum YKL-40 levels in
patients with COPD.''® The lack of change in serum
YKL-40 level may result from a low circulating corticos-
teroid level during ICS treatment.''” In addition, there are
data suggesting that lung macrophages from patients with
COPD have reduced corticosteroid sensitivity compared
with macrophages from smokers without COPD."'® Thus,
it seems essential to elucidate whether YKL-40 and other
chitinase gene expressions are directly controlled by
corticosteroids.

Perspectives

To date, chitinases and CLPs were mainly evaluated as
chemical mediators or biomarkers involved in airway
inflammation and fibrosis (as shown in Table 1). Some
data presented in the paper point to their role not only in
airway immunopathology, including chronic inflammation

2730119 byt also in the clinical course

and tissue remodeling,
of asthma and COPD, ie, severity of airway obstruction, rate
of exacerbations and response to steroid treatment.**¢" It
might be supposed that future studies will be focused not
only on the role of chitinases and CLPs in airway diseases
but also on chitinases as a therapeutic target. Studies on
chitinase inhibitors showed that methylxanthines (theophyl-
line, caffeine, and pentoxifylline) are not only competitive
inhibitors of fungal family 18 chitinases but are also active
against human chitinases.””® It was also reported that
another chitinase inhibitor — demethylallosamidin — reduces
hyperresponsiveness (induced by IL-13) in OVA-induced
asthma model and may have potential as a therapeutic
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Table | Selected Information About Main Chitinases and Their Role in Humans

Type of Source Known Stimuli Known or P ial Conditi A iated | Role

Chitinase/ Increasing with Abnormal Release

CLP Expression and

Release

Chitotriosidase | Macrophages, IFN-y, TNF-a, Lysosomal storage diseases, neurodegenerative Hydrolysis of chitin, trans-

(CHITI1) neutrophils, epithelial | GM-CSF diseases (eg, Alzheimer’s disease), acute infections | glycosylation activity,
cells TLR stimulation (fungal and bacterial) chronic inflammation (eg, enhancement of immune

sarcoidosis), others (eg, non-alcoholic fatty liver response
disease)

AMCase Lung epithelial cells, IL-13, EGFR Asthma, allergy Hydrolysis of chitin, trans-
macrophages, stimulation, TACE glycosylation, Th2
eosinophils inflammatory response,

YKL-40 Chondrocytes, IL-6, IFN-y, AVP, Acute infections (eg, pneumonia), chronic No chitinase activity, role
synovial cells, PTHrP inflammatory conditions (eg, asthmalallergy, in inflammation, tissue
macrophages, COPD, sarcoidosis) cancers (eg, coma, r deling, and
fibroblasts, glioblastoma, breast cancer) others (eg, liver degradation
neutrophils, fibrosis, schizophrenia)
epithelial cells

Abbreviations: AVP, arginine-vasopressin; COPD, chronic obstructive pulmonary disease; DM2, diabetes mellitus type 2; GM-CSF, granulocyte-macrophage colony-
stimulating factor; IFN-y, interferon-gamma; IL, interleukin; PTHrP. parathyroid hormone-related protein; TACE, TNF-a-converting enzyme; TLR, Toll-like receptor; TNFa,

tumor necrosis factor o.

agent for asthma.'?' The results of recent studies that eval-
uated the efficacy of AMCase and CHIT! inhibitors in
animal models of asthma seem to be promising.®%'?
A better understanding of the physiological activity of chit-
inases and chitinase-like proteins could accelerate the future
development of chitinase-specific therapeutic agents in
obstructive lung diseases.
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Abstract: Chitinases and chitinase-like proteins are thought to play a role in innate inflammatory
responses. Our study aimed to assess whether chitinase concentration and activity in induced sputum
(IS) of patients exposed to tobacco smoke are related to the level of airway inflammation including
the level and activity of chitinases and chitinase-like proteins. The study included 22 patients with
chronic obstructive pulmonary disease (COPD), 12 non-COPD smokers, and nine nonsmoking
subjects. Sputum CHIT1 and YKL-40 levels and chitinolytic activity were compared with sputum
IL-6, IL-8, IL-18, and MMP-9 levels. A hierarchical cluster analysis was also performed. Sputum
YKL-40 was higher in COPD patients than in the control groups. Sputum CHIT1 and YKL-40 levels
correlated with IS inflammatory cell count as well as with MMP-9 and IL-8 levels. Two main clusters
were revealed: Cluster 1 had lower chitinase levels and activity, lower IS macrophage and neutrophil
count, and lower IS IL-8, IL-18, and MMP-9 than Cluster 2. Comparison of COPD patients from both
clusters revealed significant differences in the IS inflammatory profile despite comparable clinical and
functional data. Our findings seem to confirm the involvement of chitinases in smoking-associated
chronic airway inflammation and show that airway chitinases may be a potential novel marker in
COPD phenotyping.

Keywords: COPD; airway inflammation; chitinase; cytokines; YKL-40; CHIT1

1. Introduction

Chitinases, represented by chitotriosidase (CHIT1) and acid mammalian chitinase
(AMCase), are a group of proteins involved in the innate immune response to chitin-
containing organisms (i.e., parasites and fungi) [1,2]. They function by binding to chitin
chains and hydrolyzing them to low molecular weight chitooligomers [3]. Chitinase-like
proteins (CLPs) are a group of proteins which do not have hydrolytic activity but are still
capable of binding chitin or chitin particles [3]. The most prominent CLP representant is
chitinase-3-like protein 1 (CHI3L1), also known as YKL-40 [1]. An imbalance of chitinase
activity has been reported in several inflammatory lung disorders, including asthma,
chronic obstructive pulmonary disease (COPD), and fibrosing lung diseases [1-5]. Recent
studies are focused not only on the role of chitinases and CLPs in airway diseases but also
on chitinases as a therapeutic target [6,7].

The primary cell sources of CHIT1 and YKL-40 in the lung are macrophages and
neutrophils [8,9]. YKL-40 is also produced by epithelial cells [9]. Multiple triggers, includ-
ing environmental toxins and tobacco smoke exposure, may enhance chitinase and CLP
production [1]. It has been shown that CHIT1 and YKL-40 may simultaneously stimulate
alveolar macrophages and epithelial cells to secrete proinflammatory and profibrotic me-
diators resulting in tissue inflammation, alveolar destruction, and tissue remodeling [1,5].

Cells 2022, 11, 3765. https:/ /doi.org/10.3390/ cells11233765
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Smoking is known to be associated with an upregulation of chitinase gene expression and
chitinase levels were found to be higher in smokers than those who had never smoked. This
phenomenon was demonstrated not only in studies comparing patients with airway dis-
eases with both smokers and non-smokers [8,10], but also in studies conducted in smoking
and non-smoking patients affected by extrapulmonary disorders [11,12].

The role of chitinases in the pathogenesis of COPD is a relatively novel point of
interest. With the growing evidence for their contribution to COPD-related inflammatory
pathways and their potential application as a marker for smokers at risk of developing
the disease [12,13], chitinases are a promising area of research. However, there is still little
known about the mutual relationships between chitinases and other COPD inflammatory
markers. Another understudied area is the role of chitinases and CLPs as potential novel
treatment targets for COPD; considering that the efficacy of chitinase inhibitors is currently
being investigated for the treatment of lung diseases in in vitro and animal models [14]
and that therapeutic options in COPD are still limited and unsatisfactory in terms of
effectiveness, targeting chitinases and CLPs is an attractive possible solution.

In the light of the above, we undertook a study aimed at assessing the levels and
activity of CHIT1 and YKL-40 in induced sputum, as well as the mutual relationships be-
tween CHIT1/YKL-40 and various features of airway inflammation in patients with COPD,
smokers without COPD, and people who have never smoked. Our working hypothesis,
based on previously published data and our own results, was that chitinases/CLPs are
not specifically related to COPD, but rather to the level of airway inflammation due to
exposure to noxious factors, mainly those present in tobacco smoke. Thus, the specific
aims were to: (1) compare chitinase concentration and activity in induced sputum (IS) in
the investigated groups, (2) search for potential relationships between sputum chitinase
concentration/activity and other inflammatory biomarkers, and (3) correlate chitinase
concentration/activity with the clinical profiles of the investigated patients.

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

This prospective, observational study was performed by the Department of Internal
Medicine, Pulmonary Diseases and Allergy of the Medical University of Warsaw between
May 2018 and February 2019 and included mild-to-moderate COPD patients and controls
who agreed to participate in the project. The ethics committee of the Medical University of
Warsaw (KB/67/A/2018) approved the study. All participants signed an informed consent
form before participating.

The scope of this study included: medical history, with particular attention given
to signs and symptoms assessed using the modified Medical Research Council (mMRC)
scale and the COPD Assessment Test (CAT), smoking and exacerbations history, physical
examination, spirometry, and sputum induction.

2.2. Subjects

Forty-three subjects were enrolled, including 22 patients with COPD, 12 smokers
without COPD, and 9 healthy nonsmokers. Inclusion criteria were as follows: (1) age
above 40 years, and (2) diagnosis of COPD based on past medical history, data on noxious
inhalants exposure, typical signs and symptoms, and irreversible airway obstruction identi-
fied by spirometry. We defined airway obstruction using a z-score of —1.645 (5th percentile)
as the lower limit of normal [15] and divided COPD patients into four categories (A-D)
depending on symptom severity and exacerbation history as recommended in the Global
Initiative for Chronic Obstructive Lung Disease (GOLD) 2018 guidelines [16].

The inclusion criteria applied for the control groups (smokers and nonsmokers) com-
prised of: age above 40 years, a negative history of any chronic lung diseases, and an
absence of respiratory symptoms and normal spirometry. Smokers were defined as individ-
uals with 10 or more pack-years of smoking history. Patients who had previously smoked
10 or more pack-years but denied smoking one year before the study onset were defined
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as ex-smokers. Patients with no smoking history (less than 1 pack-year) were classified as
non-smokers.

Universal exclusion criteria for all subgroups included: symptoms of acute respiratory
tract infection in the previous 6 weeks, oral and inhaled steroid treatment within 6 weeks
preceding sample collection, active cancer disease, and any worsening of comorbidities
(i.e., heart failure) within 6 weeks before the examination.

2.3. Spirometry

Spirometry testing was performed using a Lungtest 1000 spirometer (MES, Cra-
cow, Poland) according to the American Thoracic Society /European Respiratory Society
(ATS/ERS) guidelines [17]. Pre- and post-bronchodilator forced expiratory volume in the
first second (FEV1), forced vital capacity (FVC), and FEV1/FVC% were measured in all
COPD patients, while only baseline measurements were performed in control subjects (no
bronchodilators administered).

2.4. Induced Sputum Collection and Processing

Sputum induction was preceded by inhalation of 400 ug of salbutamol. Next, 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 [18]. Induced sputum samples were processed
as described elsewhere [19]. Sputum smears were used to assess total and differential
leukocyte count. Induced sputum supernatants were stored at —80 °C and then used to
measure cytokine concentrations, YKL-40 and CHIT1 levels, and chitinolytic activity.

2.5. Cytokine and Chitinase Concentration Measurements in IS

IL-6, IL-8, IL-18, MMP-9, YKL-40, and CHIT1 concentrations were measured using a
standard quantitative sandwich enzyme linked immunosorbent assay (ELISA) technique,
strictly according to the manufacturer’s instructions (R&D Systems, Minneapolis, MN, USA,
and CircuLex Human ELISA Kit, MBL, Woburn, MA, USA). Each sample was evaluated
twice. The IL-6 assay range was 3.1-300 pg/mL and the sensitivity was 0.7 pg/mL. For the
IL-8, IL-18, and MMP-9 assays, the respective values for the assay range and sensitivity
were as follows: 31.2-2.0 pg/mL and 7.5 pg/mL, 15.6-1.0 pg/mL and 5.15 pg/mL, and
0.3-20 ng/mL and 0.156 ng/mL. The human CHIT1 and YKL-40 detection ranges were
56.25-3600 pg/mL and 62.5-4000 pg/mL, respectively, and the sensitivity values were
48.3 pg/mL and 8.15 pg/mL, respectively.

2.6. Chitinolytic Activity Analysis

Chitinolytic activity was detected using the procedure described previously [20]. The
concentrations of some substrates and volumes of analyzed samples were modified to adjust
the procedure to human materials [6]. Substrate hydrolysis product 4-methlyumberlliferone
was measured fluorometrically using a Tecan Spark 10M microplate reader (Tecan, Switzer-
land) (excitation 355 nm/emission 460 nm). Chitinolytic activity in human samples was
measured at pH 2 for the AMCase activity only and at pH 6 for both AMCase and CHIT1.
Each sample was tested twice.

2.7. Statistical Analysis

Estimation of the sample size was based on data from an earlier study by Létuvé Setal. [21].
To detect between-group difference with a power of 80% and a significance level of 5%, the
required sample size was estimated to be 42 subjects (21 COPD patients and 21 controls).

Statistical analysis was performed using Statistica 13.3 software (StatSoft Inc., Tulsa,
OK, USA) or R environment (version 4.0.5; R Foundation for Statistical Computing, Vienna,
Austria). Data were presented as median and interquartile range (IQR) or percentage (%).
Differences between groups were tested using a Pearson’s chi-squared test for categorical
variables, a Mann-Whitney U test for comparisons between two independent groups, or a
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Kruskal-Wallis test followed by a Dunn’s post hoc test for multiple comparisons between
groups. A p-value of less than 0.05 was accepted as indicating significance. Correlations
between data were assessed using Spearman rank tests. Hierarchical clustering was per-
formed on standardized data using Euclidean distance Ward D linkage. Outliers were
normalized to mean +/—3SD (standard deviations). Logistic regression was performed
using data prepared using the same method as for hierarchical clustering (i.e., standardized
and outliers clipped).

3. Results
Basic comparative characteristics of the study participants are shown in Table 1.

Table 1. Basic characteristics of the investigated participants.

Clinical Data Noréf:t‘:ol;mg Smol:iln=g l(;())ntrol (5217212)) p-Value
n=9
Sex (Male/Female) 4/5 7/5 13/9 0.61
Age (years) 53 (45-69) 62 (59.5-67) 63.5 (61-75) 0.1
BMI (kg/m?) 262 (24.7-30.1) 29 (26.5-32.4) 27.3 (235-31.1) 0452
P et S n/a 9/3 12/10 047
Smoking history (pack-years) 0 30 (17.5-36.5) 45 (30-55) 0.005 &
Pre-bronchodilator FEV (% of predicted) 106 (83-115) 88 (83.5-94.5) 57.5 (49-62) <0.001 *&
Pre-bronchodilator FEV; /FVC (%) 74.62 (67.2-77.6) 72.98 (71.2-79.2) 474 (431-549)  <0.001 *&
Post-bronchodilator FEV (% of predicted) n/a n/a 64 (55-73) n/a
Post-bronchodilator FEV, /FVC (%) n/a n/a 51.38 (46-59.1) n/a
GOLD A/B/C/D categories (n) n/a n/a 2/17/1/2 n/a
CAT score (points) n/a n/a 12 (8-17) n/a
mMRC scale (points) n/a n/a 1(1-2) n/a

Abbreviations: BMI-body mass index; CAT-COPD Assessment Test; COPD-chronic obstructive pulmonary disease;
FEV,-forced expiratory volume in first second; FVC-forced vital capacity; GOLD-Global Initiative for Chronic
Obstructive Lung Disease; mMRC-modified Medical Research Council; n/a-not applicable. The significance
for multiple comparisons is labeled as follows: * between COPD and smoking control, & between COPD and
non-smoking control. Bolded values show statistical significance (p < 0.05).

Data on cellular compositionconcentrations of cytokines, chitinases, and chitinolytic
activity in IS are given in Table 2. Patients with COPD were characterized by the highest
sputum IL-8 and YKL-40 levels (Table 2 and Figure 1). YKL-40 was undetectable in
75% of smoking controls, 33% of non-smoking controls, and only 14% of COPD patients.
There were no differences in CHIT1 concentration and chitinolytic activity between the
investigated groups (Table 2 and Figure 1). Chitinolytic activity was detected only at pH 6
and was highly correlated with sputum CHIT1 levels (r = 0.71, p < 0.05), suggesting that
CHITT1 is the primary source of chitinolytic activity in the airways.

Using a logistic regression model with selected clinical and biochemical parameters
that we created, we found that YKL-40 is an important inflammatory factor in COPD
pathobiology (r-coefficient of 1.69 and p-value of 0.02) (Table 3).

Analysis of the entire investigated group revealed a significant negative correlation
between IS YKL-40 and spirometry parameters (FEV% of predicted and FEV{/FVC %,
r=—0.56, r = —0.66, respectively, both p < 0.0001). Chitinase levels and activity in IS did
not correlate with any other clinical features (Figure 2).
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Table 2. Sputum parameters in study participants.
Non-Smoking Control Smoking Control COPD
Parameters of Induced Sputum =9 (1=12) =22 p-Value
Total cell count (x10°/g) 1.2 (0.7-2) 18(14-22) 1.3 (0.7-2.5) 0.74
Macrophage cell count (x10°/g) 0.5 (0.3-0.8) 0.6 (0.5-0.8) 0.5(0.21-0.9) 0.769
Macrophages (%) 46 (38-48) 39 (37-46.5) 35.5 (26-46) 0.395
Neutrophil cell count (x 10° /g) 0.6 (0.3-1) 0.8(0.6-1.2) 0.8 (0.4-1.2) 0.789
Neutrophils (%) 48 (40-50) 50.5 (40.5-58) 54.5 (45-68) 0.175
Lymphocyte cell count (x lOé/g) 0.1 (0.1-0.1) 0.1 (0.1-0.2) 0.1 (0-0.1) 0.017 *
Lymphocytes (%) 5(5-7) 7.5 (4-11) 3(0-5) 0.107
Eosinophil cell count (x 106/ 8) 0.02 (0-0.04) 0.02 (0.02-0.05) 0 (0-0.02) 0.072
Eosinophils (%) 1(1-2) 2(14) 0.5 (0-1) 0.223
IL-6 (pg/mL) 1.8 (1.5-2.3) 3. (0.6-5.9) 0.8 (0.4-3.5) 0.217
IL-8 (pg/mL) 63.2 (44.1-111.7) 81.9 (51.5-954) 388.4 (149.8-500) 0.01 %&
IL-18 (pg/mL) 27.1 (15-56.1) 14.2 (0-80.8) 60.5 (6.3-93.5) 0.361
MMP-9 (ng/mL) 66.8 (19.9-104.7) 144.4 (69.5-417.8) 258.4 (60.7-624.1) 0.175
CHIT1 (pg/mL) 238.5 (42.4-903.9) 1158.4 (135.8-5387.3) 961.8 (0-6669.1) 0.519
Chitinolytic activity (uM/ puL/h) 0.017 (0.01-0.02) 0.021 (0.013-0.086) 0.01 (0.003-0.05) 0.74
YKL-40 (pg/mL) 1422.3 (0-3550.8) 0(0-1378.7) 16,407 (4738.3-42,193.3) <0.001 *&
Abbreviations: CHITI1-chitotriosidase; COPD-chronic obstructive pulmonary disease; [L-interleukin; MMP-9-
matrix metalloproteinase 9; YKL-40-chitinase-3-like protein 1. Values are expressed as median and IQR. The
significance for multiple comparisons is labeled as follows: * between COPD and smoking control, & between
COPD and non-smoking control. Bolded values show statistical significance (p < 0.05).
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Figure 1. Induced sputum CHIT1 and YKL-40 concentrations and chitinolytic activity in COPD and
control groups. Data are presented as median and individual values. Each data point represents a
single individual categorized as follows: e represents cases from non-smoking control, B represents
cases from smoking control and A represents COPD cases. ***p < 0.001.
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Table 3. A logistic regression model including selected clinical and sputum parameters identifying
risk factors for COPD.

Clinical and Sputum Paramters r-Coefficient p-Value
(Intercept) 1.02 0.11
IL-8 (pg/mL) 0.66 0.38
Smoking history (pack-years) 5.23 0.01
CHIT1 (pg/mL) 0.20 0.80
YKL40 (pg/mL) 1.69 0.02
IL-6 (pg/mL) —-0.26 0.67
Chitinolytic activity (uM/uL/h) -0.97 0.35

Results are expressed as correlation coefficient (r) and p-value. Abbreviations: CHITI1-chitotriosidase; IL-
interleukin YKL-40-chitinase-3-like protein 1. Bolded values show statistical significance (p < 0.05).
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Figure 2. Correlation heatmap between selected clinical and sputum parameters and sputum chitinase
levels in the entire study group (COPD patients and controls), expressed as correlation coefficient (r).
The heatmap shows the correlation between clinical and sputum parameters (rows) and IS CHIT1
and YKL40 levels and chitinolytic activity (columns). The colours of the heatmap correspond to the
r-value (-1 to +1). The upper row in each square of the table denotes the r-value of the Spearman’s
rank correlation and the lower row denotes its p-value. Abbreviations: BMI-body mass index;
CHITI-chitotriosidase; FEV1-forced expiratory volume in the first second; FVC-forced vital capacity;
IL-interleukin; MMP-9-matrix metalloproteinase 9; YKL-40-chitinase-3-like protein 1. Bolded values
show statistical significance (p < 0.05).

A significant correlation between sputum CHIT1, YKL-40, and chitinolytic activity
and both total cell count and the number of sputum neutrophils was found. Moreover,
significant positive correlations were found between sputum macrophage counts, CHIT1
level, and chitinolytic activity. There were also positive correlations between IS MMP-9
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and chitinase levels and chitinolytic activity, and between sputum IL-8 and YKL-40 levels
(Figure 2).

A clustering analysis involving IS data from COPD patients and control groups was
performed to discover any differences in the features of airway inflammation (Figure 3).
Two main clusters were revealed; the clinical characteristics of both clusters are shown in

Table 4.

fin

preFEV1%FVCmax (%)
preFEV (% of predicted)
BMI

Age

L6

IL-18

CHITY

Chitinolytic activity

I8

YKL-40
MMP-9

Neutrophiles (%)

Total sputum cells

Smoking history (pack-years)

® Non-smoking control
Smoking control

Figure 3. Hierarchical clustering heatmap of COPD patients and two control groups: non-smokers
and smokers. The analysis included: clinical features, sputum cytokine concentrations, sputum
chitinase levels and activity, and sputum cellular features. The vertical axis represents the study
participants and the horizontal axis shows clinical and laboratory data. The colour scale represents
the normalized value of a variable, with red representing the highest values.

Table 4. Clinical characteristics of patients in two identified clusters.

Clinical parameters ((3’11u=st3ez)1 C(l::s__t(;n; . p-Value
COPD, 1 (%) 13 (38) 9 (100) 0.005
Control smokers, 1 (%) 12 (35) 0(0) <0.001
Control non-smokers, 1 (%) 9(27) 0(0) <0.001
Male/female 17/17 6/3 037
Age (years) 62.5 (56-75) 62 (61-72) 0.85
BMI (kg/m?) 27.9(25.2-31.1) 24.8 (21.9-28.6) 0.17
Smoking history (pack-years) 26 (0-40) 45 (40-55) 0.03
Pre-bronchodilator FEV (1) 22(1.7-3) 1.3 (1-1.8) 0.008
Eﬁgﬁ’é‘g)}“’dﬂat‘” BV (e 89 (62-91) 50 (45-57) <0.001
Pre-bronchodilator FEV, /FVC (%) 68.5 (55.8-74.6) 46.3 (42.5-50.8) <0.001

Abbreviations: BMI-body mass index; COPD-chronic obstructive pulmonary disease; FEV,-forced expiratory
volume in first second; FVC-forced vital capacity. Bolded values show statistical significance (p < 0.05).
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Cluster 1 included patients with COPD (38%), control smokers (35%), and non-smokers
(27%) with a preserved gender balance. Cluster 2 included only patients with COPD (100%)
and showed male predominance. There was no difference in age and BMI between the
two clusters. Patients from Cluster 2 had worse lung function and greater tobacco smoke
exposure (Table 4). This cluster also had a significantly higher proportion of total sputum
cells and higher macrophage and neutrophil counts. Moreover, chitinase concentration
(CHIT1 and YKL-40) and chitinase activity were significantly higher in Cluster 2 than in
Cluster 1. The concentration of sputum cytokines IL-8, IL-18, and MMP-9 was elevated in
Cluster 2, but the level of IL-6 was higher in Cluster 1 (Table 5).

Table 5.
identified clusters.

Cellular characteristics and the levels of sputum mediators in the two main

Parameters of Induced Sputum C(}lu:l;;)l C::i‘z‘; 2 p-Value
Total cell count (x10°/ 8 1.2 (0.65-2.03) 2.82(2.11-5.9) <0.001
Neutrophils (%) 50.5 (45-59) 54 (45-71) 0.263
Neutrophils (x10°/g) 0.64 (0.33-0.98) 2.14 (0.97-3.56) 0.001
Macrophages (%) 40 (35-48) 32 (22-37) 0.04
Macrophages (x10°/g) 049 (0.27-0.79) 0.85 (0.67-1.95) 0.004
IL-6 (pg/mL) 1.98 (0.72-4.96) 0.46 (0.19-0.79) 0.02
IL-8 (pg/mL) 82.8 (57.76-167.95) 500 (500-500) <0.001
1L-18 (pg /mL) 18 (0-62.25) 87.34 (68.79-93.47) 0.003
MMP-9 (ng/mL) 76.89 (26.73-193.1) 624.12 (426.7-647.01) <0.001
CHITI1 (pg/mL) 135.76 (0-1553) 6669.08 (2119.33-7963.19) 0.002
Chitinolytic activity (uM/pL/h) 0.013 (0.003-0.027) 0.06 (0.05-0.23) 0.001
YKL-40 (pg/mL) 1770.29 (0-5151.67) 46,429.17 (30,799.17-47,146.67) <0.001
Abbreviations: CHIT1-chitotriosidase; IL-interleukin; MMP-9-matrix metalloproteinase 9; YKL-40-chitinase-3-like
protein 1. Bolded values show statistical significance (p < 0.05).

In the following step, we compared the clinical and biochemical profiles of patients
with COPD from Clusters 1 and 2. No differences in sex distribution, age, BMI, smoking
exposure, or exacerbation frequency and symptom severity (as reflected by mMRC and
CAT scores) were found. There was no statistically significant difference in spirometry test
results (Table 6).

Table 6. Clinical characteristics of COPD patients in the two identified clusters.
Clinical Data CopPD (,ﬁ;o:; 3C)lus(er 1 COoPD f:‘::\g()ﬁlus(erz p-Value

COPD, 1 (%) 13 (38) 9 (100) 0.35
Male/female (1) 7/6 6/3 0.64
Age (years) 68 (62-77) 62 (61-72) 0.35
BMI (kg/m?) 279 (24.8-31.1) 24.8(21.9-28.6) 0.3

Smoking history (pack-years) 45 (30-52.5) 45 (40-55) 0.815
Pre-bronchodilator FEV; (1) 1.5(1.17-1.9) 1.3 (1-1.8) 0.664
Pre-bronchodilator FEV; (% of predicted) 61 (51-66) 50 (45-57) 0.082
Pre-bronchodilator FEV; /FVC (%) 47.5(44.8-56.7) 46.3 (42.5-50.8) 0.256
Post-bronchodilator FEV; (1) 17 (1.4-2.1) 14 (1.32) 0815
Post-bronchodilator FEV; (% of predicted) 68 (58-73) 57 (51-64) 0.285
Post-bronchodilator FEV, /FVC (%) 526 (47.5-59.1) 494 (444-512) 0285

Abbreviations: BMI—body mass index; COPD-chronic obstructive pulmonary disease; FEV; -forced expiratory
volume in first second; FVC-forced vital capacity. Bolded values show statistical significance (p < 0.05).
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Patients with COPD from Cluster 2 were characterized by a significantly higher total
IS cell count and a greater number of sputum neutrophils and macrophages. They also had
higher levels of sputum IL-8, IL-18, and MMP-9 and higher chitinase levels and activity.
Interestingly, the concentration of CHIT1 in sputum COPD patients from Cluster 1 was
below the detection threshold (Table 7).

Table 7. Sputum cellular characteristics and mediator levels in COPD patients from the two
identified clusters.

Parameters of Induced Sputum oD (f,:o:'ll;luster L CoLD f(r::lg()?luster 2 p-Value
Total cell count (x10% g) 0.8 (0.5-1.1) 2.8 (2.1-5.9) <0.001
Neutrophils (%) 55 (49-62) 54 (45-71) 0.69
Neutrophils (x10°/g) 0.46 (0.26-0.69) 2.1 (1-3.6) 0.001
Macrophages (%) 40 (32-47) 32 (22-37) 022
Macrophages (x 10°/g) 0.2 (0.2-0.4) 0.9 (0.7-2) 0.001
IL-6 (pg/mL) 29 (0.6-5) 0.5 (0.2-0.8) 0.07
IL-8 (pg/mL) 150.1 (72.8-271.9) 500 (500-500) 0.003
IL-18 (pg/mL) 7.2 (3.7-53.4) 87.34 (68.8-93.5) 0.019
MMP-9 (ng/mL) 81.2 (54.2-149.8) 624.1 (426.7-647) 0.001
CHIT1 (pg/mL) 0 (0-0) 6669.1 (2119.3-7963.2) 0.003
Chitinolytic activity (uM/ uL/h) 0.004 (0.001-0.01) 0.06 (0.05-0.23) 0.001
YKL-40 (pg/mL) 5151.7 (2118.3-11,130) 46,429.2 (30,799.2-47,146.7) 0.001

Abbreviations: CHIT1-chitotriosidase; COPD-chronic obstructive pulmonary disease; IL-interleukin; MMP-
9-matrix metalloproteinase 9; YKL-40-chitinase-3-like protein 1. Bolded values show statistical significance
(p < 0.05).

4. Discussion

Our study showed an interesting relationship between the level of airway inflam-
mation due to chronic tobacco smoke exposure, expressed as the number of different
inflammatory cells in IS, and both CHIT1 and YKL-40 levels and chitinolytic activity. This
was demonstrated by a significant positive correlation between the sputum total cell, neu-
trophil, and macrophage counts and the levels of sputum YKL-40, CHIT-1, and chitinolytic
activity in all the investigated groups. Moreover, our study revealed a significant positive
correlation between the concentration of sputum MMP-9 and IL-8 and the levels of sputum
CHIT1, YKL-40 levels, and CHIT1 activity. Sputum YKL-40 was significantly higher in
patients with COPD than in both smoking and non-smoking controls, while CHIT1 and
chitinolytic activity levels were comparable in the three investigated groups. A logistic
regression model including a combination of clinical and biochemical variables confirmed
that elevated IS YKL-40 level is a risk factor associated with COPD.

At the same time, cluster analysis showed that significant differences in chitinase
concentration and activity among patients with COPD may occur. To our knowledge,
hierarchical clustering analysis was not used in previous studies on chitinases in lung
diseases and our study is the first to apply this approach. By demonstrating significant
differences between the identified clusters, we confirmed different inflammatory patterns
in the disease, supporting a potential role of precision medicine in COPD management.

Bearing in mind that macrophages, neutrophils, and epithelial cells are the main source
of airway chitinases [8,9], the positive correlation between sputum cell count, neutrophils,
and macrophages and chitinase levels and activity could be expected, however the existing
data for COPD are not unequivocal. Otsuka et al. showed that sputum YKL-40 correlated
with sputum neutrophils in both COPD and asthma and with sputum macrophages in
COPD, although such an association was not found for controls [9]. In a study comparing
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sputum biomarkers in idiopathic pulmonary fibrosis (IPF) in which patients with COPD
comprised one of the control groups, Guiot et al. demonstrated that sputum neutrophil
count was significantly higher in patients with IPF and those with COPD compared to
healthy controls, however, both sputum levels of YKL-40 and YKL-40 expression did not
differ between the groups [22]. Majewski et al., who compared patients with COPD with
smoking and non-smoking controls, found a higher sputum neutrophil and macrophage
count in patients with COPD vs. non-smoking controls. This was also the case with
sputum YKL-40 and both chitotriosidase levels and chitotriosidase expression, but not
with the expression of YKL-40 [10]. It should be emphasized that our study is different
than all previous studies on airway chitinase/CLPs levels in terms of the general approach.
Namely, we were not focused on the chitinase and CLP levels in specific airway diseases
but rather on their levels and activities in patients exposed to noxious gases and fumes
that can induce and sustain airway inflammation. This was a consequence of our working
hypothesis that the level of chitinases/CLPs in the airways is less associated with the
specific disease, i.e., COPD, and more with the level of airway inflammation. As we
found that participants with chronic airway inflammation (manifested by a higher number
of total sputum cells, macrophages, and neutrophils) had significantly higher chitinase
concentrations and activity, we believe our results can be construed as supporting this
hypothesis. This observation also seems to align with the results of some earlier studies
which suggest that CHIT1 and YKL-40 can be markers of inflammation associated with
fibrosis and matrix remodeling in the lungs [8,22]. The lack of correlation between the level
of cigarette smoking exposure and chitinase levels probably results from the complexity
and diversity of airway inflammation. Tobacco smoke exposure is one of the numerous
triggers and driving factors of airway inflammation. Moreover, the inflammatory effect of
noxious gases and inhaled particles varies and depends on the individual susceptibility
and characteristics of airway inflammatory responses.

Our analysis of chitotriosidase and YKL-40 in the context of other sputum inflam-
matory markers showed a significant positive correlation between CHIT1, YKL40, and
chitinolytic activity and MMP-9 and a positive correlation between YKL-40 and IL-8. Fur-
thermore, one of the two identified clusters characterized by elevated chitinase levels and
chitinolytic activity also had significantly higher sputum MMP-9, IL-8, and IL-18 levels.
These results are in line with earlier findings on the relationship between YKL-40, MMP-9,
and IL-8. It has been documented that bronchial epithelial cells treated with YKL-40 show
increased IL-8 production [23] and exposure of alveolar macrophages to YKL-40 or CHIT1
promoted the release of IL-8 and MMP-9 [8,22]. Our results confirm these observations.

Cluster analysis of the investigated subjects revealed some interesting findings. Two
main clusters were identified. Cluster 1 comprised participants from all investigated groups
(COPD, non-COPD smokers, and non-COPD non-smokers) and was characterized by lower
sputum cell counts, lower inflammatory cytokine levels, and lower CHIT1, YKL-40, and
chitinolytic activity in sputum. Cluster 2 was formed exclusively by patients with COPD
and demonstrated more pronounced airway inflammation reflected by a higher sputum
inflammatory cell count, higher cytokine concentrations, and higher CHIT1, YKL-40, and
chitinase activity than Cluster 1. Interestingly, when only COPD patients from Cluster
1 and Cluster 2 were compared, both groups were comparable in terms of age, gender
distribution, BMI, smoking history and pulmonary function, despite relevant differences in
the sputum inflammatory profile as presented above. This supports the concept of treatable
traits in obstructive lung diseases, highlighting the need to identify individual disease
features in patients with similar clinical manifestations to tailor precise treatment. [24,25].
The extremely low values of CHIT1 and YKL-40 and reduced chitinolytic activity in COPD
patients from Cluster 1 may be, at least partially, responsible for the lack of differences in
chitinase levels/activity between the COPD group and controls.

One limitation of our study was the small COPD sample size used for cluster analysis.
The COPD group was also too homogenous to reveal any significant differences in lung
function and severity of the disease. Moreover, more prospective longitudinal studies
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should be conducted to characterize COPD phenotypes and assess if these clusters influence
the risk of exacerbation and the effectiveness of inhaled therapy. Although in the current
study, the level of airway inflammation was attributed to only one factor, i.e., tobacco
smoke exposure, we could have missed other crucial factors possibly contributing to the
level of airway inflammation (e.g., working in a toxic environment, passive smoking).

Another significant limitation is that the elderly participants in our study had different
comorbidities which could have affected our results. CHIT1 and YKL-40 are not specific
to lung pathology and their levels can be elevated in multiple conditions, such as cardio-
vascular disease, cancer, inflammation, diabetes, and others [3]. Chitinase expression and
activity may also be influenced by genetic polymorphism, although literature data on this
matter are not uniform.

5. Conclusions

In conclusion, elevated IS YKL-40 levels in the COPD group and the relationship
between some IS chitinases/CLPs (YKL-40) and some proinflammatory cytokines (IL-8
and MMP-9) suggest that chitinases may play an active role in chronic inflammation and
tissue remodeling. Our study points to an association between the expression of chitinases
and CLPs in the airways and the level of airway inflammation due to cigarette smoke
exposure. However, this relationship seems to be ambiguous and needs further elucidation.
Two main clusters were identified in the study. Cluster 2 included only COPD patients
and was characterized by higher chitinase levels, chitinolytic activity, and more intense
airway inflammation than Cluster 1. This difference should be considered when planning
personalized treatments and precision medicine strategies for chronic airway diseases.
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Background: Chitinases and chitinase-like proteins are implicated in the pathophysiology of lung diseases. This
study aimed to evaluate the significance of chitotriosidase (CHIT1) and YKL-40 in tuberculous pleural effusion
(TPE), identify their cellular sources, and assess their diagnostic potential as TPE biomarkers.

Methods: This observational, retrospective study included 66 patients with pleural effusion of different origins:

YKL-40 B .
CHIT1 malignant (MPE), tuberculous (TPE), parapneumonic (PPE), and transudative (TE). Pleural fluid levels of YKL-40
Chitinase and CHIT1 were measured. Expressions of YKL-40 and CHIT1 in tuberculous pleural granulomas were also

d using i histochemical staining.

Results: We found the highest median CHIT1 and YKL-40 levels for TPE: 70.51 (interquartile range [IQR]
49.65-136.98) ng/mL and 569.84 (IQR 530.32-706.01) ng/mL, respectively. YKL-40 was significantly higher in
TPE than in PPE (387.98 [IQR 262.94-539.09] ng/mL, p < 0.01)] and TE (254.95 [IQR 188.93-334.1 ng/ml]
ng/mL, p < 0.001). There was a strong positive correlation between the YKL-40 level in TPE and the percentage
of macrophages (r = 0.73, p = 0.003) and the adenosine deaminase activity (r = 0.82, p < 0.001). We revealed
strong YKL-40 expression in tuberculoid pleural granulomas.

Conclusion: YKL-40, but not CHIT-1, may contribute to the pleural infl

tuberculosis.

1. Introduction

Pleural effusion (PE) is a common manifestation of pleural diseases.
It is estimated that as many as 360 per 100 000 patients present with PE
each year. [1]. The most common causes of PE in Europe and the United
States include heart failure (HF), malignancies, and pneumonia.
Although tuberculosis (TB) ranks as the fourth most prevalent under-
lying disease globally [2,3], tuberculous pleural effusion (TPE) repre-
sents a substantial health challenge, particularly in regions with a high
TB incidence, where it remains the leading cause of PE, accounting for
up to 33 % of cases [4].

The primary diagnostic challenges associated with of TPE involve the
difficulty of confirming the diagnosis in populations with low TB prev-
alence and the challenge of excluding it in endemic areas with high TB
prevalence. These problems stem from the limited sensitivity and
negative predictive value of microbiological tests in detecting

y iated with

Mycobacterium tuberculosis or its DNA in pleural fluid [5]. Considering
these limitations various pleural fluid biomarkers have been tested to
enhance the performance of TPE diagnosis [6]. Of these, adenosine
deaminase (ADA) and interferon gamma (IFN-y) have gained wide-
spread acceptance and have been implemented in clinical practice [7].
Nonetheless, several other biomarkers have demonstrated comparable
or slightly lower diagnostic performance than ADA and IFN-y [8-111].
Considering the growing interest in the role of chitin and chitinases
in the path is of human di particularly their involvement in
respiratory diseases, which are constantly exposed to infectious agents,
we hypothesize that these factors may play a significant role in pulmo-
nary tuberculosis and TPE [12,13]. Chitinases - chitotriosidase (CHIT1)
and chitinase-like proteins (CLPs) including chitinase-3 like-protein 1,
also known as YKL-40 - are bioactive compounds that contribute to
modulate the human immune response [14-16]. They are a part of an
innate immune response against chitin-containing microorganisms (i.e.,
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Table 1
The basic comparative characteristics of patients with different causes of pleural effusion.
TPE (n = 14) MPE (n = 18) PPE (n = 18) TE (n = 16) p-value

Sex [Male/Female] (9/5) (14/4) (15/3) (14/2) 0.44
Age [years] 57 (41-87) 72 (68-84) 70.5 (60-79) 80 (68.5-88) 0.13
Smoking history [pack-years] 0 (0-15) 0(0-20) 0 (0-30) 0 (0-30) 076
ADA activity in PF [U/1] 91.9 (63.5-125.42) 15.5 (7.56-27) 22.2 (2.7-46.6) 5.4 (0-12.2) <0.001 #&*
pH 7.33(7.26-7.38) 7.40 (7.34-7.42) 7.35 (7.25-7.41) 7.41 (7.365-7.425) 0.01*
Total PF pleural cell count [cell/pl] 1671 (1279-3756) 861 (373-1652) 1763 (784-2356) 204 (113-376) <0.0001 *$
macrophage [%] 3.5 (2-11) 5(3.5-18) 10 (3-44) 17 (10-30) 0.53
neutrophils [%] 2.5 (1-6) 8.5 (2-19.5) 40 (10-62) 12 (4.5-19) 0.002 &
lymphocytes [%6] 90 (75-95) 42 (18.5-89) 16.5 (1-47) 65 (35.5-70.5) <0.001&*
eosinophils [%] 0(0-1) 0.5 (0-2.5) 0(0-1) 0 (0-2) 08
PF LDH activity [U/1] 514.5 (251-643) 217.5 (127-325) 356 (140-1525) 92.5(70.5-114.5) <0.001 *“%
Serum LDH activity [U/1] 183.5 (153-218) 228 (188-274) 159 (135-180) 193 (171-360) 0.015 #@
PF total protein [g/dl] 5.3 (4.5-5.4) 4.15 (3.2-4.8) 4.1 (2.8-5.1) 255 (1.75-3.45) <0.0001 *$
Serum total protein [g/dl] 6.85 (6.3-7.2) 6.7 (6.4-7.1) 6.0 (5.7-7.4) 6.55(5.9-7.2) 0.69
PF glucose [mg/dl] 72 (67-104) 102 (87-118) 89 (77-101) 112 (103-144) 0.0005 *$

Abbreviations: ADA-adenosine deaminase, CHIT1-chitotriosidase, LDH- lactate dehydrogenase, MPE-malignant pleural effusion, PF- pleural fluid, PPE-parapneumonic
pleural effusion, TE-transudate, TPE-tuberculous pleural effusion, YKL-40 — chitinase- 3-like protein 1, WBC- white blood cells. The significance for multiple com-
parisons is labelled as follows: # between TPE and MPE, & between TPE and PPE, * between TPE and TE, $ between PPE and TE, between MPE and TE, @ between MPE
and PPE. The bolded values are statistically significant (p < 0.05) measured by Kruskal-Wallis test followed by Dunn's post hoc test.

fungi and insects). CHIT1 and YKL-40 stimulate alveolar macrophages
and epithelial cells to secrete proinflammatory and profibrotic media-
tors, resulting in tissue inflammation, alveolar destruction, and tissue
remodeling [14,17]. To date, only the level of pleural fluid YKL-40 has
been measured and only in the context of its diagnostic performance.
However, the results have been inconsistent [18-22].: Javath Hussain
et al. and Soyler et al. reported the highest median pleural fluid YKL-40
level in patients with malignant and paramalignant pleural effusion,
respectively [18,19]. Therefore, YKL-40 was evaluated as the potential
marker of malignant pleural effusion distinguishing MPE from nonMPE
with relatively high sensitivity (83 %) and specificity (87 %) [18]. In
contrast, Kim et al. found the highest pleural fluid YKL-40 levels in pa-
tients with tuberculous pleurisy [20], while Adamidi et al. did not detect
significant differences in pleural fluid YKL-40 levels across effusions of
different etiologies [21]. Drawing on our previous experience with
chitinases in human pulmonary diseases, as well as biomarkers of TPE,
we decided to conduct a more extensive study on chitinases in TPE.
Specifically, we aimed (1) to assess the level of YKL-40 and CHIT1 in TPE
versus non-TPE, (2) to identify the cellular sources of these proteins in
pleural fluid, and (3) to calculate the diagnostic performance of CHIT1
and YKL-40 as potential biomarkers of TPE.

2. Materials and methods
2.1. General study design

This observational, cross-sectional, retrospective, single-center study
included 66 patients with PE admitted to the Department of Internal
Medicine, Pulmonary Diseases and Allergy of the Medical University of
Warsaw between March 2020 and July 2022. The study protocol was
approved by the Institutional Review Board of the Medical University of
Warsaw (AKBE/4/2024,January 08, 2024) and all participants gave
written informed consent.

2.2. Patients

This hospital-based study included consecutive adult patients (>18
years) with PE in whom the underlying cause of PE had been established.
All patients underwent diagnostic thoracentesis and pleural fluid anal-
ysis. An appropriate and individualized diagnostic approach was
employed for each patient to identify the etiology of PE. The final
analysis included patients with four common and well defined under-
lying causes of PE: malignant pleural effusion (MPE), TPE, para-
pneumonic pleural effusion (PPE), and transudative pleural effusion

(TE; see the “Definitions” section below). Patients were excluded if a
significant number of fluid analyses were missing, if fluid samples were
not preserved for YKL-40 and CHIT1 measurements, or if the underlying
cause of PE was not determined.

2.3. Definitions

PE was classified as transudate or exudate based on Light’s criteria
[23,24]. MPE was diagnosed when malignant cells were found in pleural
fluid or pleural tissue samples; patients with known malignant disease
who presented with unilateral PE and an altemative causes (e.g., pul-
monary embolism or pneumonia) were excluded [2]. PPE was diagnosed
in patients with the typical signs and symptoms (i.e. cough, acute febrile
illness, and pleuritic pain), pulmonary consolidations on the chest
radiograph, and no other explanation for PE [25]. At least one of the
following criteria had to be met to diagnose TPE: (1) a positive culture
for M. tuberculosis in pleural fluid, pleural biopsy specimen, or other
respiratory samples (sputum, bronchial washing, or bronchoalveolar
lavage fluid) and (2) granulomas in pleural biopsy samples in patients
with no alternative explanation of their etiology [7,26].

2.4. Pleural fluid sample collection and analysis

Pleural fluid samples were collected during a diagnostic thoracent-
esis. The pleural fluid analysis included biochemical parameters (i.e.,
pH, the total protein and glucose concentrations, and the lactate dehy-
drogenase [LDH] activity), the total and differential cell counts, and
microbiological and cytological examinations. Biochemical measure-
ments were performed with an automated analyser (Vitros 5,1 FS;
Johnson & Johnson, Langhorne, PA, USA). The pleural fluid ADA ac-
tivity was determined by colorimetry according to a previously
described method [27]. The pleural fluid samples intended for the
measurement of CHIT1 and YKL-40 were centrifuged at 1800 rpm for 10
min at room temperature; the supernatant was frozen at —20 °C until the
assay.

Cell pellets were used for cytological examinations. Differential
nucleated cell counts were assessed manually by counting 200 cells on a
Papanicolaou-stained smear. The malignant cells were evaluated based
on hematoxylin and eosin (H&E)-stained pleural fluid smears. The
microbiological examination included pleural fluid Gram staining and
cultures (both aerobic and anaerobic media). Pleural fluid samples for
M. tuberculosis detection were centrifuged (4830 rpm for 15 min at 4°C),
homogenized, and decontaminated using standard methods (4 % NaOH,
2.9 % sodium citrate, and 0.5 % N-acetyl-L-cysteine). Then, the samples
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Fig. 1. CHIT1 and YKL-40 levels in exudates and transudates (A) and in groups with pleural effusion of different origins (B). Abbreviations: CHIT1-chitotriosidase,
MPE-malignant pleural effusion, PPE-parapneumonic pleural effusion, TE-transudate, TPE-tuberculous pleural effusion, YKL-40 — chitinase- 3-like protein 1. The

figures present individual data points. * Statistical significance between studied groups was labelled as * p-value <0.05; ** p-value <0.01

were subjected to Ziehl-Neelsen staining for microscopy and inoculated
on both solid medium (Lowenstein-Jensen) and liquid medium (Mid-
delbrook 7H9) in an automated system (Bactec MIGIT, BD, USA). The
samples were incubated at 37 °C for up to 8-10 weeks for solid medium
and up to 6 weeks for liquid medium. In some patients, a genetic test for
M. tuberculosis (Gene Expert Xpert MTB/RIF Cepheid, CA, USA) was also
performed.

2.4.1. Measurement of the YKL-40 and CHIT1 concentrations in pleural
fluid

The YKL-40 and CHIT1 concentrations were measured using a
standard quantitative sandwich enzyme-linked immunosorbent assay
(ELISA) technique, strictly following the manufacturer’s instructions
(CircuLex Human ELISA Kit, MBL International, MA, USA). The human
CHIT1 and YKL-40 detection ranges are 56.25-3600 and 62.5-4000 pg/
mL, respectively, with a sensitivity of 48.3 and 8.15 pg/mL, respectively.
All standards and samples were measured in duplicate.

p-value <0.001.

2.5. Measurement of YKL-40 and CHIT]1 expression in tuberculoid
granulomas

Pleural biopsy specimens obtained by needle biopsy or medical
thoracoscopy were fixed in 10 % neutral-buffered formalin. The tissue
was submitted to immunohistochemical staining as described previously
[28]. In brief, an anti-CHIT1 antibody (Biorbyt, orb377995; Lot#
CQ2228, 1:200) and an anti-YKL-40/CHI3L1 antibody (Abcam,
ab77528, lot# GR3196074-1, 1:50) were used, followed by a donkey
anti-rabbit-horseradish peroxidase (HRP) secondary antibody (Jackson
ImmunoResearch, 711-035-152, Lot# 126333, 1:500). A
3'3'diaminobenzidine (DAB) chromogen solution was used as the HRP
substrate; a brown-coloured product indicated a positive signal. Coun-
terstaining was performed with light hematoxylin (Gills 0.25 x ). The
pathomorphological assessment of pleural granulomas was performed
using light micrographs (Nikon Eclipse Ci).

2.6. Statistical analysis

Statistical analysis was performed using the Statistica 13.3 software
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Fig. 2. Correlations heatmaps between pleural levels of CHIT1 and YKL-40 and selected fluid parameters in the entire studied group and between ADA, pleural levels
of CHIT1 and YKL-40, and selected fluid parameters in TPE, expressed as correlation coefficient (r). The heatmap colour corresponds to the r-value (-1 to +1). The
upper row in each table square denotes the r-value of the Spearman’s rank correlation, and the lower row denotes its p-value. The bolded values are statistically
significant (p < 0.05). Abbreviations: ADA-adenosine deaminase, CHIT1-chitotriosidase, LDH- lactate dehydrogenase activity, PF — pleural fluid, TPFC- total pleural

fluid cell, YKL-40- chitinase-3-like protein 1.
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(StatSoft Inc., Tulsa, OK, USA) and GraphPad (version 9.3.1 GraphPad
Software, Inc., San Diego, CA, USA). The data are presented as the
median and interquartile range (IQR) or percentage (%). Differences
between groups were tested using Pearson’s chi-squared test (for cate-
gorical variables), the Mann-Whitney U test (to compare continuous
variables between two independent groups), or the Kruskal-Wallis test
followed by Dunn's post hoc test (for multiple comparisons between
groups). A p-value <0.05 was considered to indicate a statistically sig-
nificant difference. Correlations were assessed with the Spearman rank
test. Receiver operating characteristic (ROC) curves were constructed
and the area under the curve (AUC), sensitivity, specificity, the positive
predictive value (PPV), and the negative predictive value (NPV) were
caleulated to determine the best cut-offs for the CHIT1 of YKL-40 levels
in pleural fluid. The logistic regression model was built for combined
ADA (U/]) and YKL-40 (ng/ml) in TPE and non-TPE groups, a ROC curve

with AUC was constructed for this analysis.
3. Results

There were 14 patients with TPE, 18 with MPE, 18 with PPE and 16
with pleural transudates (mainly caused by heart failure, 13/16 (81 %)
cases). The basic comparative characteristics of patients with various
pleural fluid etiology are shown in Table 1. The primary tumor sites in
patients with MPE were as follows: lung cancer (n = 6), pleural meso-
thelioma (n = 2), lymphoma (n = 2), colon cancer (n = 2), breast car-
cinoma (n = 1), cholangiocarcinoma (n = 1), gallbladder carcinoma (n
= 1), and unknown origin (n = 2). There were no significant differences
in age, sex, and smoking history between patients diagnosed with TPE,
MPE, PPE, and pleural transudates. ADA activity was significantly
higher in patients with TPE compared with the other forms of PE. The
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between TPE and non TPE. Abbreviations: ADA-adenosine deaminase, AUC-
area under the ROC curve, TPE-tuberculous pleural effusion, YKL-40 - chiti-
nase- 3-like protein 1.

highest prevalence of comorbidities was observed in the TE group,
whereas the lowest was noted in the TPE group (see data below). The
analysis further indicated that heart failure and type 2 diabetes were
significantly more prevalent (detailed results are provided in Supple-
mentary Materials, Table 2).

Fig. 1 shows the CHIT1 and YKL-40 levels in pleural fluid from the PE
and TE groups. There was no significant difference in the median CHIT1
level between the groups (44.41 [IQR 3.87-139.62] ng/mL for PE vs.
56.49 [IQR 11.25-115.67] ng/mL for TE, p = 0.32). In contrast, the
median YKL-40 level was significantly higher in the PE group (450.49
[IQR 219.29-698.74] ng/mL) compared with the TE group (254.95 [TE
71.48-390.77] ng/mL, p < 0.001).

Fig. 1B presents the CHIT1 and YKL-40 levels in the three PE groups
(TPE, MPE, and PPE) as well as the TE group. The TPE group had the
highest median CHIT1 and YKL-40 levels (70.51 [IQR 49.65-136.98]
ng/mL and 569.84 [IQR 530.32-706.01] ng/mL, respectively). In terms
of CHIT1, the only significant difference was between the TPE group and
the MPE group (13.66 [IQR 6.68-43.53] ng/mL, p = 0.02). Conversely,
the YKL-40 level in the TPE group was significantly higher than in the
PPE group (387.98 [IQR 262.94-539.09] ng/mL, p < 0.01) and the TE
group (254.95 [IQR 188.93-334.1] ng/mL, p < 0.001), while there was
no significant difference between in the YKL-40 level between the TPE
group and the MPE group (422.76 [IQR 318.72-547.96] ng/mL).

Correlation analysis for the entire study cohort showed a significant
positive relationship between the YKL-40 pleural fluid level and the
pleural fluid protein level and LDH activity (r = 0.5, p < 0.001, and r =
0.42, p < 0.001, respectively). The YKL-40 pleural fluid level correlated
negatively with pleural fluid pH and the pleural fluid glucose level (r =
—0.32, p=0.008, and r = —0.37, p = 0.004, respectively). The detailed
results are shown in Fig. 2. In the TPE group, there was a strong positive
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correlation between the YKL-40 pleural fluid level and the percentage of
macrophages in pleural fluid (r = 0.73, p = 0.003). There was also a very
strong positive correlation between the YKL-40 pleural fluid level and
ADA activity (r = 0.82, p < 0.001- the figure is available in the Sup-
plementary Materials). Fig. 2 shows the detailed correlation analysis for
CHIT1 and YKL-40 in the TPE group.

The diagnostic performance of the YKL-40 pleural fluid level to
differentiate between TPE and non-TPE yielded a sensitivity of 78.85 %,
a specificity of 85.7 %, a PPV of 61.1 %, an NPV of 78.78 %, and an AUC
of 0.85 (at a YKL-40 cut-off value of 500.5 ng/mL, Fig. 3B). The diag-
nostic performance of the CHIT1 pleural fluid level yielded a sensitivity
of 69.2 %, a specificity of 64.3 %, a PPV of 37 %, and NPV of 89.7 %, and
an AUC of 0.69 (Fig. 3A). By comparison, the pleural fluid ADA activity
at a cut-off of 49.35 U/L yielded a sensitivity of 90.2 %, a specificity of
92.86 %, a PPV of 72.2 %, an NPV of 97.8 %, and an AUC of 0.97
(Fig. 3C). The combined model of ADA (U/I) and YKL-40 (ng/ml) did not
improve differentiation between TPE and non-TPE groups compared to
ADA (U/]) alone - the AUC of the ROCs remained virtually unchanged
(Fig. 4).

Pleural biopsy specimens from six patients with TPE were available.
Histopathological analysis revealed a distinct, clearly detectable YKL-40
signal in the cytoplasm of epithelioid cells and in multinucleated cells.
On the other hand, CHIT1 staining was negligible (Fig. 5).

4. Discussion

Our study revealed detectable levels of CHIT1 and YKL-40 in pleural
fluid from patients with PE caused by various underlying diseases. The
highest pleural fluid levels of CHIT1 and YKL-40 were observed in pa-
tients with TPE. These results support the potential utility of CHIT1 and
YKL-40 as biomarkers to distinguish between pleural effusion of
different origins, with the caveat that moderate to reasonably sufficient
diagnostic performance was observed for pleural fluid YKL-40, whereas
the diagnostic performance of CHIT1 pleural fluid levels was distinctly
lower. Although previous studies have explored chitinases and CLPs in
PE, we believe that our results offer new insights. First, to the best of our
knowledge, this is the first study to demonstrate the sources of YKL-40
from cellular components of TB pleural granulomas and comparing
these results to negligible CHIT1 expression in TB granulomas. Second
this is the first study conducted in the population from Central Europe
with a low incidence of TB. Third, in contrast to other studies our pa-
tients with different underlying diseases did not differ significantly in
terms of sex and age. Finally, we demonstrated distinct CHIT1 and YKL-
40 profiles in patients with PE of various origins.

Our interest in chitinases as the bioactive compounds and potential
biomarkers of TPE arose from previous studies on sarcoidosis. The ob-
servations of increased CHIT1 expression in macrophages localized
within sarcoid granulomas [29], coupled with data from previous in-
vestigations on chitinases and PE [20,22,30], led us to posit that chiti-
nases participate in TB pleural granuloma formation and pleural fluid
accumulation. We are confident that our finding regarding the distinct
expression profiles of CHIT1 and YKL-40 in TB pleural granulomas
represents the most significant insight from our study. We demonstrated
that in contrast to CHIT1, YKL-40 may be considered areliable marker of
TB pleural granulomas. Notably, its expression is most prominently
evident in the in the cytoplasm of epithelioid and multinucleated cells.
When juxtaposed with the results of prior research on the expression of
CHIT1 and YKL-40 in sarcoid granulomas, which has shown positive
expression of both proteins [29,30], we hypothesize that the expression
of chitinases may become useful to differentiate between the etiology of
granulomas. Necrotic granulomas are highly indicative of TB, but in
some cases the differentiation between granulomatous disorders can be
challenging [31]. Thus, our findings could offer valuable insights to
distinguish clinically between these two disorders. It should be noted
that the absence of CHIT1 expression within TB pleural granulomas may
imply limited efficacy of CHIT1 inhibitors, in contrast to sarcoidosis
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Fig. 5. Light micrograph of immunohistochemical staining for YKL-40 and CHIT1 in tuberculoid granulomas from 3 selected patients. Magnification 20x (in samples
from patient 1 and 2) and 10x (in samples from patient 3). Scale bar = 100 pm. Black circle indicates epithelial multinucleated giant cells; red circle shows epithelioid

cells. Abbreviations: CHIT1-chitotriosidase, YK-40 — chitinase- 3-like protein 1.

[29].

Our results seem to align with earlier studies on TB, suggesting that
chitinase could be involved in the immunopathogenesis of the disease.
Lavalett et al. [32] described upregulated CHITI gene expression in
activated macrophages from patients with TB and indicated that this
process could be implicated in the severity of the disease. Chen et al.
[33] reported the reduction of plasma CHIT1 activity in patients during
anti-TB treatment and its correlation with clinical parameters. However,
our results suggest that YKL-40 may play a more significant role than
CHIT-1 in the pathogenesis of pleural tuberculosis. If chitinases and
CLPs have proinflammatory activity, then the positive correlation be-
tween YKL-40 and pleural fluid protein and LDH activity and negative
correlation between YKL-40 and glucose pleural fluid levels and pH can
be interpreted as reflecting an enhanced inflammatory response. These
findings seem to be consistent with the results of earlier studies [19,20]
and in line with observation that chitinolytic activity is significantly
higher in patients with TPE compared with patients without TPE [34].
Summarizing the data on the proinflammatory role of chitinases and
CLPs, it should be noted that although the true contribution of chitinases
in lung pathobiology is still uncertain [14], the potential therapeutic
effects of inhibition of chitinase activity has become the area of exten-
sive research [28,29,35].

Our literature review indicates that relatively few studies have
explored the role of chitinases and CLPs in pleural diseases, and that the

existing studies exhibit considerable diversity. Most authors have
focused on analyzing YKL-40 levels in pleural fluid, while pleural fluid
chitinase activity has been measured in only one study [18-22,34]. Kim
et al. [21] reported that a YKL-40 pleural fluid level of 933 ng/mL can
serve as the cut-off to differentiate between TPE and MPE, with a
sensitivity of 74 %, specificity of 76 %, and an AUC of 0.78. We
demonstrated even better diagnostic performance of YKL-40 pleural
level (sensitivity 78.85 % and specificity 85.7 % at the cutt-off level 500
ng/mL). Additionally, we noted that the CHIT1 pleural fluid level can be
a relatively reliable marker differentiating between TPE and MPE. The
above result is consistent with a previous study indicating that the
pleural chitinase activity is higher in patients with TPE [34].

Another interesting finding of our study is a strong positive corre-
lation between the YKL-40 level and ADA activity in the pleural fluid of
patients with TPE. Previous analyses have revealed a significant corre-
lation between chitinolytic and ADA activities and a strong correlation
between the YKL-40 pleural/serum ratio and ADA activity [19,20,34].
However, the correlation between YKL-40 and ADA in TPE has not been
reported. Given the observations suggesting a greater diagnostic value of
ADA compared to YKL-40, it is unlikely that the latter will find appli-
cation in diagnostic purposes. However, the clinical significance of
chitinases appears to be primarily related to the analysis of their
expression in histopathological samples. Our study suggests that tuber-
culous granulomas exhibit a characteristic chitinase expression pattern,
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with the presence of YKL-40 and either absent or minimal expression of
CHIT-1. The observed chitinase expression pattern may serve as a
valuable biomarker in the differential diagnosis of granulomatous dis-
eases. In our opinion, further evaluation of chitinase expression in other
biological materials from patients with tuberculosis (e.g., bronchial
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ADA adenosine seaminase

AUC area under ROC curve

CHIT1  chitotriosidase

CLPs chitinase-like proteins

ELISA  enzyme-linked immunosorbent assay
HE heart failure

H&E hematoxylin and eosin
interferon-gamma

IL interleukin

LDH lactate dehydrogenase

MPE malignant pleural effusion

NPV negative predictive value

PE pleural effusion

PF pleural fluid

PPE parapneumonic pleural effusion
PPV positive predictive value

ROC Receiver-operating characteristic

TPE tuberculous pleural effusion
TB tuberculosis

TE transudate

WBC white blood cells

YKL-40 chitinase-3-like protein 1
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7. Podsumowanie i omowienie uzyskanych wynikow

W pracy pt. Chitinases and chitinase-like proteins in obstructive lung diseases -
current concepts and potential applications przeprowadzono szeroka analize dostgpnego
pisSmiennictwa, podsumowujac dotychczasowa wiedzg o potencjalnej roli chitynaz w
chorobach obturacyjnych uktadu oddechowego. Aby zaprezentowac pelne spektrum
dostgpnych danych w analizie uwzgledniono zarowno dane in vitro, dane z modeli
zwierzecych 1 badan z udzialem ludzi. Omoéwiono mechanizmy zwigzane z rolg tych
mediatoréw w zapaleniu, remodelingu i destrukcji migzszu ptucnego. Usystematyzowano
dotychczasowa (na rok 2020) wiedz¢ dotyczaca potencjalnych stymulatorow, typow
komorek produkujacych chitynazy i szlakow sygnatowych. Uwzgledniono badania
pokazujace efekt nadmiernej stymulacji chitynaz, jak i sytuacji ich zmniejszonej lub
catkowitego braku aktywnosci (np. w wyniku mutacji genetycznych). Dodatkowo
przeanalizowano role wybranych czynnikow, mogacych mie¢ wpltyw na aktywnosc
chitynaz- tj. wiek, ple¢, steroidoterapi¢ czy polimorfizm biatek.

Potencjalna rola chitynaz w patofizjologii astmy byla oceniana szczegdlnie w
kontekscie oceny stezen 1 aktywnosci CHIT1 oraz YKL-40. Liczne badania wskazuja, ze
ich podwyzszone stezenia w surowicy 1 plwocinie sg zwigzane z nasileniem objawow,
stopniem obturacji drég oddechowych, ryzykiem zaostrzen oraz gorsza kontrolg astmy
[28,33,56-58]. Wysokie st¢zenia YKL-40 sg szczegolnie charakterystyczne dla cigzkiej,
stabo odpowiadajacej na leczenie astmy, wiazg si¢ z czestszymi hospitalizacjami,
wigkszym zapotrzebowaniem na glikokortykosteroidy oraz nasilonym remodelingiem
drog oddechowych [58]. Zaleznos¢ YKL-40 od neutrofilowego profilu zapalenia oraz
jego zdolno$¢ do indukowania I1-8 1 proliferacji migsni gladkich oskrzeli, sugeruja
mozliwy udziat tej czasteczki w patogenezie neutrofilowej, steroidoopornej postaci astmy
[35,56]. Natomiast znaczenie AMCase w astmie cztowieka pozostaje niejasne, gdyz
mimo jej ekspresji w ptucach, wykazuje ona znikomg lub zadng aktywnos$¢ biologiczna,
co podwaza jej bezposredni udziat w patofizjologii choroby [11,12].

Dane dotyczace udzialu chitynaz w patogenezie POChP sg niejednoznaczne.
Wyniki wielu badan pokazuja, ze stezenia YKL-40 1 CHIT1 w surowicy, plwocinie
indukowanej 1 ptynie z ptukania oskrzelowo-pecherzykowego sg istotnie podwyzszone u
chorych na POChP w poréwnaniu z palaczami bez POChP i osobami nigdy niepalacymi
[35,37,38]. Podwyzszona ekspresja tych czasteczek, glownie w makrofagach i

neutrofilach, sprzyja nasileniu zapalenia, destrukcji pecherzykow i1 remodelingowi phuc
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poprzez indukcje mediatoréw prozapalnych i profibrotycznych, takich jak I1-8, MMP-9,
MCP-1 czy TGF-B [37,40,59]. Podwyzszone stezenia CHIT1 1 YKL-40 zwigzane sg z
gwaltowniejszym spadkiem czynnosci phuc i jednoczesnym nasileniem stopnia obturacji,
uposledzeniem dyfuzji oraz zwigkszong czgsto$cig zaostrzen POChP, a YKL-40
dodatkowo wiaze si¢ z rozwojem zmian rozedmowych [21,37-39,57,59]. Jednoczes$nie
czg$¢ danych sugeruje mozliwy efekt protekcyjny CHIT1 w przebiegu choroby, co
podkresla ztozong i nadal nie do konca wyjasniong rol¢ chitynaz w zapaleniu i
uszkodzeniu ptuc w POChP [44,60].

W przeprowadzonej analizie wskazano réwniez mozliwo$ci zastosowania
inhibitorow chitynaz w przewleklych chorobach obturacyjnych- uwzgledniajac
opublikowane doniesienia na modelach zwierzecych [61,62]. Ze wzgledu na ich
pozytywne wyniki, zasugerowano, ze supresja aktywnosci chitynaz moze stanowi¢ cel
terapeutyczny w chorobach uktadu oddechowego.

W kolejnej pracy w ramach przewodu doktorskiego, tj. The role of chitinases in
chronic airway inflammation associated with tobacco smoke exposure przeanalizowano
role chitynaz w rozwoju przewlektego zapalenia w drogach oddechowych w odpowiedzi
na ekspozycj¢ na dym tytoniowy.

Przedstawione badanie mialo charakter obserwacyjnego badania klinicznego 1
zostalo przeprowadzone w latach 2018-2019. Do badania wtaczono 43 osoby powyzej
40. roku zycia, w tym 22 pacjentow z tagodng i umiarkowang postacig POChP, 12 palaczy
bez chordb uktadu oddechowego oraz 9 zdrowych o0sob nigdy niepalacych. Rozpoznanie
POChHP oparto na obrazie klinicznym, historii narazenia na czynniki szkodliwe oraz
obecnosci nieodwracalnej obturacji oskrzeli w badaniu spirometrycznym, zgodnie z
wytycznymi GOLD 2018. Grupy kontrolne charakteryzowaly si¢ negatywnymi
wywiadami w kierunku przewleklych choréb ptuc i objawow oddechowych oraz brakiem
obturacji w wykonanym badaniu spirometrycznym. Do badania wlaczano jedynie
pacjentow w stabilnym stanie zdrowia (ustalono arbitralnie okres 6 ostatnich tygodni
przed kwalifikacja do badania). Kryteriami wykluczajagcymi byty m.in. aktywna lub
niedawno przebyta infekcjag drog oddechowych, zaostrzenie choréb przewlektych,
doustna lub wziewna steroidoterapia, aktywna choroba nowotworowa w wywiadach.
Badane grupy badawcze nie roznity si¢ statystycznie pod wzgledem wieku, rozktadu ptci
oraz BMI. Zakres badania obejmowat szczegdétlowy wywiad kliniczny, ocene nasilenia
objawoéw (mMRC, CAT), analiz¢ historii palenia i1 zaostrzen, badanie fizykalne,

spirometri¢ oraz indukcj¢ plwociny. W plwocinie indukowanej oceniano sktad
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komorkowy oraz oznaczano stezenia wybranych cytokin zapalnych, metaloproteinazy 9,
a takze chitynaz (YKL-40, CHIT1) metoda ilosciowego testu ELISA. Dodatkowo
przeprowadzono oceng¢ aktywnosci chitynolitycznej CHIT1. Analiza statystyczna zostata
zaplanowana a priori, z odpowiednim oszacowaniem liczebnosci grup i obejmowata
zarOwno porownania migdzygrupowe, jak 1 analizy korelacyjne oraz modele
wielowymiarowe. Zastosowana metodyka pozwolita na kompleksowg ocene¢ zaleznosci
pomigdzy stanem klinicznym, czynno$cig ptuc a markerami zapalenia i remodelingu drog
oddechowych u chorych na POChP.

Analiza stezen oraz aktywnosci chitynolitycznej plwociny w badanych grupach i1
zestawienie powyzszych danych z wybranymi parametrami stanu zapalnego pozwolity
na uzyskanie nastepujacych wynikow. Stezenie YKL-40 bylo istotnie wyzsze u pacjentow
z POChP w poréwnaniu do pozostatych grup. Co wigcej, wykorzystanie modelu regresji
logistycznej pozwolitlo wskazaé, ze zwigkszone stezenie YKL-40 w indukowanej
plwocinie stanowi czynnik ryzyka rozwoju POChP, gdyZ podwyzszone st¢zenie YKL-40
w plwocinie negatywnie korelowato z parametrami spirometrycznymi (FEV1% w.nal.).
Co ciekawe, stezenie oraz aktywno$¢ CHIT1 w plwocinie nie rdznila si¢ statystycznie
mig¢dzy grupami. Nasilenie stanu zapalnego w grupie POChP oraz zdrowych palaczy
przejawiato si¢ nie tylko wzrostem catkowitej liczy komoérek w indukowanej plwocinie,
liczbie neutrofili, makrofagéw, ale rowniez wzrostem stgzen 1 aktywnos$ci
chitynolitycznej. Dodatkowo wykazano pozytywna korelacje migdzy stezeniem 1
aktywnoscig CHIT1 oraz stezeniem YKL-40 a st¢zeniem prozapalnych cytokin- I1-8 oraz
MMP-9. Szczegdlowa analiza klasterowa grup badanych wykazata dodatkowo, Ze grupa
pacjentow z POChP nie jest jednorodna. Czg$¢ pacjentow ze zdiagnozowanym POChP,
podobnie jak osoby zdrowe (palace jak 1 niepalgce) charakteryzowaty sie niska
aktywno$cig zapalng (definiowang jako prawidtowa liczba komoérek w plwocinie i nizsze
stezenie cytokin prozapalnych) oraz niskim steZeniem i aktywnoscia chitynaz w obrgbie
drog oddechowych. Pozostali uczestnicy badania, zdefiniowani jako klaster 2, byli
osobami ze stwierdzonym wczesniej POChP. Grupa ta charakteryzowata si¢ bardziej
nasilonym stanem zapalnym drog oddechowych, odzwierciedlonym przez wyzsza liczbg
komorek zapalnych w plwocinie, wyzszymi stezeniami cytokin oraz wigkszg
aktywnos$cig 1 podwyzszonymi st¢zeniami CHIT1 i1 YKL-40 w pordwnaniu z osobami
zakwalifikowanymi do klastra 1. W nastgpnym etapie badania przeprowadzono
szczegblowq analize danych medycznych pacjentéw chorujacych na POChP. Wykazano,

ze pacjenci zakwalifikowani do klastra 1 oraz pacjenci z klastra 2 nie r6znig si¢ migdzy
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sobg pod wzgledem wieku, rozktadu pltci, wskaznika masy ciata (BMI), historii palenia
tytoniu ani czynnos$ci pluc (FEV1, FEV1/FVC), pomimo istotnych réznic w profilu
zapalnym plwociny. Powyzsze wyniki moga wskazywaé, ze pacjenci z POChP nie
stanowig jednorodnej grupy, a wystepujace réznice w aktywnos$ci stanu zapalnego w
drogach oddechowych mogg wptywac na dalszy przebieg choroby. Wykazane ro6znice
wskazujg na konieczno$¢ analizy indywidualnych cech choroby u pacjentow z POChP
celem precyzyjnego postgpowania terapeutycznego (treatable traits). Konieczne jest
prowadzenie dalszych badan obserwacyjnych celem potwierdzenia powyzszej hipotezy.

Ostatnia praca z cyklu publikacji pt: Exploring CHITI and YKL-40 in tuberculous
pleural effusion: Insights and implications. Dotyczyla analizy stezen i1 aktywnosci
chitynolitycznej w ptynach z oplucnej wywotlanych réznymi schorzeniami oraz ekspresji
chitynaz w bioptatach z oplucnej. Przedstawiona praca miata charakter retrospektywnego
badania i obejmowata 66 dorostych pacjentow z wysiekiem oplucnowym, u ktorych
wykonywano torakocentez¢ w Klinice Chorob Wewnetrznych, Peumonologii i
Alergologii WUM w latach 2020- 2023. U wszystkich pacjentéw oprocz diagnostycznej
torakocentezy przeprowadzono kompleksowa analize¢ ptynu optucnowego, obejmujaca
oceng parametroOw biochemicznych, cytologicznych, mikrobiologicznych i aktywnosci
ADA, zgodnie z obowigzujacymi standardami. Klasyfikacje ptynu na przesiekowy i
wysigkowy oparto na kryteriach Lighta, natomiast rozpoznanie poszczegolnych etiologii
ustalano na podstawie Scisle okreslonych kryteriow klinicznych, mikrobiologicznych 1
histopatologicznych (szczeg6lowe dane dostgpne w pracy oryginalnej). Stezenia YKL-40
1 CHIT1 w plynie optucnowym oznaczano metoda iloSciowego testu ELISA o wysokiej
czulo$ci, a w wybranych przypadkach gruzlicy optucnej dodatkowo oceniano ich
ekspresj¢ w ziarniniakach gruzliczych za pomoca barwien immunohistochemicznych.
Nie wigczano do badania pacjentéw, w ktorych w sposob jednoznaczny nie udato si¢
ustali¢ etiologii ptynu, lub gdy z przyczyn technicznych nie uzyskano wystarczajace;j
ilosci materialu do dalszych badan. Po przeprowadzonym postgpowaniu diagnostyczno-
medycznym uzyskano: 14 chorych z gruzliczym pltynem oplucnowym, 18 z
nowotworowym plynem oplucnowym, 18 z wysickiem parapneumonicznym oraz 16
pacjentow z przesiekiem optucnowym, najczesciej zwigzanym z niewydolno$cig serca
(81% przypadkow). Analiza porownawcza wykazata, ze grupy te byly jednorodne pod
wzgledem wieku, pici oraz historii palenia tytoniu. Wspolwystepowanie chorob
przewlektych obserwowano istotnie statystycznie czg¢scie] w grupie ze stwierdzonymi

przesickami (najczestszymi chorobami wspdtistniejagcymi byta niewydolnos$¢ serca i
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cukrzyca typu 2). Najrzadziej choroby wspotistniejgce rejestrowano w grupie pacjentow
z gruzliczym wysigkiem. W grupie z wysiekiem nowotworowym najczestszg przyczyng
ptynu byt rak pluca (szczegdétowe dane w pracy oryginalnej). Dodatkowo
przeprowadzono analiz¢ immunohistochemiczng bioptatéw z materiatow z optucnej 6
pacjentow ze stwierdzonym gruzliczym wysigkiem, ktore uzyskano z archiwum
Pracowni Histopatologicznej szpitala UCK WUM. Nastgpnie wykonano barwienia
immunohistochemiczne w celu oceny ekspresji CHIT1 i YKL-40. Do wizualizacji reakcji
immunologicznej zastosowano przeciwciata ukierunkowane przeciwko wybranym
antygenom YKL-40 i CHIT1 (dane szczegdtowe w pracy oryginalnej), a preparaty
kontrastowano hematoksyling. Ocene patomorfologiczng ziarniniakéw optucnej
przeprowadzono w mikroskopie $wietlnym.

Analiza ptynéw o réznorodnej etiologii tj. przesigk, wysiek parapneumoniczny,
nowotworowy 1 gruzliczy pozwolita wykazaé, ze najwyzsze stezenia CHIT1 oraz YKL-
40 wystepuja w ptynach o etiologii gruzliczej. Istotnie statystycznie wyzsze stezenie
YKL-40 wystepowalo w plynie wysigkowym w stosunku do przesigku. Analizujac
wysieki, wykazano, ze st¢zenie YKL-40 jest wyzsze w grupie o etiologii gruzliczej, w
stosunku do wysigkdw parapneumonicznych. Stezenie CHIT1 istotnie roznilo sie
natomiast miedzy pacjentami z wysigkiem gruzliczym a nowotworowym. Dodatkowo
wykryto pozytywna korelacj¢ migdzy stezeniem YKL-40 a odsetkiem makrofagow oraz
aktywnos$cig deaminazy adenozyny (ADA). Oceniono réwniez warto$¢ diagnostyczng
stezenia YKL-40 w ptynie oplucnowym (czutos¢ 78,85% oraz swoisto$¢ 85,7% przy
warto$ci odcigcia wynoszacej 500 ng/mL). Co wigcej, pozytywna korelacja migdzy
stezeniem YKL-40 a stezeniem biatka catkowitego, glukozg oraz aktywnosciag LDH moze
sugerowaé, ze YKL-40 odgrywa role w odpowiedzi immunologiczne] w przebiegu
infekcji pratkiem gruzlicy. Powyzsza hipoteze wspiera przeprowadzona analiza
aktywno$ci immunohistochemicznej w obregbie ziarniniakdw gruzliczych z biopsji
oplucnej. Wykazala ona wyrazny, jednoznacznie wykrywalny sygnat YKL-40 w
cytoplazmie komorek nablonkowych oraz komorek wielojadrzastych. Natomiast
barwienie CHIT1 bylo pomijalne. Biorac pod uwage odmienny wzor ekspresji chitynaz
w ziarniniakach sarkoidalnych [48,49], mozna przypuszczacd, ze analiza wzorca ekspresji
chitynaz w materialach histopatologicznych moze stanowi¢ warto$ciowy biomarker w
diagnostyce roznicowej choréb ziarniniakowych. Konieczne jest prowadzenie dalszych
badan analizujacych ekspresje powyzszych biomarkerow w roznych materiatach

tkankowych oraz w r6éznych chorobach ziarniakowych.
66



8. Whnioski

Zastosowanie metod badawczych obejmujacych analizy biochemiczne i
immunohistochemiczne pozwolilo na scharakteryzowanie stezen, aktywnosci i ekspresji
chitynaz w materiale klinicznym od pacjentow z wybranymi chorobami uktadu
oddechowego, ze szczegdlnym uwzglednieniem pacjentow z POChP i 0séb z gruzliczym
wysiekiem. Wykazano, ze chitynazy i biatka chitynazopodobne, w szczeg6lnosci YKL-
40, stanowg integralny element procesu zapalnego w powyzszych jednostkach

chorobowych.

Szczegotowe wnioski przedstawiaja si¢ nastgpujaco:

1. Chitynazy wydaja si¢ uczestniczy¢ w patofizjologii choréb uktadu oddechowego,
biorgc udziat w procesach remodelingu, aktywacji procesu zapalnego i destrukcji
migzszu plucnego. Nie ma, jednakze jednoznacznych i mocno
udokumentowanych danych o ich doktadnej roli w powyzszych procesach.
Dostepne informacje uzasadniajg prowadzenie dalszych badan nad skutecznoscia
inhibitoréw chitynaz w chorobach uktadu oddechowego.

2. Stezenie YKL-40 w plwocinie indukowanej jest istotnie wyzsze u pacjentow z
POChP w poréwnaniu z palaczami bez stwierdzonej choroby uktadu
oddechowego 1 zdrowymi, niepalacymi ochotnikami. Co wiecej, podwyzszona
wartos¢ tego biomarkera jest zwigzana ze zwigkszonym stopniem utraty
czynnosciowej funkcji pluc (mierzonej jako FEV1% w.nal.).

3. Aktywnos$¢ zapalna w drogach oddechowych w przebiegu ekspozycji na dym
tytoniowy manifestuje si¢ nie tylko wzrostem catkowitej liczy komoérek w
indukowanej plwocinie, liczbie neutrofili, makrofagdéw, ale rowniez wzrostem
stezen 1 aktywnosci chitynolitycznej. Wniosek ten potwierdza pozytywna
korelacja miedzy stezeniem i aktywno$ciag CHIT1 oraz stgzeniem YKL-40 a
stezeniem prozapalnych cytokin- I1-8 oraz MMP-9.

4. Pacjenci z POChP stanowig heterogenng grupe. Jedynie czgs¢ z nich
charakteryzuje si¢ zwigkszonym stanem zapalnym w drogach oddechowych, z
podwyzszonym jednoczasowo stezeniem CHIT1 oraz YKL-40 oraz zwigkszong
aktywnoscig chitynolityczng. Nalezy bra¢ to pod uwage przy ocenie rokowania

oraz indywidualizacji terapii wobec okreslonego pacjenta w przysztosci.
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5. Stezenie YKL-40 jest istotnie wyzsze w plynie wysickowym w stosunku do
przesicku. Szczegdtowa analiza pozwolita stwierdzi¢, ze stezenie YKL-40 jest
istotnie wyzsze w grupie ptyndéw o etiologii gruzliczej, w stosunku do wysigkow
parapneumonicznych. Stezenie CHIT1 istotnie réznilo si¢ natomiast migdzy
pacjentami z wysigkiem gruzliczym a nowotworowym.

6. Analiza wzorca ekspresji chitynaz pozwolita wykazaé, ze w ziarniniakach
gruzliczych wykrywa si¢ YKL-40 w cytoplazmie komoérek nabtonkowych oraz
komorek wielojadrzastych. Nie wykryto ekspresji CHIT1. Powyzszy wzorzec
pozwala réznicowac¢ ziarniniaki gruzlicze od ziarniniakow sarkoidalnych.

7. Stezenie YKL-40 w ptynie optlucnowym wykazuje stosunkowo wysoka warto$é
diagnostyczng w réznicowaniu gruzliczego zapalenia oplucnej od zapalen
ophucnej o innej etiologii oraz koreluje z aktywnos$cig deaminazy adenozynowej

(ADA) w plynie optucnowym.
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9. Opinia Komisji Bioetycznej.

Komisja Bioetyczna
przy Warszawskim Uniwersytecie Medycznym

Tel.: 022/57-20-303 ul. Zwirki i Wigury nr 61
Fax: 022/57 - 20 -165 02-091 Warszawa

e-mail: komisja.bioetyczna@wum.edu.pl
www.komisja-bioetyczna.wum.edu.pl

KB/..1./A2018

Komisja Bioetyczna przy Warszawskim Uniwersytecie Medycznym

w dniu 17 wrzesnia 2018 r. po zapoznaniu si¢ z wnioskiem:

Dr n. med. Katarzyna Goérska,

Katedra i Klinika Choréb Wewnetrznych, Pneumonologii i Alergologii,
ul. Banacha 1a,

02-097 Warszawa

dotyczacym: akceptacji zmian w dokumentacji obejmujacych:

- Program badania, wersja 1.3 z dnia 06.09. 2018r.

do badania pt.:..Ocena aktywnoéci enzymatycznej chitynaz u pacjentow z przewlektymi
chorobami ptuc.”

wyraza nastepujacg
opinie
- stwierdza, ze sa one dopuszczalne i zgodne z zasadami naukowo-etycznymi*.

I a O
aSatd Hco WO

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 wrzesnia
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 .

W zalgczeniu: sklad komisji oraz lista obecnosci

: Przewodniczacy Komisji Bioetycznej

Al - [loetee.

Prof«dr hab. n.med. Magdalena Kuzma-Kozakiewicz

*niepotrzebne skresli¢
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Komisja Bioetyczna
przy Warszawskim Uniwersytecie Medycznym

Tel.: 022/57 -20-303 ul. Zwirki i Wigury nr 61
Fax: 022/57 -20 -165 02-091 Warszawa

e-mail: komisja.bioetyczna@wum.edu.pl
www.komisja-bioetyczna.wum.edu.pl

Warszawa, dnia 08.01.2024
AKBE/ 4 /2024

Prof. dr hab. .n.med. Rafat Krenke
Katedra i Klinika Chorob Wewnetrznych,
Pneumonologii i Alergologii

ul. Banacha 1a,

02 - 097 Warszawa

OSWIADCZENIE

Niniejszym o$wiadczam, ze Komisja Bioetyczna przy Warszawskim Uniwersytecie
Medycznym w dniu 08 stycznia 2024 r. przyjeta do wiadomosci informacje na temat
badania pt. ’Patofizjologia i diagnostyczne znaczenie chitynaz w wysieku gruzliczym.”
Przedstawione badanie nie stanowi eksperymentu medycznego w rozumieniu art. 21ust.1

" ustawy z dnia 5 grudnia 1996 r. o zawodach lekarza i lekarza dentysty (Dz.U. z 2018 r poz.
617) i nie wymaga uzyskania opinii Komisji Bioetycznej przy Warszawskim Uniwersytecie
Medycznym, o ktérej mowa w art. 29 ust.1 ww. ustawy.

Przewod;gi/czq;a Komisji Bioetycznej

P W R

Prof. dr‘,h'éb. n. med. Magdalena Kuzma —Kozakiewicz
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10.0swiadczenia wspotautorow publikacji.

Lek. Natalia Przysucha

Warszawa, 04.03.2026 r
Lek. Natalia Przysucha
OSWIADCZENIE

Jako wspdlautor pracy pt. Chitinases and chitinase-like proteins in obstructive lung diseases - current
concepts and potential applications, o$wiadczam, iz moj wlasny wklad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji stanowit:

stworzenie koncepcji publikacji, analiz¢ pi$miennictwa, napisanie manuskryptu, stworzenie rycin i tabel.

Jako wspolautor pracy pt. The role of chitinases in chronic airway inflammation associated with tobacco smoke
exposure. o$wiadczam, iz moj wlasny wklad merytoryczny w przygotowanie, przeprowadzenic i opracowanie
badan oraz przedstawienie pracy w formie publikacji stanowit

stworzenie koncepcji publikacji, analiz¢ pi$miennictwa, napisanie manuskryptu, przygotowanie metodologii,
gromadzenie danych medycznych, rekrutacja pacjentow, wspoludzial w opracowaniu materialu badawezego,

interpretacja wynikow, analizg statystyczng.

Jako wspélautor pracy pt. Exploring CHITI and YKL-40 in tuberculous pleural effusion: Insights and
implications o$wiadczam, iz méj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie
badan oraz przedstawienie pracy w formie publikacji stanowil:.

stworzenie koncepcji publikacji, analiz¢ pi$miennictwa. napisanie manuskryptu, przygotowanie metodologii,
gromadzenie danych medycznych, rekrutacja pacjentéw, wspéludzial w opracowaniu materialu badawezego,

interpretacja wynikow, analizg statystyczna.

. '3
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Prof. dr. hab. n. med. Rafal Krenke

Warszawa, 04.03.2026 r
prof. dr hab. n. med. Rafal Krenke

OSWIADCZENIE

Jako wspdlautor pracy pt. Chitinases and chitinase-like proteins in obstructive lung diseases - current
concepts and potential applications, oswiadezam, iz m6j wlasny wklad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji stanowil: wspétudzial w
stworzeniu koncepcji publikacji. nadzér merytoryczny w trakcie przygotowania manuskryptu oraz redakcje
tre$ci manuskryptu.

Wklad lek. Natalii Przysuchy w powstawanie publikacji obejmowal:

stworzenie koncepcji publikacji, analiz¢ pismiennictwa, napisanie manuskryptu, stworzenie rycin i tabel.

Jako wspolautor pracy pt. The role of chitinases in chronic airway inflammation associated with tobacco smoke
exposure, o$wiadczam, iz moj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie
badan oraz przedstawienie pracy w formie publikacji stanowil: wspéludzial w stworzeniu koncepcji publikacji,
nadz6r merytoryczny w trakcie przygotowania manuskryptu oraz redakeje tresci manuskryptu.

Wklad Iek. Natalii Przysuchy w powstawanie publikacji obejmowal:

stworzenie koncepcji publikacji, analiz¢ pismiennictwa, napisanie manuskryptu, przygotowanie metodologii,
gromadzenie danych medycznych, rekrutacja pacjentow, wspéludzial w opracowaniu materialu badawczego,

interpretacja wynikow, analizg statystyczna.

Jako wspdlautor pracy pt. Exploring CHITI and YKL-40 in tuberculous pleural effusion: Insights and
implications o$wiadczam, iz moj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie
badan oraz przedstawienie pracy w formie publikacji stanowil:. wspoludzial w stworzeniu koncepcji publikacji,
nadzor merytoryczny w trakcie przygotowania manuskryptu oraz redakeje tresci manuskryptu.

Wklad lek. Natalii Przysuchy w powstawanic publikacji obejmowal:

stworzenic koncepcji publikacji, analiz¢ pismiennictwa, napisanie manuskryptu, przygotowanie metodologii,
gromadzenie danych medycznych, rekrutacja pacjentow, wspéludzial w opracowaniu materialu badawczego.,

interpretacja wynikow, analizg statystyczng.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako cz¢$¢ rozprawy doktorskiej lek Natalii

Loale

Przysuchy
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Prof. dr. hab. n. med. Katarzyna Gorska

Warszawa, 04.03.2026 r

prof. dr hab. Katarzyna Gorska

OSWIADCZENIE

Jako wspdlautor pracy pt. Chitinases and chitinase-like proteins in obstructive lung diseases - current
concepts and potential applications, o$wiadczam, iz mdj wiasny wklad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badaf oraz przedstawienic pracy w formie publikacji stanowit: wspohudzial w
stworzeniu koncepcji publikacji, nadzor merytoryczny w trakcie przygotowania manuskryptu oraz redakcje tresci
manuskryptu.

Wktad Iek. Natalii Przysuchy w powstawanie publikacji obejmowat:

stworzenie koncepcji publikacji, analizg¢ pi§miennictwa, napisanie manuskryptu, stworzenie rycin i tabel.

Jako wspotautor pracy pt. The role of chitinases in chronic airway inflammation associated with tobacco smoke
exposure, o$wiadczam, iz moj wiasny wktad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan
oraz przedstawienie pracy w formie publikacji stanowit: wspétudziat w tworzeniu koncepcji manuskryptu, nadzér
merytoryczny w trakcie przygotowania manuskryptu oraz redakcje treSci manuskryptu.

Wkiad lek. Natalii Przysuchy w powstawanie publikacji obejmowat:

stworzenie koncepcji publikacji, analize piSmiennictwa, napisaniec manuskryptu, przygotowanie metodologii,
gromadzenie danych medycznych, rekrutacja pacjentdw, wspotudzial w opracowaniu materiatu badawczego,

interpretacja wynikow, analize statystyczna.

Jako wspotautor pracy pt. Exploring CHITI and YKL-40 in tuberculous pleural effusion: Insights and implications
oswiadczam, iz mo6j wiasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawicnie pracy w formie publikacji stanowit:. nadzér merytoryczny w trakcic przygotowania manuskryptu.
Wkiad lek. Natalii Przysuchy w powstawanic publikacji obejmowat:

stworzenie koncepcji publikacji, analiz¢ pi$miennictwa, napisanie manuskryptu, przygotowanie metodologii,
gromadzenie danych medycznych, rekrutacja pacjentéw, wspotudziat w opracowaniu materiatu badawczego,

interpretacja wynikow, analiz¢ statystyczng.

Jednocze$nie wyrazam zgodg na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej lek Natalii Przysuchy
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Dr hab. n. med. Magdalena Paplinska-Goryca

Warszawa, 04.03.2026 r
Dr hab. n. med. M. Paplinska-Goryca

OSWIADCZENIE

Jako wspotautor pracy pt. The role of chitinases in chronic airway inflammation associated with tobacco
smoke exposure, oéwiadczam, iz moj wlasny wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie
badan oraz przedstawienie pracy w formie publikacji stanowit: wspotudzial w stworzeniu koncepcji publikacii,
wspoétudzial w opracowaniu materiatu badawczego, wspotudziat w opracowaniu metodologii, wspotudziat w analizie
statystycznej.

Wkiad lek. Natalii Przysuchy w powstawanie publikacji obejmowat:
stworzenie koncepcji publikacji, analiz¢ piSmiennictwa, napisanie manuskryptu, przygotowanic metodologii,
gromadzenie danych medycznych, rekrutacja pacjentow, wspéludzial w opracowaniu materiatu badawczego,

interpretacja wynikow, analizg statystyczng.

Jako wspotautor pracy pt. Exploring CHITI and YKL-40 in tuberculous pleural effusion: Insights and implications
oswiadczam, iz m6j wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji stanowit:. wspotudziat w stworzeniu koncepcji publikacji, wspotudziat w
opracowaniu materiatu badawczego, wspotudzial w opracowaniu metodologii, wspotudzial w analizie statystycznej.
Wklad lek. Natalii Przysuchy w powstawanie publikacji obejmowal:

stworzenie koncepcji publikacji, analiz¢ pismiennictwa, napisanic manuskryptu, przygotowanie metodologii,
gromadzenie danych medycznych, rekrutacja pacjentow, wspotudziat w opracowaniu materiatu badawczego,

interpretacja wynikow, analizg statystyczng.

Jednoczesénie wyrazam zgode na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej lek Natalii Przysuchy
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Dr hab. n. med. Patrycja Nejman-Gryz

Warszawa, 04.03.2026 r

Dr hab. n. med. Patrycja Nejman-Gryz

OSWIADCZENIE

Jako wspétautor pracy pt. The role of chitinases in chronic airway inflammation associated with tobacco
smoke exposure, o§wiadczam, iz m6j wlasny wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie
badan oraz przedstawienie pracy w formie publikacji stanowit: wspotudziat w stworzeniu koncepcji publikacji,
wsp6tudzial w opracowaniu materiatu badawczego, wspétudzial w opracowaniu metodologii.

Wkiad lek. Natalii Przysuchy w powstawanie publikacji obejmowat:
stworzenie koncepcji publikacji, analiz¢ piémiennictwa, napisanie manuskryptu, przygotowanie metodologii,
gromadzenie danych medycznych, rekrutacja pacjentow, wspotudzial w opracowaniu materiatu badawczego,

interpretacja wynikow, analizg statystyczng.

Jednoczesnie wyrazam zgod¢ na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej lek Natalii Przysuchy

Katedra i Kinina G oo Wewngtrznych,
Pneumonologii | Alergologii

n Ywan- Gy
dr hab. n. med. Patrycja Nejman-Gryz
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Dr hab. Marta Maskey-Warzgchowska

Warszawa, 04.03.2026 r

Dr hab. n. med. Marta Maskey-Warzechowska

OSWIADCZENIE

Jako wspétautor pracy pt. The role of chitinases in chronic airway inflammation associated with tobacco smoke
exposure, o$wiadczam, iz moj wiasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan
oraz przedstawienie pracy w formie publikacji stanowit: wspétudziat w tworzeniu koncepeji manuskryptu, nadzor
merytoryczny w trakcie przygotowania manuskryptu oraz redakcje tresci manuskryptu.

Wkiad lek. Natalii Przysuchy w powstawanie publikacji obejmowat:

stworzenie koncepcji publikacji, analiz¢ pismiennictwa, napisanie manuskryptu, przygotowanie metodologii,
gromadzenie danych medycznych, rekrutacja pacjentéw, wspétudzial w opracowaniu materiatu badawczego,

interpretacja wynikow, analizg statystyczna.

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako czgs¢ rozprawy doktorskiej lek Natalii Przysuchy
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Dr n. med. Matgorzata Proboszcz

Warszawa, 04.03.2026 r

Dr n. med. Malgorzata Proboszcz

OSWIADCZENIE

Jako wspotautor pracy pt. The role of chitinases in chronic airway inflammation associated with tobacco
smoke exposure, oSwiadczam, iz méj wiasny wktad merytoryczny w przygotowanie, przeprowadzenie i opracowanie
badan oraz przedstawienie pracy w formie publikacji stanowil: wspotudzial w opracowaniu materiatu badawczego,
wspoétudziat w opracowaniu metodologii.

Wktad lek. Natalii Przysuchy w powstawanie publikacji obejmowat:
stworzenie koncepcji publikacji, analize piSmiennictwa, napisanic manuskryptu, przygotowanie metodologii,
gromadzenie danych medycznych, rekrutacja pacjentéw, wspotudzial w opracowaniu materialu badawczego,

interpretacja wynikow, analize statystyczna.

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej lek Natalii Przysuchy
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Lek. Agata Cyran

Warszawa, 04.03.2026 r

lek. Agata Cyran
OSWIADCZENIE

Jako wspétautor pracy pt. Exploring CHIT1 and YKL-40 in tuberculous pleural effusion: Insights and

implications o$wiadczam, iz méj whasny wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie

v

badaii oraz przedstawicnie pracy w formie publikacji stanowit:. wspotudziat w opracowaniu materiatu badawczego-
analiza patomorfologiczna.

Wkiad lek. Natalii Przysuchy w powstawanic publikacji obejmowat:

stworzenie koncepcji publikacji, analiz¢ pi$miennictwa, napisanie manuskryptu, przygotowanie metodologii,
gromadzenie danych medycznych, rekrutacja pacjentéw, wspéhudzial w opracowaniu materiatu badawczego,

interpretacja wynikow, analizg statystyczng.

Jednocze$nie wyrazam zgodg na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej lek Natalii Przysuchy
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Mgr Agnieszka Zagozdzon

Warszawa, 04.03.2026 r
mgr Agnieszka Zagozdzon

OSWIADCZENIE

Jako wspotautor pracy pt. The role of chitinases in chronic airway inflammation associated with tobacco
smoke exposure, o§wiadczam, iz moj wlasny wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie
badan oraz przedstawienie pracy w formie publikacji stanowit: wspotudziat w opracowaniu materiatu badawczego.
Wkiad lek. Natalii Przysuchy w powstawanie publikacji obejmowat:
stworzenie koncepcji publikacji, analiz¢ piSmiennictwa, napisanie manuskryptu, przygotowanie metodologii,
gromadzenie danych medycznych, rekrutacja pacjentow, wspoludzial w opracowaniu materiatu badawczego,

interpretacja wynikow, analizg statystyczna.

Jednoczes$nie wyrazam zgode na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej lek Natalii Przysuchy
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Dr n. med. Paulina Misiukiewicz-Stgpien

Warszawa, 04 03.2026 r

Drn med Paulina Misiukiewicz-Stepies
OSWIADCZENIE

Joko wspdlautor pracy pt Exploring CHITI and YKL-40 in tuberculous pleural effusion. Insights and
umplications oswiadezam, iz moj wlasny whlad merytoryezny w przygotowanie, przeprowadzenie 1 opracowante
badan oraz przedstawienie pracy w formie publikac)i stanowl. wspoludzial w opracowaniu materialy badawczego,
Whiad lek Natalu Przysuchy w powstawanie publikacji obejmowal,
stworzemie  koncepeji publikacy, analiz¢ psmiennictwa, napisanie kryptu, przyg todologi!
gromadzemie danych medycznych, rekrutacja pacjentdw, wspoludzal w opracowaniu materiatu badawczego,
interpretacja wynikow, analizg statystyczng

Jednoczesnie wyrazam zgodg na wykorzystanie wiw pracy jako czeéc rozprawy doktorskiej lek Natahi Przysuchy
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Dr n. med. Barbara Dymek

Warszawa, 04.03.2026 r

Dr n. med. Barbara Dymek

OSWIADCZENIE

Jako wspolautor pracy pt. The role of chitinases in chronic airway inflammation associated with tobacco
smoke exposure, oéwiadczam, iz moj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie
badan oraz przedstawienie pracy w formie publikacji stanowit: wspdtudziat w opracowaniu materialu badawczego.
Wkiad lek. Natalii Przysuchy w powstawanie publikacji obejmowat:
stworzenie koncepcji publikacji, analiz¢ pi$miennictwa, napisanie manuskryptu, przygotowanie metodologii,
gromadzenie danych medycznych, rekrutacja pacjentow, wspoéludzial w opracowaniu materiatu badawczego,

interpretacja wynikow, analizg statystyczna.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czes$é rozprawy doktorskiej lek Natalii Przysuchy
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Dr n. med. Michal Mlacki

Warszawa, 04.03.2026 r

dr Michat Mlgcki
OSWIADCZENIE

Jako wspéltautor pracy pt. Exploring CHIT! and YKL-40 in tuberculous pleural effusion: Insights and
implications (Tuberculosis 155 (2025) 102692; DOI: 10.1016/j.tube.2025.102692) o$wiadczam, iz moj wlasny wklad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji
stanowif: wspdtudzial w opracowaniu materiatu badawczego - analiza immunohistochemiczna.

Wkiad lek. Natalii Przysuchy w powstawanie publikacji obejmowat:
stworzenie koncepeji publikacji, analiz¢ piSmiennictwa, napisanie manuskryptu, przygotowanie metodologii,
gromadzenie danych medycznych, rekrutacje pacjentow, wspoéludzial w opracowaniu materialu badawczego,

interpretacj¢ wynikow, analizg statystyczna.

Jednoczednie wyrazam zgodg na wykorzystanie w/w pracy jako czgsci rozprawy doktorskiej lek. Natalii Przysuchy.
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11. PiSmiennictwo do rozdzialow w jezyku polskim
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