


EVALUATION OF CONJUNCTIVAL SURFACE DAMAGES AND
INFAMMATORY CYTOKINES IN GLAUCOMA PATIENTS

Eman MUSTAFA ALHARDODE

Ph. D. THESIS
DEPARTMENT OF IMMUNOLOGY

GAZI UNIVERSITY
GRADUATE SCHOOL OF HEALTH SCIENCES

MARCH 2023



ETHICAL DECLARATION

In this thesis study prepared in accordance with the Thesis Writing Rules of Gazi
University Institute of Health Sciences; I hereby declare that
e | have obtained the data, information and documents that | have presented in the

thesis under the academic and ethical rules,

| offer all information, documents, evaluations and results in accordance with
scientific ethics (Human Research Ethics Committee of Gazi University with
decision No. 57/25.1.2021),

I have found the source of the works which | have used for the thesis work,

| have not made any changes to the data used, in this thesis,

| have gaven the original work, in this thesis,

| accept all other rights losses which may arise in the event of a contrary.

Eman MUSTAFA ALHARDODE
01/03/2023



EVALUATION OF CONJUNCTIVAL SURFACE DAMAGES AND INFAMMATORY
CYTOKINES IN GLAUCOMA PATIENTS
(Ph. D. Thesis)

Eman MUSTAFA ALHARDODE

GAZI UNIVERSITY
GRADUATE SCHOOL OF HEALTH SCIENCES
March 2023

ABSTRACT

Glaucoma is one of the most common causes of irreversible blindness in the world.
Chronic use of topical medications in glaucoma can lead to ocular surface diseases (OSD).
Dry eye is a common type of OSD. Inflammation plays an improtant role in the
pathogenesis of DED. Our study aimed to assess the levels of IL-1B, IL-1Ra, VEGF, and
PGE?2 cytokines in tears and their relation to the clinical severity of dry eye in patients with
glaucoma. A total of 45 volunteers participated in the study: 15 glaucoma patients, 15 DED
patients, and 15 normal control subjects. All participants were aged between 22 and 65
years old. We use the ELISA technique to assess the levels of IL-1B, IL-1Ra, VEGF, and
PGEZ2 in the tears of the group subjects. The conjunctival impression cytology was used to
assess the changes in the GCD and MUCS5AC expression at the ocular surface, which are
considered significant markers for OSD. In glaucoma and DE groups, the goblet cell
density and MUC5AC expression were shown to be significantly reduced. IL-1B, IL-1Ra,
VEGF, and PGE2 cytokine levels were increased in the glaucoma group as compared to
the normal control group, however, not all the cytokines were statistically significant. Also,
significant correlations were found between these cytokines and the clinical parameters of
DED. These findings indicate the critical relation between these cytokines and dry eye
severity. Our findings clarify the crucial role that cytokines may play in the pathogenesis
of DED. Using anti cytokines therapy can be considered as a choice of treatment for DED
in the future. Furthermore, we demonstrated that long term use of preservatives containing
topical drugs has a negative impact on the ocular surface of glaucoma patients.
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OZET

Glokom, diinyada kalici korliik yol agan en sik hastaliklardan biridir. Kronik topikal
ilaglarin kullanim1 glokom hastalrinda okiiler yiizey hastaligina neden olabilir. Kuru goéz,
yaygin okiiler yilizey hastaliklarindan bir tipidir. Enflamasyon, kuru gz patogenezinde ¢ok
onemli bir rol oynamaktadir. Calismamizda glokomlu hastalarda gozyaslarinda, IL-18, IL-
1RA, VEGF ve PGE2 sitokin konsantrasyolarini ve bunlarin kuru géziin Klinik siddeti ile
iligkisini degerlendirilmesi amag¢lanmigtir. Calisma 22 ila 65 yaslar1 arasindaki toplam 45
katilmer ile gergeklestirilmis, bunlar 15 glokom hastasi, 15 DED hastas1 ve 15 normal
kontrol. Rutin géz muayeneleri yapildi. Katilimcilarin gozyaslarindaki IL-1B, IL-1RA,
VEGF ve PGE2 diizeylerini ELISA ile hesaplandi. OSD i¢in 6nemli bir belirte¢ olarak
kabul edilen okiiler yiizeydeki goblet hiicreleri yogunlugu ve MUCS5AC ekspresyonu
degisiklikleri degerlendirmek i¢in konjonktival impresyon sitolojisi kullanildi. Glokom ve
kuru g6z gruplarinda goblet hiicre yogunlugu ve MUC5AC ekspresyonunun énemli olgiide
azaldigimi gosterilmistir. Glokom grubunda IL-1f, IL-1RA, VEGF ve PGE2 sitokin
diizeyleri normal kontrol grubuna gore artmis, ancak tiim sitokinler istatistiksel olarak
anlamli degildi. Ayrica, bu sitokinler ile kuru géziin klinik parametreleri arasinda anlaml
bir korelasyonlar bulundu. Sonuglar olarak sitokinlerin kuru géz patogenizde kritik rol
oynadig1 disiiniilmektedir. Gelecekte kuru goz tedavisi i¢in anti sitokinler kullanmisi bir
iyi secenegi olarak diisiiniilebilir. Ayrica, topikal ilaglar igeren koruyucularin igeren topikal
ilaglarin uzun siire kullaniminin glokom hastalariin okiiler yiizeyi tizerinde olumsuz bir
etkisi oldugunu gosterdik.

Bilim Kodu :1039.2

Anahtar Kelimeler : Glokom, Kuru Géz, Inflamasyon, Goblet Hiicreler, MUCSAC,
IL-1B, IL-1RA, VEGF ve PGE2
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GENISLETILMIS TURKCE OZET

1. GIRIS

Glokom, retinal ganglion hiicrelerinin ve aksonlarinin yavas ilerleyen, optik diskin
karakteristik bir goriiniimiine yol agan ve beraberinde gérme kaybi paterni ile iliskili olan
bir optik noropatidir [1]. Diinyadaki geri doniisii olmayan korliigiin 6nde gelen nedenidir
ve yasam Kalitesinin diismesiyle iligkilidir [2]. Glokom diinya ¢capinda 70 milyondan fazla
insan1 etkiler ve yaklasik %10'unda iki tarafli korliige neden olmaktadir [3] Glokom, ¢esitli
tiplerde, siklikla yiiksek goz ici basincinin (GIB) neden oldugu optik sinir bas: (OSB)
hasari ile ayirt edilmektedir [4].

Topikal ilaglar, glokom i¢in en sik kullanilan birinci basamak tedavidir [5]. Glokom ve
okiiler yiizey hastaliklar1 siklikla bir arada bulunmaktadir ve her ikisi de genellikle yasla
birlikte ortaya ¢ikmaktadir [6]. Koruyucu igeren topikal ilaglarin uzun siireli kullanima,
glokom hastalarinda kuru goz hastaliginin gelismesi ig¢in énemli risk faktorlerinden biridir.
Glokom hastalarinda ortaya ¢ikan okiiler yiizey hastaligi, ilgili semptomlar nedeniyle ilag
uyumunun azalmasina neden olabilmektedir [7]. Ayrica okiiler yiizey hastaliklar, glokom

cerrahisinde daha az bir basar1 orani ile iliskilendirilmistir [8].

Okiiler yiizeyde hasar1 gosteren degisikliklerden biri de goblet hiicre yogunlugundaki
azalmadir. Goblet hiicreler, okiiler yilizeyi miisin iireten 6zel salgi hiicreleridir. Ayrica,
konjonktival goblet hiicrelerinin, tolerojenik ve koruyucu immiinolojik yanitlar arasindaki

homeostazin siirdiiriilmesinde ¢ok 6nemli bir rol oynadigi bulunmustur [9].

Konjonktival goblet hiicreleri, MUCS5AC'yi okiiler yiizeye salgilayan tek hiicreler
oldugundan, MUC5AC, goblet hiicresi tespiti igin en iyi gostergelerden biridir [10].
Gozdeki goblet hiicresi degisikliklerinin tam mekanizmasi bilinmemekle birlikte, diger
mukozal dokulardan elde edilen veriler, enflamasyonun énemli bir rol oynayabilecegini
gostermektedir [11]. MUCS5AC, hiicresel kalintilarin, patojenler ve alerjenler gibi yabanci
cisimlerin yakalarak uzaklastirilmasinda koruyucu bir rol oynamaktair [12]. Impresyon
sitolojisi konjunktivadaki yiizey tabakanin elde edilmesi amaciyla kullanilan bir yontemdir.

Bu yontemle alinan konjunktival hiicrelerin morfolojisi, sitoplazm/nukleus orani ve
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ozellikle goblet hiicre densitesiyle ilgili detayli bilgi vermesi dolayisiyla kuru goz

hastaliginin sebeplerinin incelenmesinin 6nemli oldugu vurgulanmistir.

Enflamasyon, kuru goz patogenezisi kisir dongiisiinde anahtar rol oynamaktadir. Kuru
gbzdeki enflamasyonuna katilan clemanlar1 arasinda makrofajlar ve T hiicreleri gibi
hiicreleri, proinflamatuar sitokinler (IL-1B, TNF-a), ve matriks metalloproteinazlar
(MMPS) vardir [13,14]. Bir¢ok ¢alisma, kuru goz hastalarinda ¢ok sayida inflamatuar
sitokin diizeylerinde ve bu sitokinlerin hastaligin klinik siddetiyle iliskisinde anlaml1 artis
oldugunu gostermistir [15,16]. Ayrica, kortikosteroidler ve siklosporin A gibi topikal
antiinflamatuar ilaglar, kuru géz semptomlarini ve bulgularint 6nemli Olglide azaltir
[17,18].

Bu ¢alismada glokomlu ve kuru géz olan hastalarin gdzyaslarindaki iL-1pB, iL-1Ra, VEGF
ve PGE2 sitokinleri diizeylerini arastirdik. Sonuglart normal kontrollerle karsilastirma
esasina dayanir. Ayrica konjonktival impresyon sitoloji teknigi kullanarak, goblet hiicre
yogunlugundaki degisiklikleri ve 6nemli bir belirtisi olan okiiler yiizeydeki MUC5AC
ekspresyonunu arastirmak igin de kullanildi. Bunlara ek olarak, iL-1p, iL-1Ra, VEGF ve
PGE2 inflamatuar sitokinleri ile kuru goz klinikal parametreleri arasinda korelasyon olup

olmadigini da arastirdik.
2. GEREC VE YONTEM

Bu ¢alisma Gazi Universitesi Insan Arastirmalar1 Etik Kurulu tarafindan onaylanmustir
(57/25.1.2021 sayili Karar). Caligmaya 15 glokom hastasi, 15 DED hastas1 ve kontrol
olarak okiiler veya sistemik hastaligi olmayan 15 saglikli kisi olmak tizere toplam 45 kisi
goniillii olarak katilmistir. Tm katilimcilar 22 ila 65 yaslar1 arasindan segilmistir. Gozyasi
ornekleri 7 ay boyunca toplandi (Haziran 2021 — Aralik 2021). Tim katilimecilar,
calismanin prosediirlerinin agiklanmasinin ardindan yazili bir bilgilendirilmis onay formu
imzaladi. Bilgilendirilmis onay formu imzaladiktan sonra OSDI anketini doldurdu.
Ardindan snellen ¢izelgesi, goz i¢i basinci, goz dibi muayenesi, gézyast dahil olmak tizere

detayl bir okiiler muayeneleri yapildi.

Tiim katilamcilarin gézyas1 6rneklerinin toplanmasi ve impresyon sitolojisini takiben ayni

giin i¢inde film kirilma zamani, okiiler yiizeyin floresan boyamasi ve schirmer testi yapildi.
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Ornek toplama Gazi Tip Fakiiltesi Oftalmoloji kliniklerinde yapildi. Numunelerin analizi

Gazi Universitesi Tip Fakiiltesi Immiinoloji laboratuvarinda yapildi.

Calismaya dahil edilme kriterleri

Glokom tanis1 olan hastalar.
Kuru goz tanis1 olan hastalar.

Calismaya alinan tiim katilimcilarin 18 yasin iizerinde olmak.

M w0 e

Calismaya katilmay1 kabul etmek.

Calismadan dislama Kriterleri

Bagka bir goz hastaligi olanlar
Hasta grubu kriterlerini karsilamamasi
Diyabet ve romatoid artrit gibi kronik hastaligi olan hastalar

Goz cerrahisi geciren hastalar (son bir y1l iginde)

o ~ w0 N e

Aktif goz enfeksiyonu olanlar.

2.1. Kuru goz klinikal parametreleri degerlendirmesi

Okiiler yiizeyin durumunu degerlendirmek amaciyla testlerin ELISA veya immiinofloresan
boyama sonuglarini etkilememesi igin gozyast drnekleri ve impresyon sitolojisi yapildiktan

sonra asagidaki klinkal testler yapildi.

2.1.1. OSDI anketi

OSDI anketi, kuru goz semptomlerin degerlendirmesi i¢in kullanildi [191]. Alinan
sonucglarin hesaplanmasit Grubbs JR Jr ve arkadaslarina gore yapilmistir, OSDI skoru su
sekilde siniflandirildi: <12 normal, 13-32 hafif-orta ve > 33 siddetli kuru goz olarak [193].

2.1.2. Schirmer | testi

CHO ve arkadaslaria gore Schirmer | testi yapildi, topikal anestezi kullanmadan her iki
goziin alt kapak kenarmin dis tigte birine steril kagit seriti yerlestirildi ve katilimcilardan

gozlerini kapatmalar1 istendi [198]. Islanma uzunlugu, bes dakika sonra milimetre



cinsinden ol¢iilmiistiir. 5 dakikada 10 mm'den fazla skor normal kabul edilimektedir. 5

dakikada 5 mm'den az bir skor gozyasi yetersizligini gosterir.

2.1.3. Gozyasi kirilma zaman testi (TBUT)

Gozyas1 kirllma zaman tayini igin bir islatilmis floresan kagit seriti alt fornikse nazikge
uygulandi. Bundan sonra, boyanin uygun sekilde karismasini saglamak i¢in olgudan birkag
saniye boyunca birkag kez goz kirpmalari istendi. Kornea kobalt mavisi 1sikla gozlenirken,
son goz kirpma ile gozyasi filmindeki ilk kornea koyu lekesinin goriiniimii arasindaki siire
olgtildi. Bron ve digerlerine gore 10 saniyenin altindaki bir deger anormal kabul edildi
[200].

2.1.4. Korneal floresan boyama

GoOzyast kirilma zamani degerlendirmesinin ardindan kobalt mavisi 1sik kullanilarak
kornea boyanmasi degerlendirildi. Kaido ve arkadaslarina goére, kornea floresan boyama

yogunlugu 0 (yok) ila 3 (6nemli epitel kayb1) arasinda skor olarak kaydedildi [199].

2.2. Gozyasi toplanma yontemi

Gozyast oOrnekleri bir wash-out yontemi kullanilarak toplandi. Yaklagik 50 pl serum
fizyolojik goziin alt forniksine pipetlendi ve katilimcilardan goziinii hareket ettirmesi
istendi; goziinii kapatmadan yukar1 ve asagi ve soldan saga ve gbzyaslari tekrar mikropipet
ile topland1 ve steril PCR tiiplerinde konuldu [215]. Toplanan gézyast 6rnekleri hemen
kuru buz iizerine yerlestirildi. Laboratuarda, drnekler 4°C'de ve 3000 rpm'de 4 dakika
boyunca santrifiij edildi. Ardindan her bir 6rnege toplam 150ul PBS hacmi eklendi. 200ul
hacme ulasti. Ornekler daha sonra analiz yapilana kadar -80 C derin dondurucuda

laboratuvarda saklandi.

2.3. Konjonktival impresyon sitolojisi ornekleri toplanma

MUCS5AC immiino floresan boyama igin polieter siilfon (PES) filtre kagitlar1 (1214465,
CVS), histokimyasal boyama (PAS-hematoksilen) i¢in seliiloz asetat (CA) filtre kagitlari
(GSWG047S6, Millipore) kullanilarak impresyon sitoloji 6rnekleri elde edildi. [208]. Filtre

kagitlar1 kullanilmadan 6nce 5*5 mm’lik pargalar seklinde kesilerek sterilize edilmistir.



Katilimcilardan asagi ve karsi tarafa bakmasi istendi ve filtre kagidi dissiz bir penset
yardimiyla limbustan 3 mm mesafede temporal bulbar konjonktiva iizerinde hafifce
bastirildi. Soyma hareketi, kagidi 15 saniye sonra ¢ikardi. Lokal anestezi kullanilmadi. Bu
calismada belirtilen impresyon sitolojisi prosediirii ile ilgili herhangi bir komplikasyon
olmamstir. Ornegin PES filtreleri icin soguk metanol, seliilloz asetat (CA) filtreleri icin
%096 etanol ile fiksasyonu yapildi.

2.3.1. PAS-hemtoksilin boyama tiknik

Impresyon sitoloji ornekleri %96 etanol ile 10 dakika fiksa edildi, ardindan &rnektaki
hiicreler yukar1 bakacak sekilde lam {izerine yerlestirildi ve yaklasik 5 dakika distile su ile
yikandi. Ondan sonra 15 dakika boyunca %0,5 periyodik asitle boyandi. Ornekler distile
suda 5 dakika yakandi ve Schiff soylyusyon (1:1) ile yaklasik 5 dakika boyandi. Ardindan,
ornek tekrar 5 dakika boyunca distle suyu ile yikand: ve bir 30 saniye hematoksilin ile
boyand1. Orek daha sonra 5 dakika siireyle distle su iginde ii¢ kez yikandi. Daha sonra,
ornekler, filtre kagidini1 seffaf hale getiren ksilen igine 3 saat siireyle yerlestirilmeden once
artan etanol konsantrasyonunde 5 dakika siireyle dehidre edildi. Ornekler daha sonra
kapatma soliisyonu lam iizerine damlatilip lamel iizerine kapatildi ve 1sik mikroskop

altinda incelenme yapildi. Her 6rnek igin resim g¢ekildi.

2.3.2. Indirekt immiino floresan boyama

Indirect immiino floresan boyama su sekilde yapildi: Ornekler, 10 dakika siireyle soguk
metanol iginde fiks edildi. Daha sonra hiicreler, 1x PBS iginde 5 dakika siireyle iki kez
yikand1 ve spesifik olmayan baglanmay1 6nlemek i¢in %10 kegi serumu ile 1 saat siireyle
bloke edildi. Ardindan, 6rnekler 1:200 tavsan anti-insan MUCS5AC antikorlarla +4'te gece
boyunca inkiibe edildi. Onadan sonra ornekler tic kez PBS ile yikama yapildi. Her
yikamada &rnekler 5 dk PBS’de bekletildi. Yikama islemi bitikten sonra érnekler ikincil
antikor olarak FITC ile isaretlenmis kegi anti-tavsan antikoru 1/250 oraninda kullanildi.
Ornekler ikincil antikor ile karanlikta 3 saat bekletildi. Sekonder antikorla inkiibasyondan
sonra ornekler, PBS ile ii¢ kez 5 dakika yikama yapildi. Cekirdek boyamasi i¢in 1:2000
oraninda (DAPI 4',6-diamidino-2-fenilindol) boyas:t kullanildi (10 dakika). Floresan
boyamalar i¢in kullanilan kapatma soliisyonu lam fizerine damlatilip lamel iizerine

kapatildi. Sonra floresan mikroskop kullanilarak 20X biiyiitmede 3 resim alindi.
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2.4. ELISA

Gozyas1 sivisindaki IL-1B, IL-1ra, VEGF ve PGE2 konsantrasyonlar1 tayini igin hazir
ticari ELISA Kitler kullanildi. ELISA yapmadan 6nce segilen sitokinler igin referans olarak
toplam gozyasi protein konsantrasyonlar1 quibt protein Kiti (Thermo Fisher, katalog no.
Q33211) kullanilarak belirlendi. Tiim testler iretici firma prosediirlerine uygun olarak

sekilde calisilmistir.

2.4.1. IL-1B ELISA Kiti protokolii

ELISA Kiti iiretici firma prosediirlerine uygun olarak calisilmistir (Abcam). Kisaca, iiretici
firma talimatina gore ilk olarak antikor kokteyli hazirlandi. Daha sonra 50 pl 6rnekler ve
standartlar uygun kuyucuklara eklendi. Ardindan 50 pl bir antikor kokteyl uygun
kuyucuklari ilave edildi. Plak 2 saat boyunca 400 rpm'ye ayarlanmis bir plaka galkalayici
oda sicakhiginda inkiibe edildi. inkiibasyondan sonra plak ii¢ kez yikama soliisyonu ile
yikandi. Otomatik bir yikayict (HydroFlex, Tecan, Isvigre) kullanildi. Yikama islemi
bitikten sonra 100 pl tetrametilbenzidin (TMB) substrati her kuyucuga eklenip karanlikta
15 dakika inkiibe edildi. Daha sonra her bir kuyucuga 50ul stop soliisyonu ilave edildikten
sonra bir mikroplaka okuyucusunda (Synergy, ABD) 450 nm’de okutuldu. Optik dansite

degerleri ve sitokin konsantrasyonlari arasindaki iliski dagilim grafigi ile gosterildi.

2.4.2. IL-1ra ELISA Kiti protokolii

ELISA Kiti iiretici firma prosediirlerine uygun olarak ¢alisilmistir (Abcam). Kisaca, dnceki
kite yapildig1 gibi, antikor kokteyli hazirlandi. 50 pl 6rnekler ve standartlar uygun
kuyucuklara eklendi. Ardindan 50 pl antikor kokteyli uygun kuyucuklari ilave edildi. Plak
oda sicakliginda 400 rpm'de bir plaka calkalayicida 1 saat inkiibe edildi. Inkiibasyondan
sonra, plaka otomatik bir yikayici (HydroFlex, Tecan, Isvicre) kullanarak ii¢ kez yikama
soliisyonu ile yikandi. Ardindan 100 ul TMB substrati her kuyucuga eklenip karanlikta 10
dakika boyunca bir plaka galkalayici lizerinde inkiibe edildi. Daha sonra 100 pl stop
soliisyon her kuyucuga ekleyerek 450 nm'de OD mikroplak okuyucu (Synergy, Biotek,
ABD) okutuldu. Optik dansite degerleri ve sitokin konsantrasyonlari arasindaki iligki

dagilim grafigi ile gosterildi.
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2.4.3. VEGF ELISA Kiti protokolii

ELISA Kiti iiretici firma prosediirlerine uygun olarak calisilmistir (Abcam). Kisaca antikor
kokteyli hazirlandi. 50 pl 6rnekler ve standartlar uygun kuyucuklara eklendi. Ardindan 50
ul antikor kokteyli uygun kuyucuklar: ilave edildi. Plak oda sicakliginda 400 rpm'de plak
calkalayicida 1 saat inkiibe edildi. Inkiibasyondan sonra, plaka yikama igin otomatik bir
yikayic1 (HydroFlex, Tecan, isvicre) kullamldi. Yikama islemi bitikten sonra 100 ul TMB
substrat1 eklenip karanlikta 10 dakika boyunca bir plaka ¢alkalayici iizerinde inkiibe edildi.
Ardindan 100 pl stop soliisyon her kuyucuga eklenip 450 nm'de OD bir mikroplaka
okuyucu (Synergy, Biotek, ABD) kullanarak okundu. Optik dansite degerleri ve sitokin

konsantrasyonlart arasindaki iligki dagilim grafigi ile gosterildi.

2.4.4. PGE2 ELISA Kiti protokolii

ELISA Kiti iiretici firma prosediirlerine uygun olarak ¢alisitlmistir (Abcam). Kisaca 100 ul
gozyas1 ornekleri ve standartlar, keci anti-fare 1gG ile kaplanmis 96 kuyucuklu plaka ilave
edildi. Ardindan 50 pl PGE2-AP konjugati her kuyucuga aktarildi. Plak 2 saat oda
sicakliginda 500 rpm'de bir plaka calkalayicida inkiibe edildi. Inkiibasyondan sonra, plaka
bir yikama soliisyon ile otomatik yikayici (HydroFlex, Tecan, Isvicre) kullanilarak ii¢ kez
yikandi. Yikama islemi bitikten sonra 200 ul pNpp substrati her kuyucuga eklenip
karanlikta 1 saat 37°C'de ¢alkalanmadan inkiibe edildi. Ardindan 50 pl her kuyucuga stop
soliisyonu eklendi ve 405 nm'de bir mikroplaka okuyucu (Synergy, Biotek, ABD)
kullanilarak OD hemen o6lgiildi. Optik dansite degerleri ve sitokin konsantrasyonlari

arasindaki iligki dagilim grafigi ile gosterildi.

2.5. Istatistiksel analiz

Calisma verilerinin istatistiksel analizi i¢in GraphPad Software Inc.'in Prism 9 ve IBM
SPSS versiyon 29 yazilimi kullanildi. Her deger, ortalama+ standart sapma olarak
belirlenmistir. Gruplar arasi karsilastirmalar t- testi ve tek yonlit ANOVA testi ile yapildi.
Gruplarin Klinik parametreleri, goblet hiicre yogunlugu, MUCS5AC ekspresyonu ve sitokin
konsantrasyonu arasindaki korelasyonun analizi Pearson korelasyon analizi ile yapildi. P<
0.05 bir istatistiksel anlaml1 olarak kabul edildi.
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3. BULGULAR
Calisma Haziran 2021-Aralik 2021 tarihleri arasinda Gazi Universitesi Tip Fakiiltesi Goz
Hastaliklar1 Anabilim  Dali'mn  katkistyla Immiinoloji Anabilim Dali tarafindan

gerceklestirildi. Calismaya toplam 30 hasta (15 kuru goéz ve 15 glokom) ve kontrol
grubunu (KG) 15 saglikli katilimc1 dahil edildi.

3.1. Calismaya alinan olgularin demografik ve klinik o6zellikleri

Olgularin ortalama yas1 (ortalama + SS) Glokom hastalarinda 52,87+11,84, kuru g6z
hastalarinda 47,60+10,58 ve kontrol grubunda 46,27+7,066 idi. Yas agisindan ti¢ grup
arasinda istatistiksel olarak anlamli fark bulunmadi (P=0.1754). Cinsiyete gore kadin ve
erkek orani glokom grubunda %60/40, kuru gz grubunda %66,6/33,3 ve kontrol grubunda
%66,6/33,3 idi.

OSDI anketi sonuglarma gore yedi (%46,66) glokom hastasinda hafif ile orta derecede,
sekizinde (%53,33) siddetli kuru g6z vardi; kuru goéz grubu ile ilgili olarak, iki (%13,33)
kisinin okiiler yiizeyi normal, sekiz (%53,33) kisinin hafif-orta ve besinin (%33,33) siddetli
g6z kurulugu vardi. Kontrol grubu i¢in OSDI puani normal olan 13 kisi (%86.66), OSDI
puani hafif olan 2 kisi (%13.33). OSDI, schirmer testi, TBUT ve kornea boyama i¢in
glokom, kuru goéz ve normal olgularin arasinda istatistiksel olarak anlamli bir fark
bulunmustur (p<0,0001).

3.2. Konjonktival impresyon sitolojisi

3.2.1. PAS boyama sonuclari

Nelson skorlama sistemi

Ornekler, Nelson tarafindan agiklanan kriterlere gore degerlendirilerek skorlama yapild.
Impresyon sitolojisinin sonuglar1 ii¢ grup arasinda farklilik gésterdi. Glokomda hastalarda
bas sitolojisi 4 olguda (%20.66) derece 1, 9 olguda (%60) derece 2 idi ve 2 olguda derece
3 (%13.33). Kuru goz grubunda impresyon sitolojisi 9'da derece 1 idi. Olgularda (%60) ve
6 olguda (%40) derece 11. Kontrol grubunda basi sitolojisi 13 olguda (%86.66) derece 0, 2
olguda (%13.33) derece I idi.
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PAS boyamasinda goblet hiicre yogunlugunun (GCD) belirlenmesi

Ortalama goblet hiicreler yogunlugunun, 1 mm konjonktival epitelyal basma goblet
hiicreleri sayilarak belirlendi. Glokom hastalarinda GCD 4.120 + 4.437 idi. Kuru géz
hastalar1 ve kontrol grubunda GCD sirasiyla 5.653 + 2.951, 16.97 + 5.380 idi. Glokom ve
kontrol grubunda goblet hiicre yogunlugunun arasinda anlamli bir fark saptanmigtir
(P<0.0001). Ayrica, kuru goz ve kontrol gruplari arasinda goblet hiicre yogunlugununde
anlamli bir fark goriilmistiir (P<0.0001). Glokom ve DE grubu arasinda goblet hiicre

yogunlugununde anlaml fark gériilmemistir (P=0.2745).

3.2.2. Indirekt immiino floresan sonuclartyla MUCS5AC nin ekspresyonu degerlendirilmesi

Anti-MUCS5AC antikoru kullanilarak impresyon sitolojisi 6rneklerinin indirekt immiino
floresan boyamas1 ile glikoprtien ekspresyonu degerlendirilmistir. Indirekt immiino
floresan sonuglarinin degerlendirilmesi, pozitif MUCSAC hiicreleri sayilarak yapildi.
Kontrol grubunda MUCS5AC ekspresyonunun (ortalama + standart sapmasi) 18.42 + 8.179
ve glokom olgularinda 8.450 + 7.619 ve bu iki grup arasinda anlamli bir fark bulunmustur
(P = 0.0018). Ayrica kontrol ve kuru goz (10.89 + 9.803) gruplar arasinda anlamli fark
saptanmigtir (P=0.0301). Glokom ve kuru goz gruplari arasinda anlamli bir fark
goriilmemistir (P = 0.4532).

3.3. Gozyvasi orneklerindeki sitokinlerin degerlendirmesi

Glokom, kuru goz ve kontrol gruplarindan alinan gézyast 6rneklerinde IL-1B, IL-1Ra,
VEGF ve PGE2 sitokinlerinin konsantrasyonu belirlenmis ve anlamli farkliliklar olup

olamadigini aragtirilmistir.

3.3.1.10L-1B

IL-1B konsantrasyonu hem glokom hem de kuru goz gruplarinin gozyasindaki kontrol
grubuna gore &nemli oOlgiide daha yiiksekti. IL-1B'min gdzyasindaki ortalama
konsantrasyonu ve standart sapmasi kontrol grubunda 242,4 + 111,1 pg/ml, kuru goz
grubunda 418,5 + 318,0 pg/ml ve glokom grubunda 710.1 + 621.2pg/ml. Glokom ve
kontrol gruplar1 arasindaki fark istatistiksel olarak anlamli bir fark bulumustur (P= 0.0137).

Kuru goz grubu ile kontrol grubu karsilagtirildiginda, iki grup arasinda anlamli bir fark
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saptanmamustir (P = 0.0515). Gozyasindaki IL-1B diizeyinin glokom hastalarinda kuru goz
hastalarindan daha yiiksek oldugu ancak bu farkin istatiksel olarak anlamli olmadigi
goriilmiistiir (P=0.4509).

3.3.2.0L-1Ra

IL-1Ra konsantrasyonu hem glokom hem de kuru goz gruplarinin gdzyast sivisinda,
kontrol grubuna gore dnemli dl¢iide daha yiiksekti. Gozyasindaki iL-1Ra diizeyi, kontrol
grubunda 3661 + 3975 pg/ml, kuru g6z grubunda 6056 + 6323 pg/ml ve glokom grubunda
7617 + 9022 pg/ml. iL-1Ra konsantrasyonu glokom grubunda diger gruplara (kuru goz
grubu, kontrol grubu) gore daha yiiksek olmasina ragmen, glokom ile kuru géz grubu
(P=0.7006) veya glokom ile kontrol grubu (P=0.2012) arasinda istatiksel olarak bir farkin
anlamli olmadig1 goriilmiistir. Ayrica kuru goz grubu ile kontrol grubu arasinda
istatistiksel olarak fark bulunmad: (P = 0.5907).

3.3.3. VEGF

Gozyasindaki VEGF diizeylerinin ortalama degerleri kontrol grubunda 454 + 262 pg/ml,
kuru goz grubunda 818,8 + 642,7 pg/ml ve glokom grubunda 1276 + 1060 pg/ml.
Gozyasindaki VEGF seviyesi glokom grubunda kontrol grubuna gore istatistiksel olarak
fark saptanmigtir (P= 0.0069). Glokom ve kuru goz grubu arasinda VEGF
konsantrasyonlarinda istatistiksel olarak anlamli fark gézlenmemistir (P=0,1645). Kuru
gbz ve kontrol grubu arasinda da istatistiksel olarak anlamli bir fark bulunmamistir
(P=0.0513).

3.3.4. PGE2

Gozyaslarindaki PGE2 sitokin diizeylerinin ortalama degerleri kontrol grubunda 325.2 +
164,2 pg/ml, kuru goéz grubunda 503,3 + 331,4 pg/ml ve glokom grubunda 930,9 + 880,7
pg/ml. Glokom grubunda gozyasindaki PGE2 sitokin diizeyi kontrol grubu ile
karsilastirildiginda istatistiksel olarak anlamli bir fark saptanmistir (P=0.0141). Glokom ve
kuru goz gruplarn arasinda PGE2 konsantrasyonunda anlamli fark bulunmamistir (P
=0.0894). Kuru goz ve kontrol gruplar1 arasinda istatistiksel olarak anlamli bir fark
olmadigi belirlenmistir (P = 0.0726).
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3.4. Korelasyon analizi

3.4.1. Gozyasi sitokinleri ile okiiler yiizey parametreleri arasindaki korelasyonlar

Gozyasindaki sitokinleri ile OSDI anketi, goz yas1 kirilma zamani1 (TBUT), Schirmer testi
ve kornea boyama okiiler yiizey parametreleri arasindaki korelasyonlar1 arastirdik. OSDI
anketi ile su sitokinler arasinda zayif pozitif ancak anlamli olmayan korelasyon bulundu:
IL-1B (r = 148), VEGF (r = 262) ve PGE2 (r = 163). OSDI ile iL-1Ra arasinda korelasyon
bulunmamustir (r = 0.053).

G0z yasi1 kirllma zamani ile su iki sitokin arasinda gii¢lii negatif ve anlamli korelasyonlar
saptanmigtir: VEGF (r = -0,306, P =0,041) ve PGE2 (r = -0,302, P =0,044). Ancak goz yas1
kirilma zamani ile IL-1B (r =-0.244, P = 0.106) ve IL-1Ra (r = -0.139, P = 0.362) arasinda

zayif bir negatif ve anlamli olmayan korelasyon saptanmistir.

3.4.2. Enflamatuar sitokinler ile impresyon sitolojisi sonuclarn arasindaki korelasyon
(GCD, MUCK5AC ekspresyonu)

Enflamatuar sitokinler ve impresyon sitoloji sonuglart (goblet hiicre yogunlugnu,
MUCSAC ekspresyonu) arasinda negatif bir korelasyon bulunmustur, ancak bu

korelasyonun anlamli olmadi saptanmustir.

4. TARTISMA

Glokom olan hastalarinda okiiler yiizey hastaliklarii gelisme riski daha yiiksektir, ¢iinkii
bu iki hastaliklar yash insanlarda daha sikliktir. Ayrica, koruyucu madde iceren anti-
glokomatdz goz damlalarinin kronik kullanimi okiiler yiizey hastaliklarini neden olabilir.
Oftalmolojik ilaglarda en yaygin kullanilan koruyuculardan biri Benzalkonyum kloriirdiir.
Benzalkonyum Kkloriiriiniin toksisitesi, konjonktival hiicrelerde daha once saptanmustir
[299], Benzalkonyum kloriir diisiik bir konsantrasyonda bile bir hiicresel o6liim
indiikleyicisi olarak tanimlandi. Okiiler ve konjonktival epitel hiicrelerinde, Benzalkonyum
kloriir oksidatif stres ve inflamatuar reaksiyonlari indiikleyebilen hidrojen perokside
dontistir [300]. BAK, uygulamadan sonra 1 haftaya kadar bir¢ok okiiler dokuda kalabilir ve
okiiler ylizeydeki epitelini toksik etkilere kars1 savunmasiz birakir [301].
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Kuru goz hastaligr (KGH), yas, kornea iltihabi ve hormonal degisikliklerle iligkili ve dijital
ekranlarin uzun siire kullanilmasiyla siddetlenen kronik bir géz bozuklugudur. COVID 19
pandemisinden sonra insanlar tarafindan uzun siire yiiz maskesi kullanilmasi nedeniyle

kuru goz prevalansinin arttigi sdylenebilir.

Bu calismada, topikal ilaglar alan glokom hastalarinin yani sira kuru goz hastalarinin
gozyaslarindaki bazi enflamatuar sitokinlerin ekspresyonunu saglikli  kontrollerle
karsilastirmay1r amagladik. Ayrica bu hastalarda okiiler yiizey degisikliklerini
degerlendirdik.

Glokomlu hasta grubumuzun ilag dykiilerini alarak, hastalarin biiyiik ¢ogunlugunun birden
fazla ve bir yildan uzun siiredir ilag kullandigin1 6grendik. Lavin ve arkadaslari, en az bir
yil boyunca medikal tedavi gérmiis olanlarla ameliyat oncesi ortalama sadece iki hafta
medikal tedavi almis hastalar1 karsilastirdiginda filtrasyon cerrahisinin basarili olma

oraninin yiiksek oldugunu bildirmislerdir [302].

Bu calismada OSDI anketi, okiiler yilizey hastaliklar1 prevalansini belirlemek amaciyla
cesitli caligmalarda sik kullanilmistir. Calismamizda OSDI degerleri, {ic grup arasinda
istatistiksel olarak anlamli farkliliklara saptanmistir. Kontrol grubundaki katilimcilarin
cogu, normal ile hafif OSDI ile bagvurdu. Bunun disinda glokom ve kuru gz hastalarinin
OSDI skoru kontrol grubuna goére daha yiiksekti (P=0.0001).

Kuru goz hastaligi igin yapilan klinik testlerle ilgili olarak hem glokom hem de kuru g6z
olan hastalarinda ciddi anormallikler saptanmistir. Schirmer testinin glokom ve kuru goz
hastalarinda saglikli kontrollere gore oldukga diisiiktii (P=0.0001), bu da her iki hastalik
grubunda da goézyasi iretmini azaldigini gosteriyor. Ayrica goz yast kirllma zamani,
saglikli kontrollere kiyasla glokom hastalarinda ve kuru goz hastaliginda (P = 0.0001)
istatistikal anlamli olarak daha kisaydi. Bu veriler saglikli kontrole kiyasladigimizda hem
glokom hem de kuru goéz hastalig1 gruplarinda gozyas: filminin instabilitesini yansitiyor.
Sonuglarimiz, topikal ilaglar alan glokom hastalarinda okiiler yiizey hastaliklart

prevalansinda artis gosteren onceki ¢aligmalarin sonuglartyla da uyumludur [303,304].

Goz yast fonksiyon birimi (LFU), konjonktival goblet hiicreleri, yiizey epiteli, goz

kapaklari, lakrimal bezler, meibom bezleri, lakrimal drenaj sistemi, mukozal bagisiklik
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sistemi ve bunlar1 birbirine baglayan sinir agindan olusmaktadir. Bu dokular, goézyasi
filminde immiin ekspresyon seviyelerini diizenleyen, okiiler yiizeyin biitiinliigiinii koruyan

ve korneanin seffafligin1 koruyan islevsel bir etkilesime sahiptir [305].

Inflamasyonun okiiler yiizey hastaliklar1 etiyolojisinde ¢ok énemli bir rolii oynadig1 daha
once belirlenmistir. Kuru goz hastalar1 ile kontrol grubu bu sitokinlerin 6l¢iilmesi ve
karsilagtirilmasi, sitokinlerin kur géz patogenezinde oynadigi roliin daha iyi anlasilmasini
saglayacaktir. Gozyasindaki sitokin diizeylerini 6lgmek igin ¢esitli yOntemler
kullanilmistir, bu yontemlerden biri de ELISA (Enzyme-Linked ImmunoSorbent
Assay)’dir. ELISA, ¢esitli biyolojik orneklerde sitokinleri 6lgmek igin yaygin olarak
kullanilan oldukga hassas ve spesifik bir yontemdir.

Insan gdzyas1, okiiler yiizeyin islevini ve morfolojisini korumaya yardimer olan ¢ok gesitli
sitokinler ve kemokinler icermektedir. Okiiler yilizey epitel hiicreleri hiperosmolar strese
maruz kaldigi zaman gozyasinda proinflamatuar sitokinler salinimina neden olmaktadir.
Okiiler yiizeydeki epitel hiicrelerin, enflamasyon oldugunda stresini gosterebilen IL-1p, iL-
6, IL-8 ve TNF-a salgiladig: bilinmektedir. Bu, mevsimsel alerjik konjunktivit ve vernal ve
atopik keratokonjonktivit dahil olmak tizere farkli enflamatuar okiiler yiizey bozukluklari
olan hastalarin goézyaslarinda neden bu sitokinlerin bulundugunu agiklayabilir [306].
Gozyas1 ornekleri elde etmek ve gesitli proteinlerin seviyesini degerlendirmek igin farkli
teknikler mevcutur. Bunlardan biri invazif olmayan ve basit olmas1 nedeniyle bu ¢alismada
kullanilan wash-out yontemidir. Orta derecede kuru géz hastaligi olan bireylerde ¢ok
sayida sitokinin normal ekspresyon profillerini bulan Narayanan ve arkadaslari disinda,
arastirmalarin ¢ogu kuru goz hastalarmin gozyaslarinda daha yiiksek sitokin seviyeleri
tespit etmistir.

Sitokinler, bagisiklik yanitinin ve iltihaplanmanin diizenlenmesinde ¢ok 6nemli bir rol
oynayan kiiciik molekiiler agirliga sahip proteinlerdir. iL-1 sitokin ailesi, dogal ve adaptif
bagisiklik sistemleri icin anahtar sinyal molekiilleridir. iL-1, romatoid artrit, periodontitis
ve septik sok dahil olmak {izere insanlarda enflamatuar bozukluklarin ve ayrica kornea ve
okiiler yiizey hastaliklarinin patogenezinde 6nemli rol oynamaktadir. Okiiler irritasyonun
yiiksek oldugu zaman inflamatuar hasar1 belirlenmektedir. Bizim ¢alismamizda elde edilen
gbzyast sivisindaki proinflamatuar IL-1p sitokin diizeyinin glokom grubunda daha yiiksek

oldugu ve kontrol grupla karsilastirdigimizda anlamli bir fark oldugunu bulunmustur
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(P=0,0623). Glokom grubu ile Kuru Go6z grubu (P=0,1337) arasinda anlamli bir fark
bulunmadigini saptanmistir. Diger ¢alismalarda, Kuru Goz hastalarinda diger inflamatuar
sitokinler ile (IL-1, TNFa) birlikte artan IL-1B seviyeleri gosterilmistir [164]. IL-1B'nin
noronal ve hormonal mekanizmalar yoluyla gézyasi olusumunu azalttigi gosterilmistir
[307].

IL-1Ra, iL-1'in proinflamatuar formlarmn IL-1R1 sinyallerine baglanmasini rekabetgi bir
sekilde inhibe ederek calisir. IL-1P'nin aksine, anti-inflamatuar form, IL-1Ra, yiiksek
miktarda bulunmaktadir. iL-R1a diizeyi hem glokom hem de kuru goz hastalarinda kontrol
grubuna gore yiiksekti, ancak gruplar arasinda istatistikal anlamli fark yoktu. Gozyasi
stvisindaki yiiksek IL-1Ra konsantrasyonu, okiiler yiizeyde IL-1 araciliyla enflamatuar
stire¢lerin aktivasyonunu engelleyen fizyolojik bir homeostatik mekanizma olabilir. Bu
bulgu, kuru géz hastalig1 olan hastalarin gdzyaslarinda artmis bir IL-1Ra seviyesi gosteren

onceki ¢aligmalarla uyumludur [308].

IL-1p ve IL-1Ra arasindaki denge bozulmasi, enflamatuar bozukluklarm ilerlemesini
tesvik etmektedir. Calismamiz, ILIRA'nin IL-1B'ya oranini ¢alismamz olgularinda daha
yiiksek oldugunu gosterilmistir. Bu sonug, bu hastlarda pro- ve antiinflamatuar sitokinler
arasinda bir dengesizlik oldugunu gosterir ve bu sitokin dengesinin yeniden saglanmasinin
gelecekteki potansiyel bir tedavi olabilecegini diisiindiirmektedir. IL-1Ranin topikal
uygulamasi kullaniminin, kuru géz hastaliginin klinik semptomlarin1 hafifletmede ve altta

yatan iltihabi azaltmada faydali oldugu gosterilmistir.

Vaskiiler endotel faktérii (VEGF), neovaskiilarizasyon, drenaj sisteminin yeniden
sekillenmesi ve iltihaplanma ile ilgili bir sitokin olarak karakterize edilmistir. VEGF'nin
kornea transplantasyonu, neovaskiiler glokom, yasa bagli makiila dejenerasyonu ve
diyabetik retinopati gibi anjiyogenezi igeren bir dizi okiiler bozukluktan sorumlu oldugu
artik net sekilde belgelenmistir [309]. Yoo ve arkadaslari [310], VEGF'nin, iL-8 ve MCP-1
gibi kemotaktik faktorler tiretmek iizere endotel hiicrelerini aktive ederek dogrudan bir
proinflamatuar etkiye sahip oldugunu ortaya ¢ikardi. VEGF ayrica monositleri, iL-6 ve
TNF-o gibi iltihaplanma siirecini siddetlendiren proinflamatuar molekiilleri salgilamasi
icin uyarabilir [311]. Onceki calismalarda, kuru goz hastalig: ve vernal keratokonjonktivit
gibi okiiler kronik inflamatuar bozukluklar1 olan hastalardan alinan gézyasi 6rneklerinde

VEGF konsantrasyonlarinin arttigi gosterilmistir [312]. Jiang ve arkadaslar1 [311], kuru
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g0z hastalig1 olan hastalarda subkonjonktival bevacizumab (VEGF karsiti) enjeksiyonunun

okiiler yiizeydeki enflamasyonu giderebilecegini gosterdi.

Calismamizda elde dilen veriler, glokom grubunu kontrol grubu ile karsilastirdigimiz
zaman daha yiiksek ortalama serum VEGF diizeyine sahip oldugunu gostermistir
(P=0.0069). Evaporatif kuru goéz hastaligint normal katilimcilarla karsilastiran bir
calismada, kuru goz grubunda gozyaslarindaki VEGF diizeylerinin yiiksek oldugunu
gosterilmistir [313]. Bir calismada, bizim sonuglarimizin aksine hem kontrol hem de
glokom grubu ile karsilastirildiginda kuru goz hastalarinda VEGF seviyesinde anlamli bir
azalma oldugu fark edilmistir [314]. Lenfatiklerin, antijen sunan hiicreleri, T lenfositlerinin
hazirlandig1 ve genisletildigi drenaj lenf nodlerine yonlendirerek dokularda enflamatuar
yanitlar1 baslatmada ¢ok onemli bir rol oynadigi iyi bilinmektedir. Kuru goz hastalig:
korneasinda anjiyojenez olmadan lenf anjiyogenezinin meydana geldigi bildirilmistir
[309]. Sonug olarak, bu lenfoid organlarda, kuru goz hastaligi immiinopatogenezinde rol

oynayan otoreaktif Helper T hiicresi (TH)17 ve TH1 hiicreleri tiretilmektedir [315].

IL-1'in, tiimorlerin biiyiimesini destekleyen ve ¢esitli hiicre tiplerinde VEGF'yi uyaran bir
pro-anjiyojenik faktor oldugu gosterilmistir [316]. Ayrica, VEGF ekspresyonu

prostaglandinler tarafindan indiiklenmesine yardimci olmaktadir.

Prostaglandinler (PG'ler), akut enflamasyonun aracilari olarak iyi taninmaktadir, bunlarin
ayrica kronik enflamasyonun gegisinde ve siirdiiriilmesinde de rol oynadiklarimi
gosterilmistir. Birkag caligma, kuru géz hastaligi ve glokomlu hastalardaki gozyaslarinda
PGE2 konsantrasyonlarinin arttigini gostermistir; bu calismalarin sonuglari, kuru goze
sahip farelerin gbzyas: iireten dokusundaki yiiksek COX-2 ve PGE sentaz seviyeleri ile
daha da desteklenmistir. Bulgularimiz, goézyasindaki PGE2 seviyesinin glokomlu
hastalarda kontrol grubuna gore yiiksek oldugunu gosterdi (P=0.0141), bu da PGEZ2'nin

okiiler ylizey hastaliklarinin enflamatuar siireglerindeki potansiyel 6nemini gostermektedir.

Kuru goz hastaligi olan hastalardaki yiiksek PGE2 seviyesi, PGE2 sekresyonunu daha da
indiikleyen diger inflamatuar molekiilleri uyararak okiiler yiizey enflamasyonunu
artirabilir. Buna ek olarak, okiiler yiizeyde prostaglandinler vazodilatasyonu, kan-okiiler

bariyerin bozulmasin1 ve 16kosit gogiinii desteklemektedir [318].
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Konjunktival impresyon sitolojisi, okiiler yiizey hiicre popiilasyonlarinin arastiriimasini
¢ok ©Onemli bir o&lgiide gelistirmistir.  Impresyon sitolojisi ¢esitli okiiler yiizey
bozukluklarinin etiyolojik tanisini, konjonktival ve kornea yiizeyindeki zaman iginde
olusan degisikliklerin belgelenmesini, tedavi etkilerinin izlenmesini ve konjonktival
skuam6z metaplazinin evrelenmesini analiz etmek amaciyla sik kullanilan arastirma

aracidir.

Bunlara ek olarak epitel hiicre morfolojisi ve konjunktival goblet hiicrelerin yogunlugun,

okiiler ylizeyin bitiinliigiinii degerlendirmek igin objektif bir 6l¢ii saglayabilir.

Skuamoz hiicre metaplazisi, ¢ok ¢esitli toksik inflamatuar uyaranlara spesifik olmayan bir
konjonktival yanittir [319]. Paschides ve arkadaslari, yaglanmanin normal gézlerde goblet
hiicrelerinin miktar1 veya niikleer sitoplazmik oran iizerinde higbir etkisinin olmadigini
bildirmistir [320]. Ayrica Herreras ve arkadaslari goblet hiicre densitinin ve yapisinin 80

yasin altindaki hastalarda stabil oldugunu gostermistir [321].

Genel olarak miisinler, viicudun mukozal yiizeylerinin ¢ogunu kaplayan biiyiik hiicre dist
glikoproteinler olarak tanimlanmaktadir. Goblet hiicreleri, gézyasi filminin mukus
tabakasinin birincil bileseni olarak kabul edilen jel olusturucu miisin MUC5AC'yi salgilar
ve bu tabaka, gozyas1 filminin stabilitesini korumaktan sorumludur. Konjonktival goblet
hiicrelerinin, retinoik asit (RA) ve TGF-p2 dahil olmak iizere immiinomodiilator

molekiiller salgiladigi da bulunmustur [322].

Ayrica, goblet hiicreler, 6nceki yapilan bir c¢alismanin bulgularina gore konjonktival
immiinolojik toleransin indiikklenmesinde ¢ok Onemli bir rol oynamaktadir. Son
zamanlarda, ince bagirsak ve koloniktaki goblet hiicreleri lubrikant islevi yani sira
dendritik hiicrelere de luminal antijen sunumundan sorumlu oldugu kesfedilmistir. Bu
ozellik ayn1 zamanda, okiiler yiizeyde altta yatan stromada immiin hiicrelere antijen tasima
kanallar1 olarak hizmet eden konjonktival goblet hiicrelerde de tanimlanmistir. Okiiler
ylizey hastaliginin siddeti ile korelasyona ek olarak, goblet hiicrelerinin kaybi okiiler

yiizeyde bir kronik enflamasyon dongiisiinii siirdiiriir gibi goriinmektedir [323].

Bu calisma, impresyon sitolojisi icin PAS boyama sonucglarinda kontrol grubuyla

karsilastirildiginda glokom ve kuru goz gruplarinda konjonktival goblet hiicre yogunlugu



XXii

onemli Olglide azaldigin1 saptanmistir (P <0.0001). Konjonktival goblet hiicredeki azalma,
kuru gozde okiiler yiizey hasarmin 6nemli bir isaretidir. Artan hastalik siddeti ile goblet
hiicre sayis1 azalir, bu da skuamo6z metaplazi, epitelyal bolgenin hiperplazisi ve bazen

okiiler ylizeyel keratoz ile sonuglanir.

Okiiler yilizeydeki miisin proteinlerinin saptanmasi ve miktar tayini, PAS, lektin ve Alcian
mavisi boyalari ile miisin histokimyasi1 dahil olmak tizere ¢esitli tekniklerle elde edilmistir.
Ayrica bu boyamalar spesifik olmayabilir. Alinan sonuglara gére normal kontrol grubuyla
karsilastirildiginda glokom hastalarinda MUCS5AC ekspresyonunun ciddi dl¢iide azaldigim
saptanmigtir ve bu farkin istatistiksel olarak anlamli oldugu goéstermistir (P = 0.0018).
Ayrica kuru goz ve kontrol grubu arasinda MUCS5AC ekspresyonu belirgin azalma
oldugnu bulumustur (P=0.0301).

Goblet hiicre yogunlugnu ve MUC5AC ekspresyonu, basarili ve basarisiz ameliyatlarda
onemli Ol¢iide ifade edildi: Histoloji ve konfokal mikroskopi, daha yiiksek postoperatif
GCD'nin daha iyi GIB kontrolii ve daha yiiksek basar1 orani ile iligkili oldugunu ortaya
koydu [325].

Bu c¢aligmada ayrica enflamatuar sitokinlerin seviyeleri ile kuru goz hastaligimin Klinik
parametreleri arasindaki iliskiyi de arastirdik. Sonuglarimiz, goézyasi kirilma zamani
(TBUT) ve Schirmer testi ile VEGF ve PGE2 sitokinleri arasinda negatif bir korelasyon
oldugunu goriilmistiir. Bu, sitokinlerin artan seviyesinin gozyast filmi instabilitiligi ve

azalmig gozyas1 liretimiyle iliskili oldugunu diigiindirmektedir.

Hem IL-1B hem de PGE2, kornea lekelenmesi ile pozitif korelasyon gostermistir. Bu
korelasyon, hem IL-1B hem de PGE2'deki artisin, okiiler yiizeyde daha fazla hasar ile
iliskili oldugunu géstermektedir. Bu bulgular, IL-1p ile kornea boyamasi arasinda pozitif

bir korelasyon oldugunu gosteren bir diger ¢alisma ile uyumludur [308].

Diger bir calismada, bizim bulgularimizin aksine, sadece PGE2 konsantrasyonlarinin
OSDI skoru ile anlamli bir sekilde iliskili oldugu ancak gézyasi kirilma zamani, Schirmer

testi veya kornea boyama ile iligkili olmadigi bulunmustur [326].
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Calismamizin sonuglari, glokom hastalarmin iL-1B, VEGF, PGE2 ve iL-1Ra'nin yiiksek
ekspresyonunu saptanmigtir. Koruyucu madde igeren topikal ajanlarin ve birden fazla
topikal ilaglarin kullanimi, bu ilaglarin doza ve zamana bagh bir sekilde okiiler yiizey
tizerindeki etkisini yansitan bu enflamatuar sitokinlerin daha yiiksek konsantrasyonlarini

acik bir sekilde gostermistir.
5. SONUC

Sonug olarak, c¢alismamizda glokom ve kuru gbz hastalarinda impresyon stolojisi
orneklerinde hem goblet hiicrelerinin sayisinda hem de MUCS5AC ekspresyonunda ciddi

bir azalma oldugu bulunmustur.

Ayrica glokom hastalarinda IL-1B, IL-1Ra, VEGF ve PGE2 sitokinlerinin
konsantrasyonunda kuru géz ve normal kontrol gruplarina gore artis oldugu saptanmustir.

Ancak sadece IL-1B, VEGF ve PGE2 sitokinlerin seviyeleri anlamli bulunmustur.

Hem VEGF hem de PGE2, gbzyas1 kirilma zamani ve shirmer testi ile negatif korelasyon
saptanmistir. IL-1p ve PGE2 ile kornea boyanmasi arasinda pozitif Kkorelasyon
bulunmugtur. Bu korelasyonlar, kuru goziin siddetini belirlemek amaciyla bu testlerin

kullanilmasinin yardimcei olabilecegini diigiindiirtmektedir.

Glokom ve kuru goz olan hastalrinda okiiler yiizeyindaki degiskenlerin tam temel
mekanizmasinin ve enflamasyonu iizerindeki etkilerini belirlemek icin daha fazla hasta
sayisi ile tasarlanmig galismalari ihtiyag olacagini dosiiniilmektedir. Ayrica, bu hastalarda
okiiler yiizey hastaliklarnin prevalansimi azaltmaya yardimci olmak igin yeni koruyucu

madde seceneklere ihtiyag vardir.
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1. INTRODUCTION

Glaucoma is a group of progressive optic neuropathies that share a slow progressive
degeneration of retinal ganglion cells and their axons, leading to a characteristic
appearance of the optic disc associated with concomitant pattern of vision loss [1]. It’s the
leading cause of irreversible blindness in the world, and it is associated with a decreased
quality of life [2]. Glaucoma affects over 70 million people globally, with around 10%
becoming blind bilaterally [3] Glaucoma, in its various types, is distinguished by damage
to the optic nerve head (ONH), which is frequently caused by elevated intraocular pressure
(I0P) [4].

Topical medication is the most commonly used first-line treatment for glaucoma [5].
Glaucoma and ocular surface diseases (OSD) frequently coexist, and both generally
manifest with age [6]. Longterm use of topical drugs with preservatives is one of the
important risk factors to deveolp dry eye disease (DED) in glaucoma patients.

The resulting ocular surface disease in glaucoma patients might lead to poor medication
compliance due to the related symptoms [7]. Furthermore, OSD has been linked to a higher

failure rate in subconjunctival glaucoma surgery [8].

One of the changes that indicate damage at ocular surface is the decrease in goblet cell
density (GCD). GCs are specialized secretory cells that produce mucins, which lubricate
the ocular surface. Also, conjunctival GC are found to play a crucial role in maintaining

homeostasis between tolerogenic and protective immunological responses [9].

Because conjunctival goblet cells are the only cells that secrete MUC5AC into the ocular
surface, MUCS5AC is one of the best indicators for goblet cell detection [10]. Although the
exact mechanism of goblet cell changes in the eye are unknown, data from other mucosal
tissues shows that inflammation may play a significant role [11]. MUC5AC, play a
protective role in trapping and removing cellular debris and foreign bodies such as
pathogens and allergens [12].

Inflammation plays a significant role in the vicious cycle of DED pathophysiology. The

components of inflammation in DED include cells such as macrophages and T cells, and



mediators such as proinflammatory cytokines (IL-1p3, TNF-a), matrix metalloproteinases
(MMPS) [13,14]. A lot of studies have shown significant increase in the levels of
numerous inflammatory cytokines in dry eye patients and the relation of these cytokines to
the clinical severity of the disease [15,16]. Furthermore, topical anti-inflammatory
medications such as corticosteroids and cyclosporin A significantly relieve DED symptoms
and signs [17,18].

In this study, we investigated the levels of IL-1B, IL-1Ra, VEGF, and PGE?2 in the tears of
patients with glaucoma and DED and compared the results with those of normal controls.
The conjunctival impression cytology technique was also used to invistigate the changes in
the goblet cell density and the expression of MUC5AC at the ocular surface which is

considered a significant marker for OSD.



2. GENERAL INFORMATION

2.1. Glaucoma

2.1.1. Definition of glaucoma

Glaucoma is a group of progressive optic neuropathies characterized by the degeneration
of retinal ganglion cells and their axons, resulting in changes to the head of the optic nerve,
referred to as glaucomatous optic neuropathy (GON), and corresponding visual field loss
[2]. It is often but not always accompanied by elevated intraocular pressure (I0OP) [19].

2.1.2. Prevalence and incidence of glaucoma

Significantly more individuals are suspected of having glaucoma than are actually
diagnosed [20]. Late and underdiagnosis are one of the leading causes of visual
impairments in this disease [21]. Therefore, early diagnosis and treatment are the primary
means of preventing glaucomatous blindness. Glaucoma will affect approximately 111.8
million individuals worldwide by 2040, as the disease burden is expected to increase [22].
Although glaucoma typically progresses slowly, it is a significant global health concern as
the leading cause of irreversible preventable blindness and the second leading cause of
blindness worldwide [23]. Over 7 million people worldwide are blind as a result of
glaucoma, and the prevalence of bilateral blindness due to this disease ranges from 4% to
16%. [24, 25].

2.1.3. Risk factors for developing glaucoma

Elevated IOP

The aqueous humor produced by the ciliary body is eliminated by the trabecular meshwork
and Schlemm'’s canal, which are located in the angle formed by the cornea and iris. IOP
depends on the rate of fluid removal, which is decreased in all types of glaucoma with
elevated 10P [26]. High IOP is the primary risk factor for developing glaucoma, which is
defined as an IOP of 21 mmHg or greater. It is believed that elevated intraocular pressure

damages the lamina cribrosa, resulting in the loss of structural and metabolic support of



retinal ganglion cell axons and impaired axoplasmic transport [27] IOP is the only risk
factor that can be modified in glaucoma [28].

Age

Glaucoma is an age-related disease, and there is a direct correlation between increased age
and the incidence of glaucoma [29]. According to the findings of the Barbados Eye
Research, the incidence of POAG was 2.2% among those aged 40—49 at baseline and 7.9%

among those aged 70 and older, with a relative risk of 3.8% for the older age group [30].

Ethnicity

Glaucoma risk and subtypes vary by race and nation. Blacks have a higher prevalence of
POAG than whites in the United States [31]. Although POAG is more common in East
Asia than PACG, Mongolians and Burmese are more susceptible to PACG than POAG
[32].

Gender

The Framingham Eye Study and the Rotterdam Study discovered an increase in prevalence
among males, whereas the Blue Mountains Eye Study discovered an increase in prevalence

among females [33].

Genetics and family history

Several genes, including myocilin (MYOC, GLC1A) (CCDS1297.1), optineurin (OPTN,
GLC1E) (CCDS7094.1), and WD repeat domain 36 (GLC1G) (CCDS4102.1), are
associated with a monogenic, autosomal dominant trait. However, these genes account for
less than 10% of all glaucoma patients [34]. A family history of glaucoma was found to

carry a relative risk of 2.1 times for being linked to at least probable OAG [35].

Myopia

Myopia is a risk factor for the development and progression of glaucomatous optic

neuropathy, according to epidemiological studies [36]. With the increased prevalence of



both myopia and glaucoma in older populations, it is expected that the incidence of these
two ocular disorders in the same patient will rise [37].

Central corneal thickness (CCT)

The Ocular Hypertension Study found that a thinner CCT is a significant predictor of the
development of POAG due to ocular hypertension (OHTN) [38]. Additionally, it has been
linked to the severity of the disease [39].

Systemic diseases

Although correlations between numerous systemic disorders and glaucoma have been
observed, a causal relationship between these diseases and the development of glaucoma
has not yet been established, according to Pache and Flammer [40]. The Beaver Dam Eye
Study of Caucasian adults discovered a significant relationship between diabetes and
POAG [41]. In addition, clinical research has implicated systemic hypertension,
vasospasm, and abrupt hypotension as potential glaucoma risk factors [35]. Other chronic
diseases, including cardiovascular disease (CVD) and chronic kidney disease (CKD), have
been associated with either elevated 10P or the development of POAG [40].

Smoking

Generally, smoking raises the risk for vascular diseases. Current cigarette smoking was
associated with glaucoma presence in multiple logistic regression analyses, according to a
cross-sectional study [42].

Drugs

Multiple classes of systemic drugs are known or hypothesized to modulate glaucoma risk,
either via their direct effects on IOP or via independent processes [43]. Steroid-induced
glaucoma is a form of OAG commonly associated with topical steroid use, but it can also
develop in response to inhaled, oral, intravenous, periocular, or intravitreal steroid
administration [44]. Several classes of drugs, including adrenergic agonists, cholinergics,
selective serotonin reuptake inhibitors, tricyclic and tetracyclic antidepressants,
anticholinergics, sulpha-based drugs, anticoagulants, and histamine H1 and H2 receptor



antagonists, have been reported to induce or precipitate acute angle-closure glaucoma,
particularly in patients with narrow angles of the anterior chamber [45].

2.1.4. Classification of glaucoma

On the basis of the gonioscopic appearance of the angle, glaucoma can be roughly divided
into two categories: open-angle and closed-angle glaucoma. OAG is characterized by
increased resistance to aqueous outflow via the TM, whereas ACG is characterized by

obstructed drainage pathway access [46].

2.1.5. Primary open angle glaucoma (POAG)

OAG is a chronic, progressive, and irreversible multifactorial optic neuropathy
characterized by an open anterior chamber angle, optic nerve head changes, progressive
loss of peripheral vision, followed by loss of central visual field [47]. It is the most
prevalent form of glaucoma in the majority of global populations. POAG is typically
bilateral but often asymmetric [48]. As in other forms of glaucoma, elevated IOP is a key
risk factor for POAG; nevertheless, approximately one-third of patients with POAG have
optic nerve degeneration with IOP in the range of normal, representing the POAG
subgroup, normal tension glaucoma (NTG) [27].

Genetic factors significantly influence the etiology of POAG [49]. Up to fifty percent of
POAG patients in cross-sectional studies have a positive family history, suggesting that
genetic abnormalities may contribute to the cause of POAG [50]. Several genes, including
myocilin  (MYOC, GLCl1A) (CCDS1297.1), WD repeat domain 36 (GLC1G)
(CCDS4102.1), and optineurin (OPTN, GLC1E) (CCDS7094.1), are associated with a
monogenic, autosomal dominant trait; however, these genes account for less than 10% of
glaucoma cases [34]. MYOC mutations are associated with approximately 4% of adult-

onset cases of primary open-angle glaucoma and over 10% of juvenile-onset cases [51].

2.1.6. Pathogeneis of glaucoma

Even though the pathophysiology of glaucoma is not fully known, the level of 10P is

related to the death of retinal ganglion cells [34]. Therefore, a variety of hypotheses have



been developed to explain its pathological mechanism. The primary ones are enumerated

below.

Mechanical theory

It was hypothesized that glaucomatous optic nerve degeneration (GOND) was caused by
elevated IOP pushing the lamina cribrosa backward and compressing nerve fibers within
its meshes to disrupt axoplasmic flow [52]. However, this theory fails to explain NTG or
the persistence of vision loss in some glaucoma patients despite IOP control with

medication or surgery [53].

Ischemic theory

According to the vascular theory of glaucoma, GOND is caused by inadequate blood
supply due to elevated IOP and/or other risk factors that reduce ocular blood flow [54].
Moreover, it has been proposed that the ischemic theory of glaucoma plays a crucial role in
the pathogenesis of bilateral NTG, based on the observation that patients with systemic
vascular disorders, such as atherosclerotic ischemic stroke, have a significantly increased

risk of developing glaucomatous cupping of the optic disc and bilateral NTG [55].

Immunological theory

One of the hypothesized pathogenic mechanisms for the neurodegeneration observed in
glaucoma is neuroinflammation, which is evident in both the retina and the head of the
optic nerve [56]. In 1998, Wax discovered antibodies against endogenous antigens such as
heat shock protein 60 (HSP60) in the serum of NTG patients, and this was the first
indication that the immune system was involved in the pathogenesis of glaucoma [57].
HSPs are crucial for cellular defense and are elevated in pathophysiological states [58].
Although increased HSP expression in glaucomatous eyes may initially protect cells from
further damage and promote repair, they may later recruit immune responses that

contribute to disease progression [59].

Additional autoantibodies against ONH proteoglycans have been found in the sera of
glaucoma patients [60]. Any immune response against these molecules can weaken the

extracellular matrix supporting the lamina cribrosa and cause or exacerbate optic nerve



cupping [61]. The variations in glaucoma patients’ serum antibody profiles suggest a role
for autoimmune involvement in the etiology of glaucoma in certain individuals, although it
remains unclear if the autoantibodies detected in glaucoma constitute an epiphenomenon
[62].

2.1.7. Treatment of glaucoma

Currently, lowering IOP is the only objective of glaucoma treatment. Numerous studies
have demonstrated that lowering IOP can prevent optic nerve damage and preserve vision
in glaucoma patients [63]. The desired IOP must be achieved with the least amount of
medication and the fewest adverse effects [34]. The target pressure is defined as the range
of IOP sufficient to slow the progression of visual field loss [64]. The optic nerve damage
caused by glaucoma cannot be halted or reversed by any medication or surgical procedure
[65].

Topical treatment

In most types of glaucoma, topical treatment is regarded as the initial line of defense. Five
classes of topical drugs have been shown to be safe and effective in the treatment of
glaucoma: cholinergic agents, adrenergic agonists, carbonic anhydrase inhibitors, -
adrenoceptor antagonists, and prostaglandin analogs (PGASs) [66]. In general, these drugs
reduce intraocular pressure by increasing aqueous outflow and/or decreasing its production
[67]. They vary in their mechanisms of action, degree of intraocular pressure reduction,

dose, adverse effects, and cost [68].

Topical prostaglandin analogs (PGAS)

Due to their efficacy, minimal systemic adverse effects, and once-daily administration,
topical PGAs are commonly considered the first-line treatment for POAG [69]. They
reduce IOP by enhancing the uveoscleral outflow of aqueous humor [70]. PGs frequently
cause conjunctival allergy, conjunctival hyperemia, corneal epithelial disorders, and
blepharitis [71].



Topical p-blockers

B-blockers decrease 10P by decreasing intracellular cyclic adenosine monophosphate
(cCAMP) production, thereby inhibiting AH production [72]. Due to absorption into the
systemic circulation through the eye, they induce systemic adrenergic blocking inhibition
despite their topical application [73]. Therefore, topical B-blockers can result in systemic
adverse effects, including bronchial smooth muscle contraction, bronchospasm, respiratory
failure, and death [74]. Conjunctival allergy, conjunctival injection, blepharitis, corneal
epithelium problems, and ocular pemphigoid are the adverse ocular reactions of B-blockers
[71].

Topical alpha2-agonists

Brimonidine and apraclonidine are the essential agents in this class, and they reduce 10P
through two distinct mechanisms: decreasing aqueous humor production due to
vasoconstriction of the ciliary body vasculature and increasing uveoscleral outflow [75].
a2-Agonists is the least well tolerated 10P-lowering drugs due to the high incidence of

conjunctival hyperemia and localized allergic changes [76].

Carbonic anhydrase inhibitors

CAls are particularly useful for treating glaucoma that is resistant to other anti-glaucoma
medications, as well as preventing acute glaucoma attacks [77]. Topical CAls also function
by reducing the production of aqueous humor. Locally undesirable side effects in the eye

include tearing, burning, and decompensation of the corneal endothelium [68].

Laser therapies to lower IOP and surgical intervention

In order to reduce 10P, laser treatments for glaucoma destroy the function of normal eye
tissue to either increase the flow of agueous out of the eye (laser trabeculoplasty) or

decrease the production of aqueous (laser transscleral cyclophotocoagulation) [78].

Glaucoma filtering surgeries with mitomycin C and glaucoma drainage devices remain the
surgical treatment gold standard [79]. Incisional surgery has generally been reserved for
glaucoma patients who do not respond to medication and laser therapy, with the exception
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of congenital and infantile glaucoma [80]. New minimally invasive glaucoma surgery
(MIGS) devices have been developed in an effort to reduce IOP in a safer and more

effective manner [75].

Novel I0OP lowering agents

Rho kinase (ROCK) inhibitors, a new class of topical medications, have been recently
evaluated for lowering IOP in glaucoma [81]. The European Medicines Agency's
Committee for Medicinal Products for Human Use recently approved the use of 0.02%
netarsudil for the treatment of OAG and OHTN [82, 83].

Netarsudil has a unique mechanism of action involving increased trabecular outflow
capability, decreased episcleral venous pressure, and increased production of aqueous
humor, which may allow its use in traditionally more difficult-to-manage patient
populations [84]. Burning and stinging sensations, a foul taste in the mouth, and

conjunctivitis are the most frequently reported adverse effects of topical CAls [85].

It will be necessary, for future personalized medicine based on genetic and other patient
characteristics, to identify individuals at high risk of progression and treat them more

aggressively [86].

2.2. Ocular Surface Diseases in Association with Glaucoma

Ocular surface diseases (OSD) are a prevalent comorbidity in patients with glaucoma
because, like glaucoma, their incidence increases with age. Typically, topical glaucoma
medications contain preservatives to prevent bacterial contamination. These preservatives
have a toxic effect on the ocular surface, especially in patients receiving multiple drops per
day [87]. Benzalkonium chloride (BAK) is one of the most well-defined preservatives with
toxic effects on the ocular surface [88]. Chronic use of these topical medications can affect
bleb scarring in filtration surgery because it is a risk factor for conjunctival fibrosis, which
can result in trabeculectomy failure [89]. According to a number of studies, the prevalence
of OSD among glaucoma patients is 30-70%, which is significantly higher than the
prevalence of 5-30% among similarly aged individuals without glaucoma [90]. Numerous

studies have also demonstrated that preservatives cause neurotoxic effects in the cornea;
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for instance, the frequency of instillation of preservative-added therapies correlates with a
reduction in corneal sensitivity in glaucoma patients [91].

Modern packaging methods, such as single-dose or preservative-free eye drops (PFED) in
multidose bottles, have rendered the use of preservatives obsolete [92]. It is noteworthy
that the absence of preservatives in these eye drops is challenging due to the increased risk
of contamination [93].

2.2.1. Gross anatomy and function of the ocular surface

Conjunctiva

The conjunctiva is thin, transparent, and vascularized mucous membrane that covers the
ocular surface from the limbus to the mucocutaneous junction. It’s divided into three parts,
the palpebral conjunctiva (covers the inner surface of the eyelid and further subdivided into
marginal, tarsal, and orbital regions), the bulbar conjunctiva (covers the anterior portion of
the sclera and consists of the scleral and limbal conjunctivas), and the forniceal conjunctiva
(forms the junction between the bulbar and palpebral conjunctivas). The conjunctiva is

composed of two layers: epithelial and stromal (the substantia propria).

The epithelium of the conjunctiva

The conjunctiva is composed of six or more non-keratinized epithelial cell layers near the
limbus and up to twelve layers near the fornix [94]. The epithelial cells at the basal layer
are cuboid and become flattened as they reach the surface. In addition, the conjunctiva
contains numerous cell types which is distributed throughout the epithelial cells, such as

goblet cells, melanocytes, Langerhans cells, and lymphoid cells.

Goblet cells

Goblet cells are plump, rounded, specialized secretory cells that are filled with mucin.
These cells extend through the entire thickness of the stratified epithelium to the apical
surface [95]. They are surrounded by stratified squamous cells and can exist singly or in
clusters [96]. There is regional variation in the distribution of goblet cells throughout the

conjunctiva. Inferonasal bulbar conjunctiva, tarsal or palpebral conjunctiva, and temporal
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bulbar conjunctiva have the highest goblet cell density, whereas the exposed surface of the
eyeball and the sclero-corneal junction have the lowest goblet cell density [97]. The tear’s
epidermal growth factor (EGF) and the IL-13 cytokine secreted by resident immune cells

support goblet cells through stimulating protein synthesis and cell proliferation [98].

Goblet cells secrete the gel forming mucins MUC5AC, MUC2, and MUC19, which are
responsible for the stability of the mucous layer in the precorneal tear film. In addition to
mucins, the secretory granules of the goblet cell contain other glycoproteins that are
released into the mucous layer, such as peroxidase, trefoil peptides (TFF1 and TFF3), and
defensins, with conjunctival goblet cells being the only source of MUCS5AC at the ocular
surface [99]. Goblet cells are capable of releasing their secretory granules in response to
stimulation of the surrounding parasympathetic or sympathetic nerves [100]. Researchers
discovered that conjunctival goblet cells act as conduits for antigen transport to immune
cells in the underlying stroma; consequently, conjunctival goblet cells contribute to the
maintenance of immunological tolerance at the ocular surface [101]. Goblet cells can also
produce immunoregulatory factors, such as TGF-2 and retinoic acid (RA), which inhibit
the production and maturation of cytokines in mononuclear phagocytic cells [98]. Changes
in the secretion of goblet cells result in an unstable tear film and a damaged ocular surface.
Several ocular surface inflammatory disorders, including Stevens-Johnson syndrome,
ocular mucous membrane pemphigoid, alkali burn, graft-versus-host disease, neutrophilic

keratitis, and Sjogren's syndrome, have been linked to goblet cell loss [102].

The stroma of the conjunctiva (substantia propria)

The stroma is a thin, loose, richly vascularized connective tissue full of elastic fibers that
facilitates the globe's free movement in all gazes. Conjunctival stroma is composed of a
superficial adenoid or lymphoid layer with a mixture of lymphocytes, mast cells, plasma
cells, and neutrophils; and a deeper fibrous layer with blood vessels and nerves that are
loosely adherent to the underlying Tenon's capsule, especially further from the limbus
[103].
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The cornea

The cornea is a thin, transparent, and avascular tissue. It provides approximately two-thirds
of the total refractive power of the eye [104]. The cornea is one of the most innervated
parts of the body [105]. The majority of corneal nerves are sensory nerves that originate
from the ophthalmic branch of the trigeminal nerves. The cornea has a horizontal diameter
of approximately 11.5 mm and a vertical diameter of approximately 10.5 mm [106]. The
tear film covers the anterior surface of the cornea, while the posterior surface is in direct

contact with the aqueous humor.

The lacrimal glands

Its multilobular tissue composed of acinar, ductal, and myoepithelial cells [107]. The
lacrimal gland contributes to the proper hemostasis of the ocular surface by secreting
aqueous tears containing water, electrolytes, proteins, and mucus [108]. In humans, the

lacrimal gland consists of the main lacrimal gland and the accessory lacrimal gland.

The meibomian glands

Meibomian glands are large sebaceous glands located in the tarsal plates of the eyelids
[109]. The upper and lower eyelids contain approximately 30-40 and 25 glands,
respectively [110]. At lid temperature, the lipid secretion of the meibomian glands is liquid
and is transported as a transparent fluid called meibum to the lid margin skin [111].
Meibum is essential for preventing tear evaporation, maintaining tear stability, and

protecting the ocular surface from desiccating stress.

2.2.2. Tear film

The tear film is a thin layer of fluid that covers the ocular surface and serves as the ocular
surface's interface with the environment. The tear film is 2-50 pm thick and has thousands
of proteins, peptides, lipids, electrolytes, gases, and metabolites in it [103]. The production
of tear is about 1.2 microliters per minute, with a total volume of 6 microliters and a 16%
per minute turn-over rate [112]. Tears are distributed into three compartments while the
eyes are open: the fornical compartment, which is the narrowest, the tear menisci, and the

preocular tear film.
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Stability of the preocular tear film is a hallmark of ocular surface health. The tear film
serves as the eye's first refractive surface and is an essential optical component for
maintaining vision quality [113]. In addition, it nourishes the cornea, provides oxygen to
the corneal epithelium, and acts as an antibacterial medium for the cornea and conjunctiva,
clears away debris [114]. Therefore, any change to the tear film can cause or contribute to
vision-related and ocular surface-related symptoms. Tear film instability plays a crucial
role in the etiology of dry eye pathophysiology, as tear stability is diminished in all dry eye
forms [115].

There are many factors that affect the tear film, such as blinking, eyelids, the lacrimal
system, the outside environment, such as temperature, humidity, and airflow, and internal
emotions [113]. Three layers make up tear film: the innermost mucus layer, the middle

aqueous layer, and the outermost lipid layer [116].

Mucous layer

The mucous layer, the innermost layer of the tear film, is produced manly by goblet cells.
In addition to the mucin produced by goblet cells, corneal and conjunctival epithelia are
also known to produce mucin [117]. This layer is composed of mucins, electrolytes, and
water. The mucus layer protects and lubricates the cornea, holds the aqueous tear film to
the corneal epithelium to protect it from shear forces, and prevents dessication and
bacterial contamination [116].

Mucins are a high molecular weight glycoprotein. They are characterized by the presence
of several tandem repeats of serine- and threonine-rich amino acids in the central domain
of the mucin core peptide, which provide sites for O-glycosylation [118]. They can be
classified into secreted (gel-forming) mucins (e.g., MUC2, MUC5AC, and MUCG), soluble
(non-gel-forming) mucins (e.g., MUC7, MUC8, MUC9, and MUC20), and transmembrane
mucins (e.g., MUC1, MUC4, and MUCL16).

MUC5AC

The predominant gel-forming mucin secreted by goblet cells is MUC5AC. MUC5 was

formerly thought to be a single mucin; nevertheless, subsequent findings demonstrated that
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MUCS was actually three different mucins; consequently, MUC5A, MUC5B, and MUC5C
were identified [119]. MUCS5A and MUC5C were subsequently determined to be identical,
therefore, the gene was redesignated MUCS5AC [119]. MUCS5AC s stored as polymers in
goblet cells, but secreted as monomers in the tear film [118]. Its secretion is restricted to
conjunctival goblet cells at the ocular [120]. MUCS5AC is responsible for lubricating ocular
surfaces by acting as a surfactant for the ocular surface, allowing an evenly distributed TF
to hydrate the hydrophobic epithelium [121]. Additionally, this can aid in reducing the

shear stress caused by blinking or rubbing.

MUCS5AC is also capable of capturing cellular debris, pathogens, and foreign material and
facilitating their removal from the mucosal surface [122]. Mucin production by GCs is
normally regulated by a neural reflex originating from corneal and conjunctival sensory
nerves that stimulate the parasympathetic nerves surrounding the GCs [123].
Proinflammatory mediators like leukotrienes, histamine, and proinflammatory cytokines,
adenine nucleotides (UTP, ATP) are powerful stimulators of MUC5AC secretion [96],
[124]. Mucin glycosylation and secretion, as well as the density of goblet cells, may be

altered in ocular surface diseases such as dry eye [125, 126].

Lipid layer

This layer serves as the interface between the air and the aqueous in the tear film. This
layer is commonly referred to as meibum because it is primarily secreted by Meibomian
glands. Complex mixture of non-polar (e.g., wax esters, cholesteryl esters) and polar (e.g.,
phospholipids, (O-Acyl)-omega-hydroxy fatty acids [OAHFAS]) lipids compose the lipid
layer of the tear film [127]. This layer serves multiple purposes, including stabilizing the
tear film by reducing the overall surface tension, retarding evaporation, aiding in the
respreading of the tear film after blinking, providing a smooth optical surface, acting as a
barrier against foreign particles, exhibiting some antimicrobial activity, and sealing the lid

margins during prolonged closure [128]

Aqueous layer

In healthy individuals, this layer of TF is produced by the lacrimal glands and comprises

the majority of the tear film [129]. Water, electrolytes, proteins, peptide growth factors,
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immunoglobulins, and cytokines make up its composition. The aqueous fraction of the tear
film lubricates the ocular surface, removes foreign particles and nourishes the avascular
cornea [116]. Different impacts, such as hormonal fluctuations and systemic inflammatory

disorders, can alter tear film aqueous layer secretion [130].

According to the site that produces them, the major tear proteins can be categorized into

two groups.

(1) The lacrimal gland produces the proteins lysozyme, lactoferrin, epidermal growth
factor (EGF), lipocalin, and slgA.

(2) A small proportion of serum proteins, such as albumin, transferrin, 1gG, IgM, and
complement, that leak from the conjunctival vessels into the tears.

Lactoferrin (LF) and lysozyme play an important role in the ocular surface's innate
mucosal immunity [131]. LF possesses antimicrobial and anti-inflammatory properties,
while protecting against immune-mediated and hypoxia-induced oxidative stress and UV
damage [132]. Lysozyme is a bacteriolytic enzyme that demonstrates antimicrobial activity

primarily by destroying the bacterial cell wall [131].

The most abundant antibody in the tear film is secretory immunoglobulin A (slgA), which
is produced by plasma cells residing in the lacrimal gland, accessory lacrimal glands, and
conjunctuva associated lymphoid tissue (CALT) [122].

2.3. Dry Eye Disease

Dry eye is a common ocular surface disorder that affects millions of people worldwide.
According to the most recent definition of dry eye by the DEWS II, dry eye is a
multifactorial disease of the ocular surface characterized by a loss of tear film homeostasis
and accompanied by ocular symptoms in which tear film instability and hyperosmolarity,
ocular surface inflammation and damage, and neurosensory abnormalities play etiologic
roles [133]. Prevalence rates ranging from 5% to 50%, but reaching 75% in people over the
age of 40, with women most frequently affected [134].

DED can have a significant impact on vision and quality of life, as symptoms frequently

impede daily activities like reading and writing. In general, the symptoms range from mild
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ocular discomfort to sight-threatening corneal complications, including filamentary
keratitis, ulceration, and corneal perforation [135]. Age is a known risk factor for DED, as
mentioned previously. Other common risk factors for developing DED include women’s
gender, contact lens wearing, smoking, refractive surgery, extended smartphone use,
watching TV, having a high ratio of omega-6 to omega-3 fatty acids in the diet, a
deficiency in vitamin A, refractive surgery, radiation therapy [136]. DED can be associated
with a lot of diseases such as bone marrow transplantation, hepatitis C, diabetes mellitus,
connective tissue diseases, human immunodeficiency virus, HIV and human T cell
lymphotropic virus-1 infection, systemic cancer chemotherapy and certain classes of
systemic and ocular medications, such as antihistamines, are all risk factors for dry eye
[136].

2.3.1. Classification of DED

DED is subdivided into aqueous deficient dry eye (ADDE) and evaporative dry eye

(EDDE) according to the disease's underlying mechanism.

Adqueous deficient DED

ADDE is characterized by decreased tear volume and tear secretion due to dysfunctional
lacrimal glands. ADDE is further divided into Sjogren's syndrome DED (SS) and non-
syndrome Sjogren's DED (NSS).

Sjogren's syndrome DED (SS)

Sjogren's syndrome (SS) is a chronic, systemic autoimmune disease which mostly affect
middle aged women [137]. Chronic lymphocytic infiltration of the lacrimal gland, salivary
gland, and other exocrine glands, resulting in dry eye, dry mouth, and extra glandular
syndrome, characterizes this condition [138]. Primary (pSS) or secondary (sSS) to
connective tissue diseases such as lupus erythematosus, rheumatoid arthritis, systemic
sclerosis, and, less frequently, multiple sclerosis, thyroiditis, and autoimmune hepatitis
[139].
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Non-Sjogren DED

Non-SSDE is a form of ADDE in which the systemic autoimmune characteristics of SSDE
have been ruled out [115]. Age-related dry eye is the most prevalent form, which is

characterized by decreased tear volume and tear film instability, increased osmolarity, and

changes in the meibomian lipid composition.

Evaporative dry eye (EDDE)

The most commonly observed form of dry eye disease is EDDE. It is characterized by
increased tear film evaporation and is frequently caused by dysfunction of the meibomian
glands [140]. Since the lipids layer of the tear film prevents evaporation of the aqueous
layer, a deficiency in the lipids layer will lead to increased evaporation and instability of
the tear film. Inadequate lid congruity, a low blink rate, and a deficiency of vitamin A are
additional potential causes of EDE [141].

2.3.2. The immune regulation of the ocular surface

The complexity and organization of the eye's structure reflect the high degree of
specialization required for its function to be maintained. The ocular surface, tear film,
lacrimal glands, and eyelids act as a functional unit to protect and prevent injury to the
refractive surface. In order to prevent excessive inflammation, which can result in tissue
damage and vision impairment, it is necessary to maintain ocular surface homeostasis

through a variety of immunoregulatory mechanisms.

The eyelids, eyelashes, eyebrows, and orbit constitute the mechanical barrier that serves as
the first line of defense against ocular damage and infection. CALT (conjunctiva
associated lymphoid tissue) is the conjunctiva's lymphoid tissue, which serves as an

immunological interface between the ocular surface and the external environment [142].

Blinking and reflex tearing continuously push antigens away from the ocular surface,
forming a formidable barrier against potentially harmful inflammatory mediators [143].
While the glycocalyx and tight junctions in the apical cell layers of the conjunctival and
corneal epithelia act as a formidable physical barrier with immunomodulatory properties,

the conjunctival and corneal epithelia's apical cell layers also contain immunomodulatory
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properties [144]. The ocular surface epithelium is capable of producing inflammatory
cytokines including interleukin IL-1B and a, IL-8, IL-6, and TNF-a [145]. Additionally,
tear fluids contain IgA, lactoferrin, and lysozyme, which have antimicrobial properties and
are essential for innate mucosal defense. In addition, the ocular surface epithelium
expresses membrane receptors that regulate DC and lymphocyte activity [144]. The
corneal epithelium constitutively expresses VEGFR-3, which binds to angiogenic VEGF-C
and VEGF-D [141]. Thus, it regulates ocular surface immunity by inhibiting both
hemangiogenesis and lymphangiogenesis [141]. Moreover, these cells constitutively
express programmed death-ligand 1, which regulates T cell-mediated immunity [146]. In
addition, it has been demonstrated that ocular surface epithelial cells impart a tolerogenic
profile upon DCs, and there is evidence that goblet cells play a significant role in this
phenomenon via the production and activation of transforming growth factor TGFp-2 in a
thrombospondin-1 (TSP-1)-dependent manner [143].

Ocular surface immature antigen-presenting cells (APCs) are activated by innate immunity
and functional cells' production and release of pro-inflammatory cytokines, chemokines,
and matrix metalloproteinases (MMPs) [147]. In a healthy ocular surface, tissue inhibitors

of metalloproteinases (TIMPs) tightly regulate MMP activity [148].

Dendritic cells (DCs) at the ocular surface can induce adaptive immune responses by
priming naive T cells in the draining lymph node or by stimulating effector T cells in situ
[144]. Then, effector T cells will infiltrate the ocular surface, secrete additional pro-
inflammatory cytokines, and activate numerous immune cells. In contrast, when Treg
differentiation is induced, these cells may inhibit the development of effector T cells in the
regional lymph node through contact-dependent and independent mechanisms [149].

2.3.3. Pathogenesis of dry eye disease

The pathogenesis of dry eye has not yet been fully understood, but the immune-
inflammatory response on the surface of the eye has become an increasing focus of
research [150]. Tear film dysfunction is the primary cause of ocular dryness and
inflammation, which occurs when the lacrimal function unit (the ocular surface, the main
lacrimal gland and the interconnecting innervation) is unable to maintain a stable

precorneal tear film [148].
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Various exogenous and endogenous stimuli can induce DED by impairing tear film
stability and tear hyperosmolarity; triggering mechanical/osmotic stress pathways [151].
Tear hyperosmolarity stimulates a series of events in the epithelial cells of the ocular
surface, including the activation of MAP kinases and NF-xB signaling pathways and the
production of the proinflammatory cytokines IL-1 and TNF-a, as well as proteases such as
MMP9 [152]. These inflammatory mediators stimulate the maturation of immature
antigen-presenting cells (APCs) and induce their migration to lymphatic draining tissues
[153]. Mature APCs migrate to regional lymph nodes to stimulate autoreactive T cells,
primarily Thl and Th17 [154]. Autoreactive T cells migrate to the tissues of the ocular
surface, where they aggravate the chronic autoimmune response and cause pathology
[155]. Thus, the immunopathogenesis of DED can be viewed as a vicious cycle in which a
proinflammatory environment promotes the infiltration of pathogenic immune cells, which

then damage the ocular surface and attract more inflammatory cells [156].
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Figure 2.1. The vicious cycle of the pathology of DED adapted fromBaudouin et al. [157]

2.3.4. The inflammatory response in DED

In a strict sense, the inflammatory response can eliminate tissue insults and restore

homeostasis. However, improper regulation of the immune system leads to the
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development of chronic inflammation and disease [158]. Chronic inflammation caused by
the activation of innate immune elements in ocular surface cells, a decrease in tear film
stability, and an increase in tear osmolarity are shared by all types of DED [154]. Both
cellular and soluble mediators contribute to the inflammatory response at the ocular surface
in DED [159].

Molecular mediators in DED

Multiple molecular mediators associated with the pathogenesis of DED have been
identified. Numerous studies have documented elevated levels of pro-inflammatory
cytokines and chemokines, such as IL-6, IL-1, and TNF-o, in tear fluid [160]. There have
been reports of increased concentrations of IL-13 and IL-1a in the tears and conjunctival
epithelium of patients with SS and non-SS DE [161]. Other molecules, including IL-17A,
EGF, and IL-12, were found to be significantly reduced in DED. Also, numerous studies
have reported differences in the cytokine profiles of various types of DED. The
conjunctival epithelium of individuals with Sjogren syndrome exhibited decreased
expression of the mucin MUC-1 and higher levels of cytokines, including tumor necrosis
factor TNF-a, IL-1a, IL-1pB, IL-6, IL-8, IL-10, and TGF-1 [162].

In addition, a number of studies suggest that elevated levels of inflammatory cytokines are
linked to ocular surface parameters in DED [163]. Neuronal and hormonal effects of
proinflammatory cytokines (IL-6, IL-1b, and TNF-a) have been shown to reduce lacrimal

gland tear production [164].

Cellular mediators in DED

Antigen-presenting cells, effector T cells, regulatory T cells, and natural killer cells are the
primary cellular mediators involved in the inflammatory cascade of DED [165].

Dendritic cells

Antigen-presenting cells (APCs) such as dendritic cells (DCs) play a crucial role in both
innate and adaptive immune responses [166]. DCs are typically found in the cornea's
anterior stroma and epithelium [167]. In response to inflammation, these cells undergo a

number of changes known as activation. These include an increase in cell size, location,
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and surface marker expression [168]. Epithelial-derived mediators, such as IL-1p and
TNF-a, can activate immature resident corneal dendritic cells and attract dendritic cells
into the cornea by increasing CCCR5 and MHC class Il antigen expression in DED [169],
[170]. Depletion of dendritic cells prevented the onset of dry eye disease in mice exposed

to desiccating stress, demonstrating the crucial role of dendritic cells in this disorder [147].

CD4+ T cells

There are resident CD4+ T cells on the ocular surface, including Thl, Th2, Th17, and Treg
cells [171]. In DED, the ocular surface inflammation is maintained by the ongoing

activation and infiltration of pathogenic immune cells, specifically CD4" T cells [172].

Thl cells

Th1 cells secrete IFN-y, which stimulates macrophages to eliminate intracellular pathogens
like mycobacteria [173]. Moreover, Thl cells promote the development of cytotoxic T
cells and delayed type hypersensitivity responses [174, 175]. In DED, both Thl and Th17
cells have been identified as mediators of ocular surface inflammation [176]. On the ocular
surface, IFN-y is secreted in response to desiccation stress and is known to cause
conjunctival goblet cell loss [177]. In addition, significant correlations were discovered
between tear IFN-y concentration and key clinical markers of DED, including tear
osmolarity, total ocular surface staining, and Schirmer test score [178].

Th17 cells

The development of Th17 cells is facilitated by TGF-1p in conjunction with IL-6 and IL-
21, the growth and stabilization factor (IL-23), and the transcription factors (STATS3,
RORyt, and RORa) [179-181]. The cytokines IL-17A, IL-17F, IL-21, and IL-22 are
secreted by the Thl7 subset [182]. The production of pro-inflammatory molecules
(cytokines, chemokines, and MMPs) and the recruitment of neutrophils are stimulated by
IL-17 [183] Autoimmunity and tissue inflammation have been linked to Th17 cells, which
play a role in the early response to a variety of external pathogens, including bacteria and
fungi, and have been implicated in autoimmunity [184]. In addition, it has been
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demonstrated that IL-17 increases the mRNA expression of matrix metalloproteinase
(MMP-3 and MMP-9) in corneal epithelium [185].

Regulatory T cells (Treg)

Tregs are an immunosuppressive subset of T lymphocytes that express the transcription
factor Foxp3. Tregs can originate from the thymus (natural Tregs) or the periphery
(inducible Tregs) [184]. Both subtypes of Treg act to maintain peripheral tolerance and
immunological balance by inhibiting the priming of naive T cells and dampening the
function of effector T cells, respectively [186]. The Treg regulatory functions are impaired
in DED, as evidenced by their inability to suppress IL-17 production by effector CD4+ T
cells, despite a slight decrease in Treg numbers [187].

Natural killer (NK) cells

NK cells are distinct subsets of innate lymphocytes that play essential roles in microbial
pathogen defense by secreting IFN- y and recognizing and destroying virally or bacterially
infected host cells [188]. Immediately after desiccating stress, NK cells are significantly
elevated in the conjunctiva [189].They secrete IFN- vy, which increases DED induction by
directly damaging the ocular surface and promotes APC maturation in the secondary

lymphoid compartment [154].

2.3.5. Diagnosis of DED

Due to the complexity of DED, there is no "gold standard" test or group of tests to
diagnose it. It’s crucial to obtain a comprehensive history, including a review of symptoms,
medications, and social history, as well as a comprehensive eye examination. In addition, a
search for systemic symptoms such as joint pains, dry mouth, and skin rashes can help

determine if an underlying systemic disease is contributing to the DED.

Symptoms assessment

Symptoms commonly worsen later in the day and may be exacerbated by factors such as
low humidity, smoky environments, frequent contact lens use, or extended periods of time

requiring visual focus, such as reading, driving, or computer work. The majority of dry eye
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disease symptoms reported by patients include dryness, itching, grittiness, redness, watery
eyes, photophobia, and ocular fatigue [190]. In addition, patients complained of vision-
related symptoms such as vision that fluctuates with blinking, blurred vision, and glare
[191]. All of these symptoms can have a negative impact on the patient's quality of life,

preventing them from engaging in daily activities such as work, driving, and socializing.

A lot of questionnaires are available to assess and quantify the severity of DED symptoms
and their effect on patients'quality of life; however, a standardized questionnaire for

diagnosis has not yet been established.

The Ocular Surface Disease Index (OSDI) is one of the most commonly used
questionnaires in the clinic for measuring and quantifying the severity of DED. OSDI is a
12-item questionnaire designed to provide a rapid assessment of the symptoms of ocular
irritation associated with dry eye disease and their impact on vision-related functions
[192]. There are three subscales: ocular symptoms, vision-related function, and
environmental triggers [193]. The OSDI scoring system ranges from 0 to 100 points and is
determined by multiplying the total question scores by 25 and dividing by the number of
correct responses [194]. 0 to 12 indicates normal, 13 to 22 indicates mild DED, 23 to 32
indicates moderate DED, and > 33indicates severe DED [193] The OSDI aims to make the
diagnosis of ocular surface disease easier, faster, and more accurate, as well as provide

evidence of variations in ocular impairment caused by dry eye disease [195].

Tear film stability

Tear break up time (TBUT) is a fundamental indicator for measuring tear film stability and
detecting evaporative dry eye [196]. During the TBUT test, a fluorescein dye is injected
into the conjunctival sac, and the time required for tear breakup is measured while the
patient's eye is kept open under the cobalt blue light of the slit-lamp [197]. A brief TBUT
indicates an unstable tear film, whereas a longer TBUT indicates a more stable tear film
[196].
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Schirmer test

Schirmer test is used to evaluate tear production, especially in individuals suspected of
suffering from dry eye or excessive tear production [198]. A strip of filter paper is placed
in the lower conjunctival cul-de-sac for five minutes to absorb tears produced by basic and
reflex tearing [199]. The subject is instructed to close his eyes for five minutes, after which

the amount of tear production is measured; values above 15 mm are considered normal.

Assessment of ocular surface staining

Three vital dyes, namely fluorescein, rose-bengal, and lissamine green, can be used to
evaluate damage to the ocular surface [200]. Fluorescein is known to penetrate corneal and
conjunctival epithelia with disrupted intercellular junctions, whereas rose bengal
specifically stains damaged areas of the ocular surface when the tear film itself is

discontinuous [201].

Tear osmolarity

According to prior research, an increase in tear osmolarity is a key characteristic of dry eye
[202, 203]. There are several methods for determining tear osmolarity, including the
TearLab osmometer, which measures osmolarity using a microchip and 0.2ul of tear fluid

collected without touching the ocular surface [204].

Matirx metalloprotinease-9 assessment

MMP-9 is an accurate biomarker for ocular surface inflammation and disease severity
[205]. The epithelium of the ocular surface secretes MMP-9, and its concentration in tears
is typically below 40 ng/ml [206]. The InflammaDry is a recently developed diagnostic
instrument capable of detecting MMP-9 in tears at concentrations greater than 40 ng/ml
[207].

Conjunctival impression cytology

Impression cytology is a simple, rapid, and noninvasive technique for harvesting the

superficial cell layers of the conjunctiva, typically using a cellulose acetate filter
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membrane. It was first described by Egbert et al. in 1977 for the study of conjunctival
goblet cells [208]. In contrast to smears and excisional biopsy, which make it difficult to
preserve cellular morphology and yield few cells, respectively, Impression cytology

preserved cellular morphology and allowed for a larger sample of the ocular surface [209].

Impression cytology has several applications, including the etiological diagnosis of various
ocular surface disorders, the documentation of sequential changes in the conjunctival and
corneal surface over time, the monitoring of treatment effects and staging of conjunctival
sgquamous metaplasia, and as an investigative tool for immunostaining and DNA analysis

of ocular surface disease [209, 210].

It is essential to consider the pore size of the filters, as it affects the number of collected
cells and facilitates the visualization of the morphological structure of the cells [211].
Staining methods can vary in this technique according to the filter used to collect the cells
[212]. The type of filter paper and method of cell collection depend on the objective of the

sample collection [210].

Analysis of the tear film biomarkers

Tears are a readily available source of biological material that can be collected with
minimal invasiveness, and they have been extensively studied for a variety of DED
biomarkers [213]. Tear analysis is an innovative method for diagnosing ocular surface
disorders. Tear collection is generally painless and causes no discomfort to the patient
[214].

Even though tear samples are small in volume, they contain significant amounts of protein
and other molecules. Several techniques can be used to obtain tear samples from human
subjects, including capillaries, absorbent techniques (Schirmer strips and sponges), and the

eye flush technique [215].

In the flush method; a certain amount of physiological saline is applied to the surface of the
eye. This technique can facilitate the tear fluid sampling by increasing the collected
volume, thereby making tear fluid collection quicker and easier [216]. Researchers have

analyzed biomarkers in tear samples using numerous techniques, including western blot,
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mass spectroscopy-based techniques, enzyme-linked immunosorbent assays (ELISA), and
protein microarrays [217].

2.4. Cytokines

Cytokines are small, cell-secreted proteins that exert a specific effect on the connections
and communications between cells [218]. Initially referred to as lymphokines and
monokines to denote their cellular origins. The definition of interleukin (IL) for cytokines
was established in 1979 at the second International Lymphokine Conference in Interlaken,
Switzerland [219]. Several biological and physiological processes, including immune
response, hematopoiesis, homeostasis, inflammation, and tissue repair, are regulated and

modulated by cytokines [220].

Expression of cytokine genes and signal transmission through cytokine receptors are
tightly regulated on multiple levels, including transcriptional and post-transcriptional
levels. Cytokine action can be autocrine, paracrine, or exert endocrine function by acting
on distant cells. Cytokine typically stimulates its target cells to synthesize and secrete
subsequent cytokines. Cytokines' activity is redundant, meaning that different functions

may be stimulated by different cytokines [218].

Some cytokines are proinflammatory and contribute to the progression of disease, while
others reduce inflammation and promote healing (anti-inflammatory). IL-1 beta, IL-2, IL-
6, IL-8, IL-12, IL-14, IL-15, IL-17, I1L-18, IL-20, IL-21, IL-22, IL-23, IL-24, IL-26, IL-25,
IL-28, IL-31, IL-32, IL-35, IL-36, and IL-38 are proinflammatory cytokines.

Interleukin (IL)-1 receptor antagonist (IL-1Ra), IL-7, I1L-10, IL-19, IL-20, IL-22, IL-24,
IL-26, IL-27, 1L-28, 1L-29, IL-30, IL-34, IL-35, IL37, and TGF-beta are among the most
important anti-inflammatory cytokines. Under pathologic circumstances, these anti-
inflammatory mediators may provide inappropriate control over proinflammatory activity
in immune-mediated disorders or overcompensate and suppress the immune response,
leaving the host susceptible to systemic infection [221]. Certain cytokines, including IL-2,

IL-3, IL-11, and IL-12, possess both proinflammatory and anti-inflammatory properties.
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2.4.1. Interleukine-1 cytokine family

Background on the IL-1

Interleukin-1 was the first cytokine identified as an endogenous pyrogen and a potent
proinflammatory cytokine [222]. Macrophages, B cells, large granular lymphocytes, B
cells, fibroblasts, endothelium, and astrocytes are the primary producers of IL-1.

The IL-1 cytokine family consists of 11 cytokines, which can be categorized into three
subgroups based on their predominant functional effect: 1) secreted cytokines with
agonistic activity (IL-1a, I1L-1p, 1L-18, 1L-33, IL-36p, IL-36a, and IL-36y); II) receptor
antagonists (IL-1Ra, IL-36Ra); and Ill) anti-inflammatory (IL-37, 1L-38) [223]. This
family of cytokines are essential regulators of immunological responses and inflammation,
controlling multiple processes in health and disease with extensive effects on immune and

nonimmune cells [224].

The signal peptide in IL-1Ra enables the cell to release the antagonist as an active
molecule without the need for IL-1Ra precursor processing [225]. In contrast, all other
members of the IL-1 family of cytokines lack an N-terminal signal peptide; consequently,
they are not released in a conventional manner and must be converted from an inactive

precursor to an active form [226].

IL-18

The cytokine IL-1p is regarded as a potent proinflammatory cytokine. It is synthesized and
secreted by a variety of cell types, but the vast majority of research has focused on its
production by innate immune system cells, such as monocytes and macrophages [227].
Pro-IL-1B (31 to 33 kDa) is biologically inactive and is proteolytically converted by
caspase-1 into a biologically active secretory protein of 17 kDa [228]. IL-1B expression
and secretion are tightly regulated [229]. It’s transcribed in response to the activation of
Toll-like receptor (TLR) by pathogen-associated molecular patterns (PAMPS) or cytokine
signaling [230].

The pro-inflammatory protease caspase-1 subsequently cleaves pro-1L-1 [231]. Caspase-1

is activated by recruitment to the inflammasome, which is a multi-protein complex
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composed of adaptor molecules, a cytosolic pattern recognition receptor, and pro-caspase-1
[227]. The activation of the inflammasome is tightly regulated to protect against

pathogenic insults and prevent damage [232].

The NLRP3 inflammasome is the most distinguished inflammasome. The NLRP3 protein
of the complex belongs to the family of nucleotide-binding and oligomerization domain-
like receptors (NLRs) and is commonly known as "pyrin domain-containing protein 3"
[233]. The assembly of inflammasome components activates caspase-1, which in turn

converts pro-1L-1 and pro-1L-18 into their mature, biologically active forms [234].

The secretion of IL-1p is still unclear. A simple hypothesis proposes that activated IL-1f is
passively released after caspasel-induced pyroptosis, emphasizing the relationship
between cell death and inflammation [235]. Pyroptosis is a caspasel-dependent form of
cell death that is induced by certain bacteria via the intracellular receptor Ipaf, a member of
the NLR family [236]. Exocytosis of the secretory lysosomes, shedding of plasma
membrane microvesicles, direct release via transporters, and multivesicular bodies

containing exosomes are additional mechanisms for IL-1p release [237].

IL-1B, IL-la, and IL-1Ra bind to the same receptor, IL-1R1 [238]. IL-1R3 is the
coreceptor for creating a trimeric signaling complex with IL-1a or IL-1p [226]. Upon the
binding of IL-1p or IL-1a to IL-1R1, a structural change occurs that enables IL-1R3 to
bind to IL-1R1 [226]. This trimeric complex promotes the proximity of each receptor
chain's TIR domain [238]. MyD88 then binds to TIR domains, and initiates a cascade of

kinases that generate a potent pro-inflammatory signal and activate NFkf3 [239].

Both IL-1a and IL-1p are pleiotropic cytokines that affect numerous cell types, such as
epithelial cells, fibroblasts, NK cells, endothelial cells, mucosal-associated invariant T
(MAIT) cells, CD4+ T cells, and CD8+ T cells [240].

IL-1 is a powerful inducer of other inflammatory cytokines, including IL-6, IL-8, TNF-a,
and GM-CSF [241]. IL-1 has a variety of biological effects, such as promoting fever,
vasodilation, hematopoiesis, lymphocyte activation, leukocyte attraction and extravasation,

angiogenesis, and antibody production [242].
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IL-1 plays a crucial role in autoimmune, infectious, degenerative, and autoinflammatory
disorders [243]. Dry eye was associated with elevated levels of IL- and mature IL-1, as
well as matrix metalloproteinase (MMP)9, an enzyme that converts the precursor of 1L-1
into its active form [244]. Together, IL-1 and TNF-a exacerbate inflammation on the
ocular surface via mechanisms such as upregulation of adhesion molecule expression and
activation of APCs [245].

IL-1Ra

IL-1Ra is an anti-inflammatory antagonist of IL-1 and IL-1 that occurs naturally [246]. IL-
1Ra binds avidly to the biologically active IL-1R1 but prevents the attachment of the IL-
1R accessory protein to this complex, an essential step in the activation of signal
transduction pathways, thereby inhibiting the stimulation of the target cell [247]. The rare
genetic disorder deficiency of the interleukin-1 antagonist (DIRA), which is associated
with neonatal-onset pustular dermatosis, sterile multifocal osteomyelitis, and periostitis,
highlights the crucial role of IL-1Ra in the regulation of IL-1 signaling [248]. The majority

of IL-1Ra is produced by active monocytes and tissue macrophages [249].

Currently, the IL1Ra molecule family includes one secreted isoform (sIL1Ra) and three
intracellular isoforms (iclL1Ral, 2, and 3) (iclL1Ral, 2, and 3) [250]. It appears that the
physiological function of sIL-1Ra is to prevent the local inflammatory effects of IL-1
through competitive inhibition [251]. Although iclL-1Ra isoforms may be released from
dying cells and may function as receptor blockers, iclL-1Ra isoforms may have additional

functions within cells [251].

It has been reported that normal tear fluid contains high levels of IL-1Ra that are between
25,000 and 40,000 times greater than both proinflammatory forms of IL-1. It is believed
that the concentration of IL-1Ra in tear fluid is a natural homeostatic process for regulating
IL-1-mediated functions on the ocular surface [249]. Extremely likely, the high level of
IL-1Ra associated with more severe ocular surface damage in DED patients is due to
ocular surface inflammation and subsequent production of inflammatory cytokines, which
may stimulate increased expression of IL-1Ra in ocular epithelial cells [252]. Moreover,
TGF-p and IL-1Ra inhibit resident DC maturation, which is necessary for T-cell activation

during experimental dry eye, via direct and indirect mechanisms, respectively [155].
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2.4.2. Prostaglandin E2 (PGE2)

PGE2 belongs to the lipid class of eicosanoids, which are produced through the oxidation
of arachidonic acid and a related polyunsaturated fatty acid [253]. Phospholipases (PLAS),
an enzyme family that catalyzes the hydrolysis of membrane phospholipids and releases
free fatty acids, such as arachidonic acid (AA), from membrane lipids, initiate their
production [254]. The COX then oxidizes arachidonic acid to generate PGG2, which is
then reduced by the same COX to generate the unstable intermediate PGH2 [255]. PGH2 is
converted into PGE2 with the aid of the PGE2 sythase enzyme (PGES) [256].
Prostaglandin production is typically quite low in non-inflamed tissues, but increases
rapidly in acute inflammation prior to leukocyte recruitment and immune cell infiltration
[257]. In response to proinflammatory stimuli such as lipopolysaccharide (LPS), IL-1 B,
and TNF- a, the expression of one of three cyclooxygenases promotes PGE2 production
[258].

PGE?2 exerts its biological activities through the activation of four receptors, namely EP1,
2, 3, and 4. These receptors are seven transmembrane G protein-coupled receptors that
activate various downstream effectors and second messengers [259]. PGE2 is able to
induce a variety of cellular responses because each subtype of these receptors is associated

with the activation of distinct heterotrimeric G proteins [260].

EP3 and EP4 receptors have a high affinity, whereas EP1 and EP2 receptors require
significantly higher PGE2 concentrations to become active [261]. Typically, EP2 and EP4
receptors relax smooth muscle by elevating intracellular cAMP levels in response to a Gs
protein signal [262]. Additionally, EP2 receptor activation inhibits the release of mast cell
mediators [263]. EP1 receptors mediate the contraction of smooth muscle by mobilizing
Ca2+ from intracellular storage and, in some cases, by allowing extracellular Ca2+ entry
[264]. EP3 is described as an inhibitory receptor because it decreases intracellular cCAMP
concentration [265].

PGE2 is a key regulator of several biological processes, including immunological
responses, blood pressure, gastrointestinal integrity, and fertility, under physiological
conditions [257]. PGE2 is generally recognized as a mediator of active inflammation,
promoting local vasodilation and the local attraction and activation of neutrophils,
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macrophages, and mast cells at early stages of inflammation. However, its ability to
facilitate the induction of suppressive IL-10- and to directly suppress the production of
multiple pro-inflammatory cytokines allows it to limit nonspecific inflammation, thereby

promoting the immune suppression associated with chronic inflammation [266].

Tear PGs remain unchanged throughout the day or while wearing contact lenses, indicating
that this biomarker is stable and suitable for monitoring chronic ocular surface disorders
[267]. Patients with DE had significantly higher PGE2 levels, which correlated well with

the severity of their symptoms, according to a previous study [268].

2.4.3. Vascular endothelial growth factor (VEGF)

VEGF is a major regulator of the formation of new blood vessels and an important inducer
of vascular permeability [269]. Multiple cell types, including macrophages, platelets,
keratinocytes, renal mesangial cells, and tumor cells, produce VEGF [270]. Depending on
the dose, cell type, or tissue type, proinflammatory cytokines such as IL-1, IL-6, IL-8,
TGF-, and TNF can increase VEGF expression [271].

The VEGF family proteins consist of VEGF-A/B/C/D and placental growth factor (PGF)
[272]. VEGF-A is the most potent stimulator of angiogenic processes and the member with
the best characterization [273]. At least four significant VEGF isoforms result from distinct
splicing patterns [274]. These isoforms are referred to as VEGF121, VEGF145, VEGF165,
and VEGF189 in humans, with the numbers denoting the number of amino acids in each
mature isoform [275]. Different isoforms interact differently with heparan sulfate
proteoglycans (HSPGs) [276]. VEGF family proteins bind uniquely to three structurally
related tyrosine kinase receptors, VEGFR1, -2, and -3 [277]. Signaling by VEGFRs begins
with the covalent attachment of a ligand dimer to the extracellular receptor domain [278].
These initiates signal transduction by stimulating receptor phosphorylation and the

subsequent recruitment of specific downstream signal transduction mediators [274].

VEGFs perform a wide range of biological functions. VEGFs, in conjunction with their
receptors (VEGFRS), control both vasculogenesis and angiogenesis [279]. VEGF is also
involved in normal physiological functions such as bone formation, hematopoiesis, wound

healing, and development. VEGF inhibits apoptosis and increases cell proliferation in
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addition to increasing vascular permeability, vasodilation, and the recruitment of
inflammatory cells [280].

2.5. Role of Anti-Inflammatory Therapies in DED

The ultimate objective of DED treatment is to improve tear stability, normalize tear
osmolarity, alleviate symptoms, and maintain ocular surface homeostasis. Due to the

multifactorial nature of the DED, its management requires a multifaceted approach.

In the past several treatment options are available to patients with DED, the majority of
which rely on alleviating the patient's symptoms. Artificial tear substitutes are one type of
topical medication. These are utilized to replenish the natural tear film, lubricate the eyes,
and temporarily improve symptoms such as blurred vision. Alterations in hygiene and
lifestyle, use of autologous serum tears, anti-inflammatory drug therapy, and physical and

surgical procedures to increase tear retention are additional treatment options.

Rather than simply treating symptoms by hydrating and lubricating the ocular surface, the
current emphasis appears to be on identifying treatments that can reverse the underlying
etiology, such as inflammation. Anti-inflammatory agents can reduce the signs and

symptoms of DED, according to clinical data [160].

Currently, topical corticosteroids and immunomodulating agents are the most common
anti-inflammatory treatments. Topical corticosteroids can effectively interrupt the
inflammatory cycle because they are potent inhibitors of multiple inflammatory mediators
[281]. They exert their effect via classic glucocorticoid receptor-mediated pathways to
directly regulate gene expression, as well as via nonreceptor pathways to inhibit
transcriptional regulators of proinflammatory genes, such as NF-kB [160]. In turn, these
agents inhibit the production of cytokines and chemokines, decrease the synthesis of
matrix metalloproteinases and arachidonic acid derivatives, reduce the expression of cell
adhesion molecules, and induce lymphocyte apoptosis [282]. In susceptible patients,
prolonged use of topical corticosteroids is associated with cataract formation and increased
intraocular pressure; therefore, short-term pulse therapy with corticosteroids is believed to

be safer for the treatment of dry eye disease [283].
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2.5.1. Cyclosporine (CSA)

Cyclosporine inhibits the secretion of IL-2 by activated T-cells, which is necessary for the
activation and proliferation of additional T-cells [284]. Systematically, CSA is
administered to patients with autoimmunity and organ transplants as an anti-rejection
agent. It is well-established that topical cyclosporine A increases tear production in
patients with DED who are resistant to conservative therapies such as ocular lubricants and
lid hygiene [285]. In addition, it has been reported that cyclosporine treatment results in the

recovery of reduced goblet cell density in the conjunctiva of DED patients [286].

Tetracyclines also have anti-inflammatory effects, such as inhibiting the production of
MMPs and IL-1 [287]. Both doxycycline and tetracycline have been shown to be effective

in treating rosacea-related dry eyes and chronic posterior blepharitis [288].

2.5.2. Tacrolimus

Tacrolimus, also known as FK5086, is a macrolide with immunomodulatory properties that
was derived from Streptococcus tsukubaensis fermentation [289]. Tacrolimus has been
used to treat a number of ocular inflammatory diseases, such as anterior segment diseases,
severe atopic blepharoconjunctivitis, vernal keratoconjunctivitis, atopic
keratoconjunctivitis, keratoconjunctivitis sicca (KCS), and giant papillary conjunctivitis
[290]. Tacrolimus binds to FK506-binding proteins within T lymphocytes and inhibits
calcineurin activity. This decreases the dephosphorylation of the nuclear factor of activated
T cells and its translocation into the nucleus, thereby inhibiting T lymphocyte cytokine
production [291].

2.5.3. NSAIDs

Numerous topical NSAID formulations are commonly used to treat ocular inflammation
[292]. The synthesis and function of various inflammatory mediators, including
prostaglandins, coagulation cascade-derived peptides, IL-2, IL-6, and TNF, are altered by
NSAIDs [293].
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2.5.4. LFA-1 antagonist

The L2-integrin antagonist lifitegrast (lymphocyte function-associated antigen-1, LFA-1)
was approved in 2016 for the treatment of DED [294]. Lifitegrast is a direct competitive
antagonist of the binding of LFA-1 to ICAM-1, thereby inhibiting T-cell activation,
cytokine release, the development of immunological synapses, and thus decreasing the

ocular inflammatory cycle [295].

2.5.5. Thymosin 34(Tb4)

Th4 is a G-actin-binding protein found in nearly all cells and ocular surface fluid that has
been shown to promote epithelial healing and inhibit pro-inflammatory cytokines [296]. In
a phase 2 randomized, double-masked, placebo-controlled trial, topical Th4 significantly

decreased ocular pain and total corneal staining in patients with severe DED [297].

Other optional DED treatments include topical vitamin A ointment, auto serum tears for
extensive ocular surface damage, and oral immunosuppressants for systemic diseases
[298].

In conclusion, the variety of inflammatory molecules found in conjunctival epithelial cells
and tears in DED strengthens the case for inflammation's crucial role in disease
pathogenesis. In addition, the clinical correlations between clinical parameters and these
molecules can aid in the explanation of clinical symptoms and signs. Numerous promising
new therapeutic agents are in development, but additional research is necessary to

determine their value, efficacy, and safety for treating DED.
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3. MATERIALS AND METHODS

3.1. Tools — Equipment

Table 3.1. Chemicals that were used in our study are given in table

37

Chemical name Catalog number Marka
Methanol 67-56-1 MERCK
Ethanol 64-17-5 MERCK
Tween-20 P1379 SIGMA
xylen 1.08685.2500 Merck
DAPI staining solution ab228549 Abcam
Mounting media ab128982 Abcam
PBS PBS404 Bioshop
Bovine serum albumin A-2153 Sigma
Table 3.2. Kits that were used in our study are given in table
Kit name Catalog humber Marka
Periodic Acid Schiff (PAS) Stain Kit (Mucin Stain) ab150680 Abcam
Human IL-1 beta ELISA Kit ab214025 Abcam
Human IL-1ra ELISA Kit ab211650 Abcam
Human VEGF ELISA Kit ab222510 Abcam
Prostaglandin E2 ELISA Kit (High Sensitivity) ab133055 Abcam
Table 3.3. Antibodies that were used in our study are given in table
Antibody Catalog number Marka
Anti-Mucin 5AC antibody [EPR16904] Rabbit Monoclonal 1gG ab198294 Abcam
Goat Anti-Rabbit 1gG H&L (FITC) ab6717 Abcam

3.2. Subjects and Study Design

This study was approved by the Human Research Ethics Committee of Gazi University
(Decision No. 57/25.1.2021). A total of 45 volunteers participitated to the study: 15

glaucoma patients, 15 DED patients, and 15 healthy subjects with no ocular or systemic

diseases who served as controls. All participants were aged between 22 and 65 years old.

Tears were collected over a period of 7 months (June 2021-December 2021). All

participants signed a written informed consent following an explanation of the study's



38

procedures. Following informed consent, subjects completed the baseline OSDI survey,
and a detailed ocular examination, including a snellen chart, intraocular pressure, fundus
examination, tear film break up time (TBUT), fluorescein staining of the ocular surface,
and schirmer's test, was performed on all patients on the same day, following tear
collection and impression cytology.The collection was done at the same time between 9:30
a.m. and 12:00 p.m. to minimize diurnal variation, and one eye was selected randomly for
both tear collection and impression cytology. The collection of samples was done in the
clinics of the ophthalmology department of Gazi University School of Medicine. The
analysis of samples was conducted in the laboratory of immunology at Gazi University's
Faculty of Medicine.

Subjects were selected to be enrolled in the study according to the following criteria:

Inclusion criteria

1. Patients who have been diagnosed with glaucoma.
2. Patients who have been diagnosed with DED.
3. All participants recruited were over the age of 18.

4. Agree to participate in the study.

Exclusion criteria

If there is any other eye disease
Not meeting the criteria for the patient group
Patients with a chronic illness such as diabetes and rheumatoid arthritis

Patients undergoing ocular surgery (within the last year)

o ~ W e

If they have an active ocular infection

3.3. Clinical Parameters of DED

To evaluate the clinical state of the ocular surface, the following tests were done after the
tear samples and impression cytology collection, so that the tests would not interfere with

the results of ELISA or immunofluorescence staining.
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3.3.1. OSDI questionnaire

OSDI was used to record patients’ subjective eye-related discomfort [191]. Questionnaires
were filled out first by the participants before any other tests to ensure that they would not
influence their responses. According to Grubbs JR Jr et. al., the results were classified
based on the patient's final OSDI score as follows: < 12 was taken as normal, 13-32 as

mild-to-moderate, and > 33 as severe dry eye [193].

3.3.2. Schirmer | test

Schirmer | test was done according to CHO et.al., sterile strips were placed in the outer one
third of the inferior lid margin of both eyes without topical anesthetic, and participants
were asked to close their eyes [198]. Wetting length was measured in millimeters after five
minutes. A score of more than 10 mm in 5 minutes is considered normal. A score of less

than 5 mm in 5 minutes indicates tear insufficiency.

3.3.3. TBUT test fluorescein strips

A fluorescein strip wetted with sterile saline was gently applied to the inferior fornix.
Following instillation of fluorescein and a period of blinking, the TBUT was measured,
particularly the appearance of the first randomly distributed dry spot occurring in the
interval between the last blink and the occurrence of breakup. After that, the subjects were
asked to blink for a few seconds several times to ensure proper mixing of the dye. While
the cornea was observed with cobalt blue light, the time between the last blink and the
appearance of the first corneal dark spot in the stained tear film was measured. According

to Bron et. al., a value of less than 10 seconds was considered abnormal [200].

3.3.4. Corneal fluorescein staining

After the evaluation of TBUT, corneal staining was evaluated using cobalt blue light.
According to Kaido et. al., the intensity of corneal fluorescein staining was recorded as a

score from 0 (absent) to 3 (significant epithelial loss) [199].



40

3.4. Tear Collection Method

Tear samples were collected using a flushing method. About 50 ul of normal saline was
pipetted into the inferior fornix of the eye, and the participant was asked to move his eye
up and down and from left to right without closing his eye, and the tears were then
collected again by the micropipette tip [215]. To avoid reflex tearing, care was taken to
avoid touching the eyelid or bulbar conjunctiva with the pipette tip. Following collection,
samples were placed immediately on dry ice. At the laboratory, samples were centrifuged
for 4 minutes at 4°C and 3000 rpm to remove cellular debris, and the supernatants of each
sample were collected then a total volume of 150ul of PBS was added to each sample to
reach the volume of 200ul. The samples then stored in an -80° C freezer at the laboratory

until analysis was conducted.

3.5. Conjunctival Impression Cytology Sample Collection

Impression cytological specimens were obtained by using polyether sulfone (PES) filter
papers (1214465, CVS) for the MUCS5AC immunofluorescence staining, and for the
histochemical staining (PAS-hematoxylin), cellulose acetate (CA) filter papers
(GSWG047S6, Millipore) were used [208]. Before use, the filter papers were cut into 5 5
mm pieces and sterilized. The subject was asked to look down and to the opposite side, and
the filter paper was held using forceps with a blunt, smooth edge, then palced and gently
pressed over the superior temporal bulbar conjunctiva at a 3 mm distance from the limbus.
No local anesthesia was used. The peeling motion removed the paper after 15 seconds.
There were no complications related to the impression cytology procedure noted in this
study. Fixation of the sample was done with cold methanol for PES filters and with 96%
ethanol for CA filters.
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[ PES filter paper ] { CA filter paper ]

Y r

Immunoflucrescence PAS staining
staining

Figure 3.1. Flowchart demonstrating the sample processing schematic from CIC

3.5.1. Procedure of PAS- hemtoxylin staining

After fixation with 96% ethanol for 10 minutes, the sample was placed on a slide with the
cells facing up and washed with distilled water for about 5 minutes. The samples were then
oxidized in 0.5% periodic acid for 15 minutes. that, samples were rinsed in distilled water
for 5 minutes and stained with diluted Schiff reagent (1:1) for about 5 minutes. After that,
the sample was rinsed again in DW for 5 minutes and counterstained with hematoxylin for
2 minutes. Samples were then washed three times in DW for 5 minutes. Subsequently,
samples were dehydrated in ascending grades of ethanol for 5 minutes before being placed
for 3 hours in the xylene, which turned the filter paper transparent. The specimens were
then mounted and covered for microscopic observation. Images were taken for each

sample, and the goblet cells were counted in five neighboring fields.

3.5.2. Indirect immunofluorescence staining

The indirect immunofluorescence staining was done as follows: The samples were fixed in
cold methanol for 10 minutes. Then the cells were washed twice for 5 minutes in 1x PBS
and blocked for 1 hour with 10% goat serum to prevent nonspecific binding. Subsequently,
samples were incubated in 1:200 rabbit anti-human MUCS5AC antibodies diluted in 1%
BSA in PBST overnight at 4°C. Decanting the solution was aspirated by micropipette, and
samples were washed three times in PBS for 5 minutes each time. After that, samples were
incubated in the dark with goat anti-rabbit FITC conjugated for 3 hours at room
temperature and diluted 1:250 in PBS. After incubation with the secondary antibody,

samples were washed three times for 5 minutes with phosphate buffered saline (PBS) and
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counterstained for 10 minutes with 4’,6-diamidino-2-phenylindole (DAPI) DNA binding,
diluted to 1:2000. The membranes were mounted with immunofluorescence mounting
media. Three photos were obtained at 20X magnification from each membrane using a

microscope.

3.6. ELISA

IL-1B, IL-1ra, VEGF, and PGE2 concentrations in the tear fluid were measured using a
commercially available enzyme-linked immunosorbent assay (ELISA) test. First, as a point
of reference for the selected cytokines in this study, total tear protein concentrations were
determined using the quibt protein assay kit (Thermo Fisher, catalog no. Q33211). All

assays were performed as recommended by the relevant manufacturer’s instructions.

3.6.1. IL-1B ELISA kit

ELISA was perfomed by a commercailly available ELISA kit (Abcam, ab214025). Briefly,
the antibody cocktail was prepared by diluting the capture and detection antibodies in
antibody diluent as recommended by the manufacturer’s instructions. After that, 50 ul of
samples and standards were pipetted into appropriate wells, and then 50 ul of an antibody
cocktail was added. The plate was sealed and incubated for 2 hours at room temperature on
a plate shaker set to 400 rpm. After incubation, the plate was washed three times with a
wash buffer using an automated washer (HydroFlex, Tecan, Switzerland). Subsequently,
100 pl tetramethylbenzidine (TMB) substrate was added to each well, and the plate was
incubated in the dark for 15 min. Then, 50ul of stop solution was added to each well, and
the optical density (OD) at 450 nm was immediately read using a microplate reader
(Synergy, Biotek, USA). The accurate sample concentration was estimated from the

correlation between standards and their absorpancy.

3.6.2. IL-1ra ELISA

ELISA was perfomed by a commercailly available ELISA kit (Abcam, ab211650). Briefly,
an antibody cocktail was prepared by diluting the capture and detection antibodies in
antibody diluent. 50 ul of samples and standards were pipetted into the appropriate wells,
and then 50 ul of an antibody cocktail was added. The plate was sealed and incubated for 1

hour at room temperature on a plate shaker at 400 rpm. After incubation, the plate was
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washed three times with a wash buffer using an automated washer (HydroFlex, Tecan,
Switzerland). Subsequently, 100 ul tetramethylbenzidine (TMB) substrate was added to
each well and incubated in the dark for 10 min on a plate shaker. Then, 100 ul of stop
solution was added to each well, and the optical density (OD) at 450 nm was immediately
read using a microplate reader (Synergy, Biotek, USA). The accurate sample concentration
was estimated from the correlation between standards and their discrepancy.

3.6.3. VEGF ELISA

ELISA was perfomed by a commercailly available ELISA kit (Abcam, ab222510). Briefly,
an antibody cocktail was prepared by diluting the capture and detection antibodies in
antibody diluent. 50 ul of samples and standards were pipetted into the appropriate wells,
and then an antibody cocktail was added. The plate was sealed and incubated for 1 hour at
room temperature on a plate shaker at 400 rpm. After incubation, the plate was washed
three times with a wash buffer using an automated washer (HydroFlex, Tecan,
Switzerland). Subsequently, 100 ul tetramethylbenzidine (TMB) substrate was added to
each well and incubated in the dark for 10 min on a plate shaker. Then, 100 ul of stop
solution was added to each well, and the optical density (OD) at 450 nm was immediately
read using a microplate reader (Synergy, Biotek, USA). The accurate sample concentration

was estimated from the correlation between standards and their discrepancy.

3.6.4. PGE2 ELISA

ELISA was perfomed by a commercailly available ELISA kit (Abcam, ab133055). Briefly,
100 pl of diluted tear samples and standards were pipetted into 96-well goat anti-mouse 1gG-
coated plates in the appropriate wells, and then 50 ul of the PGE2-AP conjugate was added to
each well. The plate was sealed and incubated for 2 hours at room temperature on a plate
shaker at 500 rpm. After incubation, the plate was washed three times with a wash buffer using
an automated washer (HydroFlex, Tecan, Switzerland). Subsequently, 200 | of pNpp substrate
was added to each well and incubated in the dark for 1 hr at 37 °C without shaking. Then, 50
ul of stop solution was added to each well, and the optical density (OD) at 405 nm was
immediately read using a microplate reader (Synergy, Biotek, USA). The accurate sample
concentration was estimated from the correlation between standards and their discrepancy.
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3.7. Statistical Analysis

GraphPad Software Inc.'s Prism 9 and IBM SPSS version 29 software was used for
statistical analysis of study data. Every value is presented as the mean and standard
deviation SD. Comparisons between groups were performed with t- test and one way
ANOVA test. The analysis of correltion between groups clinical parameters, goblet cell
density, MUCS5AC expression and cytokines concentration was done by Pearson

correlation analysis.

A p value of less than 0.05 was considerede as statistically significant.
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4. RESULTS

The study was conducted between June 2021 and December 2021 by the immunology
department with the contribution of the ophthalmology department of the Gazi university
school of medicine. A total of 30 patients (fifteen in DED group and fifteen in glaucoma
group) and fifteen healthy participants represented the control group (CG) were included.

4.1. Demographic and Clinical Characteristics of the Study Population

The mean age (mean + SD) of subjects was 52.87+11.84 years in Glaucoma patients,
47.60+10.58 years in DEG patients, and 46.27+7.066 years in the control gruop. There
were no statistically significant differences were found among the three groups concerning
the age (P=0.1754). Regarding gender, the percentage of females and males was 60/40% in
the glaucoma group, 66.6/33.3% in the DE group, and 66.6/33.3% in the control group,
respectively. Table 1 represent the distribution of goups particiants by gender.

Table 4.1. Distribution of the subjects included in the study by gender

Glaucoma group Dry eye group Control group
Gender N % N % N %
Female 9 (60%) 10 (66.6%) 10 (66.6%)
Male 6 (40%) 5 (33.3%) 5 (33.3%)

According to the results of the OSDI questionnaire, seven (46.66%) glaucoma patients had
mild to moderate while eight (53.33%) had severe dry eye; regarding the DED group, two
(13.33%) subjects had normal ocular surface while eight (53,33%) had mild to moderate
and five (33.33%) had severe dry eye. For the control group thirteen subjects (86.66%)
with normal score of OSDI, while two subjects (13.33%) have mild score of OSDI. The
mean score of the OSDI questionnaire obtained in the Glaucoma group (39.54 £16.76) was
significantly (p<0.0001) higher with respect to the DE group (28.37+£16.98) and the control
group (8.513+4.838).

There was a statistically significant difference between glaucoma, DE, and normal subjects
for OSDI, schirmer test, TBUT, and corneal staining (Table 4.2.).
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Table 4.2. Clinical characteristics of the glaucoma, DE, and control group

Glaucoma group  Dry eye group  Control group P value

OSDI (mean + SD) 39.54 +16.76 28.37+16.98 8.513+4.838  <0.0001
Schirmer test (mean + SD) 7.000+2.360 8.133+3.642 13.73+1.534  <0.0001
TBUT (mean + SD) 7.733+1.280 7.333+1.952 12.13+1.807  <0.0001
Corneal staining (mean + SD) 0.8667+0.5164  0.6667+0.4880 0 <0.0001

4.2. Impression Cytology of the Conjunctiva

4.2.1. PAS staining results

Nelson sccaling system

Samples were assessed and graded with the criteria described by Nelson.

Grade 0; the epithelial cells are small and round. The goblet cells are numerous, oval and

plump.

Grade 1; the epithelial cells are slightly larger and more polygonal. There is a decrease in

goblet cell number, but the same shape can be observed.

Grade 2; the epithelial cells are larger, more polygonal. The goblet cells are significantly

reduced in number and are smaller.

Grade 3; the epithelial cells are large and more polygonal with the nuclei small and

pyknotic. The goblet cells are completely absent

The results of the impression cytology differed between the three groups. In glaucoma
patients, impression cytology was grade 1 in 4 subjects (20.66%), grade 2 in 9 subjects
(60%) and grade 3 in 2 subjects (13.33%). In the DE group impression cytology was grade
1 in 9 subjects (60%), and grade Il in 6 subjects (40%). In the control group, impression
cytology was grade 0 in 13 subjects (86.66%) and grade I in 2 subjects (13.33%) (Table
4.3.). Figure 4.1.A.,.B., and C. represents the microscobic feature s of PAS satining of

groups subjects.
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Table 4.3. Impression cytology scoring in the glaucoma, DE, and control group

Nelson grading system score Glaucoma group DE group Normal control group
Grade 0 (0) 0% (0) 0% (13) 86.66%
Grade 1 (4) 26.6% (9) 60% (2) 13.33%
Grade 2 (9) 60% (6) 40% (0) 0%

Grade 3 (2) 13.33% (0) 0% (0) 0%

Figure 4.1. A. PAS staining results of impression cytology in normal control group
subjects (Magnification 20X). patients were given the same numbers dipected
on the left corner of the picture for all figures (Scale bar=100um)



Figure 4.1. (continues) B. PAS staining results of impression cytology in dry eye patients
(Magnification 20X). Patients were given the same numbers dipected on the
left corner of the picture for all figures(Scale bar=100pm)
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Figure 4.1. (continues) C. PAS staining results of impression cytology in glaucoma
patients (Magnification 20X). Patients were given the same numbers dipected
on the left corner of the picture for all figures (Scale bar=100um)
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Determination of goblet cell density (GCD) in PAS staining

Mean GCD was determinde by counting goblet cells per 1 mm of conjunctival epithelial.
GCD in glaucoma patients was 4.120 + 4.437. GCD in DE patients and control group were

5.653 + 2.951, 16.97 + 5.380, respictively.

A significant difference was estblished between GCD in glaucoma and control group
(P<0.0001). Also, there was a significant difference in GCD between the DE and control groups
(P<0.0001). No significant difference in GCD between glaucoma and DE group (P=0.2745).

¥k

¥k

25= ns

20-

15=

10=-

Goblet cell density

.

0 1 1
control group DE galucoma

Figure 4.2. Mean GCD levels in glaucoma, DE and healthy control group. (***;P< 0.0001,
ns=non-segnificant)

4.2.2. Assessment of MUCSAC expression by indirect immunofluorescence results

Expression of the glycoprtien by indirect immunofluorescence staining of the impression
cytology specimens using an anti-MUCS5AC antibody. The assessment of the results of
indirect immunofluorescence was done by counting the positive MUCS5AC cells. Figure

4.3.A.,B., and C. represnts the immunofluorescence results of all subjects of the groups.
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Positive immunofluorescent staining for MUC5AC was observed in a significantly greater
percentage of conjunctival impression samples from the eyes of the control groups than in
those from the glaucoma and DE groups. The mean and standard deviation of MUC5AC
expression in normal subjects were 18.42 + 8.179 and 8.450 + 7.619 in glaucoma subjects,
and there was a significant difference between these two groups (P = 0.0018). Also, there
was a significant difference between the control and DE groups (10.89 + 9.803) (P =
0.0301). No significant difference was noted between the glaucoma and DE groups (P =
0.4532). Table 4.4. and figure 4.4. reprsents the mean expression of MUC5AC in groups

subjects.
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Figure 4.3. A. Immunofluorescence image showing numerous MUC5AC positive goblet
cells (green) from normal indeviduals. In blue DAPI nuclear staining. Patients
were given the same numbers dipected on the left corner of the picture for all
figures (Magpnification 20X). (Scale bar=100um)
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Figure 4.3. (continues) B. Immunofluorescence image showing MUC5AC positive goblet
cells(green) from DE patients. In blue DAPI nuclear staining. Patients were
given the same numbers dipected on the left corner of the picture for all figures
(Magnification 20X). (Scale bar=100um)
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Figure 4.3. (continues) C. Immunofluorescence image showing few MUCSAC positive
goblet cells(green) from glaucoma patients. In blue DAPI nuclear staining.
Patients were given the same numbers dipected on the left corner of the picture
for all figures (Magnification 20X). (Scale bar=100um)
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Table 4.4. MUC5AC expression (Mean, SD) in the glaucoma, DE, and control group

Expression

* ** *kk
of MUCSAC Glaucoma DE Control group P P P
Mean 8.450 10.89 18.42
0.0018 0.4532 0.0301
SD 7.619 9.803 8.179
P value:
P* = glaucoma vs control group
P**= glaucoma vs DE group
P***= DE vs control group
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Figure 4.4. Mean expression of MUC5AC in glaucoma, DE and healthy control groups.

(*;P< 0.05, ns= non-significant)

4.3. Cytokine Profiles of Tear Fluids

The concentration of IL-1p, IL-1Ra, VEGF, and PGE2 cytokines in tear samples taken

from glaucoma, DE, and control groups were determined, and any significant differences

were noted.
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4.3.1.I1L-1p

The concentration of IL-1B was significantly higher in the tear fluid of both the glaucoma
and DE groups than in the control group. The mean concentration and standard deviation
of IL-1p in tears were 242.4 + 111.1 pg/ml in the control group, 418.5 + 318.0 pg/ml in the
DE group, and 710.1 + 621.2 pg/ml in the glaucoma group.

The difference between the glaucoma and control groups was statistically significant (P =
0.0137). By comparing the DE group and the control group, there was no significant
difference between the two groups (P = 0.0515). The difference in the concentration of IL-
1B higher in the glaucoma group than in the DE group, no significant difference was found
between those two groups (P = 0.4509). By using one-way ANOVA test the difference

between the groups was statisticaly significant (P = 0.0302).

The concentrations of the IL-1p cytokine in the tear fluid of normal subjects and patients
with glaucoma and DED are presented in Table 4.5. and figure 4.9. represents the

difference in IL-1p concentrations between the three groups.

Table 4.5. Comparison of IL-1p concentration in the tear between the study groups

Levels of IL-1P

Glaucoma DE Control group p* p** pr&x pRrkx
(pg/ml)
Mean 710.1 418.5 242.4
0.0137 0.4509 0.0515 0.0302
SD 621.2 318.0 1111

P value:

P* = glaucoma vs control group
P**= glaucoma vs DE group
pP***= DE vs control group
pP****= gne-way ANOVA test
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Figure 4.5. Mean tear IL-1p (pg/ml) levels in glaucoma, DE and healthy control groups.
(*;P< 0.05, ns= non-significant)

43.2. IL-1Ra

The concentration of IL-1Ra was significantly higher in the tear fluid of both the glaucoma
and DE groups than in the control group. The mean concentration and standard deviation
of IL-1Ra in tears were 3661 + 3975 pg/ml in the control group, 6056 +6323 pg/ml in the
DE group, and 7617 + 9022 pg/ml in the glaucoma group.

Despite the fact that the concentration of IL-1Ra was higher in the glaucoma group than
the other groups (DE, control group), no significant difference was found between
glaucoma and DE (P = 0.7006) or glaucoma and the control group (P = 0.2012). Also, no
statistical difference was found between the DE group and the control group (P = 0.5907).
By using one-way ANOVA test the difference between the groups was statisticaly
significant (P = 0.4776).
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The concentrations of the IL-1Ra cytokine in the tear fluid of normal subjects and patients
with glaucoma and DED are presented in Table 4.6. and figure 4.10. represents the

difference in IL-1R1 concentration between the three groups.

Table 4.6. Comparison of IL-1Ra concentration in the tear between the study groups

Levels of IL-1Ra

Glaucoma DE Control grou p* p** prxx  prExk
(pg/ml) grofip
Mean 7617 6056 3661
0.2012 0.7006 0.5907 0.4776
SD 9022 6323 3975

P value:

P* = glaucoma vs control group
P**= glaucoma vs DE group
P***= DE vs control group
P****= gne-way ANOVA test
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Figure 4.6. Mean tear IL-1Ra (pg/ml) levels in glaucoma, DE and healthy control groups.
(ns= non-significant)
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4.3.3. VEGF

The table 4.7. shows the mean levels of VEGF in tears. Figure 4.11. shows the differences
in VEGF concentration among the 3 groups. The glaucoma group had higher mean
concentrations of tear VEGF cytokine than the other two groups. The mean values of
VEGEF levels in tears were 454 + 262 pg/ml in the control group, 818.8 + 642.7 pg/ml in
the DE group, and 1276 + 1060 pg/ml in the glaucoma group.

The level of VEGF in tears were significantly increased in glaucoma group compared to
the control group (P= 0.0069). There was no statistically significant difference was found
in VEGF concentrations between glaucoma and DE group (P=0.1645). no statisticaly
signifacant difference also was been observed between DE and control group (P=0.0513).
By using one-way ANOVA test the difference between the groups was statisticaly
significant (P = 0.0138).

Table 4.7. Comparison of VEGF concentration in the tear between the study groups

Levels of VEGF Glaucoma DE Control p* Pk Pk Pk
(pg/ml) group
Mean 1276 818.8 454
0.0069 0.1645 0.0513 0.0138
SD 1060 642.7 262
P value:

P* = glaucoma vs control group
P**= glaucoma vs DE group
pP***= DE vs control group
p****= gne-way ANOVA test
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Figure 4.7. Mean of VEGF levels (pg/ml) in tears of glaucoma, DE and healthy control
groups. (*; P<0.05, ns= non-significant)

4.3.4. PGE2

A summary of the laboratory analyses for PGE2 concentration among the three groups is
appreciated in Table 4.8. and figure 4.12. depicts the differences in PGE2 concentrations
between the three groups. The mean values of PGE2 cytokine levels in tears were 325.2 +
164.2 pg/ml in the control group, 503.3 + 331.4 pg/ml in the DE group, and 930.9 + 880.7
pg/ml in the glaucoma group. The level of PGE2 cytokine in tears was significantly higher
in the glaucoma group compared with the control group (P = 0.0141). There was no
significant difference in PGE2 concentration between the glaucoma and DE groups (P =
0.0894). No statistically significant difference was shown between the DE and control
groups (P = 0.0726). By using one-way ANOVA test the difference between the groups
was statisticaly significant (P = 0.0135).
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Table 4.8. Comparison of PGE2 concentration in the tear between the study groups

Levels of PGE2 Glaucoma DE Control group p* p** prxk pRaxk
(pg/ml)
Mean 930.9 503.3 325.2 00141 00894 00726 ..
SD 880.7 331.4 164.2 .
P value:

P* = glaucoma vs control group
P**= glaucoma vs DE group
P***= DE vs control group
pP****= gne-way ANOVA test
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Figure 4.8.  Mean PGE2 levels (pg/ml) in tears of glaucoma, DE and healthy control
groups. (*; P<0.05, ns= non-significant)

4.4. Correlation Analysis

4.4.1. Correlations between tear cytokines and ocular surface parameters

We next investigated correlations between tear cytokines and parameters of ocular
surfaces, including OSDI, TBUT, the Schirmer test, and corneal staining. For the OSDI,

there was a weak positive but non-significant correlation found between the OSDI and the
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following cytokines: IL-1B (r = 148), VEGF (r = 262), and PGE2 (r = 163). No correlation
was found between OSDI and IL-1Ra (r = 0.053).

Strong negative and significant correlations were found between TBUT and two
inflammatory mediators: VEGF (r = -0.306, P =0.041) and PGE2 (r = -0.302, P =0.044). A
weak negative and non-significant correlation was found between TBUT and IL-1 (r = -
0.244, P =0.106); and IL-1Ra (r = -0.139, P = 0.362).

Both VEGF (r =-0.353, P =0.017) and PGE2 (r = -0.319, P =0.033) levels were negatively
and significantly correlated with the schirmer test. IL-1p (r = -0.280, P =0.062) and IL-1Ra
(r = -0.116, P =0.448) were negatively correlated with the Shirmer test, but not
significantly. The corneal staining score was related to levels of 1I-1p (r =0.427, P =0.003)
and PGE2 (r = -0.452, P =0.002). No correlation was found between IL-1Ra (r = 0.008, P
=0.959) and VEGF (r = 0.259, P =0.086) cytokines.

Table 4.9. Correlation between cytokines and clinical parameters

IL-1B IL-1RA VEGF PGE2
0SDI Pearson Correlation 0.148 0.053 0.262 0.163
Sig. (2-tailed) 0.331 0.728 0.082 0.286
TBUT Pearson Correlation -0.244 -0.139 -0.306" -0.302"
Sig. (2-tailed) 0.106 0.362 0.041 0.044
] Pearson Correlation -0.280 -0.116 -0.353" -0.319"
Schirmer test ) )
Sig. (2-tailed) 0.062 0.448 0.017 0.033
Pearson Correlation 0.427 0.008 0.259 0.452™
Corneal grade . ]
Sig. (2-tailed) 0.003 0.959 0.086 0.002

Correlation is significant at the 0.01 level (2-tailed).«
Correlation is significant at the 0.05 level (2-tailed).«
OSDI (Ocular surface desease index), TBTU (Tear break up time)

4.4.2. Correlation between inflammatory cytokines and impression cytology results
(GCD, MUC5AC Expression)

The correlation between inflammatory cytokines and both GCD, and MUCS5AC expression
was also investigated. A negative correlation between inflammatory cytokines and impression

cytology results (GCD, MUC5AC) was found, but this correlation was non-significant.
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Table 4.10. Correlation between both GCD and MUC5AC expression and cytoines in the

study groups
IL-1B IL-1Ra VEGF PGE2
e Pearson Correlation -0.185 -0.280 -0.255 -0.270
Sig. (2-tailed) 0.223 0.063 0.091 0.073
Pearson Correlation -0.214 -0.146 -0.191 -0.246

MUC _ _
Sig. (2-tailed) 0.159 0.339 0.208 0.104
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5. DISCUSSION

Patients with glaucoma are assumably at a greater risk of developing OSD, as both
conditions are more prevalent in older patients. Additionally, chronic use of anti-
glaucomatous eyedrops containing preservatives can induce OSD. One of the most
common used preservatives in the ophthalmological medications is BAC. The toxicity of
BAC has already been revealed on conjunctival cells [299], where BAC was identified,
even at a low concentration, as an inducer of cellular death. BAC degrades into hydrogen
peroxide, which can induce oxidative stress and inflammatory reactions in ocular and
conjunctival epithelial cells [300]. This preservative can remain in numerous ocular tissues
for up to one week after administration, making the conjunctival and corneal epithelium

susceptible to toxic effects [301].

Dry eye disease (DED) is a chronic eye disorder associated with age, corneal
inflammation, and hormonal changes, and exacerbated by prolonged use of digital
displays. It’s important to mention that due to the prolonged use of face masks by people

after the pandemic of COVID 19, the prevalence of dry eye has been increased.

In the present study we sought to compare the expression of some inflammatory cytokines
in the tears of glaucoma patients whose taking 10P-lowering topical medications, as well
as patients with DED, versus the healthy controls. Also, to assess the ocular surface

changes in those patients.

By obtaining medication histories of our group of glaucoma patients, we found out that the
majority of patients are receiving more than one medicine and for a period of more than
one year. Lavin and colleagues reported that the successful rate of filtering surgery was
high in patients who had taken preoperative medical treatment for an average of only two
weeks compared with those who had received the medical treatment for at least one year
[302].

The OSDI questionnaire has been used in various research studies to determine the
prevalence of OSD. In our study OSDI values point out statistically significant differences

among the three groups. Most of the participants in the control group presented with a
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normal to mild OSDI. Otherwise, glaucoma and dry eye patients had higher OSDI score
than the control group (P=0.0001).

Regarding the clinical tests of DED, both patients with glaucoma and DED revealed
significant abnormalities, even when glaucoma patients had not previously been diagnosed
with DE. Scores of the Schirmer's test were considerably lower in glaucoma patients and
DED than in healthy controls (P=0.0001), indicating decreased tear secretion in both
disease groups. Moreover, TBUT was significantly shorter in glaucoma patients and DED
(P=0.0001) compared to healthy controls, reflecting the instability of the tear film in both
glaucoma and DED groups in comparing to healthy control. Our results agree with those of
previous studies that showed an increase in the prevalence of OSD in glaucoma patients

receiving topical medications [303,304].

The lacrimal function unit (LFU) is composed of the conjunctival goblet cells, surface
epithelium, eyelids, lacrimal glands, meibomian glands, lacrimal drainage system, mucosal
immune system, and neural network that connects them. These tissues have a functional
interaction that act to regulates immune expression levels in the tear film, protects the

integrity of the ocular surface, and maintains transparency of the cornea [305].

It's clear now that inflammation has a crucially important role in the etiology of OSD. By
measuring and comparing these cytokines in patients with a control group, it will establish
a better understanding of the role that cytokines play in the pathogenesis of the DED.
Several methods have been used to measure the cytokines levels in tears, one of these
methods is enzyme linked immune assay (ELISA). ELISA is a highly sensitive and
specific method that has been extensively used to quantify cytokines in several biological

samples.

Human tears contain a wide range of cytokines and chemokines that help to maintain the
function and morphology of the ocular surface. When ocular surface epithelial cells are
exposed to hyperosmolar stress, proinflammatory cytokines are released in the tears.
Inflamed epithelial cells are known to release IL-1p, IL-6, IL-8, and TNF-a, which may
indicate ocular surface stress. This may explain why those cytokines have been found in
the tears of patients with different inflammatory ocular surface disorders, including

seasonal allergic conjunctivitis, and vernal and atopic keratoconjunctivitis [306]. There are
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several techniques for obtaining tear samples and assessing the level of various proteins;
one of them is the flushing method, which was used in this study because it is non invasive
and simple. With the exception of Narayanan et al. who found normal expression profiles
of numerous cytokines in individuals with moderate DED, the majority of research have

identified higher cytokine levels in the tears of DED patients.

Cytokines are small molecular weight proteins which play crucially important role in
regulating immune response and inflammation. The family of IL-1 cytokines are key
signaling molecules for the innate and adaptive immune systems. IL-1 has been involved in
the pathogenesis of inflammatory disorders in human, including rheumatoid arthritis,
periodontitis, and septic shock, and also the corneal and ocular surface diseases. The high
level of ocular irritation suggests inflammatory damage, our finding revealed that the level
of proinflammatory IL-1f cytokine in tear fluid obtained from the glaucoma patients was
higher and significant difference was found between the glaucoma and the control group
(P=0.0137). Increased levels of IL-1p along with other inflammatory cytokines (IL-1,
TNFa) in patients with DE have been demonstrated in other studies [164]. IL-1p has been

shown to reduce tear formation via neuronal and hormonal mechanisms [307].

IL-1Ra functions by inhibiting competitively the binding of proinflammatory forms of 1L-1
to their signal-transducing IL-1R1. In contrast to IL-1p, the anti-inflammatory form, IL-
1Ra, was present in enormous quantities. IL-R1a level was high in both patients with
glaucoma and DED than control group, but the difference was non-significant between
groups. The high concentration of IL-1Ra in tear fluid may be a physiological homeostatic
mechanism that inhibits the activation of IL-1-mediated inflammatory processes on the
ocular surface. This fininding is consistent with previous studies demonestrating an
increased IL-1Ra level in tears of patients with DED [308].

The disturabance in balance between IL1 and IL-1Ra promotes the progression of
inflammatory disorders. Our study revealed that the concentration of IL1Ra was higher
than IL-1p in all the subjects of the groups. This result indicates an imbalance between pro-
and anti-inflammatory cytokines in these individuals and suggests that restoring this
cytokine balance may be a potential future treatment target. It has been shown that the use
of topical application of IL-1Ra is beneficial in relieving the clinical symptoms of dry eye

disease and decreasing the underlying inflammation.
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VEGF has been characterized as a cytokine related to neovascularization, drainage system
remodeling, and inflammation. It is well documented now that VEGF is responsible for a
number of ocular disorders involving angiogenesis, such as corneal transplantation,
neovascular glaucoma, age-related macular degeneration, and diabetic retinopathy [309].
Yoo et al. [310] revealed that VEGF has a direct proinflammatory effect by activating
endothelial cells to produce chemotactic factors such as IL-8 and MCP-1. VEGF can also
stimulate monocytes to secrete proinflammatory molecules such as 1L-6 and TNF-a, which
exacerbate the inflammatory process [311]. In previous studies, it has been shown that
VEGF concentrations were increased in tear samples from patients with ocular chronic
inflammatory disorders, such as DED and vernal keratoconjunctivitis [312]. Jiang et al.
[311] demonstrated that the subconjunctival injection of bevacizumab (anti-VEGF) in

patients with DED could relieve the inflammation at the ocular surface.

Our data revealed that the glaucoma group had a higher mean serum VEGF level than the
control group (P=0.0069). In a study comparing evaporative DED to normal participants,
the VEGF levels in tears were shown to be elevated in DE group [313]. In contrast to one
study that found a significantly decreased in the VEGF level in DE patients as compared to
both control and glaucoma group [314]. It's well established that lymphatics play a crucial
role in initiating inflammatory responses in tissues by directing the antigen presenting cells
to the draining LNs, where T lymphocytes are primed and expanded. It has been reported
that lymphangiogenesis occurs in the DED cornea without concurrent hemangiogenesis
[309]. In consequence, autoreactive Helper T cell (TH)17 and TH1 cells, which play a role

in DED immunopathogenesis, are produced in these lymphoid organs [315].

It has been shown that IL-1 is a pro-angiogenic factor that promotes the growth of tumors
and stimulates VEGF in several types of cells [316]. Also, VEGF expression can be
stimulated by prostaglandins [317].

Prostaglandins (PGs) are well recognized as mediators of acute inflammation, and recent
animal studies have shown that they also play a role in the transition to and maintenance of
chronic inflammation. Several studies demonstrated the increase PGE2 concentrations in
tears of DED and patients with glaucoma these studies results were further supported by
elevated levels of COX-2 and PGE synthase in the tear-producing tissue of mice with dry
eye. Our findings showed the level of PGE2 in tears was reported to be high in patients
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with glaucoma compared to the control group(P=0.0141), indicating the potential
significance of PGE2 in inflammatory processes of ocular surface diseases.

The high level of PGE2 in patients with DED may increase the ocular surface
inflammation by stimulating other inflammatory molecules, which further induce secretion
of PGE2. Additionally, at the ocular surface PGs promote vasodilation, disruption of the
blood—ocular barrier, and migration of the leukocyte [318].

Impression cytology has significantly improved the research of ocular surface cell
populations. Applications of impression cytology include the etiological diagnosis of
various ocular surface disorders, the documentation of sequential changes in the
conjunctival and corneal surface over time, the monitoring of treatment effects and the
staging of conjunctival squamous metaplasia, and as an investigative tool for analyzing
ocular surface disease with immunostaining and DNA analysis. Epithelial cell morphology
and conjunctival GCD can provide an objective measure to assess the integrity of the

ocular surface.

Squamous cell metaplasia is a nonspecific conjunctival response to a wide range of toxic
inflammatory stimuli [319]. Paschides et al. reported that aging had no effect on the
quantity of goblet cells or the nuclear cytoplasmic ratio in normal eyes [320]. Also,
Herreras et al. showed that goblet cell density and structure were stable in patients under
the age of 80 [321].

Generally, mucins are defined as large extracellular glycoproteins that cover the majority
of the body's mucosal surfaces. Goblet cells secrete the gel forming mucin MUC5AC,
which is considered the primary component of the mucous layer of the tear film, and this
layer is responsible for preserving the tear film's stability. It has also been found that
conjunctival goblet cells secrete immunomodulatory molecules, including retinoic acid
(RA) and TGF-p2 [322]. Additionally, GCs play a crucial role in the induction of
conjunctival immunological tolerance according to the findings of previous study.
Recently, small intestine and colonic goblet cells have been assigned a novel function:
luminal antigen presentation to dendritic cells. This characteristic has also been identified
in the conjunctival GC, which serve as antigen transport conduits to immune cells in the

underlying stroma at the ocular surface. In addition to correlating with the severity of
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ocular surface disease, the loss of goblet cells appears to maintain a cycle of chronic
inflammation at the ocular surface [323].

In this study, impression cytology PAS staining results revealed that conjunctival GCD
was remarkably reduced in the glaucoma and dry eye groups compared to the control
group (P<0.0001). A decrease in conjunctival GC is an important sign of ocular surface
damage in dry eye. As the severity of the disease increases, the number of GC decreases,
resulting in squamous metaplasia, epithelial area enlargement, and sometimes ocular

surface keratinization.

Detection and quantification of mucin proteins at the ocular surface has been obtained by a
variety of techniques including mucin histochemistry with PAS, lectin, and Alcian blue
stains. Nevertheless, since these techniques largely depend on recognizing similar mucin
carbohydrate moieties, they do not distinguish between members of the mucin family and
do not allow for mucin quantification due to the different mucin glycosylation [324]. To
overcome the specificity issue, antibodies against specific mucin proteins have been
developed. By using indirect immunoflourecsence on impression cytolog samples, we
detected markedly decreased expression of MUC5AC in glaucoma patients compared with
normal control group (P=0.0018). Also, marked decrease of the MUCS5AC expression
between dry eye and control group (P=0.0301).

GCD and MUCS5AC were markedly overexpressed in successful versus failed surgeries:
histology and confocal microscopy revealed that a higher postoperative GCD was

associated with a good 10P control and a higher success rate [325].

In the current study we also investigated the correlation between the levels of the
inflammatory cytokines and clinical parameters of DED. Our results indicate significant
negative correlation between VEGF and PGE2 concentrations and TBUT and schirmmer
test, suggesting that increased level of these cytokines is associated with the tear film

instability and decreased tear production.

Both IL-1p and PGE2 were pozitively correlated with corneal staining, which demonstrate

that increasing in both IL-1p and PGE2 associated with more damage to the ocular surface.
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These findings are consistent with previous study, that revealed direct correlation between
IL-1pB and corneal staining [308].

In contrast to our finidings, one previous study revealed that PGE2 concentrations alone
was significantly correlated with OSDI score, but did not correlate with TBUT, shirmer

test or corneal staining [326].

In actuality, the results of our study revealed that glaucoma patients, exhibit significant
overexpression of IL-1B, VEGF, PGE2 and IL-1Ra. The use of preservative-containing
topical agents and multiple medications reliably showed higher concentrations of these
inflammatory cytokines, which reflect the effect of these agents on the ocular surface in a

dose and time dependent manner.
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6. CONCLUSION

The results of the current study revealed a deterioration in both the number of goblet cells
and the expression of MUCS5AC in the impression cytology samples of the glaucoma and

dry eye groups compared to the normal control group.

Also, we revealed increase in the concentration of the following cytokines: IL-1p, IL-1Ra,
VEGF, and PGE2 in glaucoma patients when compared to the dry eye and normal control
groups. Despite the fact that only IL-1B, VEGF and PGE2 were found to be significantly
different from the control group in glaucoma patients.

Both VEGF and PGE2 were correlated negatively with TBUT and shirmer test. A positive
correlation was found between IL-1p and PGE2 and corneal staining. These correlations

highlight the importance of using these tests to help determine the severity of dry eye.

This may be considered a further validation of the critically important role that
inflammation plays in the pathogenesis of dry eye. A better knowledge of the pathogenesis
of dry eye would improve the choice of treatment by developing new agents with specific
targeting options like increasing goblet cell number or suppressing some of the

inflammatory cytokines that are involved in the development of dry eye disease.

Further studies with a larger number of subjects will help to understand the exact core
mechanism of dry eye in glaucoma patients. Also, new preservative options are needed to

help decrease the prevalence of ocular surface diseases in those patients.
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