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ORGANIZACAO ESTRUTURAL DA CROMATINA EM CELULAS EPITELIAIS DA
CONJUNTIVA PALPEBRAL DE CAES COM CERATOCONJUNTIVITE SECA,
ANTES E APOS TRATAMENTO LOCAL COM CICLOSPORINA A

RESUMO - Alteracdes na organizacao estrutural da cromatina estédo sendo
associadas ao desenvolvimento e a fisiopatologia de diversas afec¢fes oftalmicas.
Com o advento da epigenética, emergiu o conceito de que parte dessas alteracbes
pode ser revertida por farmacos. Visando-se avaliar a organizagdo estrutural da
cromatina em células da conjuntiva palpebral de cdes com ceratoconjuntivite seca
(CCS), antes e ap0s tratamento com pomada de ciclosporina A (CsA) 0,2%, a
presente pesquisa foi dividida em duas fases. Na fase | estudaram-se nucleos de
células epiteliais e de linfécitos colhidos da conjuntiva palpebral de cdes com e sem
CCS. Foram incluidos na pesquisa 64 olhos de 32 cdes domésticos, distribuidos em
dois grupos: grupo controle, composto por 16 cdes saudaveis (32 olhos, valores de
Schirmer =2 15 mm/min); grupo CCS, abrangendo 16 caes (32 olhos, valores de
Schirmer < 10 mm/min) com CCS bilateral nunca antes tratados com
imunomoduladores, sem oftalmopatias concorrentes e livres de alteracdes
sistémicas. As células foram colhidas por citologia esfoliativa e coradas pela reacao
de Feulgen. Os seguintes parametros foram estudados por video-analise de
imagens: area nuclear, perimetro nuclear, fator de circularidade relativa do nucleo
(RNRF), densidade optica integrada (IOD = conteudo de DNA), densidade optica
(OD = compactacdo de cromatina); e desvio padrdo de valores densitométricos
(SDtd = textura de cromatina). Os resultados mostraram que a CCS enseja
alteracdes nos parametros nucleares das células epiteliais e dos linfécitos da
conjuntiva palpebral. Comparativamente aos controles, as células epiteliais foram
mais afetadas pela CCS (alteracGes em area, perimetro, RNRF, IOD, e OD) do que
os linfécitos (alteragbes em OD, apenas). Tanto as células epiteliais quanto os
linfocitos do grupo CCS apresentaram cromatina mais descompactada do que as
células do grupo controle. Padrdes aberrantes de cromatina, como a “snake-like-
chromatin, comumente vistos em pacientes humanos, ndo foram detectados. Na
fase Il estudou-se se as alteragBes nucleares detectadas na fase | regrediriam apos
tratamento local com pomada de CsA 0,2% a intervalos regulares de 12 horas e
lacrimomimético a base de acido poliacrilico 0,2%, instilado localmente a cada 4
horas. O mesmo grupo controle composto por caes higidos foi adotado e as células
também foram colhidas por citologia esfoliativa aos 30 e 60 dias de tratamento. As
preparacdes citologicas foram coradas pela reacdo de Feulgen ou submetidas ao
bandamento AgNOR. Estudaram-se parametros de video-analise de imagens
relacionados com a funcionalidade da cromatina, notadamente a fracdo de area
nuclear coberta pela cromatina mais condensada (Sc%), a taxa média de
absorbancia (AAR), e a entropia. Ap6s bandamento AgNOR, estudaram-se o0s
tamanhos das regides organizadores de nucléolo e as fracBes de areas nucleares
ocupadas por elas. Os resultados mostraram que o tratamento com CsA e
lacrimomimético (30/60 dias) enseja remodelacédo cromatinica e desfaz parcialmente
as alteracfes associadas a CCS.

Palavras-chave: citogenética, epigenética, imunomodulador, oftalmologia, olho
seco, superficie ocular.



CHROMATIN STRUCTURE ORGANIZATION IN PALPEBRAL CONJUNCTIVAL
EPITHELIAL CELLS FROM DOGS WITH SICCA KERATOCONJUNCTIVITIS,
BEFORE AND AFTER LOCAL TREATMENT WITH CYCLOSPORINE A

ABSTRACT - Changes in the structural organization of chromatin are being
associated with the development and pathophysiology of various ophthalmic
conditions. With the advent of epigenetics, the concept emerged that part of these
alterations can be reversed by drugs. To evaluate the structural organization of
chromatin in palpebral conjunctival cells of dogs with keratoconjunctivitis sicca (KCS),
before and after treatment with 0.2% cyclosporine A (CsA) ophthalmic ointment, the
present research was divided into two phases. In stage |, epithelial cells and
lymphocyte from the palpebral conjunctiva of dogs with and without KCS were
studied. The study included 64 eyes of 32 domestic dogs, distributed into two groups:
control group, composed of 16 healthy dogs (32 eyes, Schirmer values = 15 mm /
min); KCS group, formed of 16 dogs (32 eyes, Schirmer values < 10 mm / min) with
bilateral CCS never previously treated with immunomodulatory drugs, and without
concurrent ophthalmic or systemic disorders. Cells were collected by brush cytology
and stained by the Feulgen reaction. The following parameters were studied by video
image analysis: nuclear area, nuclear perimeter, relative nuclear roundness factor
(RNRF), integrated optical density (IOD = DNA content), optical density (OD =
chromatin compaction). The results showed that KCS causes alterations in the
nuclear parameters of the epithelial cells and the lymphocytes from the palpebral
conjunctiva. Compared with the control, the epithelial cells were more affected by the
disease (alterations in area, perimeter, RNRF, 10D, and OD) than lymphocytes
(changes in OD only.) Both epithelial cells and lymphocytes from the KCS group
showed more decompressed chromatin than cells from the control group. "Snake-
like-chromatin commonly seen in human patients was not detected. In phase Il it was
studied whether the nuclear detected in stage I, regress after treatment with 0.2%
CsA at regular intervals of 12 h and 0.2% polyacrylic acid-based artificial tears at
regular intervals of 4h. The same control group composed of healthy dogs was
adopted and cells were collected by brush cytology after 30 and 60 days of
treatment. Cytological preparations were stained by the Feulgen reaction or
submitted to the AgNOR banding. We studied video image analysis parameters
related to the functionality of chromatin, notably the fraction of nuclear area covered
by more condensed chromatin (Sc %), the average absorption ratio (AAR), and
entropy. After AQNOR banding, the samples were studied for the sizes of the
nucleolar organizer regions and the fractions of nuclear areas occupied by them.
Results show that treatment with CsA and lacrimomimetic (30/60 days) leads to
chromatin remodeling and partially reverses the chromatin changes elicited by KCS.

Key-words: cytogenetics, dry eye, epigenetic, immunomudulator, ocular surface,

ophthalmology.






CAPITULO 1 - Consideragdes Gerais

1. INTRODUCAO

A ceratoconjuntivite seca (CCS) € uma desordem multifatorial, caracterizada
por alteragcdes quali-quantitativas na producdo lacrimal, que compromete a
homeostasia da superficie ocular e enseja intensa inflamacao conjuntival. Em caes,
na maioria dos casos (80%), trata-se de doenca imunomediada cujos sinais clinicos
variam em funcdo do tempo de estabelecimento da enfermidade. O diagndstico
fundamenta-se nos sinais clinicos e em valores do teste lacrimal de Schirmer (TLS)

<10 mm/min.

Estudos recentes sugerem que a fisiopatologia da CCS excede as
manifestagbes macro e microscopicas observadas na superficie conjuntival.
Emergem evidéncias de que ocorrem alteracbes em expressdo génica e nha
biossintese de proteinas. Em pacientes humanos com CCS, as células epiteliais
conjuntivais remodelam a cromatina, que, eventualmente, adquire formato de cobra
(“snake-like chromatin”) facilmente detectavel por microscopia de luz comum. Nao ha
relatos sobre a ocorréncia de “snake-like chromatin®” em cées. As possiveis
remodelacdes cromatinicas e as alteracbes nucleares que acompanham a CCS
canina ndo sao conhecidas; portanto, estuda-las é importante, pois se trata de um
dos ultimos eventos a antecederem modificacées transcricionais. N&o raramente,
alteracdes na cromatina estdo associadas a génese ou a progressao de sindromes
autoimunes e de doencas oftalmicas. Conhecer a organizacdo estrutural da
cromatina pode informar sobre como as células reagem, com adaptacéo nuclear e
metabdlica, as alteracbes microambientais que ocorrem na conjuntiva acometida
pela CCS. Ademais, pode direcionar novas estratégias terapéuticas, bem como
ampliar entendimentos sobre mecanismos inesperados de acdo dos

imunomoduladores atualmente utilizados no tratamento da CCS.

A ciclosporina A (CsA), por exemplo, € um imunomodulador, com acao

lacrimogénica, amplamente indicado para tratar pacientes com CCS. Ela age sobre



os linfocitos T e interrompe a sintese de interleucinas pré-inflamatorias. Todavia, ha
evidéncias de que a CsA também exerce efeitos sobre enzimas epigenéticas e os
complexos remodeladores dependentes de ATP que agem sobre a estrutura da
cromatina em células ndo-linfociticas, modulando-os. Como néo se sabe se a CsA
induz ou modula mudancas na estrutura da cromatina de células epiteliais
conjuntivais, o estudo igualmente contribuiria para uma melhor percepcao

relativamente aos eventos envolvidos no controle da CCS canina.

2. REVISAO DE LITERATURA

2.1 Epitélio conjuntival

A superficie ocular compreende os epitélios da cérnea, da esclera, do limbo e
da conjuntiva, além do filme lacrimal (FL), cujas integridades séo determinantes para
a acuidade visual (ROLANDO; ZIERHUT, 2001). O tecido conjuntival € complexo e
desempenha func¢des que auxiliam na homeostasia da superficie ocular (HOLLAND;
MANNIS; LEE, 2015). Ele protege os tecidos moles da orbita e da palpebra, atua
ativamente na dinamica lacrimal, prové células imunes a superficie ocular, e
contribui para a movimentac&o ocular e a cicatrizacao de lesdes corneais (GELATT,
2003; HOLLAND; MANNIS; LEE, 2015).

A conjuntiva é uma estrutura mucocutanea, percebida no exame clinico como
uma membrana mével, localizada na face interna das palpebras superior e inferior, e
na face bulbar e palpebral da membrana nictitante (MN). Ela também permeia a
porcdo anterior do bulbo ocular, nas adjacéncias do limbo, onde se funde a capsula
de Tenon (JAKOBIEC; IWAMOTO, 1992). O epitélio conjuntival, em olhos saudaveis,
€ do tipo ndo queratinizado estratificado e secretor, formado, predominantemente,
por seis ou mais camadas de células epiteliais cubdides dispostas ao redor de
poucas células caliciformes, por linfocitos, por células de Langherans, e por
melandécitos (SRINIVASAN et al., 1977; HOLLAND; MANNIS; LEE, 2015). As células
epiteliais conjuntivais da camada apical mantém permeabilidade seletiva a
passagem de moléculas e de ions, e um complexo microvilosidades-glicocalice que
facilita a aderéncia do FL (HOLLAND; MANNIS; LEE, 2015). Os linfocitos, quando



estimulados por antigenos, se reunem para formarem foliculos ativos, principalmente
na face bulbar da MN (SLATTER, 2005).

As células caliciformes sdo do tipo secretoras apocrinas e, sob estimulos
parassimpaticos, sintetizam mucinas e outras moléculas, que estabilizam o FL e
fornecem uma superficie lisa e refrativa a cornea (GIPSON, 2004). Ademais, a
células caliciformes removem “debris” e patdogenos da superficie ocular, e
contribuem com a imunidade local, pois sintetizam imunoglobulinas, lisozimas, e
lactoferrina (PRYDAL et al., 1992; GIPSON; INATOMI, 1997; GIPSON; ARGUESO,
2003). O contetudo e a disposicdo espacial das células caliciformes conjuntivais
variam entre as espécies (MOORE et al., 1987; MICALLI et al., 1997; GASSER et
al.,, 2011; VOIGT et al., 2012; SEBBAG, 2016). Em cées, as células caliciformes
concentram-se na face palpebral da MN e no férnice conjuntival medial (MOORE et
al., 1987; UMEDA et al., 2010). Em seres humanos, elas ocupam, principalmente, a
prega ou dobra semilunar, que & um vestigio remanescente de MN, em formato de
meia lua, no férnice conjuntival medial (KESSING, 1966; ARENDS; SCHRAMM,
2004).

Sob condic¢des patoldgicas, ocorrem alteracfes qualitativas e quantitativas, de
maior ou menor cronicidade, na populacdo celular total do epitélio conjuntival.
Conjuntivites agudas, de etiologia viral ou bacteriana, por exemplo, séao
caracterizadas por infiltracdo neutrofilica (HOLLAND; MANNIS; LEE, 2015).
Afeccbes conjuntivais cronicas, notadamente as imunomediadas (com excec¢des),
sdo caracterizadas pelo aumento na populacdo de linfécitos e pela presenca de
plasmadcitos. Conjuntivites alérgicas ou imunomediadas, como as que acometem o0s
cavalos e os gatos, sdo caracterizadas pela presenca de eosindfilos (SLATTER,
2005; GELATT, 2003). Frente a certas ceratoconjuntivites, a conjuntiva sofre uma
transicdo patologica designada de metaplasia escamosa, na qual o epitélio se torna
gueratinizado e perde parte de sua atividade secretora pela diminuicdo da populacéo
de células caliciformes (HOLLAND; MANNIS; LEE, 2015).

2.2 Filme lacrimal pré-corneal



O FL é o componente mais externo da cornea, responsavel pela manutencao
de uma superficie opticamente uniforme, necesséria a adequada refracédo
(HOLLAND; MANNIS; LEE, 2015). Ele também ¢é responsavel pela remocao de
corpos estranhos e pela oxigenacdo e nutricdo da cornea (DILLY, 1994; OHASHI,
DOGRU; TSUBOTA, 2006). Por décadas admitiu-se que o FL tinha estrutura
trilaminar, ou seja, era formado por trés camadas distintas: a mucosa, subjacente ao
epitélio corneal, composta principalmente de mucina secretada pelas células
caliciformes conjuntivais; a aquosa, intermediaria, produzida pelas glandulas
lacrimal, da terceira pélpebra, e acessoérias; e a lipidica, mais externa, secretada
pelas glandulas sebaceas Meibémio e Zeiss (LAMBERT 1994; SAMUELSON 2007).
Atualmente surgiram evidéncias de que as camadas do FL s&o interdependentes e
se organizam em duas fases, a lipidica e a aguosa-mucosa (ROLANDO; ZIERHUT,
2001; JOHNSON; MURPHY, 2004; BUTOVICH, 2013). Ha compartilhamento de
moléculas entre as camadas do FL, notadamente de algumas mucinas (MUC1, 3, 4,
12, 13, e 16) que formam o glicocalice da superficie epitelial corneal (GIPSON et al.,
1992).

Em seres humanos, a espessura média (+ desvio padrao) do FL € de 3,4 (+
2,6) um (LEVIN et al., 2011; WANG et al., 2006). Em animais domeésticos pouco se
conhece sobre a espessura do FL, porém, € consensual que alteracbes nesse
parametro acompanham a génese e a progressdo de muitas enfermidades da

superficie ocular.

A avaliacdo do FL envolve critérios quantitativos e qualitativos. Em veterinaria,
na avaliacdo quantitativa da camada aquosa, emprega-se, corrigueiramente, o Teste
Lacrimal de Schirmer (TLS) tipo 1 ou 2 (GELLAT et al., 2003). Os valores fisiolégicos
de TLS 1, em cées saudaveis, variam entre 18,64 + 4,47 mm/min e 23,90 + 5,12
mm/min (OLLIVIER; PLUMMER; BARRIE, 2007). Em estudo envolvendo apenas
caes de racas braquicefalicas, Lima e colaboradores (2011) observaram que o TLS
1 foi de 19,66 + 7,30 mm/min no olho direito e de 21,97 £+ 5,69 mm/min no olho
esquerdo (P > 0,05). Na avaliacdo qualitativa do FL, emprega-se, como parametro
fiavel, o tempo de ruptura do filme lacrimal (TRFL), que informa sobre o tempo de
aderéncia do FL a superficie corneal (OLLIVIER; PLUMMER; BARRIE, 2007). A

avaliagdo do TRFL envolve o corante vital fluoresceina sodica, que deve ser



preferencialmente aplicado na regido de conjuntiva bulbar dorsotemporal. Com
auxilio de fonte de luz em filtro azul cobalto, o tempo para dissociagdo da
fluoresceina sobre a superficie ocular € monitorado e cronometrado, em segundos
(s). O valor fisiolégico de TRFL, em cées saudaveis, foi estimado como sendo de
19,70 £ 5,00 s (OLLIVIER; PLUMMER; BARRIE, 2007; ANDRADE, 2008).

Na atualidade, estdo sendo conduzidos estudos sobre a osmolaridade e os
perfis moleculares do FL canino, visando-se, entre outros, a identificagdo de
proteinas diferenciais, que, futuramente, poderdo coadjuvar o diagnéstico e o
tratamento de doencas oculares (WINIARCZYK et al., 2015).

2.3 Ceratoconjuntivite seca (CCS)

A CCS, também conhecida como sindrome de disfuncdo do sistema lacrimal
ou doenca do olho seco, € uma enfermidade que altera a homeostasia da superficie
ocular e modifica o microambiente do epitélio conjuntival, culminando com
ressecamento da cornea, desconforto e disturbios visuais (HOLLAND; MANNIS;
LEE, 2015). Trata-se de condicdo progressiva, que ndo raramente enseja resposta
inflamatoria grave secundaria a deficiéncia de componentes do FL (GIULIANO;
MOORE, 2007; HERRERA, 2008; GALERA et al., 2009; ANGELICO et al., 2011). A
CCS pode ser quantitativa, caracterizada por deficiéncia na producdo da camada
aquosa do FL, e/ou qualitativa, caracterizada por alteracdes na camada lipidica do
FL ou por evaporacdo excessiva da lagrima (GELATT, 2003; SLATTER, 2005).

Em cées, as manifestacdes clinicas que acompanham a CCS sao variaveis e
incluem blefaroespasmo, secrecdo mucoide, hiperemia conjuntival, ceratite

ulcerativa, vascularizacédo e pigmentacao corneal (GUM et al., 2007).

A ocorréncia de CCS ¢ alta entre racas braquicefalicas, cuja configuracédo da
face e caracteristicas biométricas da érbita rasa, favorecem a evaporacéo da lagrima
(SANCHES et al., 2007). O primeiro estudo epidemiolégico sobre CCS canina,
publicado em 1976, mostrou que a prevaléncia da doenca era 0,4% (HELPER,
1976). Todavia, outro estudo, em 1998, mostrou que a prevaléncia em caes € de
35% (KASWAN et al., 1998). Estima-se que a incidéncia de CCS canina seja de
3,3% nos Estados Unidos, de 3,4% no Reino Unido, e de 5,5% no Brasil (BARROS,



1997). As fémeas sado mais acometidas pela doenca, provavelmente porque suas
glandulas lacrimais possuem parénquimas secretores (acinar e tubular) menores
gue os dos machos (BARROS, 1992; BARROS, 1997; CABRAL et al., 2005). Cées
das racas Cocker Spaniel, Buldogue Inglés, West Highland White Terrier, Yorkshire
Terrier, Shih Tzu, Lhasa Apso, Schnauzer, Boston Terrier, Cavalier King Charles
Spaniel, Pug e Samoieda apresentam predisposi¢cao elevada a doenca (SLATTER,
2005).

Dentre os fatores predisponentes de CCS canina congregam-se as anomalias
congénitas, os distlrbios nutricionais (ex. hipovitaminose A) e os metabdlicos (ex.
hipotireoidismo, diabetes, hipoestrogenismo, hipo ou hiperadrenocorticismo), bem
como doencas infecciosas (ex. cinomose, toxoplasmose e erliquiose) e toxicas (ex.
botulismo, astragalo, beladona), certos farmacos (ex. buprenorfina, medetomidina,
derivados de sulfas e atropina) e lesGes iatrogénicas, idiopaticas, neoplasicas e
neurogénicas (ex. sindrome da disautonomia) (MARGADANT et al., 2003; GELATT,
2003; CULLEN et al.,, 2005; BARNETT, 2006; WILLIAMS; PIECE, 2007). O
diagnostico de CCS baseia-se nos sinais clinicos, na presenca de defeitos
persistentes e de filamentos de muco na superficie ocular, e na quantidade e
gualidade da lagrima avaliada ao TLS e o TRFL, respectivamente (BASTTISTELLA;
KARA-JOSE, 1999; ANGELICO et al., 2011). Valores de TLS 1 inferiores a 10
mm/min sdo adotados para confirmacdo da enfermidade. Contudo, valores de TLS 1
entre 10 e 15 mm/min podem indicar CCS subclinica (BARNETT; SANSON, 1987;
GIULIANO; MOORE, 2007).

Relativamente a etiologia e a fisiopatologia da CCS canina, achados a
histopatologia sugerem, na maioria dos casos (80%), tratar-se de doenca
imunomediada caracterizada por inflamacédo exacerbada, com expresséo elevada de
linfocitos T “helper” e destruicdo de glandulas lacrimais (Fig. 1) (KASWAN;
BOUNOUS; HIRSH, 1995; RORIG, 2009). A CCS canina imunomediada assemelha-
se em muitos aspectos a CCS humana, que acomete, principalmente, mulheres na
menopausa (WILLIAMS, 2008). Nos seres humanos, a CCS, geralmente, esta
associacdo a xerostomia (boca seca) e a artrite reumatoide, e decorre de uma

sindrome autoimune grave, conhecida como Sjégren (WILLIAMS, 2008).
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Figura 1. Mecanismo pelo qual a CCS estabelece um mecanismo de auto-destruicdo da glandula
lacrimal, causando inflamacé&o e danos a superficie ocular (RORIG, 2009, adaptado de DEWS, 2007).

As glandulas lacrimal e superficial da terceira palpebra, em cdes com CCS,
desenvolvem graus variaveis de adenite crénica multifocal, caracterizada por atrofia
dos acinos, por infiltracdo plasmocitaria e linfocitica, e por aumento na densidade de
volume do tecido conjuntivo fibroso interacinar (SLATTER, 2005). A infiltracédo
linfocitica que acomete as glandulas lacrimais das fémeas € mais intensa (CABRAL
et al., 2005). Relativamente a superficie conjuntival, um estudo envolvendo caes
com cinomose e com CCS clinica detectou niveis elevados de citocinas pro-
inflamatorias, notadamente de interleucinas (IL-1 e IL-6) e de fator de necrose
tumoral alpha (TNF-alpha) (ALMEIDA, 2006). Stern e colaboradores (1998)
propuseram que a inflamacdo, caracterizada por elevacdo nos niveis locais de
citocinas pro-inflamatérias, € caracteristica comum a todos os tipos de CCS. As
citocinas proé-inflamatérias atuam nas imunidades inata e adaptativa, e favorecem o
influxo de células inflamatérias (ALMEIDA, 2006).



Avancos recentes nos campos da biologia celular, da genética e da
protedmica sugerem que a fisiopatologia da CCS excede as manifestagcbes macro e
microscoépicas observadas na superficie conjuntival. Foi demonstrado que a lagrima
de pacientes humanos com CCS, associada ou ndo a sindrome de Sjogren,
apresenta menos lactoferrina e mais fator de crescimento epidérmico (EGF) do que
a lagrima de individuos saudaveis (OHASHI et al., 2013). H4, também, evidéncias de
gue pacientes com CCS apresentam alteragcbes na expressdo dos genes que
transcrevem RNAmM para glicosiltransferases e glicoconjugados especificos da
superficie epitelial conjuntival (MANTELLI et al., 2009). A andlise protebmica da
conjuntiva de pacientes com CCS mostrou que ocorre aumento na producédo de
anexina A-1, de anexina A-2, de alpha-enolase, de S100A8, de citoqueratina-1, de
peroxirredoxina-2 e de inibidores da elastase leucocitaria, concomitante a reducao
na sintese de galectina-3 e de lipocalina-1 (SORIA et al.,, 2017). Ademais,
Narayanan e colaboradores (2003) observaram que o epitélio conjuntival com CCS
expressa beta-defensinas, peptideos antimicrobianos que participam da resposta
imune inata e que podem afetar uma variedade de processos biologicos, tais como a
proliferacdo celular, a producdo de citocinas, a quimiotaxia, e a liberacéo

mastocitaria de histamina.

Mais recentemente, foi demonstrado que as células do epitélio conjuntival de
pacientes com CCS possuem expressdo génica diferenciada (BRADLEY;
EDWARDS; FULLARD, 2014). Também em pacientes humanos com CCS, as
células epiteliais das conjuntivas palpebral e bulbar eventualmente podem
apresentar-se com nucleos atipicos, caracterizados pela presenca de cromatina
aberrante, em formato de cobra (i.e., “snake-like chromatin”’) (MARNER, 1980).
Micronucleos, bem como a fragmentacdo internucleossomal de DNA, que é
caracteristica de apoptose ou de morte celular programada, foram reportados em
olhos humanos (DEWS, 2007). N&do ha, até o presente, relatos sobre a presenca de
“snake-like chromatin”, de micronucleos, ou de outras aberragcbes cromatinicas, em

nucleos interfasicos de células epiteliais conjuntivais de caes com CCS.



2.4 Cromatina

O DNA nuclear dos eucariotos estd complexado com proteinas histénicas e
nao histénicas, formando a cromatina. A unidade fundamental (estrutura primaria) da
cromatina é representada pelos nucleossomos, que se organizam em cadeia para
formar a fibra de 11 nm, conhecida como “colar-de-contas” (Fig. 2) (WOODCOCK;
DIMITROV, 2001).

FIBRA DE 11 nm
(estrutura primaria)

FIBRA DE 30 nm
(estrutura secundaria)

Figura 2. Estrutura basica da cromatina. A fibra de 11 nm consiste de DNA enrolado em octameros
de histonas (nucleossomos) dispostos a intervalos regulares. O empacotamento dos nucleossomos
cria uma fibra espiral, de 30 nm, que corresponde a estrutura secundaria da cromatina (adaptado de
http://sgi.bls.umkc.edu/waterborg/chromat/chroma09.html).

O nucleoide nucleossomal é formado por 147 pares de bases de DNA
dispostos ao redor de um octamero de histonas contendo duas unidades de H2A, de
H2B, de H3 e de H4 (ALBERTS et al., 2008). Durante a expressao génica, o DNA do
nucleoide se solta, por milissegundos, do octamero de histonas e interage com
proteinas da forquilha de replicacdo e da maquinaria de transcricdo (ALBERTS et
al., 2008). A unido dos nucleoides é feita por um DNA de ligacdo, cujo tamanho é
variavel (LUGER et al., 1997). Uma nona histona, H1, promove a compactacdo dos
nucleoides, originando uma fibra de 30nm (i.e., estrutura secundaria da cromatina)
(BEDNAR et al., 1998; DORIGO et al., 2004; ALBERTS et al.,2008). Niveis
superiores (ou supra) de organizacdo cromatinica formam-se a partir de interacdes
entre as fibras de 30 nm (CREMER; CREMER, 2001).
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A cromatina supra-organizada a partir da fibra de 30 nm ndo é homogénea
(estrutural e funcionalmente). Desde os estudos pioneiros de Heitz (1928; 1934),
admite-se que ela pode se apresentar sob dois estados morfofuncionais de
estereoarranjo, os quais sdo dinamicos e coexistem, em diferentes proporgdes, nos

nucleos celulares: a eucromatina e a heterocromatina.

7

A eucromatina € rica em genes. Considera-se que ela é descondensada e
transcricionalmente ativa, uma vez que apresenta espacamento irregular entre seus
nucleossomos (ELGIN; GREWAL, 2003). A heterocromatina € altamente
condensada e consiste em arranjos nucleossomais regulares, contendo elevada
proporgcdo de sequéncias repetitivas transcricionalmente inativas, intercaladas por
poucos genes, 0 que impede que nucleases acessem o DNA (GREWAL; MOAZED,
2003). A caracteristica principal da heterocromatina é a capacidade de se propagar,
reprimindo a expressao génica ao longo de um dominio (fendmeno conhecido como
efeito de posicdo). Todavia, durante alguns processos, como a diferenciacdo de
alguns tipos celulares, a heterocromatina é requerida no controle da expresséo
génica (LU et al., 2000; YASUHARA; WAKIMOTO, 2006; FINNEGAN, 2011). Dentre
muitas funcdes, a heterocromatina protege a integridade do genoma, inibe a
recombinacdo de elementos dispersivos do DNA repetitivo, facilita a coesdo de
cromatides irmas e direciona a segregacao de cromossomos (HENIKOFF, 2000;
BERNARDI et al., 2000; HALL et al., 2003).

Os estereoarranjos de cromatina Sao mutaveis gracas aos processos
dindmicos de remodelacdo, que envolvem complexos enzimaticos dependentes de
ATP e enzimas que agem sobre o DNA e as caudas das histonas. Ao remodelar, a
cromatina pode acumular alteracdes que contribuem para o desenvolvimento e a
progressdo de doencas, a depender de uma série de eventos inseridos no recente

campo da epigenética.

2.5 Remodelagcdo cromatinica

Organismos eucariotos possuem uma variedade de complexos de
remodelacdo cromatinica, que utilizam energia liberada pela hidrélise de ATP para

guebrar o nucleossomo e permitir que regides génicas promotoras se liguem aos
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fatores transcricionais. O complexo remodelador mais estudado € o SWI/SNF, que
ao ser recrutado por fatores transcricionais promove deslizamento nucleossomal e
expde regides do dominio TATA, onde o complexo de pré-iniciacdo da transcricao
pode se ligar (NASIPAK et al., 2015).

Em muitos casos, 0s eventos responsaveis pela remodelacdo cromatinica sao
epigenéticos e mediados por enzimas. Destacam-se a metilacdo de DNA, as
modificacbes em histonas (acetilagdo, metilacdo, fosforilacdo, ubiquitinacao,
sumoilacdo, ADP ribosilacéo, citrulinacdo, propionilacéo, glicosilacdo e n-nitrosacao)
e 0s RNAs de interferéncia (ALLIS et al., 2007; GOLDBERG et al.,, 2007;
BURGESS; ZHANG, 2010; ZHANG et al., 2012).

O termo epigenética foi originalmente atribuido a eventos biologicos néo
explicaveis por principios genéticos. Conrad Waddington (1942), a quem foi dado
crédito de té-lo cunhado, definiu epigenética como "o ramo da biologia que estuda as
interacdes causais entre 0s genes e seus produtos, 0s quais trazem o fendtipo para
o ser". Representa uma ciéncia de vanguarda e refere-se as marcacdes herdaveis
(por exemplo, heterocromatizacdo) na expressdao génica (i.e., assinaturas

epigenéticas), sem mudancas na sequéncia primaria do DNA.

Cada linhagem celular contém assinaturas epigenéticas especificas, que
representam o epigenoma e ajudam a estabelecer os estados funcionais da
cromatina. O epigenoma € labil e diversos estimulos podem modifica-lo, o que, as
vezes, ocasiona danos a célula, suscitando o desenvolvimento de doencas e de
sindromes (EGGER et al., 2004).

Modificacdes no epigenoma e na supra-organiza¢ao da cromatina podem ser
iniciadas por estimulos internos, que envolvem alteracdes em genes mantenedores
das assinaturas epigenéticas. Em seres humanos, por exemplo, mutacdes no gene
DNMT3b (DNA-citosina-5-metiltransferase-3-beta) ensejam hipometilacdo de DNA,
com descompactacéo e afrouxamento de cromatina, e estdo relacionadas a génese
da sindrome de imunodeficiéncia - instabilidade centromérica - anomalias faciais
(sindrome ICF) (MATARAZZO et al., 2008) e da neoplasia escamosa da superficie
ocular (PRASAD et al., 2009). MutacBes no gene ATRX (helicase dependente do

ATP) alteram os niveis de metilacdo do DNA ribossdmico em regides repetitivas e
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subteloméricas do cromossomo Y, causando alfa-talassemia (sindrome ATR-X,
caracterizada por retardo mental) (DELAUNOY et al., 2006). No diabetes tipo I,
ocorre reducdo nos niveis de expressdo de histonas deacetilases (HDACs) e
aumento na dimetilacdo da lisina 4 da histona H3 (H3K4) dos linfécitos do pancreas,
0 que pode estar relacionado com alteracdes na imunidade e com a destruicdo das
células beta (COOPER; EL-OSTA, 2010).

Estimulos microambientais podem também atuar como efetores de alteracdes
na cromatina e no epigenoma celular, como a exposicdo aos metais pesados, aos
pesticidas, ao tabaco, aos hidrocarbonetos policiclicos aromaticos e a certos
farmacos, bem como mudancas hormonais, radiacéo, infec¢gbes virais e bacterianas,
privacdo de nutrientes, restricdo hidrica e inflamac&do, entre outros (SZYF;
McGOWAN; MEANEY, 2007; DELAGE; DASHWOOD, 2008). Células de tumores
cujas causas envolvem fatores microambientais, por exemplo, sofrem remodelagéo
cromatinica mediada pela perda global das assinaturas epigenéticas trimetil na lisina
4 da histona H3 (H3K4me3) e na lisina 20 da histona H4 (H4K20me3), concomitante
ao ganho das assinaturas metil na lisina 9 da histona H3 (H3K9me) e trimetil na
lisina 27 da histona H3 (H3K27me3) (HAMAMOTO et al., 2004; VIRE et al., 2006;
KONDO et al., 2007). Modificacdes em proteinas ndo histonicas reconhecedoras de
marcas epigenéticas, como a proteina HP1 (proteina heterocromatina 1) que detecta
metilacdo na lisina 9 da histona (H3H3K9), ensejam progressdo tumoral
(RODRIGUEZ-PAREDEZ; ESTELLER, 2007).

Alteracbes em assinaturas epigenéticas contribuem para a progressao de
doencas neurogénicas, como Alzheimer, Huntington, autismo, esquizofrenia,
esclerose multipla, epilepsia, e Parkinson (URDINGUIO; SANCHEZ-MUT,;
ESTELLER, 2009; PLAZAS-MAYORCA; VRANA, 2010). Elas, também, estédo
associadas com a fisiopatologia de doencas e de sindromes autoimunes, como
[Upus eritomatoso, artrite reumatoide, escleroderma, e Sjogren (MILLINGTON, 2008;
BROOKS et al.,, 2010; TRENKMANNet al., 2010), esta ultima desencadeando
destruicdo de tecidos glandulares e manifestacdes oftalmicas similares as da CCS

canina.
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Importantes afec¢fes oftalmicas cursam com mudangas no epigenoma e na
cromatina. Por exemplo, a depleg&o experimental de DNMT1 (DNA-metiltransferase-
1) ocasiona perda de fotorreceptores (RHEE et al., 2012). Olhos com degeneracgao
macular apresentam padrbes elevados de metilacdo de DNA, o que silencia a
expressao de alguns genes (WEI et al., 2012). Células epiteliais lenticulares de olhos
com catarata compactam cromatina e apresentam hipermetilagdo de DNA nas ilhas
de citosina-guanina (CpG) do promotor CRYAA (alfa cristalino A) (ZHOU et al.,
2012). Opacidades de capsula posterior e as vitreorretinopatias proliferativas estéao
associadas com alteracdes na proteina 2 de ligacdo ao metil-CpG (MeCP2) (ZHOU
et al., 2011).

Células do retinoblastoma possuem regides promotoras hipermetiladas nos
genes MSH6 (homdélogo humano de 6 MutS), PAX5 (homeodominio box pareado),
GATAGS (codificador do fator de transcricdo que se liga a sequéncia [A/T|GATA [A/G]
do DNA), TP53 (gene supressor de tumor), VHL (supressor tumoral von Hippel-
Lindau), GSTP1 (glutationa S-transferase P1), MGMT (O-6-metil-guanina-DNA-
metiltransferase), RB1 (codificador da proteina do retinoblastoma 1) e CDKN2
(inibidor 2A das quinases dependentes de cliclina), e aumento na expressao de
RNAs do cluster miR-17/92 (HE et al., 2013).

Modelos experimentais de uveorretinite autoimune acumulam alteracbes em
RNAs de interferéncia, como o miR-142-5p, o0 miR-21 e o miR-182 (KUTTY et al.,
2010). A ambliopia experimental, em ratos, esta associada com alteracées nos graus
de acetilacdo e deacetilacdo de histonas (SILINGARDI et al., 2010). Apoés lesGes no
nervo Optico, ocorrem aumentos nas atividades das HDACs 2 e 3 e reducdo nos
niveis de acetilacdo da histona H4 nas células ganglionares da retina (PELZEL,
SCHAMP; NICKELLS, 2010). Células endoteliais da retina de ratos com
hiperglicemia induzida por estrepzotocina apresentam aumento nas expressdes de
HDACs 1, 3 e 8, concomitante a reducdo na atividade de acetiltransferase especifica
da histona H3 (ZHONG; KOWLURU, 2010), podendo culminar em compactacéo de
cromatina. Modificacfes epigenéticas em histonas e em RNAs de interferéncia foram
observadas em células epiteliais conjuntivais da superficie ocular com inflamacéao
cronica (HE et al., 2013). Cérneas de ratos diabéticos induzidos por aloxana, com

hiperglicemia de moderada a severa, apresentam reducdo nos niveis de acetilacdo
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da histona H3, concomitante com altera¢des cromatinicas em células epiteliais e em
ceratocitos (HERENCIA BUENO, 2017).

Caracteristicas importantes permitem distinguir modificacdes epigenéticas de
modificagbes genéticas. Dentre elas, os efeitos de posicionamento, a habilidade em
modificar territérios génicos (ndo um unico gene) e a reversibilidade dos eventos
envolvidos (FEINBERG, 2011). Sobre a reversibilidade, ha evidéncias de que muitas
alteracbes cromatinicas induzidas por vias microambientais nocivas regridem
espontaneamente, apos cessdo do estimulo (MORAES et al.,, 2005). Ademais,
estudos recentes mostram que certos farmacos, alguns deles tradicionais e de
emprego consagrado, como o0 acido valpréico (anticonvulsionante usado no
tratamento de epilepsia) e a zebularina (anti-neoplasico), além da tricostatina A, do
acido anacéardico, da 5-azacitidina, da curcuma, do garcinol, do BIX-01294, do E72,
do UNC321, do UNC0638, da 3-deazaneoplanocina e do vorinostat, agem sobre
enzimas epigenéticas e podem desfazer alteragbes na estrutura da cromatina
(FELISBINO; TAMASHIRO; MELLO, 2011; HEERBOTH et al., 2014).

O tratamento da CCS, salvo excecdes, envolve o emprego de lagrimas
artificiais (colirios lubrificantes) e de imunomoduladores como o tacrolimus, o
sirolimus, o pimecrolimus e a ciclosporina A (CsA) (OFRI et al., 2009; PIGATTO et
al., 2009). Lagrimas artificiais aumentam a estabilidade do filme lacrimal, diminuem a
evaporacao da lagrima e podem reduzir a expressdo de moléculas juncionais na
membrana plasmatica das células epiteliais, favorecendo a proliferacdo celular
(HOLLAND; MANNIS; LEE, 2015). Ja os imunomoduladores, ou seus derivados,
podem afetar, direta ou indiretamente, o epigenoma causando remodelacdo
cromatinica, que aliada aos efeitos farmacodinamicos, parece contribuir para o
controle de doencas imunomediadas. Mecanismos epigenéticos explicariam porque
organismos de mesma espécie ou de espécies diferentes apresentam respostas
terapéuticas dispares ou manifestacdes adversas, quando expostos a um farmaco.
Foi, também, proposto que a CsA afeta a atividade mitocondrial e previne a

apoptose das células epiteliais conjuntivais (DURNIAN et al., 2007).
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2.6 Ciclosporina A (CsA)

A CsA é um decapeptidico ciclico produzido pelo fungo Tolypocladium
inflatum gams (BRUNTON; CHABNER; KNOLLMANN, 2011). Trata-se de um
imunossupressor, com acao lacrimogénica, que age preferencialmente sobre os
linfécitos T. Ela ndo causa alteracdes importantes na imunidade humoral, portanto,
nao compromete a acdo de vacinas que estimulam a resposta protetora humoral
(LIU et al., 2007). A introducdo de CsA, na pratica médica, inaugurou a era moderna
dos transplantes de 6rgaos. Antes da CsA, a maioria dos transplantes de coracédo e
de figado era mal sucedida (ABBAS; LICHTMAN; PILLAI, 2012). Com a CsA, o
tempo médio de sobrevida de aloenxertos € de cinco anos (ABBAS; LICHTMAN;
PILLAI, 2012).

A CsA esta sendo amplamente indicada para o tratamento de doencas
imunomediadas, como a artrite reumatoide, a psoriase e a dermatite atdpica
(CARDENAS et al., 1999). Em animais com CCS a CsA na forma de pomada, diluida
a diferentes concentracbes, € utilizada ha mais de duas décadas (GRAHN;
STOREY, 2004; RIBEIRO et al.,, 2008), combinada com lagrimas artificiais.
Comumente emprega-se a pomada a intervalos regulares de 12 horas e as
concentracbes variam de 0,2% a 2%. Devido as suas qualidades lipofilicas e
hidrofobicas, sua diluicdo pode ser conseguida em Oleos vegetais, 0 que dispensa a
adicdo de conservantes na formulacdo (BARNETT; SANSON, 1987).

Os mecanismos farmacodindmicos da CsA em linfécitos T estédo ilustrados na
figura 3. Sumariamente, a CsA se liga a proteina intracelular ciclofilina-1 e inibe a
atividade da calcineurina serina/treonina fosfatase, o que resulta em interrup¢éo ou
em reducdo na sintese de citocinas, notadamente de interleucina-2 (BRUNTON;
CHABNER; KNOLLMANN, 2011).
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Figura 3. Mecanismos de ac¢do da ciclosporina A (CsA), do tacrolimus e do sirolimus, nos linfécitos T.
Relativamente a CsA, ela se liga a ciclofilina-1 e forma um complexo, que inibe a calcineurina e
impede o influxo do fator nuclear das células T ativadas, para dentro do nucleo. O fator nuclear das
células T ativadas é necessério para a transcricdo de interleucina-2 e de outras citocinas associadas
ao crescimento e a diferenciacéo celular (Copyright Lippincot Willians & Wilkins. http://lww.com.).

A calcineurina esta também presente no citoplasma de linhagens celulares
nao linfociticas, como as epiteliais e as miociticas. Ha evidéncias de que sua inibicao
funcional interfere na remodelacdo e nos estereoarranjos supraorganizacionais da
cromatina, por bloquear a acdo da subunidade catalitica do complexo remodelador
SWI/SNF (NASIPAK et al., 2015). Quando prolongada, a inibicdo de calcineurina
parece favorecer o desenvolvimento de tumores (SPINOSA; GORNIAK; BERNARDI,
2006), por mecanismos epigenéticos pouco elucidados. De fato, alguns autores
reportaram que ha associacdo entre uso de CsA e desenvolvimento de tumores
conjuntivais (DURNIAN et al., 2007). Todavia, também hé& autores que utilizam CsA,
combinada a outros farmacos, no controle da progressdo de tumores oculares,
devido suas propriedades antiangiogénicas (TUNC, 2006). Desconhecem-se casos
de CCS canina que ap0s instituicdo de terapéutica com CsA desenvolveram
neoplasias oculares. Durnian e colaboradores (2007) propuseram que 0s riscos do

uso de CsA na pratica oftalmica sdo aceitaveis, na auséncia de opc¢des terapéuticas
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melhores. H4, sem dulvida, necessidade de se discutirem questdes de malignidade

celular associada ao uso do farmaco e ao bloqueio de calcineurina.

Relativamente as fun¢des da calcineurina, ela atua como fator de transcri¢cao
de citocinas associadas ao crescimento e a diferenciacdo celular. Sua ativacao
ocorre por vias dependentes de calcio e envolve calmodulina (BRUNTON;
CHABNER; KNOLLMANN, 2011), uma proteina que se liga ao célcio, formando o
complexo calmodulina-calcio quinase Il, o qual parece estar associado com
fosforilacdo de histonas H3 (AWAD et al., 2013). Ha evidéncias de que a
calmodulina desempenha funcdo chave na ativacdo de um dos complexos de
remodelacdo da cromatina, o que explicaria o fato dela estar presente em todos os
eucariotos e apresentar dominio catalitico altamente conservado (LAl et al., 2009).

3. HIPOTESES

Duas hipoteses alicercam a presente investigacao. A primeira (Capitulo 2) € a
de que células epiteliais e linfocitos da conjuntiva palpebral de cdes com CCS
apresentam altera¢des supraorganizacionais na cromatina, que afetam a morfologia
e a funcionalidade nuclear. A segunda (Capitulo 3) € a de que os mecanismos de
acao do tratamento da CCS canina, com 0,2% CsA e lagrima artificial, envolvem

remodelacdo de cromatina e mudancas em eventos nucleares correlatos.

4. OBJETIVOS GERAIS

Estudar, por videoandlise de imagens, a supraorganizacdo cromatinica e 0s
parametros de morfofuncionalidade nuclear em células epiteliais e em linfécitos da
conjuntiva palpebral inferior de cdes com e sem CCS; avaliar se eventuais
alteracdes nucleares que acompanham a progressdo da CCS canina, notadamente
mudancas no estado de compactacao e na textura de cromatina em células epiteliais
conjuntivais, regridem apés 30 e 60 dias de tratamento com CsA 0,2% e lagrima

artificial.



18

5. REFERENCIAS?

ABBAS, A. K.; LICHTMAN, A. H.; PILLAI, S. In: . Imunologia Celular e
Molecular, 7th ed. Elsevier. 2012. p. 506.

ALBERTS, B.; JOHNSON, A.; LEWIS, J.; RAFF, M.; ROBERTS, K.; WALTER, P.
DNA, chromosomes and genomes. In: . Molecular biology of cell, 5th ed.
Garland science, Taylor & Francis Group. Nova York, 2008. p. 1392.

ALLIS C. D.; JENUWEIN, T.; REINBERG, D.; CAPARROS, M. L.; Overview and
Concepts. In: . Epigenetics. Cold Spring Harbor Laboratory Press. Nova
York. 2007, p. 502.

ALMEIDA, D. E. Expressao génica de citocinas e histopatologia da conjuntiva
bulbar de céaes acometidos por ceratoconjuntivite seca e portadores de
cinomose. 2006. Tese (Doutorado em Medicina Veterinaria) - Universidade
Estadual Paulista Julio de Mesquita Filho, Faculdade de Ciéncias Agrarias e
Veterinarias, 2006.

ANAGNOSTOPOULOU-FOTINOUPOULOU I.; RAMMOU-KINIA, R. Cytobrush
sampling in conjunctival cytology. Diagnostic Cytopathology, v. 9, p.113-115, 1993.

ANDRADE, A. L. Semiologia do sistema visual dos animais domeésticos. In:
FEITOSA, F. L. P. Semiologia Veterinaria, Sdo Paulo: Roca, 2 ed. 2008. p. 623-
653.

ANGELICO, G. T; RANZANI, J. J. T; BRANDAO, C. V. S; SCHELLINI, S. A;
PADOVANI, C. R; SERENO, M. G; CREMONINI, D. N. Transplante de glandulas
salivares menores no tratamento da ceratoconjuntivite seca em caes. Arquivo
Brasileiro de Medicina Veterinaria e Zootecnia, v. 63, n. 5, p.1087-1092, 2011.

ARENDS, G; SCHRAMM, U. The structure of the human semilunar plica at different
stages of its development-a morphological and morphometric study. Annals of
Anatomy - Anatomischer Anzeiger, v. 186, n. 3, p. 195-207, 2004.

AWAD, S.; KUNHI, M.; LITTLE, G. H.; BAI, Y.; AN, W.; BERS, D.; KEDES, L.;
POIZAT, C. Nuclear CaMKIl enhances histone H3 phosphorylation and remodels
chromatin during cardiac hypertrophy. Nucleic Acids Research, v. 41, n. 16, p.
7656-7672, 2013.

BARNETT, K. C. Congenital keratoconjunctivitis sicca and ichthyosiform dermatosis
in the Cavalier King Charles Spaniel. Journal of Small Animal Practice, v. 47, p.
524-528, 2006.

! Formatacao de acordo com as normas da Associacéo Brasileira de Normas Técnicas (ABNT — NBR
6023/2002; http://www.abntcolecao.com.br)



https://www.ncbi.nlm.nih.gov/pubmed/?term=Arends%20G%5BAuthor%5D&cauthor=true&cauthor_uid=15255295
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schramm%20U%5BAuthor%5D&cauthor=true&cauthor_uid=15255295
http://www.sciencedirect.com/science/journal/09409602
http://www.sciencedirect.com/science/journal/09409602
http://www.sciencedirect.com/science/journal/09409602
http://www.abntcolecao.com.br/

19

BARNETT, K. C.; SANSON, J. R. Diagnosis and treatment of keratoconjunctivitis
sicca in dog. Veterinary Record, v. 120. n. 14. p.340-5, 1987.

BARROS, P. S. M.; SAFATLE, A.; ALVARENGA, J.; STOPIGLIA, A. J. Aspectos
clinicos da ceratoconjuntivite seca em caes. Estudo retrospectivo em 223 casos.
ARS Veterinaria, v. 8, n. 1, p. 614, 1992.

BARROS, P. S. M. Cérnea em medicina veterinaria. In: BELFORT, R.; KARA-JOSE,
N. Cérnea Clinica Cirurgica, Roca, 1997. p. 603-607.

BASTTISTELLA, R; KARA-JOSE, N. Corantes e quelantes em oftalmologia. In: VITA
SOBRINHO, J. B. Farmacologia & Terapéutica Ocular, Cultura Médica, 1999.
p.122.

BAUER, G. A.; SPIESS, B. M.; LUTZ, H. Exfoliative cytology of conjunctiva and
cornea in domestic animals: A comparison of four collecting techniques. Veterinary
and Comparative Ophthalmology, v. 6, p. 181-186, 1996.

BEDNAR, J.; HOROWITZ, R. A.; GRIGORYEV, S. A.; CARRUTHERS, L. M,
HANSEN, J. C.; KSTER, A. J.; WOODCOCK, C. L. Nucleosomes, linker DNA, and
linker histone form a unique structural motif that directs the higher-order folding and
compaction of chromatin. Proceedings of the National Academy of Sciences of
the United States of America. v. 95, n. 24, p. 14173-14178, 1998.

BERNARDI, G. Isochores and the evolutionary genomics of vertebrates. Gene, v.
241, p. 3-17, 2000.

BOLZAN, A. A.; BRUNELLI, A. D. J.; CASTRO, M. B.; SOUZA, M. A.; SOUZA, J. L.;
LAUS, J. L. Conjunctival impression cytology in dogs. Veterinary Ophthalmology,
v. 8, p. 401 — 405, 2005.

BRADLEY, J. L.; EDWARDS, C. S.; FULLARD, R. J. Adaptation of Impression
Cytology to Enable Conjunctival Surface Cell Transcriptome Analysis. Current Eye
Research, v. 39, n. 1, p. 31-41, 2014.

BROOKS, W. H.; LE DANTEC, C.; PERS, J. O.; YOUINOU, P.; RENAUDINEAU, Y.
Epigenetics and autoimmunity. Journal of Autoimmunity, London, v. 34, n. 3, p.
207-219, 2010.

BRUNTON, L. L.; CHABNER, B. A.; KNOLLMANN, B. C. In: Goodman & Gilman's
The Pharmacological Basis of Therapeutics, 12ed., 2011. p. 2084.

BURGESS, R. J.; ZHANG, Z. Histones, histone chaperones and nucleosome
assembly. Protein Cell, v.1, p. 607-612, 2010.

BUTOVICH, I. A. Tear film lipids. Experimental Eye Research, v. 117, p. 4-27,
2013.


http://www.tandfonline.com/doi/full/10.3109/02713683.2013.823213
http://www.tandfonline.com/doi/full/10.3109/02713683.2013.823213
http://www.tandfonline.com/doi/full/10.3109/02713683.2013.823213
http://www.tandfonline.com/toc/icey20/39/1
http://www.tandfonline.com/toc/icey20/39/1
http://www.tandfonline.com/toc/icey20/39/1
http://www.sciencedirect.com/science/journal/00144835

20

CABRAL, V. P.; LAUS, J. L.; DAGLI, Z. M. L.; PEREIRA, G. T.; TALIERI, I. C;
MONTEIRO, E. R.; MAMEDE, F. V. Canine lacrimal and third eyelid superficial
glands macroscopic and morphometric characteristics. Ciéncia Rural, v. 32, n. 2, p.
391-397, 2005.

CARDENAS, M. E.; CRUZ, M. C.; DEL-POETA, M.; CHUNG, N.; PERFECT, J.R,;
HEITMAN, J. Antifungal activities of antineoplastic agents: Saccharomyces
cerevisiae as a model system to study drug action. Clinical Microbiology Reviews,
v. 12, p. 583-611, 1999.

COOPER, M. E.; EL-OSTA, A. Epigenetics: mechanisms and implications for diabetic
complications. Circulation Research, Baltimore, v. 107, n. 12, p. 1403-1413, 2010.

CREMER, T.; CREMER, C. Chromosome territories nuclear architecture and gene
regulation in mammalian cells. Nature, v. 2, p. 292-301, 2001.

CULLEN, C. L.; IHLE, S. L.; WEBB, A. A, McCARVILLE, C. Keratoconjunctival
effects of diabetes mellitus in dogs. Veterinary Ophthalmology, v. 8, n. 4, p. 215-
224, 2005.

DELAGE, B.; DASHWOOD, R. H. Dietary manipulation of histone structure and
function. Annual Review of Nutrition, 2008 p.347-366.

DELAUNOY, J. P.; DUBOS, A.; MARQUES PEREIRA, P.; HANAUER, A.
Identification of novel mutations in the RSK2 gene (RPS6KA3) in patients with
CoffinLowry syndrome. Clinical Genetics, Frederiksberg, v. 70, n. 2, p. 161-166,
2006.

DEWS (International Dry Eye WorkShop). The definition and classification of dry eye
disease: report of the Definition and Classification. The Ocular Surface, v. 5, n. 2, p.
75-92, 2007.

DILLY, P. N. Structure and Function of the Tear Film. In: SULLIVAN, D.A. Lacrimal
Gland, Tear Film, and Dry Eye Syndromes. Advances in Experimental Medicine
and Biology. Springer, Boston: Plenum Press, 1994. vol. 350, p. 239-247.

DORIGO, B.; SCHALCH, T.; KULANGARA, A.; DUDA, S.; SCHROEDER, R. R;
RICHMOND, T. J. Nucleosome arrays reveal the two-start organization of the
chromatin fiber. Science, v. 306, p. 1571-1573, 2004.

DURNIAN, J. M.; STEWART, R. M,; TATHAM, R.; BATTERBURY, M.; KAYE, S. B.
Cyclosporine-A associated malignancy. Clinical ophthalmology (Auckland, NZ).
v.1, n.4, p.421-430, 2007.

EGGER, G.; LIANG, G.; APARICIO, A.; JONES, P. A. Epigenetics in human disease
and prospects for epigenetic therapy. Nature, v. 429, p. 457-463, 2004.



21

ELGIN, S. C.; GREWAL, S. I. Heterochromatin: silence is golden. Current Biology,
v. 13, n. 23, p. 895-898, 2003.

FEINBERG, A. P. Cancer epigenetics take center stage. Proceedings of the
National Academy of Sciences of the United States of America, v. 98, n. 2, p.
392-394, 2001.

FELISBINO, M. B.; TAMASHIRO, W. M. S. C.; MELLO, M. L. S. Chromatin
Remodeling, Cell Proliferation and Cell Death in Valproic Acid-Treated HeLa Cells.
Plos One, v. 19, 2011.

FINNEGAN, D. J. Oogenesis: active heterochromatin. Current Biology, v. 21, p.
630-632, 2011.

GALERA, P. D.;: LAUS, J. L.; ORIA, A. P. Afeccdes da tunica fibrosa. In: LAUS, J.L.
Oftalmologia clinica e cirdrgica em caes e gatos, Sdo Paulo: Roca, 2009. p. 69-
96.

GASSER, K.; FUCHS-BAUMGARTINGER, A.; TICHY, A.; NELL, B. Investigations on
the conjunctival goblet cells and on the characteristics of glands associated with the
eye in the guinea pig. Veterinary Ophthalmology, v.14, n.1, p. 26-40, 2011.

GELATT, K. N. Doencas e cirurgia dos sistemas lacrimal e nasolacrimal do céo. In:
Manual de Oftalmologia Veterinaria, Barueri: Manole, 2003. cap. 4, p. 73-94.

GIPSON, I. K. Distribution of mucins at the ocular surface. Experimental Eye
Research. v.78, n.3, p. 379-88, 2004.

GIPSON I. K.; ARGUESO P. Role of mucins in the function of the corneal and
conjunctival epithelia. International Review of Cytology, v. 231, p.1-49, 2003.

GIPSON, I. K.; INATOMI, T. Mucin genes expressed by the ocular surface
epithelium. Progress in Retinal and Eye Research, v. 16, p. 81-98, 1997.

GIPSON, 1. K.; YANKAUCKAS, M. SPURR-MICHAUD, S.J.; TISDALE, AS,;
RINEHART, W. Characteristics of a glycoprotein in the ocular suface glycocalyx.
Investigative Ophthalmology & Visual Science, v.33, p.218-227, 1992.

GIULIANO, E. A.; MOORE, C. P. Diseases and surgery of the lacrimal secretory
system. In: GELATT, K.N. Veterinary Ophthalmology, 4.ed. Florida: Black Well,
2007. p. 633-661.

GOLDBERG, A. D.; ALLIS, D. C.; BERNSTEIN, E. Epigenetics: a landscape takes
shape. Cell, v. 128, p. 635-638, 2007.

GRAHN, B. H.; STOREY, E. S. Lacrimomimetics and lacrimostimulants. Veterinary
Clinics of North America: Small Animal Practice, v. 34, n. 3, p. 739-753, 2004.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Gipson%20IK%5BAuthor%5D&cauthor=true&cauthor_uid=15106916
https://www.ncbi.nlm.nih.gov/pubmed/15106916
https://www.ncbi.nlm.nih.gov/pubmed/15106916
https://www.ncbi.nlm.nih.gov/pubmed/15106916
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gipson%20IK%5BAuthor%5D&cauthor=true&cauthor_uid=14713002
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arg%C3%BCeso%20P%5BAuthor%5D&cauthor=true&cauthor_uid=14713002

22

GREWAL, S. |.; MOAZED, D. Heterochromatin and epigenetic control of gene
expression. Science, v. 301, p. 798-802, 2003.

GUM, G. G.; GELATT, K. N.; OFRI, R. Physiology of the eye. In: GELATT K.N.,
editor. Veterinary Ophthalmology, Philadelphia: LEA and FEBIGER, 2007. p. 124-
161.

HALL, I. M.; NOMA, K.; GREWAL, S. I. RNA interference machinery regulates
chromosome dynamics during mitosis and meiosis in fission yeast. Proceedings of
the National Academy of Sciences of the United States of America, v. 100, p.
193-198, 2003.

HAMAMOTO, R.; FURUKAWA, Y.; MORITA, M.; LIMURA, Y.; SILVA, F. P,
NAKAMURA, Y. SMYD3 encodes a histone methyltransferase involved in the
proliferation of cancer cells. Nature Cell Biology, v. 6, p. 731-740, 2004.

HE, S.; LI, X.; CHAN, N.; HINTON, D. R. Review: Epigenetic mechanisms in ocular
disease. Molecular Vision, v.19, p.665-674, 2013.

HEERBOTH, S.; LAPINSKA, K.; SNYDER, N.; LEARY, M.; ROLLINSON, S,
SARKAR, S. Use of Epigenetic Drugs in Disease: An Overview. Genetics &
Epigenetics, v. 6, p. 9-19, 2014.

HEITZ, E. Das Heterochromatin der Moose. Jahrbicher fir Wissenschaftliche
Botanik, v. 69, p. 762-818, 1928.

HEITZ, E. Uebera- und pB-Heterochromatin sowie Konstanz und Bau der
Chromomerenbei Drosophila. Biologisches Zentralblatt, v. 54, p. 588 — 609, 1934.

HELPER, L. C. Keratoconjunctivitis sicca in dogs. Symposium: Diseases of Unknown
Etiology — Contributions of Animal Studies to their Understanding. Transactions -
American Academy of Ophthalmology and Otolaryngology, v. 81, p. 624, 1976.

HENIKOFF, S. Heterochromatin function in complex genomes. Biochimica et
Biophysica Acta, v. 1470, p. 1-8, 2000.

HERENCIA BUENO, K. E.; ALDROVANI, M.; CRIVELARO, R.; THIESEN, R
BARROS SOBRINHO, A. A. R.; SANTOS, D. M.; CHACALTANA, F. D. Y. C;
MARTINEZ PADUA, I. R.; LAUS, J. L. Histone H3 acetylation, chromatin remodeling,
nuclear size and shape, DNA ploidy, and distribution of nucleolus organizing regions
in corneal epithelial and stromal cells of diabetic rats. Cornea, 2017.

HERRERA, D. Afeccdes da cérnea, In: . Oftalmologia clinica em animais de
companhia, Sao Paulo: MedVet, 2008. p. 111-140.

HOLLAND, E.J.; MANNIS, M.J.; LEE W.B. Ocular Surface Disease: Cornea,
Conjunctiva and Tear Film. Elsevier, 2015, 472p.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Heerboth%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25512710
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lapinska%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25512710
https://www.ncbi.nlm.nih.gov/pubmed/?term=Snyder%20N%5BAuthor%5D&cauthor=true&cauthor_uid=25512710
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leary%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25512710
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rollinson%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25512710
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sarkar%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25512710
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4251063/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4251063/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4251063/

23

JAKOBIEC, F.A.; IWAMOTO, T. Ocular adnexa: introduction to lids, conjunctiva, and
orbita. Investigative Ophthalmology & Visual Science, v.33, n.7, p. 2284, 1992.

JOHNSON, M. E.; MURPHY, P. J. Changes in the tear film and ocular surface from
dry eye syndrome. Progress in Retinal and Eye Research. v. 23, n.4, p.449-74,
2004.

KASWAN, R.; PAPPAS, C. J. R.; WALL, K; HIRSH, S. G. Survey of canine tear
deficiency in veterinary practice. Advances in experimental Medicine and Biology,
v. 438, p. 931-939, 1998.

KASWAN, R. L.; BOUNOUS, D.; HIRSH, S. G. Diagnosis and management of
keratoconjunctivitis sicca. Veterinary Medicine, v. 90, p. 539-560, 1995.

KASWAN, R. L, SALISBURY, M. A. A new perspective on canine keratoconjunctivitis
sicca. Veterinary Clinics of North America: Small Animal Practice, v. 20, p. 583-
613, 1990.

KESSING, S. V. Investigations of the conjunctival mucin. Quantitative studies of the
goblet cells of the conjunctiva. Acta Ophthalmological (Kbh), v. 44, p. 439-453,
1966.

KONDO, Y.; SHEN, L.; SUZUKI, S.; KUROKAWA, T.; MASUKO, K.; TANAKA, Y.;
KATO, H.; MIZUNO, Y.; YOKOE, M.; SUGAUCHI, F.; HIRASHIMA, N.; ORITO, E;
OSADA, H.; UEDA, R.; GUO, Y.; CHEN, X.; ISSA, J. P.; SEKIDO, Y. Alterations of
DNA methylation and histone modifications contribute to gene silencing in
hepatocellular carcinomas. Hepatology Research, Oxford, v. 37, p. 974-983, 2007.

KUTTY, R. K.; NAGINENI, C. N.; SAMUEL, W.; VIJAYASARATHY, C.; HOOKS, J.
J.; REDMOND, T. M. Inflammatory cytokines regulate microRNA-155 expression in
human retinal pigment epithelial cells by activating JAK/STAT pathway. Biochemical
and Biophysical Research Communications, v. 402, p. 390-395, 2010.

LAI, D.; WAN, M.; WU, J.; PRESTON-HURLBURT, P.; KUSHWAHA, R
GRUNDSTROM, T.; IMBALZANO, A. N.; CHI, T. Induction of TLR4-target genes
entails calcium/calmodulin-dependent regulation of chromatin remodeling.
Proceedings of the National Academy of Sciences of the United States of
America, v. 106, n. 4, p. 1169-1174, 20009.

LIMA, A. M. V.; CHAVES, N. S. T.; AMARAL, A. V. C.; MORAES, J. M.; ALVES, C.
E. F. Producao lacrimal e densidade de células caliciformes conjuntivais em caes da
raca Shih Tzu. Ciéncia Animal Brasileira, v. 12, n. 2, p. 353-358, 2011.

LIU, H.; WRANG, Y.; LI, S. Advanced delivery of ciclosporin A: present state and
perspective. Expert Opinion on Drug Delivery, v. 4, p. 349-358, 2007.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Johnson%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=15219877
https://www.ncbi.nlm.nih.gov/pubmed/?term=Murphy%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=15219877
https://www.ncbi.nlm.nih.gov/pubmed/15219877

24

LU, B. Y.; EMTAGE, P. C.; DUYF, B. J.; HILLIKER, A. J.; EISSENBERG, J. C.
Heterochromatin protein 1 is required for the normal expression of two
heterochromatin genes in Drosophila. Genetics, v. 155, p. 699-708, 2000.

LUGER, K.; MADER, A. W.; RICHMOND, R. K.; SARGENT, D. F.; RICHMOND, T. J.
Crystal structure of the nucleosome core particle at 2.8A° resolution. Nature, v. 389,
p. 251-260, 1997.

MARGADANT, D. L.; KIRKBY, K.; ANDREW, S. E.; GELATT, K. N. Effect of topical
tropicamide on tear production as measured by Schirmer’s tear test in normal dogs
and cats. Veterinary Ophthalmology, v. 6, n. 4, p. 315-320, 2003.

MANTELLI, F.; SCHAFFER, L.; DANA, R.; HEAD, S. R.; ARGUESO, P. Glycogene
Expression in Conjunctiva of Patients with Dry Eye: Downregulation of Notch
Signaling. Investigative Ophthalmology & Visual Science, v. 50, n.6, p. 2666-
2672, 20009.

MARNER, K. Snake-like appearance of nuclear chromatin in conjunctival epithelial
cells from patients with keratoconjunctivitis sicca. Acta Ophthalmologica, v. 58, p.
849-853, 1980.

MATARAZZO, M. R.; DE BONIS, M. L.; VACCA, M.; DELLA RAGIONE, F;
D'ESPOSITO, M. Lessons from two human chromatin diseases, ICF syndrome and
Rett syndrome. The International Journal of Biochemistry & Cell Biology,
Amsterdam, v. 41, n. 1, p. 117-126, 2008.

MICALLI, A.; PUZZOLO, D.; ARCO, A. M. PISANI, A.; SANTORO, G,; ARAGONA,
P.; FERRERI, G. Morphological differentiation of the conjunctival goblet cells in the
chick (Gallus domesticus). Graefe's Archive for Clinical and Experimental
Ophthalmology, v. 235, n.11, p. 717-722, 1997.

MILLINGTON, G. W. Epigenetics and dermatological disease. Pharmacogenomics,
London, v. 9, n. 12, p. 1835-1850, 2008.

MOORE, C. P.; WILSMAN, N. J.; NORDHEIM, E. V.; MAJORS, L. J.; COLLIER, L. L.
Density and distribution of canine conjunctival goblet cells. Investigative
ophthalmology & Visual Science, v.28, p. 1925-1932, 1987.

MORAES, A. S.; VIDAL, B. C.; GUARALDO, A. M. A;; MELLO, M. L. S. Chromatin
supraorganization and extensibility in mouse hepatocytes following starvation and
refeeding. Cytometry Part A, v. 63, p. 94-107, 2005.

NARAYANAN, S.; MILLER, W. L.; McDEMOTT, A. M. Expression of Human -
Defensins in Conjunctival Epithelium: Relevance to Dry Eye Disease. Investigative
Ophthalmology & Visual Science, v. 44, n. 9, p. 3795-3801, 2003.


https://link.springer.com/journal/417
https://link.springer.com/journal/417
https://link.springer.com/journal/417

25

NASIPAK, B. T.; PADILLA-BENAVIDES, T.; GREEN, K. M.; LESZYK, J. D.; MAO,
W.; KONDA, S.; SIF, S.; SHAFFER, S. A;; OHKAWA, Y.; IMBALZANO, A. N.
Opposing calcium-dependent signaling pathways control skeletal muscle
differentiation by regulating a chromatin remodeling enzyme. Nature
Communications, v. 6, p. 1-12, 2015.

OHASHI, Y.; ISHIDA, R.; KOJIMA, T. GOTO, E.; MATSUMOTO, Y.; WATANABE, K.;
ISHIDA, N.; NAKATA, K.; TAKEUCHI, T.; TSUBOTA, K. Abnormal protein profiles in
tears with dry eye syndrome. American Journal of Ophthalmology, v. 136, n.2, p.:
291-299, 2013.

OHASHI, Y.; DOGRU, M..; TSUBOTA, K. Laboratory findings in tear fluid analysis.
Clinica Chimica Acta, v.369, n.1,p.17-28, 2006.

OFRI, R.; LAMBROU, G. N.; ALLGOEWER, I.; GRAENITZ, U.; PENA, T. M,
SPIESS, B. M.; LATOUR, E. Clinical evaluation of pimecrolimus eye drops for
treatment of canine keratoconjunctivitis sicca: a comparison with cyclosporine A.
Veterinary Journal, v. 179, n. 1, p.70-77, 2009.

OLLIVIER, F. J.; PLUMMER, C. E.; BARRIE, K. P. The eye examination and
diagnostic procedures. In: GELLAT, K. N. Veterinary Ophthalmology, 4.ed lowa:
Blackwell Publishing. 2007, v. 1, p. 438-476.

PELZEL, H. R.; SCHLAMP, C. L.; NICKELLS, R. W. Histone H4 deacetylation plays
a critical role in early gene silencing during neuronal apoptosis. BMC Neuroscience,
v.11, p. 62, 2010.

PIGATTO, J. A. T.; PEREIRA, F. Q.; ALMEIDA, A. C. V. R.; REDAELI, R;
FAGANELLO, C. S.; FRANZEN, A. A. Ceratoconjuntivite seca em cées e gatos. Acta
Scientiae Veterinariae, v. 35, n. 2, p. 250-251, 2009.

PLAZAS-MAYORCA, M. D., VRANA, K. E. Proteomic investigation of epigenetics in
neuropsychiatric disorders: a missing link between genetics and behavior? Journal
of Proteome Research, Washington, v. 10, n. 1, p. 58-65, 2010.

PRASAD MANDERWAD, G.; KANNABIRAN, C.; HONAVAR, S. G.; VEMUGANTI, G.
K. Lack of Association of High-Risk Human Papillomavirus in Ocular Surface
Squamous Neoplasia in India. Archives of Pathology & Laboratory Medicine, v.
133, n. 8, p. 1246-1250, 2009.

PRYDAL J. I.; ARRAL P; HONG WOON H.; CAMPBELL, F. W. Study of Human
Precorneal Tear Film Thickness and Structure Using Laser Interferometry.
Investigative Ophthalmology & Visual Science, v. 33, n. 6, 1992.

RHEE, K. D.; YU, J., ZHAO, C. Y.; FAN, G.; YANG, X. J. Dnmtldependent DNA
methylation is essential for photoreceptor terminal differentiation and retinal neuron
survival. Cell Death & Disease, v. 3, p. 427, 2012.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Ohashi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16516878
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dogru%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16516878
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsubota%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16516878

26

RIBEIRO, P. A., BRITO, F. L. C., MARTINS, B. C., MAMEDE, F. e LAUS, J. L.
Qualitative and quantitative tear film abnormalities in dogs. Ciéncia Rural, Santa
Maria, v. 38, n. 2, p. 568-575, 2008.

RODRIGUEZ-PAREDES, M.; ESTELLER, M. Cancer epigenetics reaches
mainstream oncology. Nature Medicine, New York, v. 17, n. 3, p. 330-339, 2011.

ROLANDO, M.; ZIERHUT, M. The ocular surface and tear film and their dysfunction
in dry eye disease. Survey of Ophthalmology, v.45, n. 2, p.203-210, 2001.

RORIG, M. C. L. Uso De Pimecrolimus 05% No Tratamento Da
Ceratoconjuntivite Seca Em Cées. 2009. Dissertacdo (Mestrado em Medicina
Veterinaria) - Universidade Federal Do Parana, Curitiba, 2009.

SAMUELSON, D. A. Tratado de Histologia Veterinéria. Rio de Janeiro: Elsevier,
2007. p.471-476.

SANCHES, R. F; INNOCENT, G.; MOULD, J.; BILLSON, F. M.; Canine
keratoconjunctivitis sicca: disease trends in a review of 229 cases. Journal of Small
Animal Practice, v. 48, n. 4, p. 211-217, 2007.

SEBBAG, L;REILLY, C. M. EID, R.; MAGGS, D. J. Goblet cell density and
distribution in cats with clinically and histologically normal conjunctiva. Veterinary
Ophthalmology, v. 19, n.1, p. 38-43, 2016.

SILINGARDI, D.; SCALI, M.; BELLUOMINI, G.; PIZZORUSSO, T. Epigenetic
treatments of adult rats promote recovery from visual acuity deficits induced by long-
term monocular deprivation. European Journal of Neuroscience, v. 31, p. 2185-
2192, 2010.

SLATTER, D. Sistema lacrimal. In: . Fundamentos de Oftalmologia
Veterinaria, 3. ed.,Sao Paulo: Roca. 2005, p.686.

SORIA, J.; ACERA, A.;DURAN, J. A;; BOTO-DE-LOS-BUEIS A.; DEL-HIERRO-
ZARZUELO, A.; GONZALEZ, N.; REIGADA R.; SUAREZ, T. The analysis of human
conjunctival epithelium proteome in ocular surface diseases using impression
cytology and 2D-DIGE. Experimental Eye Research, 2017.

SPINOSA, H. S; GORNIAK, S. L.; BERNARDI, M. M. In: . Farmacologia
Aplicada a Medicina Veterinaria, 4th.ed. Guanabara Koogan — Rio de Janeiro,
2006, P.918.

STERN, M. E.; BEUERMAN, R. W.; FOX, R. I.; GAO, J.; MIRCHEFF, A. K
PFLUGFELDER, S. C. The pathology of dry eye: the interaction between the ocular
surface and lacrimal glands. Cornea, v. 17, p. 584-589, 1998.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Rolando%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11587144
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zierhut%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11587144
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sebbag%20L%5BAuthor%5D&cauthor=true&cauthor_uid=26799820
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reilly%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=26799820
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eid%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26799820
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maggs%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=26799820
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Acera%20A%5BAuthor%5D&sort=ac&from=/28336260/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Dur%C3%A1n%20JA%5BAuthor%5D&sort=ac&from=/28336260/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Boto-de-Los-Bueis%20A%5BAuthor%5D&sort=ac&from=/28336260/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Del-Hierro-Zarzuelo%20A%5BAuthor%5D&sort=ac&from=/28336260/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Del-Hierro-Zarzuelo%20A%5BAuthor%5D&sort=ac&from=/28336260/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Gonz%C3%A1lez%20N%5BAuthor%5D&sort=ac&from=/28336260/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Reigada%20R%5BAuthor%5D&sort=ac&from=/28336260/ac
https://www.ncbi.nlm.nih.gov/m/pubmed/?term=Su%C3%A1rez%20T%5BAuthor%5D&sort=ac&from=/28336260/ac

27

SRINIVASAN, B. D.; WORGUL, B. V.; IWNAMOTO, T.; MERRIAM, G. R., Jr. The
conjunctival epithelium. Il. Histochemical and ultrastructural studies on human and
rat conjunctiva. Ophthalmic Research, v. 9, p. 65-79, 1977.

SZYF, M.; WEAVER, |.; MEANEY, M. Maternal care, the epigenome and phenotypic
differences in behavior. Reproductive Toxicology, v. 24, n. 1, p. 9-19, 2007.

TRENKMANN, M.; BROCK, M.; OSPELT, C.; GAY, S. Epigenetics in Rheumatoid
Arthritis. Clinical Reviews in Allergy and Immunology, Palo Alto, v. 39, p. 10-19,
2010.

TUNC, M.; ERBILEN, E. Topical cyclosporine-a combined with mitomycin C for
conjunctival and corneal squamous cell carcinoma. American Journal of
Ophthalmology. v. 142, n.4, p. 673-675, 2006.

UMEDA, Y.; NAKAMURA, S.; FUJIKI, K.; TOSHIDA, H.; SAITO, A.; MURAKAMI, A.
Distribution of goblet cells and MUC5AC mRNA in the canine nictitating
membrane. Experimental Eye Research, v. 91, p. 721-726, 2010.

URDINGUIO, R. G.; SANCHEZ-MUT, J. V.; ESTELLER, M. Epigenetic mechanisms
in neurological diseases: genes, syndromes, and therapies. Lancet Neurology,
London, v. 8, n. 11, p. 1056-1072, 2009.

VIRE, E.; BRENNER, C.; DEPLUS, R.; BLANCHON, L.; FRAGA, M.; DIDELOT, C,;
MOREY, L.; VAN EYNDE, A.; BERNARD, D.; VANDERWINDEN, J. M.; BOLLEN,
M.; ESTELLER, M.; DI CROCE, L.; DE LAUNOIT, Y.; FUKS, F. The Polycomb group
protein EZH2 directly controls DNA methylation. Nature, London, v. 439, p. 871-874,
2006.

VOIGT, S.; FUCHS-BAUMGARTINGER, A.; EGERBACHER, M.; TICHY, A.; NELL,
B. Investigations on the conjunctival goblet cells and the characteristics of the glands
associated with the eye in chinchillas (Chinchilla Laniger). Veterinary
Ophthalmology, v. 15, p. 333-344, 2012.

WADDINGTON, C. H. The epigenotype. 1942, v.1, p.18-20. Reprinted in:
International Journal of Epidemiology, v. 41, n. 1, p. 10— 13, 2012.

WANG, J.; AQUAVELLA, J.; PALAKURU, J.; CHUNG, S.; FENG, C. Relationships
between Central Tear Film Thickness and Tear Menisci of the Upper and Lower
Eyelids. Investigative. Ophthalmology & Visual Science, v. 47, n.10, p. 4349-
4355, 2006.

WEI, L.; LIU, B.; TUO, J.; SHEN, D.; CHEN, P.; LI, Z.; LIU, X.; NI, J.; DAGUR, P.;
SEN, H. N.; JAWAD, S.; LING, D.; PARK, S.; CHAKRABARTY, S.; MEYERLE, C;
AGRON, E.; FERRIS, F. L., 3rd.; CHEW, E. Y.; McCQY, J.P.; Blum, E.; FRANCIS, P.
J.; KLEIN, M. L.; GUYMER, R. H.; BAIRD, P. N.; CHAN, C. C.; NUSSELBLATT, R.
B. Hypomethylation of the IL17RC Promoter Associates with Age-Related Macular
Degeneration. Cell Reports, v. 2, n. 5, p. 1151-1158, 2012.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Tunc%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17011863
https://www.ncbi.nlm.nih.gov/pubmed/?term=Erbilen%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17011863
https://www.ncbi.nlm.nih.gov/pubmed/17011863
https://www.ncbi.nlm.nih.gov/pubmed/17011863
https://www.ncbi.nlm.nih.gov/pubmed/17011863

28

WILLIAMS, D. L. Immunopathogenesis of Keratoconjunctivitis Sicca in the dog.
Veterinary clinics of Small Animal Practice, p. 251-268, 2008.

WILLIAMS, D. L.; PIECE, V. Reduced tear production in three canine
endocrinopathies. Journal of Small Animal Practice, v. 48, p. 252-256, 2007.

WOODCOCK, C. L.; DIMITROV, S. Higher-order structure of chromatin and
chromosomes. Current Opinion in Genetics & Development, v. 11, p. 130-135,
2007.

YASUHARA, J. C.; WAKIMOTO, B. T. Oxymoron no more: the expanding world of
heterochromatic genes. Trends Genetics, v. 22, p. 330-338, 2006.

ZHANG, X.; WEN, H.; SHI, X. Lysine methylation: beyond histones. Acta
Biochimica et BiophysicaSinica (Shanghai), v. 44, p. 14-27, 2012.

ZHONG, Q.; KOWLURU, R. A. Role of histone acetylation in the development of
diabetic retinopathy and the metabolic memory phenomenon. Journal of Cellular
Biochemistry, v. 110, p. 1306-1310, 2010.

ZHOU, P.; LU, Y.; SUN, X. H. Zebularine suppresses TGF-beta-induced lens
epithelial cellmyofibroblasttransdifferentiation by inhibiting MeCP2. Molecular
Vision, v. 17, p. 2717-2723, 2011.

ZHOU, P.; LUO, Y.; LIU, X.; FAN, L.; LU, Y. Down-regulation and CpG island
hypermethylation of CRYAA in age-related nuclear cataract. FASEB Journal, v. 26,
p. 4897-4902, 2012.



29

Capitulo 2 — Artigo Cientifico*

Nuclear parameters and chromatin remodeling in epithelial
cells and lymphocytes from the palpebral conjunctiva of

dogs with keratoconjunctivitis sicca

Daniela Moura dos Santos, Marcela Aldrovani, Marcella Rosa Filezio, Thais
Guimaraes Morato Abreu, Camila Pinho Balthazar da Silveira, Nathan Rocha das

Neves Cruz, José Luiz Laus

Department of Clinics and Veterinary Surgery, Sao Paulo State University (Unesp),

School of Agricultural and Veterinarian Sciences (FCAV), Jaboticabal, SP, Brasil

Address communications to:
Marcela Aldrovani

Tel.: +55 16 3209-2631-538
Fax: +55 16 3203-1226

e-mail: marcela.aldrovani@gmail.com

Running title: Chromatin remodeling in KCS conjunctiva

*Aceito para publicagao no Periddico “Veterinary Ophthalmology” em 22 de janeiro de 2018


mailto:marcela.aldrovani@gmail.com

30

Abstract

Objective To study parameters related to nuclear morphology and chromatin
remodeling in epithelial cells and lymphocytes from the inferior palpebral conjunctiva
of dogs with and without keratoconjunctivitis sicca (KCS).

Animals studied Thirty-two dogs (64 eyes) were included in the study. Based on the
tear production measured by Schirmer tear test 1, the dogs were distributed into
control and KCS groups.

Procedures Epithelial cells and lymphocytes were collected by conjunctival brush
cytology, fixed on glass slides, and subjected to the Feulgen reaction, a topochemical
method specific for DNA/chromatin. Feulgen-stained cells were studied by
microscopy and video image analysis to establish nuclear size (area and perimeter)
and shape (relative nuclear roundness factor = RNRF), DNA content (ploidy), and
compaction and texture of chromatin.

Results Conjunctival samples in the KCS group showed infiltration of inflammatory
and immune cells. Micronuclei, snake-like chromatin, aberrant chromosomes, and
goblet cells were not detected. Compared with the controls, cells on the conjunctival
surface of dogs with KCS showed altered nuclei. Conjunctival epithelial cells were
more affected by KCS (changes in nuclear size, shape, DNA content, and chromatin
compaction) than lymphocytes (changes in chromatin compaction, only). Significant
chromatin decompaction was observed in both conjunctival epithelial cells and
lymphocytes.

Conclusions Our results show that KCS promotes chromatin remodeling in epithelial
cells and lymphocytes on the conjunctival surface of dogs. The changes described in
this study are different from those reported for conjunctival cell nuclei of human KCS
patients.

Key words: autoimmune disease, cell nucleus, conjunctival cytology, dry eye, ocular
surface, tear.
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INTRODUCTION

Keratoconjunctivitis sicca (KCS), more commonly known as dry eye syndrome,
is a multifactorial disease of the tear film and ocular surface that results in signs of
discomfort, tear film instability, intense inflammation, and visual disturbance.*™ It may
be quantitative, characterized by a deficiency in the production of the aqueous layer
of the tear film, or qualitative, characterized by changes in the lipid layer of the tear
film with rapid evaporation of tears.®> KCS commonly affects dogs and is defined as a
Schirmer tear test 1 (STT1) reading of less than 10 mm/ min concomitant with
pathological changes in the ocular surface.®>® Many cases of canine KCS are
immunemediated.*®’ With regard to the pathophysiology of KCS, recent advances in
the fields of cell biology and genetics suggest that it goes beyond the
histopathological manifestations seen in the lacrimal gland and the ocular
surface.?*%12 There is evidence that the metabolism of cells on the surface of the
palpebral conjunctiva is also severely altered by the disease.? In human patients,
KCS has been closely associated with changes in interphase nuclear morphology of
palpebral/bulbar conjunctival epithelial cells, and with the appearance of snake-like
chromatin, whose clinical and biological significances remain under investigation.***
% 1n dogs, the effects of KCS on the nuclear morphology and the chromatin of cells in
the conjunctival epithelium have not been established yet. Apparently, snake-like
chromatin or other aberrant chromatin patterns do not occur as they are easily
identifiable by light microscopy, and to date, no report has been published. Studies
evaluating nuclear and chromatin parameters in normal and KCS conjunctival cells
are needed to enhance our understanding of the pathophysiology of KCS. An
increased understanding of the cell nuclei in the palpebral conjunctival epithelium
affected by KCS can potentially help veterinary ophthalmologists to improve
diagnosis and management of canine patients with KCS, and may also be beneficial
in the future when designing new pharmacological strategies intended to cure or
relieve patient’s symptoms and ocular surface disease.? The nucleus is a large
cellular structure that defines the metabolism and functions of the cell.*” A normal cell
maintains its nucleus within a genetically defined size, but an altered cell often

exhibits changes in nuclear size and shape.*® The major component of the nucleus is
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chromatin, a malleable fiber that results from the assembly of DNA with histones and
other nucleoproteins.***? The degree of DNA affinity for histones organizes the
genome into either open/relaxed (euchromatin) or compacted chromatin
(heterochromatin) and thus regulates the accessibility of genes for transcription,
replication, and repair.® The process of interaction between DNA and histones is
dynamic and mediated by ATP-dependent nucleosome remodeling complexes and
by epigenetic enzymes, which are up- or downregulated by microenvironmental
stimuli.}”**%2 There is emerging evidence that changes in the microenvironment
surrounding the cells elicit the chromatin to remodel from a more compacted to a
more relaxed state and vice versa.?*?* Remodeling alters the functionality of
chromatin, the expression of genes, and the synthesis of proteins, and can contribute
to the progression of diseases and/ or syndromes.'®???* Senile cataract, diabetic
retinopathy, macular degeneration, and autoimmune uveoretinitis are examples of
diseases associated with remodeling of chromatin in ocular cells.?*? Nuclear size
and shape, DNA content (ploidy), and chromatin remodeling can be studied in
cytological preparations using video image analysis and the Feulgen reaction.?®*
Video image analysis in Feulgen-stained preparations is recommended to evaluate
defined cell populations.?® In addition to reporting on supraorganizational and
functional parameters of the chromatin fiber (compaction and texture), the method
provides information on the geometry of the cell nucleus and allows quantification of
DNA ploidy by generating an equivalent cytometric of chromosomal ploidy.?>*° The
Feulgen reaction is a stoichiometric DNA-staining technique that consists of two
steps.?2%%3! |n the first step, the DNA is submitted to acid hydrolysis to split off the
purine bases from the double-stranded DNA. The result is an apurinic acid
presenting free aldehyde groups at the C1 position of the deoxyribose.?**° In the
second step, a Schiff base binds to the aldehyde groups and produces a magenta
color whose intensity is proportional to the DNA content.?*° The objective of this
research was to study video image analysis parameters related to nuclear
morphology (size and shape), DNA content, and chromatin remodeling (ie changes in
compaction and texture of chromatin) in epithelial cells and lymphocytes collected by

brush cytology from the inferior palpebral conjunctiva of dogs with KCS. Nuclei in
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cells from the palpebral conjunctiva of dogs without KCS were also studied and used

as controls.

MATERIAL AND METHODS

Ethics

This study adhered to the ARVO Statement for Use of Animals in Ophthalmic
Vision and Research. All procedures involving dogs followed the Ethical Principles of
Animal Experimentation established by the Brazilian College of Animal
Experimentation (COBEA) and were performed according to protocols approved by
Ethics Committee on Animal Use (CEUA) of the FCAV/Unesp (protocol number
6.329/16). All owners of dogs that met the criteria for inclusion were informed as to
the importance and objective of the study and those who agreed to have their

animals involved provided a statement of informed consent.

Animals

Sixty-four eyes of 32 brachycephalic and mesocephalic dogs aged 2-13 years
(Table 1) were included in the study. All dogs were free of systemic diseases, as
revealed by fisical, hematological (complete blood count), and biochemical
(creatinine and alanine aminotransferase) examinations. Eyes were examined using
STT1 (Schirmer strip, Ophthalmos SA, Sao Paulo, Brazil), slit-lamp biomicroscopy
(Kowa, Tokyo, Japan), applanation tonometry (Tonopen XL, Reichert, NY, USA),
indirect ophthalmoscopy (Eyetec, Sao Carlos, Brazil), fluorescein stain (Fluorescein
strips, Ophthalmos SA), and tear breakup time (TBUT).

Based on the tear production measured by STT1, the dogs were distributed
into control and KCS groups (Table 1). The control group consisted of 16 dogs (n =
32 eyes) with normal values of tear production (STT1 = 15 mm/min). The KCS group
consisted of 16 dogs (n = 32 eyes) presenting bilateral KCS (STT1 values < 10
mm/min),3 without any other associated disease. None of the animals included in the
study had a history of neoplasms of any type or were using antibiotics or
immunomodulatory drugs. The study groups were homogeneous for skull shape,
age, and sex (P > .05 for all) (Table 1).
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Table 1. Demographic characteristics and tear production data of the dogs that composed the groups of this

study
Characteristics
Groups Skull shape Breed Age Sex STT1 (mm/min)  TBUT (sec)
RE LE RE LE
Control
1 brachycephalic English Bulldog 5 M 30 30 2 2
2 brachycephalic English Bulldog 8 M 30 25 2 2
3 brachycephalic English Bulldog 4 F 25 19 3 3
4 brachycephalic English Bulldog 3 F 25 30 7 10
5 brachycephalic English Bulldog 2 F 27 29 2 3
6 brachycephalic English Bulldog 2 F 30 30 1 2
7 brachycephalic English Bulldog 4 F 30 25 2 2
8 brachycephalic English Bulldog 4 M 31 35 3 4
9 mesocephalic Beagle 13 M 24 24 15 20
10 mesocephalic Beagle 13 M 27 24 12 20
11 mesocephalic Beagle 13 M 28 30 20 22
12 mesocephalic Beagle 13 M 16 21 20 20
13 mesocephalic Beagle 13 M 25 24 15 15
14 mesocephalic Beagle 13 M 24 22 20 25
15 mesocephalic Beagle 13 F 22 24 18 15
16 mesocephalic Beagle 13 F 23 24 10 12
KCS
17 brachycephalic Shih Tzu 6 F 0 3 0 0
18 brachycephalic Shih Tzu 10 F 0 0 0 0
19 brachycephalic Shih Tzu 11 M 5 4 0 0
20 brachycephalic Shih Tzu 11 M 1 0 0 0
21 brachycephalic Shih Tzu 2 M 3 3 3 3
22 brachycephalic Shih Tzu 6 M 4 8 8 8
23 brachycephalic Lhasa Apso 9 M 0 0 0 0
24 mesocephalic Daschund 6 F 9 9 6 6
25 mesocephalic Yorkshire 7 F 0 0 0 2
26 mesocephalic Cocker Spaniel 8 F 7 2 0 0
27 mesocephalic West Higland White 13 F 0 0 0 0
28 mesocephalic Maltese 11 F 0 0 13 0
29 mesocephalic Saint Bernard 3 F 7 6 3 12
30 mesocephalic Undefined breed 7 F 0 0 0 0
31 mesocephalic Undefined breed 12 M 4 5 0 0
32 mesocephalic Bull Terrier 7 M 4 9 0 0

M, male; F, female; RE, right eye; LE, left eye. Ages are presented in years.

According to the Wilcoxon test, the study groups were homogeneous for skull shape (P = 0.763), age (P =
0.571), and sex (P = 0.546).
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At present, dogs in the KCS group remain on treatment with topical 0.2%
cyclosporine A ophthalmic ointment. Treatment was started immediately after the
disease was diagnosed.

Conjunctival brush cytology

Brush cytology was performed as previously described.®*3* Cells were
harvested from the inferior palpebral conjunctival epithelium because it is easy to
access, with less risk of accidentally damaging the cornea. The eyes were
anesthetized with one drop of 0.5% proxymetacaine (Anestalcon, Alcon, Sao Paulo,
Brazil), and the inferior palpebral conjunctiva was carefully pulled down and scraped
4 times using a sterile cervical cytobrush (Kolplast Ltda, ltupeva, Brazil). The smears
with all cellular material were spreads on glass slides (Knittel, Braunschweig,
Germany) and then the cytological preparations were fixed for 10 min in a mixture of
70% ethylic alcohol (Ecibra, Sao Paulo, Brazil), glacial acetic acid (Synth, Sao Paulo,

Brazil), and 10% buffered formalin (Dinamica, Sao Paulo, Brazil); 3:1:1, vol/ vol/vol.

Feulgen reaction

Cytological preparations from the conjunctival surface were subjected to the
Feulgen reaction, a topochemical method specific for DNA/chromatin.?>**3! Acid
hydrolysis was performed in 4 M HCI for 40 minutes at 25°C for the generation of
deoxyribose in an aldehyde form.?® The hydrolysis reaction was quenched by rapid
treatment with cold 0.1 M HCI. The cytological preparations were then exposed to a
reactive Schiff base (Merck, Darmstadt, Germany) for 40 minutes in the dark, rinsed
in sulfurous water (mixture of distilled water, 1 M HCI, and 10% sodium metabisulfite;
18:1:1, vol/vollvol), air-dried, cleared in xylene (Synth, Sao Paulo, Brazil), and
mounted with natural Canada balsam (Vetec, Rio de Janeiro, Brazil).?>%>% All
staining and subsequent steps were performed in parallel for the cytological
preparations to minimize variations in the experimental conditions and to reduce the

possibility of systematic errors.?
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Video image analysis

Feulgen-stained nuclei were analyzed under an Olympus BX-53 light
microscope (Tokyo, Japan) equipped with a Plan Neofluar 40/0.75 objective, optovar
1.6, condenser 0.90, and an interferential filter (Edmund Optics, Barrington, NJ, USA)
to obtain monochromatic light of 546 nm. A 100-W halogen lamp and a luminous-
filter diaphragm (transmitted light) at its maximal opening were used to provide
Kéhler illumination.*® With help of a high-resolution video camera, images were
transmitted to a computer where they were digitized and studied using ImageJ
software (http://imagej.nih.gov/ij/;National Institutes of Health, Bethesda, MD, USA).
The spatial calibration of the software was made with the ruler of the microscope.

Nuclear images digitized in color were converted to binary data (ImageJ >
Image > Adjust > 8-bit) containing zero to 255 gray levels. The microscope operating
conditions, with special attention to the intensity of the light emitted by the halogen
lamp, were the same for all cytological preparations studied. Only separate and intact
cells were studied. Thus, it was possible to measure 640 epithelial cell nuclei and
100 lymphocyte nuclei from each group. Overlapping or unfocused nuclei, and the
nuclear debris, were not analyzed.

Video image parameters consistent with the objective of this study were:
nuclear area (square micrometer); nuclear perimeter (micrometer); relative nuclear
roundness factor (RNRF = (nuclear perimeter / 2r) / (nuclear area / =) that described
the nucleus shape (circularity); optical density (OD = average absorbance) that
described the degree of chromatin compaction; standard deviation of gray average in
pixels per nucleus (SDtd, this defined the contrast between areas of greater and
lesser chromatin compaction); and integrated optical density (IOD) that measured the
DNA content in arbitrary units (AUs).?%233¢

DNA ploidy classes related to DNA biosynthesis and cell cycle phases were
established from relative frequency histograms of the 10D values.?*?*% The
lymphocytes were used as diploid reference standards for ploidy.2°233¢

Surface plot graphs (ImageJ > Analyze > Surface plot) were constructed to
represent the compaction states of chromatin based on the topography of different
bitmap pixel values from the nuclear images. Prior, pseudocolors (i.e., false colors)

were applied (ImageJ > Image > Lookup table > 6 Shades).
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Data analysis

All data were tested for statistical normality using the Kolmogorov-Smirnov
test. Tear and nuclear parameters obtained for the control and KCS groups were
compared using the Mann-Whitney nonparametric test because the distributional
assumptions required for parametric testing were not satisfied. The Spearman’s
correlation (r) was used as a measure of association between the study variables.
Differences with P < .05 were considered significant, with 95% confidence interval
(95% CI). All calculations and comparisons were performed using the MINITAB 12TM
(Minitab, State College, San Diego, CA, USA) and the MEDCALC (version 9.3.6.0,

MedCalc, Mariakerke, Belgium) software programs.

RESULTS

Tear production

The median values of STT1 were 25.00 mm/min (range, 16—31) for the control
group and 2.90 mm/min (range, 0-9) for the KCS group (P < 0.001). In relation to the
TBUT, the median values were 10.00 sec (range, 1-25) for the control group and 1.9

sec (range, 0-13) for the KCS group (P < 0.001).

Visual inspection by light microscopy of Feulgen-stained samples

Figure 1 corresponds to the Feulgen-stained nuclei in epithelial cells and
lymphocytes from the inferior palpebral conjunctiva of dogs with and without KCS,
after conversion of color images to binary. All nuclei were interphase and exhibited
varying intensities of mean gray levels, reflecting different states of chromatin
compaction. Differences in nuclear morphology (size and shape) between the control
and KCS groups could not be detected visually, that is, without the aid of ImageJ
software. Micronuclei, apoptotic bodies, snake-like chromatin, and aberrant
chromosomes were not detected. The samples in the KCS group showed intense
infiltration of inflammatory and immune cells (Figure 2). Goblet cells were not found in

any of the Feulgen-stained samples.
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Figure 1. Feulgen-stained nuclei in epithelial cells and lymphocytes from the inferior palpebral
conjunctiva of dogs. (a) control sample, after conversion of color image digital to binary in the ImageJ
software; (b) KCS sample. The circles in the images (a) and (b) delimit some conjunctival epithelial cell
nuclei. The arrow in the image (b) points to a lymphocyte nucleus, and the asterisks denote some
areas of inflammatory cells. Bar = 20 micrometers
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Figure 2. Feulgen-stained nuclei (arrowheads) in inflammatory cells from the inferior palpebral
conjunctiva of a dog with KCS. The most abundant inflammatory cells were neutrophils. Bar = 20
micrometers.
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Nuclear size and shape

Figure 3 corresponds to the illustration of the segmentation masks overlaid on
nuclei images for calculating the size (area and perimeter) and the shape (RNRF) in
the Image J software. Nuclei in conjunctival epithelial cells of KCS dogs presented
increased values of area, perimeter, and RNRF, compared to nuclei in conjunctival
epithelial cells of control dogs (Table 2) (P < .001 for all). No differences in areas (P =
.690), perimeters (P = .666), and RNRFs (P = .574) of lymphocyte nuclei were
observed between the control and KCS groups.

Image) - o lEN
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Figure 3. lllustration of the segmentation masks overlaid on cell images for calculating nuclear area
(square micrometer) and perimeter (micrometer), and RNRF, in the ImageJ software. Cell nuclei that
appeared deformed or overlapping, and the nuclear debris, were excluded from the evaluation.
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Table 2. Video image analysis parameters related for nuclear size and shape of the epithelial cells and the lymphocytes from the palpebral

conjunctiva of dogs with and without keratoconjunctivitis sicca (KCS)

Conjunctival epithelial cells

Control (n = 640) KCS (n = 640)
Parameters 95% ClI 95% ClI

Min Max Median Lower Upper Min Max Median Lower  Upper P-value
Area (Lm?) 33.612 152571 79.694 78.189 81.963 34.327 179.980 90.418 88.282 92.735 <0.001
Perimeter (um) 27.826  54.753 40.841 40.392 41.290 25.133 59.241 42.636 42.187 43.085 <0.001
RNRF 0.166 0.521 0.248 0.244 0.254 0.215 0.670  0.429 0.422 0.435 <0.001

Lymphocytes

Control (n = 100) KCS (n = 100)

95%ClI 95%ClI

Min Max Median Lower  Upper Min Max Median Lower  Upper P-value
Area (um?) 12.265 91.633 53.326 49.556 57.327 15.898 93.143 52.143 48.870 56.088 =0.690
Perimeter (um) 17.054 44.431 34.109 31.865 35.006 20.196 43,533 33.660 31.865 34.558 = 0.666
RNRF 0.234  0.746 0.319 0.309 0.343 0.233 0.635 0.322 0.310 0.336 =0.574

Max, maximum value; Min, minimum value; n, number of nuclei measured; RNRF, relative nuclear roundness factor; 95% CI, 95%
confidence interval of the median; pm?, square micrometer; pm, micrometer.
Differences were significant when P < 0.05 (Mann-Whitney non-parametric test).
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Ploidy levels

Fig. 4 corresponds to the frequency histograms (%) of IOD values (DNA
content) obtained for epithelial cells and lymphocytes in the KCS and control groups.
Ploidy levels of nuclei in conjunctival epithelial cells were established by comparison
with 10D values obtained for lymphocytes, which typically are diploid cells arrested in
different cell cycle phases. While the nuclei in conjunctival epithelial cells presented a
multimodal distribution of 10D values (Fig. 4a and b), the lymphocyte nuclei had a
limited Feulgen-DNA content range (Fig. 4c and d). The median 10D values were
54.043 AU (range, 21.448-108.454) vs. 57.638 AU (range, 23.666-115.572) (P <
0.001) for conjunctival epithelial cells, and 44.209 AU (range, 16.301-55.516) vs.
43.466 AU (range, 15.921-55.280) (P = 0.624) for lymphocytes, in control group vs.
KCS group respectively.

A sort manipulation (Minitab 12™ software) of the 10D values allowed us to
detect that 47.1% and 51.7% of the conjunctival epithelial cells in the control and
KCS groups, respectively, had more nuclear DNA than diploid lymphocytes; that is, a
large part of the conjunctival epithelial cells studied had near-tetraploid nuclei and
were synthesizing DNA. There is the statistically significant difference in the
proportion of DNA-synthesizing cells between the control and KCS groups (P <
0.001).
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Figure 4. Frequency histograms of 10D values, in arbitrary units (AU). (a) epithelial cells from the
inferior palpebral conjunctiva of dogs without KCS (controls); (b) epithelial cells from the inferior
palpebral conjunctiva of dogs with KCS; (c), lymphocytes from the inferior palpebral conjunctiva of
dogs without KCS; (d), lymphocytes from the inferior palpebral conjunctiva of dogs with KCS. Note that
while the nuclei in conjunctival epithelial cells presented a multimodal distribution of 10D values, the
lymphocyte nuclei had a limited Feulgen-DNA content range (15.921-55.280 AU).

Compaction and texture of chromatin

Assessments by video image analysis revealed that nuclei in epithelial cells
and lymphocytes in the KCS group have less compacted chromatin (low OD values)
compared to nuclei in epithelial cells and lymphocytes in the control group (Table 3).
No differences in the SDtd values (chromatin texture) obtained for conjunctival
epithelial cells (P = .556) or for lymphocytes (P = .375) were observed between the
control and KCS groups. In both groups, the OD and SDtd values for lymphocytes
were higher than those for conjunctival epithelial cells (P < .001).

Surface plot graphs (Figure 5) revealed details related to compaction state and
arrangements of chromatin. Three sets of supraorganized chromatin were observed
as follows: The first set (green pseudocolor) has least packed chromatin,
characterized by OD values below 0.660 AU; the second (red) has moderately

compacted chromatin, with OD values between 0.661 and 0.800 AU; and the third
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(black pseudocolor) has highly compacted chromatin, with OD values above 0.801
AU.

Control KCS
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Figure 5. Surface plot graphs representative of the compaction states of chromatin. (a) epithelial cells
from the inferior palpebral conjunctiva of dogs without KCS (controls); (b) epithelial cells from the
inferior palpebral conjunctiva of dogs with KCS; (c), lymphocytes from the inferior palpebral
conjunctiva of dogs without KCS; (d), lymphocytes from the inferior palpebral conjunctiva of dogs with
KCS. Up to three sets of supraorganized chromatin could be observed. The first set (green
pseudocolor) has least compacted chromatin, the second (red) has moderately compacted chromatin,
and the third (black pseudocolor) has highly compacted chromatin.
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Table 3. Video image analysis parameters related for chromatin supraorganization of the epithelial cells and the lymphocytes

from the palpebral conjunctiva of dogs with and without keratoconjunctivitis sicca (KCS)

Parameters

0D (AU)
SDtd (AU)

OD (AU)

Conjunctival epithelial cells

Control (n = 640) KCS (n = 640)
95% ClI 95% CI
Min Max Lower  Upper Min Max Lower  Upper P-value
0.549 0914 0.653 0.675 0.547 0.876 0.627 0.642 < 0.001
0.002  0.127 0.018 0.025 0.005 0.082 0.022 0.024 = 0.556
Lymphocytes
Control (n = 100) KCS (n=100)
95%ClI 95%ClI
Min Max Lower  Upper Min Max Lower  Upper P-value
0.695  1.353 0.799  0.840 0.684 1.120 0.823 0.864 =0.016
0.066  0.084 0.028 0.251 0.064 0.077 =0.375

SDtd (AU) 0.016  0.280

AU, arbitray units; Max, maximum value; Min, minimum value; n, number of nuclei measured; OD, optical density; SDtd,
standard deviation of gray average in pixels per nucleus (i.e., chromatin texture); 95% CI, 95% confidence interval of the median.
Differences were significant when P < 0.05 (Mann-Whitney non-parametric test).

44
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Associations between compaction states of chromatin and STT1

Spearman’s correlation analyses revealed significant positive associations of
nuclear OD values with STT1 in both the control and KCS groups: control =
[(conjunctival epithelial cells: r, 0.789; 95% CI, 0.482-0.924; P = 0.002)
(lymphocytes: r, 0.591; 95% CI, 0.345-0.843; P = 0.001)]; KCS = [(conjunctival
epithelial cells: r, 0.769; 95% CI, 0.441-0.916; P = 0.002) (lymphocytes: r, 0.633;
95% ClI, 0.302-0.856; P = 0.000)].

DISCUSSION

We studied the size and shape of nuclei, DNA content, and compaction and
texture of chromatin in epithelial cells and lymphocytes collected by brush cytology
from the palpebral conjunctiva of dogs with and without KCS. Goblet cell nuclei were
not found, probably because they are not distributed throughout the conjunctival
surface. In dogs, goblet cells are predominantly located on the palpebral surface of
the nictitating membrane and on the medial conjunctival fornix.>"-%

With regard to tear production, only STT1 values were used as criteria for
inclusion of dogs into the study. TBUT was not considered because of the high

variability of values in the control group. Besides, the normative values of TBUT in
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this study were lower than those reported by Ollivier et al.”” and Kobashigawa et a
probably due to characteristics of the dogs evaluated. Here, half of the dogs had a
brachycephalic skull conformation, which makes the eye protruded and favors tear
evaporation. Eye examination ruled out the possibility that the reduced TBUT values,
in the control group, are related to qualitative changes in the tear film.

Age, sex and skull shape were also selection criteria for inclusion of dogs into
the study since they affect the values of STT1.3** A rigorous screening of animals
was necessary to ensure experimental homogeneity among the studied groups and
thus avoid biases that could compromise the interpretation of the results.

Cell nuclei were evaluated by video image analysis and following Feulgen
reaction, which is the preferred technique for in situ analyses of chromatin/DNA.*%3!
Compared with other topochemical techniques, the Feulgen reaction better preserves

nuclear morphology.?® The video image analysis parameters evaluated in this study
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are the main descriptors of the nuclear phenotype of a cell and are closely related to
the control of gene expression and cellular functionality.*® Changes in these
parameters accompany the progression of many diseases and have been explored
for different clinical purposes, such as establishing malignancy and prognosis of
tumor type.®! In addition, knowing the effects of diseases on nuclear size and shape,
DNA content, and chromatin supraorganization of different cell types can contribute
to the optimization of the design of advanced therapeutic strategies, such as the use
of drugs to reverse epigenetic changes in the genome.

Our results revealed that KCS modified parameters of nuclear morphology and
high-order organization of chromatin in cells on the palpebral conjunctival surface of
dogs. Interestingly, epithelial cells were more affected by KCS (changes in nuclear
size, shape, DNA content, and chromatin compaction) than lymphocytes (changes in
chromatin compaction, only).

Nuclear size and shape are important geometric parameters associated with
cell integrity and functionality.*®*? It is likely that changes in the size of the cell
nucleus, as seen in this study, result from alterations in vesicular transport of proteins
within the endoplasmic reticulum, and in nuclear envelope formation.*®**** Changes
in nuclear shape result from the reorganization of the nuclear lamina and are
indicative of changes in nuclear stiffness and/or chromatin supraorganization and
functionality.**** In contrast to the results of this study, other investigators®® found no
change in the nuclear size and shape of conjunctival epithelial cells in human KCS
patients. However, compositional changes in the nuclear lamina of conjunctival cells
from human patients with KCS have already been observed and there is evidence
that a lamin A/C deficiency in epithelial cells contributes to the progression of the
disease.™

Video image analysis of Feulgen-stained nuclei is a techniqgue comparable to
flow cytometry for the detection of DNA content.?>*° In this work, larger nuclei with
high DNA content (i.e., near-tetraploid nuclei) were observed in both study groups
and are typical of cells synthesizing DNA.?’ DNA synthesis (rise in ploidy) is an event
that precedes mitosis and the proliferation of cells involved for example in the

20,45

homeostasis of self-renewing adult tissues, such as the conjunctival epithelium.

Compared with the control group, the KCS group showed a high proportion of
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epithelial cells synthesizing DNA (51.7%), which indicates changes in tissue

.,%¢ who found reduced

metabolism. Our results are in line with those of Gao et a
apoptosis of conjunctival epithelial cells in KCS dogs. In general, apoptosis and DNA
synthesis are inversely correlated parameters, that is, when one decreases the other
increases.

In KCS, it is possible that increases in DNA synthesis and nuclear ploidy
represent protective mechanisms of palpebral conjunctival epithelial cells against
microenvironmental stress and physiologically aversive stimuli on the ocular surface.
An increase in nuclear ploidy levels as a response to tissue injury was previously
observed in conjunctival epithelial cells of human patients with conjunctival
neoplasms treated with mitomycin-C or radiation.”” Cell nuclei in cornea, tendon,
heart, and liver of diabetic animals also undergo a rise in ploidy as a response to
hyperglycemic stimulus and oxidative stress.?*#>! |n addition, a significant increase
of DNA content has been reported for cells from different tissues under inflammatory
or hypoxia conditions.***°® Inflammation is one of the main features of KCS and was
observed in all KCS eyes of this study. Also, KCS leads to hypertonicity of tears with
subsequent hypoxia of the ocular surface.?

The main finding of this study was that KCS promoted chromatin remodeling in
epithelial cells and lymphocytes on the conjunctival surface of dogs. Remodeling is
an event that precedes changes in gene expression and that modifies the
supraorganizational state and the functionality of the chromatin fiber. The pattern of
chromatin remodeling found in dogs appears to be different from that reported for
human patients and did not culminate in the compaction of chromatin into a long
snake-like or stick-like structure.****%** However, it is necessary to ponder that
snake-like chromatin has been observed mainly in cells in the superior palpebral and
bulbar conjunctiva, and we studied only cells in the inferior palpebral conjunctiva.

Textural contrast between nuclear areas with more and less compacted
chromatin was not affected by KCS, as revealed by comparative analyses of the
SDtd values. This result indicates that the KCS did not cause preferential effects on
areas of heterochromatin (transcriptionally inactive chromatin) or euchromatin
(transcriptionally active chromatin) of the cell nuclei studied. Chromatin decompaction

(reduction in OD), as observed in epithelial cells and lymphocytes from the palpebral
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conjunctiva of KCS dogs, was a widespread nuclear event that may be indicative of
an increase in the transcriptional activity. In agreement with this, chromatin
decompaction has often been implicated in the activation of molecules and in the
occurrence of cell events that contribute to the etiology and pathogenesis of
diseases.”*° There is evidence for example that chromatin decompaction increases
lymphocyte responsiveness to microenvironmental stimuli, contributing to
pathological inflammation in severely injured tissues.>® Also, studies have shown that
cells on the conjunctival surface of KCS patients increase the expression of genes
and proteins related to defense and inflammatory responses.®** For example,
conjunctival epithelium in KCS eyes expresses beta-defensins which are
antimicrobial peptides absent in the normal conjunctival epithelium.*

The remodeling of chromatin from a more compacted to a relaxed state, as
seen in KCS (vs. control), involves epigenetic modifications, such as histone
acetylation, which may occur in response to microenvironmental stimuli and have
been implicated in the pathogenesis of human autoimmune diseases such as
systemic lupus erythematosus and Sjégren's syndrome.*®>’ Sjégren’s syndrome is a
chronic autoimmune epithelitis that affects salivary and lacrimal glands, resulting in a
clinical phenotype of dry eye very similar to that of canine KCS.*® Although the
etiology of canine KCS has not been investigated in this study, it is believed that
many cases are immune-mediated.

In dogs, the degree of chromatin remodeling of the conjunctival cells seems to
correlate with the severity of KCS, since the Spearman’s correlation analyses
revealed that animals with lower values of STT1 had more relaxed chromatin (< OD
values). The association between chromatin compaction and tear production
reinforces the concept that external microenvironment stimuli can act as effectors of
chromatin remodeling in cells on the conjunctival surface.

In conclusion, our results showed that KCS promotes changes in nuclear
morphology and chromatin of epithelial cells and lymphocytes on the conjunctival
surface of dogs. The changes described in this study, particularly in chromatin, are
different from those reported for conjunctival cell nuclei of human KCS patients and

are indicative of increased transcriptional activity.



49

ACKNOWLEDGEMENTS

This manuscript is a part of the Master’s thesis of Daniela Moura dos Santos
and the scientific initiation project of Marcella Rosa Filezio. Funding was provided by
the Sao Paulo Research Foundation — FAPESP (Proc. 2012/17308-5), and the
National Council for Scientific and Technological Development—CNPq
(Proc.467289/2014-0).

REFERENCES

1. Giuliano EA, Moore CP. Diseases and surgery of the lacrimal secretory system. In:
Veterinary Ophthalmology (4ed. Gelatt KN). Black Well: Florida, 2007, 633-661.

2. Henriksson JT, De Paiva CS, Farley W, et al. Morphological alterations of the
palpebral conjunctival epithelium in a dry eye model. Cornea 2013, 32(4):483-490.

3. Williams DL. Immunopathogenesis of keratoconjunctivitis sicca in the dog.
Veterinary Clinics of Small Animal Practice 2008, 38(2):251-268.

4. Dews (International Dry Eye Workshop). The definition and classification of dry eye
disease: report of the definition and classification. The Ocular Surface 2007, 5(2):75-
92.

5. van der Woerdt A, Adamcak A. Comparison of absorptive capacities of original
and modified Schirmer tear test strips in dogs. Journal of American Veterinary
Medical Association 2000, 216:1576-1577.

6. Kaswan RL, Salisbury MA. A new perspective on canine keratoconjunctivitis sicca.
Veterinary Clinics of North America: Small Animal Practice 1990, 20:583-613.

7. Kaswan RL, Bounous D, Hirsh SG. Diagnosis and management of

keratoconjunctivitis sicca. Veterinary Medicine 1995, 90:539-560.

8. Cabral VP, Laus JL. Dagli ZML, et al. Canine lacrimal and third eyelid superficial
glands’ macroscopic and morphometric characteristics. Ciéncia Rural 2005,
35(2):391-397.



50

9. Mantelli F, Schaffer L, Dana R, et al. Glycogene expression in conjunctiva of
patients with dry eye: downregulation of Notch signaling. Investigative
Ophthalmology & Visual Science 2009, 50(6):2666-2672.

10. Ohashi Y, Ishida R, Kojima T, et al. Abnormal protein profiles in tears with dry eye
syndrome. American Journal of Ophthalmology 2013, 136(2):291-299.

11. Soria J, Acera A, Duran JA, et al. The analysis of human conjunctival epithelium
proteome in ocular surface diseases using impression cytology and 2D-DIGE.
Experimental Eye Research 2017, S0014-4835(17)30205-1.

12. Narayanan S, Miller WL, McDermott AM. Expression of human B-defensins in
conjunctival epithelium: relevance to dry eye disease. Investigative Ophthalmology &
Visual Science 2003, 44(9):3795-3801.

13. Bradley JL, Edwards CS, Fullard RJ. Adaptation of impression cytology to enable
conjunctival surface cell transcriptome analysis. Current Eye Research 2014,
39(1):31-41.

14. Marner K. Snake-like appearance of nuclear chromatin in conjunctival epithelial
cells from patients with keratoconjunctivitis sicca. Acta Ophthalmologica 1980,
58(5):849-853.

15. Jirsova K, Juklova K, Vesela V, et al. Morphological and immunocytochemical
characterization of snake-like chromatin cells. Histology and Histopathology 2006,
21(4):355-360.

16. Jirsova K, Juklova K, Alfakih A, et al. Presence of snake-like chromatin in
epithelial cells of keratoconjunctivitis sicca followed by a large number of micronuclei.
Acta Cytologica 2007, 51(4):541-546.

17. Jackson, DA. Cell nucleus biogenesis, structure, and function. Reviews in Cell
Biology and Molecular Medicine 2006, doi: 10.1002/3527600906.mchb.200300097.

18. Mukherjee RN, Chen P, Levy DL. Recent advances in understanding nuclear size
and shape. Nucleus 2016, 7(2):167-186.



51

19. Cho T, Sakai S, Nagata M, et al. Involvement of chromatin structure in the
regulation of mouse zygotic gene activation. Animal Science Journal 2002,
73(2):113-122.

20. Aldrovani M, Barros Sobrinho AAF, Mairos FS, Laus JL. Short-term effects of Y-
27632, a Rho-associated protein kinase inhibitor, on chromatin supraorganization
and DNA amount in epithelial cells of the rat cornea and limbus. Cornea 2017,
36(7):845-853.

21. Felisbino MB, Tamashiro WMSC, Mello MLS. Chromatin remodeling, cell
proliferation and cell death in valproic acid-treated HelLa cells. PLoS ONE 2011,
6(12):€29144.

22. Ghiraldini FG, Crispim ACV, Mello MLS. Effects of hyperglycemia and aging on
nuclear sirtuins and DNA damage of mouse hepatocytes. Molecular Biology of the
Cell 2013, 24:2467-2476.

23. Mello MLS, Aldrovani M, Moraes AS, et al. DNA content, chromatin
supraorganization, nuclear glycoproteins and RNA amounts in hepatocytes of mice
expressing insulin-dependent diabetes. Micron 2009, 40(5-6):577-585.

24. Yan B, Yao J, Tao ZF, et al. Epigenetics and ocular diseases: from basic biology
to clinical study. Journal of Cellular Physiology 2014, 229(7):825-833.

25. Kutty RK, Nagineni CN, Samuel W, et al. Inflammatory cytokines regulate
microRNA-155 expression in human retinal pigment epithelial cells by activating
JAK/STAT pathway. Biochemical and Biophysical Research Communications 2010,
402(2):390-395.

26. Silingardi D, Scali M, Belluomini G, Pizzorusso T. Epigenetic treatments of adult
rats promote recovery from visual acuity deficits induced by long-term monocular

deprivation. European Journal of Neuroscience 2010, 31:2185-2192.

27. Zhong Q, Kowluru RA. Role of histone acetylation in the development of diabetic
retinopathy and the metabolic memory phenomenon. Journal of Cellular Biochemistry
2010, 110(6):1306-1313.



52

28. Zhou P, Lu Y, Sun XH. Zebularine suppresses TGF-beta-induced lens epithelial
cell-myofibroblast transdifferentiation by inhibiting MeCP2. Molecular Vision 2011,
17:2717-2723.

29. Rong X, Qiu X, Jiang Y, et al. Effects of histone acetylation on 531 superoxide
dismutase 1 gene expression in the pathogenesis of senile cataract. Scientific
Reports 2016, 6(1):34704.

30. Mello MLS, Vidal BC. The Feulgen reaction: A brief review and new perspectives.
Acta Histochemica 2017, 119(6):603-609.

31. Biesterfeld S, Beckers S, Cadenas MCV, Schramm M. Feulgen staining remains
the gold standard for precise DNA image cytometry. Anticancer Research 2011,
31(1):53-58.

32. Anagnostopoulou-Fotinoupoulou I, Rammou-Kinia R. Cytobrush sampling in
conjunctival cytology. Diagnostic Cytopathology 1993, 9(1):113-115.

33. Bauer GA, Spiess BM, Lutz H. Exfoliative cytology of conjunctiva and cornea in
domestic animals: A comparison of four collecting techniques. Veterinary and
Comparative Ophthalmology 1996, (6):181-186.

34. Yagmur M, Ers6z C, Ers6z TR, et al. Brush technique in ocular surface cytology.
Diagnostic Cytopathology 1997, 17(2):88-91.

35. Aldrovani M, Mello MLS, Guaraldo AMA, et al. Nuclear phenotypes and DNA
fragmentation in tendon fibroblasts of NOD mice. Caryologia 2006, 5992):116-124.

36. Fontana K, Aldrovani M, de Paoli F, et al. Hepatocyte nuclear phenotype: the
cross-talk between anabolic androgenic steroids and exercise in transgenic mice.
Histology and Histopathology 2008, 23(11):1367-1377.

37. Moore CP, Wilsman NJ, Nordheim EV, et al. Density and distribution of canine
conjunctival goblet cells. Investigative Ophthalmology & Visual Science 1987,
28(12):1925-1932.



53

38. Umeda Y, Nakamura S, Fujiki K, et al. Distribution of goblet cells and MUC5AC
MmRNA in the canine nictitating membrane. Experimental Eye Research 2010,
91(5):721-726.

39. Ollivier FJ, Plummer CE, Barrie KP. The eye examination and diagnostic
procedures. In: Veterinary Ophthalmology (4ed. Gelatt, KN) Blackwell Publishing:
lowa, 2007:438-476.

40. Kobashigawa KK, Lima TB, Padua IRM, et al. Ophthalmic parameters in adult
Shih Tzu dogs. Ciéncia Rural 2015, 45(7):1280-1285.

41. Berger SL, King VL. The fluctuation of tear production in the dog. Journal of the
American Animal Hospital Association 1998, 34(1):79-83.

42. Webster M, Witkin KL, Cohen-Fix O. Sizing up the nucleus: nuclear shape, size
and nuclear-envelope assembly. Journal of Cell Science 2009, 122(10):1477-1486.

43. English AR, Voeltz GK. Endoplasmic reticulum structure and interconnections
with other organelles. Cold Spring Harbor Perspectives in Biology 2013,
5(4):a013227.

44. Dahl KN, Ribeiro AJS, Lammerding J. Nuclear shape, mechanics, and
mechanotransduction. Circulation Research 2008, 102(11):1307-1318.

45, Losick VP. Wound-induced polyploidy is required for tissue repair. Advances in
Wound Care 2016, 5(6):271-278.

46. Gao J, Gelber Schwalb TA, Addeo JV, et al. Apoptosis in the lacrimal gland and
conjunctiva of dry eye dogs. Advances in Experimental Medicine and Biology 1998,
438:453-460.

47. Cartsburg, O., Kallen, C., Hillenkamp, J, et al. Topical mitomycin C and radiation

induce conjunctival DNA-polyploidy. Analytical Cellular Pathology 2001, 23(2):65-74.

48. Frustaci A, Kajstura J, Chimenti C, et al. Myocardial cell death in human diabetes.
Circulation Research 2000, 87(12):1123-1132.



54

49. Anatskaya OV, Vinogradov AE. Genome multiplication as adaptation to tissue
survival: Evidence from gene expression in mammalian heart and liver. Genomics
2007, 89(1):70-80.

50. Ghiraldini FG, Silva IS, Mello MLS. Polyploidy and chromatin remodeling in
hepatocytes from insulin-dependent diabetic and normoglycemic aged mice.
Cytometry A 2012, 81(9):755-764.

51. Felisbino MB, Alves DCT, Gatti MSV, et al. Differential response of human
hepatocyte chromatin to HDAC inhibitors as a function of microenvironmental
glucose level. Journal of Cell Physiology 2016, 231:2257-2265.

52. Hamada S, Namura K, Fujita S. et al. DNA ploidy and proliferative activity of
human pulmonary epithelium. Virchows Archiv. B, Cell Pathology 1989, 58(1):405-
410.

53. Toyoda H, Bregerie O, Vallet A, et al. Changes to hepatocyte ploidy and
binuclearity profiles during human chronic viral hepatitis. Gut 2005, 54: 297-302.

54. Knop E, Reale E. Fine structure and significance of snakelike chromatin in
conjunctival epithelial cells. Investigative Ophthalmology & Visual Science 1994,
35:711-7109.

55. Martinez N, Vallerskog T, West K, et al. Chromatin decondensation and T cell
hyperresponsiveness in diabetes-associated hyperglycemia. The Journal of
Immunology 2014, 193(9):4457-4468.

56. Konsta O, Thabet Y, Le Dantec C, et al. The contribution of epigenetics in

Sjogren’s syndrome. Frontiers in Genetics 2014, 5:1-9.

57. Leung YT, Shi L, Maurer K, et al. Interferon regulatory factor 1 and histone H4
acetylation in systemic lupus erythematosus. Epigenetics 2015, 10(3):191-199.

58. Chiorini JA, Cihakova D, Ouellette CE, Caturegli P. Sjogren syndrome: Advances
in the pathogenesis from animal models. Journal of Autoimmunity 2009, 33(3):190-
196.



55

CAPITULO 3 - Artigo Cientifico*

Effects of cyclosporin A combined with artificial tear
substitute on the nuclear phenotypes of conjunctival

epithelial cells in dogs with keratoconjunctivitis sicca

Daniela Moura dos Santos, Marcela Aldrovani, Marcella Rosa Filezio, Thais

Guimaraes Morato Abreu, Camila Pinho Balthazar da Silveira, José Luiz Laus

Department of Clinics and Veterinary Surgery, Sao Paulo State University (Unesp),
School of Agricultural and Veterinarian Sciences (FCAV), Jaboticabal, SP, Brasil

Address communications to:
Marcela Aldrovani

Tel.: +55 16 3209-2631-538
Fax: +55 16 3203-1226

e-mail: marcela.aldrovani@gmail.com

Running title: Conjunctival epithelial cell nuclei in treated KCS

De acordo com as normas do periddico “Veterinary Ophthalmology”. Disponivel em
http://onlinelibrary.wiley.com/journal/10.1111/(1ISSN)1463-5224/homepage/ForAuthors.html



mailto:marcela.aldrovani@gmail.com
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1463-5224/homepage/ForAuthors.html

56

Abstract

Objective In a previous study we observed that epithelial cells in the conjunctiva of
dogs with keratoconjunctivitis sicca (KCS) accumulate chromatin changes suggestive
of increased transcriptional activity. The present study aims to evaluate whether
these changes regress or disappear after institution of therapy with 0.2% cyclosporin

A (CsA) and artificial tears.

Animal studied Sixteen dogs (32 eyes) free of ocular disorders and 16 dogs (32
eyes) with KCS evaluated at the diagnosis time and after 30 and 60 days of

treatment.

Procedures Eyes were evaluated for the presence of clinical signs of KCS and for
tear production. Preparations of cells collected from the canine palpebral inferior
conjunctiva by brush cytology were subjected to the Feulgen reaction to detect
nuclear DNA or impregnated with silver ions to detect nucleolar organizing regions
(NORs). With the aid of light microscopy and video image analysis, the material was
evaluated for the lymphocyte content and for the chromatin supraorganization and

the intranuclear distribution of NORs in conjunctival epithelial cells.

Results The protocol used to treat KCS was associated with a significant reduction in
clinical signs of keratitis but failed to restore the tear production in 15 dogs. Treated
KCS samples showed less lymphocytic infiltration than did untreated KCS samples.
The chromatin changes observed in epithelial cells of KCS dogs regressed but did
not disappear after 60 days of treatment. Analysis of the NORs associated with
ribosomal DNA biogenesis showed no difference in epithelial cell kinetics between

the control and KCS samples after treatment.

Conclusions Chromatin changes observed in epithelial cells in the palpebral
conjunctiva of dogs with KCS regress but do not disappear after 60 days of treatment

with CsA and artificial tears.

Key words: chromatin, dry eye, cell metabolism, ocular surface, autoimmune

disease, tear.
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INTRODUCTION

Canine keratoconjunctivitis sicca (KCS), also known as dry eye disease, is a
multifactorial disorder of tears and ocular surface, usually defined as a Schirmer tear
test 1 (STT1) reading less than 10 mm/min concomitant with pathological changes in
the cornea and conjunctiva.’™ Knowledge of the cellular pathophysiology of canine
KCS has increased considerably due to recent advances in the fields of microscopy

and imaging, among others.”>”’

By using an approach that combined advanced light microscopy and video
image analysis, we have recently demonstrated that canine KCS is associated with
changes in the compaction degree of the chromatin of epithelial cells in the inferior
palpebral conjunctiva.” Chromatin is the macromolecule that stores the genetic
information and directs the transcriptional activities of a cell,® and the chromatin
supraorganization pattern found in epithelial cells on the conjunctival surface of KCS

dogs is suggestive of increased transcriptional activity.’

There is evidence that chromatin changes in epithelial cells in the conjunctiva
with KCS correlate to the severity of the disease and result from the stress and the
aversive stimuli that occur in the damaged ocular surface.” However, new studies are
needed to validate this evidence, especially since many cases of canine KCS are
immune-mediated and the predisposing factors to autoimmune diseases also lead to
changes in the high-order chromatin structure of different cell types.” Altered
chromatin supraorganization may both contribute to the development of pathological
manifestations in the ocular surface with KCS and represent mechanisms of cellular
adaptation to the conjunctival microenvironment altered by the disease. However, the
implications of chromatin changes to the vital functions of epithelial cells in the KCS
conjunctiva, including biosynthesis of protein and proliferation, have not been
established yet; knowledge in this respect is important and may help to improve
treatments. Microenvironment-mediated deleterious changes in the chromatin of a
cell may or may not regress after the pharmacological blockade or the interruption of

an aversive external stimulus.’™®

Information on the repercussion of chromatin changes to the cell function and

on the reversibility of disease-related chromatin changes can be obtained in situ from
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cytological preparations following appropriate topochemical methods. A valid way to
access the implications of chromatin changes in the biosynthetic and proliferative
processes of epithelial cells in the KCS conjunctiva is to study the intranuclear
distribution of nucleolar organizing regions (NORs), which are argyrophilic segments
of DNA expressing genes involved in the assembly of one of the ribosomal particles.®
To establish whether changes in the chromatin of conjunctival epithelial cells in KCS
patients regress ou disappear after interrupting or reducing external pathological
stimuli, such as inflammation, a reliable way is to study nuclear phenotypes related to
chromatin/DNA functionality of these cells before and after treatment to restore tear

production, reduce lymphocytic infiltration, and decrease inflammatory processes.

Routinely the clinical treatment of canine KCS involves local use of tear
substitutes and 0.2% cyclosporin A (CsA).***? Tear substitutes increase the stability
of the tear film, prevent tear evaporation, remove pathogens from the ocular surface,
and stimulate the proliferation of corneal and conjunctival epithelial cells.** CsA is an
immunomodulatory drug that has a lacromimetic action and that inhibits the
serine/threonine phosphatase activity of calcineurin, interrupting the lymphocytic
infiltration and the synthesis of proinflammatory cytokines, notably interleukin-2.***’
Although CsA has affinity for T lymphocytes, inhibiting the activation of these cells,
there is evidence that it also affect the conjunctival epithelial cells, influencing the
mitochondrial activity and the apoptotic mechanisms.*® It is not known whether CsA
exerts direct effects on epithelial cell chromatin in the conjunctiva with KCS.
However, there is evidence that prolonged use of CsA is associated with DNA
damage and the development of tumors in humans, including conjunctival tumors,
although no occurrence in dogs has been reported in the literature.*® Aside from that,
conjunctival epithelial cells also have calcineurin, which acts as a growth factor and
whose activation occurs by pathways involving calmodulin, a molecule that plays a
key role in the activation of the remodeling complexes that elicit changes in

chromatin structure.?

The contribution of this study was to evaluate the nuclear phenotypes related
to chromatin functionality and the distribution of NORs in conjunctival epithelial cells

of dogs with KCS before and after treatment. We investigated whether nuclear and
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chromatin changes that accompany the progression of canine KCS regress after 30

and 60 days of treatment with 0.2% CsA and artificial tear substitute.

MATERIAL AND METHODS

Ethics

This study adhered to the ARVO Statement for Use of Animals in Ophthalmic
Vision and Research. All procedures involving dogs were performed according
protocols approved by the Ethics Committee on the Use of Animals in Research of
the FCAV/Unesp (protocol No. 329/16) and followed the guidelines established by
the Brazilian College of Animal Experimentation (COBEA). All dog owners included in
the study provided an informed consent statement.

Animals and experimental design

Sixty-four eyes of 32 dogs belonging to the brachycephalic or mesocephalic
breeds, aged over one year, and free of systemic diseases, as revealed by clinical,
hematological (complete blood count), and biochemical (creatinine and alanine
aminotransferase) exams, were evaluated using Schirmer tear test 1 (STT1)
(Schirmer strip, Ophthalmos SA, Sao Paulo, Brazil), slit lamp biomicroscopy (Kowa,
Tokyo, Japan), applanation tonometry (Tonopen XL®, Reichert, NY, USA), indirect
ophthalmoscopy (Eyetec, Sao Carlos, Brazil), fluorescein stain (Fluorescein strips,

Ophthalmos SA), tear breakup time (TBUT), and response to menace reflex.

The dogs were distributed into KCS and control groups. The KCS group
consisted of 16 dogs (32 eyes), 7 with a brachycephalic skull shape and 9 with a
mesocephalic skull shape, male (n = 7) or female (n = 9), aged between 2 and 13
years (mean = standard deviation, 8.06 + 3.15), presenting bilateral KCS

27 \without comorbidities. The control

characterized by STT1 values < 10 mm/min,
group control consisted of 16 dogs (32 eyes), 8 with a brachiocephalic skull shape
and 8 with a mesocephalic skull shape, male (n = 9) or female (n = 7), aged between

2 and 13 years (8.50 + 4.83), presenting STT1 values = 15 mm/min,>’ without any
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ocular disorder. None of the dogs included in the study had a history of neoplasms of
any kind or were using immunomodulatory drugs or antibiotics. The study groups
were homogeneous for skull shape (P = 0.76, Wilcoxon test), sex (P = 0.54), and age
(P =0.57).

As treatment, eyes in the KCS group are receiving local 0.2% CsA ophthalmic
ointment (Optimmune, Intervet Schering-Plough, Sao Paulo, Brazil) at regular
intervals of 12 h and 0.2% polyacrylic acid-based artificial tears (Vidisic®, Bausch &

Lomb, Rochester, NY, USA) at regular intervals of 4 h.

The dogs remain under clinical follow-up. For the present study, data on
clinical signs (discharge, conjunctival hyperemia, and corneal edema and
vascularization), blink-to-threat reflex, and tear production of KCS eyes, as well as
the conjunctival epithelial cells, were collected at the time of diagnosis and 30 and 60
days after initiation of treatment.

Collection of epithelial cells of the inferior palpebral conjunctiva

Epithelial cells were collected by brush cytology from the inferior palpebral
conjunctival surface, as previously described.” The ocular surface was anesthetized
with one drop of 0.5% proxymetacaine (Anestalcon®, Alcon, Sao Paulo, Brazil) and
the inferior palpebral conjunctiva was pulled down and scraped using a sterile
cervical cytobrush (Kolplast Ltda, Itupeva, Brazil). The cells were spreads on glass
slides (Knittel, Braunschweig, Germany) and fixed for 10 min in a mixture of 70%
ethylic alcohol (Ecibra, Sao Paulo, Brazil), glacial acetic acid (Synth, Sao Paulo,

Brazil), and 10% buffered formalin (Dinamica, Sao Paulo, Brazil); 3:1:1, vol/vol/vol.”

Chromatin/DNA topochemistry

To detect chromatin/DNA, cytological preparations were subjected to the
Feulgen reaction, which consisted of acid hydrolysis in 4 M HCl (Vetec, Rio de
Janeiro, Brazil) for 45 min and subsequent exposure of the hydrolyzed material to a
reactive Schiff base (Merck, Darmstadt, Germany) for 40 min.” All steps of the

Feulgen reaction were done in an air-conditioned laboratory at a constant
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temperature of 25°C. Following the staining, the samples were washed in sulfurous
water (mixture of distilled water, 1 M HCI, and 10% sodium metabisulfite; 18:1:1,
vol/vol/val), cleared in xylene (Synth, Sao Paulo, Brazil), and mounted with natural
Canada balsam (Vetec, Rio de Janeiro, Brazil).

Silver-impregnated NOR (AgNOR) banding

To detect NORs, cytological preparations were incubated at 37°C for 30 min,
in a mixture containing two parts of a 50% aqueous solution of silver nitrate (Synth)
and a part of colloidal gelatin (Sigma-Aldrich, St. Louis, MO, USA) dissolved in a 1%
aqueous solution of formic acid (Synth).° The samples were then washed in distilled

water, air dried, and mounted with natural Canada balsam.

Relative frequency of lymphocytes

Feulgen-stained samples were studied for presence of lymphocytes whose
frequencies (%) were estimated for a total population of 500 conjunctival surface
cells evaluated from five microscopic fields randomly chosen in each cytological
preparation. The evaluations were conducted under light microscopy by a single

blinded examiner.

Video image analysis

Conjunctival epithelial cell nuclei (n = 110) subjected to the Feulgen reaction
or to the AgNOR banding were analyzed under an Olympus BX53 microscope
(Tokyo, Japan), equipped with UPLAN Neofluar 100/0.75 objective, optovar factor 2,
100-W halogen lamp, Kéhler illumination, 0.90 condenser, and a interferential filter
(Edmund Optics, Barrington, NJ, USA) to obtain monochromatic light of 546 nm.” %%
With a high-resolution video camera (Olympus), the nuclear images were transmitted
from the microscope to a computer, where they were digitized, converted to 8-bits,
and studied using ImageJ software (National Institute of Health, Bethesda, MS,
USA). The operating conditions of the microscope, with particular attention to the

intensity of the light emitted by the halogen lamp, were the same for all samples
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studied. The spatial calibration of the video image analysis system was done with a
micrometer ruler for microscopy (Laxco Inc. Bothell, WA, USA), and the threshold
technique used for segmentation of the cell nuclei was semiautomatic. Overlapping,
damaged or unfocused nuclei were excluded from the evaluations. Separate and
intact nuclei were examined from three microscopic fields chosen at random from
each cytological preparation. All assessments by video image analysis were
conducted by two experienced examiners who were masked to study groups.

Feulgen-stained nuclei (n = 100) were studied for total area (St), in square
micrometers; fraction of area (Sc%) showing absorbance above a selected cutoff
point (> 0.66), which correspond to the more compacted chromatin; total absorbance
(Ar), which reports on chromatin compaction states; absorbance of the area covered
by the more compacted chromatin (Ac); total integrated optical density (IOD, in
arbitrary units (AU)), which reports on Feulgen-DNA content; and average absorption
ratio (AAR = (Ac/Sc%)/(A1/St)), a dimensional parameter that expresses how many
times the absorbance of more compacted chromatin exceeds that of the entire
nucleus.?” The value of the cutoff point (absorbance > 0.66) used to discriminate the
more condensed chromatin was established from preliminary studies involving the

control group samples.

Surface plot graphs (ImageJ > Analyze > Surface plot) were constructed to
represent the compaction states of chromatin based on the topography of different
bitmap pixel values from the nuclear images. Prior, pseudocolors (i.e., false colors)

were applied (ImageJ > Image > 8-bit > Lookup table > Royal > Apply LUT).”®

Scatter diagrams relating AAR to Sc% were plotted as previously
proposed.?>?* These diagrams allow for the discrimination of the position of points

that correspond to specific nuclear phenotypes.

The size of NORs (in square micrometer) and the fractions of the nuclear area
occupied by them were quantified in the nuclei (n = 50) subjected to AQNOR banding.
Points with absorbance values below 0.020 were considered backgrounds and
removed from the nuclear images. An absorbance value above 0.62 was used as the
cutoff point to discriminate AgNOR-positive nuclear areas after preliminary tests

performed using the control group samples.’
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Statistical analyses

All data were tested for statistical normality using the Kolmogorov-Smirnov
test. Kruskal-Wallis test and Friedman test with Dunn's post hoc test for multiple
comparisons were used for statistical analyses because the distributional
assumptions required for parametric testing were not satisfied. The Spearman’s
coefficient (r) was used as a measure of association between the study variables.
Differences with P < 0.05 were considered significant, with 95% confidence interval
(95% CI). All calculations were performed using the Minitab 12™ (Minitab, State
College, San Diego, CA, USA) and the MedCalc (version 9.3.6.0, MedCalc,
Mariakerke, Belgium) software programs.

RESULTS

Clinical features of the eyes in the KCS group before and after treatment

At diagnosis time, the eyes in the KCS group presented intense mucopurulent
secretion, moderate conjunctival hyperemia, diffuse corneal edema, corneal
vascularization (Fig. 1 a), and negative menace reflex. Resolution or attenuation of
the clinical signs of KCS was only observed 60 days after initiation of treatment, with

dogs showing a positive menace reflex (Fig. 1 b).
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Figure 1. Clinical ocular feature of a patient in the KCS group, at diagnosis (a) and after 60 days of
treatment with 0.2% cyclosporin (b). At the time of diagnosis, the eye presented intense mucopurulent
secretion, moderate conjunctival hyperemia, diffuse corneal edema, corneal vascularization, and
negative menace reflex. Sixty days after initiation of treatment, a decrease in mucoid secretion,
regression of conjunctival hyperemia and corneal edema, reduction of vascularization, and a positive
menace reflex were observed.

Tear production

The values of STT1 (mm/min) and TBUT (sec) obtained for both control and
KCS groups are shown in figure 2. Compared with the control eyes, the eyes in the
KCS group presented reduced median values of STT1, both before and after
initiation of treatment (Fig. 2 a) (P < 0.05). No differences in median TBUT values
were observed between control eyes and those with KCS treated for 30 or 60 days
(Fig. 2 b) (P > 0.05).

Although the protocol used for treating the KCS has resulted in a significant
increase in the median values of STT1 (P < 0.05 vs. diagnosis time), boxplot graphs
(Fig. 2 a) revealed a high dispersion and heterogeneity in the variance of the data
set, evidencing that the treatment failed to improve the tear production. Eighteen of
32 eyes (56.25%) with KCS maintained STT1 values below 15 mm/min (normative

value) after 60 days of treatment.
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The TBUT values obtained in this study were highly heterogeneous (Fig. 2 b),
even in the control group, probably because half of the dogs included in the study
had a brachycephalic skull conformation which favors tear evaporation.
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Figure 2. Boxplot graphs, combined with bar graphs of median values, with 95% CI for median (error
bars), related to tear production parameters in dogs free from ophthalmic disorders (controls) and in
dogs with KCS, before and after 30 and 60 days of treatment. In (a), STT1 values (mm/min). In (b),
TBUT values (sec). Different letters represent the statistical differences. P < 0.05 was considered
significant.

Relative frequency of lymphocytes

Lymphocyte frequencies were 7.38% (range, 2.41-13.15%) for control group
samples, 72.59% (range, 48.66-91.38%) for samples from the KCS group collected
at the diagnosis time, 44.23% (range, 17.06-52.72%) for samples from the KCS
group collected 30 days after the initiation of treatment, and 19.53% (range,

7.14-31.12%) for samples from the KCS group collected 60 days after the treatment.

Video image analysis parameters for Feulgen-stained nuclei
Color digital images of Feulgen-stained nuclei were converted for gray levels
(8-bits) and used for establishing nuclear phenotypes of conjunctival epithelial cells.

After the binarization of the images, cell nuclei showed varying intensity of mean gray
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values, corresponding to different supraorganizational patterns (compaction and
texture) of the chromatin. Only a digital image of a control sample is displayed (Fig. 3
a) because differences of nuclear phenotypes among the groups studied can only be
discernible by software-assisted image analysis, and not visually. Fig. 3 b displays
conjunctival epithelial cell nuclei after image treatment that allows us to discriminate

the areas of more compacted chromatin.

Figure 3. Digital images of Feulgen-stained nuclei (control sample). In (a), cell nuclei converted to the
binary system, using ImageJ software. Note that the nuclei have varying intensities of mean gray
levels, which correspond to different patterns of compaction and chromatin texture. In (b) the same
nuclei of (a), after application of threshold masks (red) for selection of the areas containing the more
condensed chromatin. Overlapping, damaged or unfocused nuclei (arrowheads) were excluded from
the evaluations. Bar = 50 um.

Details of chromatin compaction could be observed from representative
surface plots (Fig. 4 a—d) constructed after the application of pseudocolors to the
nuclear images. Compared with the control nuclei, the nuclei in the KCS group, both
before and after treatment, showed extensive areas of less compacted chromatin
(pink pseudocolor) and reduced areas of more compacted chromatin (blue

pseudocolor).
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control KCS at diagnosis time
(c) | (d) I
30 days 60 days

KCS after treatment

Figure 4. Surface plot graphs representative of the compaction states of chromatin. (a) control nuclei;
(b) conjunctival epithelial cell nuclei in the KCS group at diagnosis time; (c), KCS nuclei after 30 days
of treatment; (d), KCS nuclei after 60 days of treatment. Pink pseudocolor corresponds to the nuclear
areas of less compacted chromatin, and blue pseudocolor corresponds to the areas of more
compacted chromatin.

Statistical comparisons between nuclear parameters obtained by video image
analysis for conjunctival epithelial cells of the different samples that composed this

study are presented in Table 1.



Table 1. Video image analysis parameters obtained for Feulgen-stained nuclei

Study samples

KCS after treatment

Parameters Control KCS (at diagnosis time) 30 days 60 days

Median Q1 Q3 Median Q1 Q3 Median Q1 Q3 Median Q1 Q3
Sc% 15.61 79.16 6.14° 175 1825 9.60° 7.29 5327 2230° 513 55.13
St (um?) 183.79% 163.92 224.49 218.02° 170.67 289.54 148.26° 119.78 169.85 194.61* 159.17 232.68
AAR 1.05?2 1.02 1.05 1.12° 1.10 1.16 1.052 1.03 1.07 1.05° 1.03 1.09
Ac 0.68° 0.66 0.69 0.71° 0.66 0.72 0.69% 0.66 0.70 0.68% 0.66 0.69
At 0.65° 0.63 0.65 0.59° 0.58 0.61 0.62° 0.61 0.63 0.63° 0.31 0.65
IOD (AU) 128.93% 106.24 151.41 132.87° 100.18 173.51 91.89° 74.68 106.44 123.86° 106.00 150.44

Results are expressed as median and interquartile intervals (Q1 and Q3).
Different letters in the same line represent the statistical differences. P < 0.05 was considered significant.
Comparisons were performed using the Kruskal-Wallis test and the Friedman test with Dunn’s post hoc test.
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Conjunctival epithelial cell nuclei in samples of KCS dogs treated for 30 days
were smaller in size (< St values) and had less DNA (< IOD values) than the cell
nuclei in controls or in samples of dogs with KCS untreated (P < 0.05 for all) (Table
1). No differences in St and IOD were observed among the nuclei in samples of KCS
patients treated for 60 days and those in control samples (P > 0.05); both samples
had smaller nuclei and less DNA when compared to untreated KCS samples (Table
1).

Nuclei in samples of KCS dogs, both before and after treatment, presented
reduced Ar values, compared to the nuclei in the control samples (P < 0.05 for all)
(Table 1).

Figure 5 correspond to the scatter diagram of the Sc% values as a function of
AAR, which allows to discriminate specific nuclear phenotypes (related to chromatin
functionality) of conjunctival epithelial cells.

@ control

Q KCS at diagnosis time
() KCS 30 days after treatment
() KCS 60 days after treatment

Sc%

AAR

Figure 5. Scatter plot of Sc% values (nuclear fraction of chromatin covered plus condensed) as a
function of AAR values (dimensional parameter that expresses how many times the absorbance of
nuclear areas with more condensed chromatin exceeded that of the entire nucleus).

At the time of diagnosis, dogs in the KCS group presented conjunctival
epithelial cells with loose chromatin, characterized by a significant reduction of the
Sc% values concomitant with an elevation of AAR values (P < 0.05 vs. controls) (Fig.

5) (Table 1). A sort manipulation (Minitab 12™ software) of the data allowed us to
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detect that 20.96% of the conjunctival epithelial cell nuclei of dogs with untreated
KCS (diagnosis time) had AAR values above 1.2, whereas all nuclei of the other
samples studied had AAR below this value. There are no differences between the
AAR values obtained for cell nuclei of the KCS dogs treated for 30 or 60 days and
those observed for control nuclei (P > 0.05) (Table 1).

Treatment with 0.2% CsA and tear substitute elicited changes in the nuclear
phenotypes of the conjunctival epithelial cells of the KCS dogs, resulting in increase
of Sc% values (P < 0.05 vs. KCS at time of diagnosis), i.e., the extent of areas
covered by more compacted chromatin. We have calculated that the frequencies of
nuclei that had at least half of their St occupied by more compacted chromatin
(absorbance > 0.66) were 51.83% for the control group, 0.9% for the samples of
dogs with untreated KCS, 13.09% for the samples of KCS dogs treated for 30 days,
and 28.73% for samples of KCS dogs treated for 60 days. It was also calculated that
the frequency of fully loosened chromatin nuclei, presenting less than 2% of St
occupied by more compacted chromatin, were 2.40% for the control group, 25.92%
for the samples of dogs with untreated KCS, 20.23% for the samples of KCS dogs
treated for 30 days, and 11.49% for samples of KCS dogs treated for 60 days.

The AAR and Sc% values observed for nuclei in both the control and
untreated KCS samples were significantly influenced by the STT1 values, as
revealed by the Spearman’s coefficient analysis (Table 2). However, surprisingly, the
AAR and Sc% values for conjunctival epithelial nuclei of dogs with KCS treated for 30
or 60 days had no association with STT1 values (Table 2). AAR and Sc% values

have not association with TBUT values (P > 0.05).

In all groups studied, Sc% values, but not AAR values, had a negative
association with the presence of lymphocytes, that is, the less lymphocyte in the
samples, the greater the Sc% values of the conjunctival epithelial cell nuclei (Table
2).
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Table 2. Correlations of Sc% and AAR with tear production (STT1) and lymphocyte
frequency in the studied samples

Correlations involving Sc%

Samples STT1 Lymphocyte frequency
r P r P
Control 0.781 <0.01 -0.813 <0.01
KCS at diagnosis time 0.643 <0.01 -0.745 <0.01
KCS after 30 days of treatment 0.029 =0.31 -0.791 <0.01
KCS after 60 days of treatment 0.071 =0.10 -0.781 <0.01
Correlations involving AAR
STT1 Lymphocyte frequency
r P R P
Control 0.761 <0.01 0.029 =0.31
KCS at diagnosis time 0.591 <0.01 0.033 =0.34
KCS after 30 days of treatment 0.023 =0.31 0.031 =0.33
KCS after 60 days of treatment 0.051 =0.09 0.029 =0.31

P < 0.05 was considered significant (Spearman’s coefficient analysis).
TBUT was not included in the Table because the statistical analysis revealed that it has no influence
on Sc% and AAR values.

Distribution of NORs

Figure 6 (a and b) corresponds to images of conjunctival epithelial cell nuclei
subjected to AQNOR banding, illustrating differences in NOR content between control
samples and those of dogs with untreated KCS. Assessments by video image
analysis (Fig. 6 ¢ and d) revealed that nuclei in the samples of dogs with untreated
KCS have larger NORs, occupying larger area fractions, compared to nuclei in the
samples of control dogs (P < 0.01) Treatment with 0.2% CsA and tear substitute
reduced the size of NORs as well as the fraction of nuclear area occupied by them.
No differences in size and distribution of NORs were observed between control
samples and those with KCS treated for 30 or 60 days (P > 0.05).
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Figure 6. (a) and (b), photomicrographs of conjunctival epithelial cell nuclei of control and KCS dogs,
respectively, after AQNOR banding. The dark brown granules within the cell nuclei correspond to
NORs (heads). Bar = 10 mm. (c) and (d), graphs of median values, with interquartile intervals (error
bars), related to the size of positive AQNOR granules and fractions of the nuclear area occupied by
NORs. Different letters represent the statistical differences. P < 0.05 was considered significant.

DISCUSSION

Canine KCS is a disease, usually immune-mediated, associated with changes
in the anatomy or function of some of the components of the lacrimal functional
unit.?* The most striking clinical features of KCS are the inflammation of the ocular
surface, including the adnexa, and the reduction or absence of tear production, which
makes the eye predisposed to lesions.?

In our service, 0.2% CsA ophthalmic ointment combined with a tear substitute

is the first choice to treat canine KCS due to its immunomodulatory and lacromimetic
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properties, as well as its efficacy and safety as evidenced by previous studies.?®?®

Ophthalmic CsA act specifically on suppressing T helper lymphocytes (CD4+) and
even when used for long periods, at concentrations of 0.2% to 2%, it does not reach
significant blood concentrations.?

Interestingly, in the present study, 56.25% of the dogs treated with 0.2% CsA
and with artificial tears for 60 days had no significant increase in tear production, with
STT1 values below those considered normal for dogs.**3' This poor result may be
related to the clinical characteristics of the dogs that composed the KCS group and
suggest that CsA in concentrations higher than that used in this study (0.2%) may be
a better option to treat dogs diagnosed with a total absence of tears and/or
presenting a brachycephalic skull conformation which favors the tear evaporation.

Although the therapeutic protocol used in this study was not 100% effective in
restoring the tear production of dogs in the KCS group, it resulted in a significant
regression of all clinical signs of KCS that, in addition to being detected by
ophthalmic evaluations, was perceived and reported by the dog owners. Probably the
regression of the clinical signs of KCS, despite the low values of tear production,
occurred due to the anti-inflammatory action of 0.2% CsA and its scientifically proven
ability in reestablishing the functionality of goblet cells.®* The use of artificial tears is
also a contributing factor to the regression of KCS signals as it helps remove
pathogens and proinflammatory cytokines from the ocular surface and stimulates the
proliferation of epithelial cells.

It is widely recognized that KCS-related ocular surface inflammation is
mediated by lymphocytes.** Based on earlier immuno-histopathological evaluations®*,
proposed that human patients with both Sjogren syndrome-related as well as non-
Sjogren syndrome KCS have identical conjunctival inflammation manifested by T
lymphocytes infiltrates, which suggest that clinical symptoms of KCS may be
dependent on T lymphocyte activation. In this context, our results suggest a
relationship between the presence of lymphocytes on the inferior palpebral
conjunctival surface and clinical symptomatology of dogs in the KCS group. Samples
of conjunctival cells collected before treatment showed high lymphocyte content
(72.95%); however, treatment of KCS resulted in a significant reduction of the
number of lymphocytes (44.23% at 30 days and 19.53% at 60 days), which can be
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attributed to the modulating effect of CsA and apoptosis of lymphocytes, with
subsequent reduction of inflammatory processes.*

Conjunctival samples to evaluate the frequency of lymphocytes and nuclei of
the epithelial cells were collected by brush cytology, a technique that is easy to
perform and causes little discomfort to the patient.>>” Cells were collected from the
inferior palpebral conjunctival surface because it is easy to access, with less risk of
damaging the cornea.” Brush cytology resulted in preparations with high content of
cells with pre-preserved morphology and few overlapping cells, as reported by other
authors who also used this method for collecting conjunctival cells.***! The cell types
observed in the control and KCS samples are those reported by different authors in

28,3841

previous studies, no atypical morphology was detected.

Conjunctival cytological preparations were submitted to the Feulgen

reaction®14243

which is the gold standard method for detecting nuclear DNA and used
to evaluate nuclear phenotypes of conjunctival epithelial cells of dogs with KCS
before and after treatment. We evaluated whether chromatin changes in conjunctival
epithelial cells of dogs with KCS regress or disappear after institution of therapy that
disrupts or blocks aversive processes on the ocular surface with KCS. The results
obtained in this study for dogs of the KCS group prior to treatment replicated those
from a previous study’ where KCS was associated with chromatin loosening,
suggestive of increased transcriptional activity, and with increase in Feulgen-DNA
content (DNA ploidy) in conjunctival epithelial cells of dogs. Also, our results, based
on the Sc% x AAR scatter plot, revealed that while the epithelial cells of the KCS
conjunctiva decompress much of their chromatin (< Sc% vs controls), they increase
the state of chromatin compaction in specific nuclear territories (> AAR vs. controls),
probably repressing the expression of genes whose identity remains to be made in
later studies.

Chromate loosening and increase in DNA ploidy levels are adaptive events
that can occur in different cell types of injured tissues and appear to increase the cell
response to microenvironmental stimuli.**~*" While increased ploidy results from DNA
synthesis, chromatin loosening results from a remodeling process involving ATP-
dependent remodeling complexes, epigenetic enzymes, transcription factors, and

modifications at cell-nuclear matrix adhesion sites and in gene activity.*®
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Remodeling of chromatin has been associated with the development of
several diseases including ocular disorders so that many studies have been
conducted in scope.*™? One of the crucial issues involving changes in the structure
of cell chromatin in diseased tissues concerns reversibility. Certain changes in
chromatin structure, particularly those mediated by changes in environmental stimuli,
regress rapidly after pharmacological intervention for normalization of tissue
homeostasis. However, there are persistent chromatin alterations, particularly those
related to genetic predisposition to autoimmune diseases, whose reversal may not be
achieved with traditional drugs, and it is necessary in this case to seek new
therapeutic strategies, including epigenetic drugs. Undoing diseases-related
chromatin changes can help restore the function of an injured cell or tissue, thereby
improving clinical prognoses.*®

The results of this study suggest that changes in chromatin supraorganization
(compaction and texture) and DNA ploidy in epithelial cells of the palpebral
conjunctiva of dogs with KCS regress in a time-dependent manner after institution of
treatment with 0.2% CsA and artificial tears. After 60 days of treatment, the epithelial
cells presented AAR values similar to those presented by healthy canine conjunctival
epithelial cells, suggesting that those nuclear territories of genes that were highly
repressed in cells collected at the time of diagnosis resumed their

supraorganizational configuration.

Treatment with 0.2% CsA and tear substitute resulted in increase of median
Sc% values (P < 0.05 vs. KCS at time of diagnosis), i.e., the extent of areas covered
by more compacted chromatin. However, our calculations revealed that only 13.09%
of the cells in the KCS group treated for 30 days and 28.73% of the cells in the KCS
group treated for 60 days had the most frequent nuclear phenotype presented by the
cells of the control group (more than 50% of the nuclear area occupied by more
compacted chromatin). Thus, the pharmacological therapy administered in KCS
patients in this study was not able to reestablish the nuclear phenotypes of

conjunctival epithelial cells in terms of functionality of chromatin.

Based on our findings, we believe that stimuli associated with chromatin
decompaction in cells of the untreated KCS group are multiple, and treatment with

CsA was not enough to resolve all of them as demonstrated by clinical evaluations.
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Although STT1 values are positively associated with the functional status of
chromatin compaction in epithelial cells of normal and KCS conjunctiva, it appears
that tear production is not an independent factor affecting cell nuclei. Apparently,
associations between STT1 and chromatin compaction state depend on the
symptomatology of the patient. In those eyes whose tear production was reduced but
signs of keratitis were absent, STT1 values had no significant association with
chromatin function states in epithelial cells.

The lymphocyte content in the conjunctiva was an important factor associated
with the chromatin functional state of the conjunctival epithelial cells. The treated
KCS samples that presented epithelial cells with nuclear phenotypes closer to those
of the control were those that had less lymphocytic infiltration. This finding suggests
that humoral and inflammatory responses mediated by lymphocytes are important
stimuli that modify the supraorganizational pattern of chromatin in conjunctival
epithelial cells. In addition, it is possible that the presence of lymphocytes and
cytotoxicity of the mediators expressed by them interfere with signaling pathways that
regulate the metabolism of conjunctival epithelial cells; there is evidence that the

presence of lymphocytes compromises the differentiation of epithelial cells.>®

A direct mechanism by which the pharmacological therapy used in this study,
most notably CsA, may have acted on conjunctival epithelial cell nuclei, leading to
chromatin remodeling and regression of chromatin alterations may be through
blocking of intracellular cyclophilin. To activate cyclophilin, CsA is actively transported
via P-glycoprotein pumps, and expression of genes transcribing mRNA to specific
glycosyltransferases and glycoconjugates is severely compromised on the
conjunctival surface of patients with KCS.>* Calcineurin acts as a transcription factor
and binds to calmodulin,'” forming a macromolecular complex that phosphorylates
histone H3 (one of the proteins that binds to DNA to form the chromatin),>® making
chromatin open to transcriptional processes. Since calcineurin is inhibited by CsA,
certain modifications that may lead to chromatin loosening do not occur.

Although treatment with 0.2% CsA and artificial tears did not restore the
functional states of chromatin supraorganization of epithelial cells in KCS dogs to
close to those observed in controls, it was associated with a significant restoration of

cell kinetics, as revealed by the analyzes of samples subjected to AQNOR banding.
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Studies in AgNOR represent a valuable method of evaluating cell kinetics, as it
reports on ribosomal biogenesis, protein biosynthesis, and cell migration and
proliferation.”®° Before treatment, cells in the KCS group presented large NOR
granules with extensive nuclear distribution, which suggests an intense metabolic
cellular activity and corroborates with results of DNA ploidy and chromatin
supraorganization, both suggestive of increased transcriptional activity. Metabolic cell
demand is directly related to proinflammatory stimuli. Metabolic cell demand is
directly related to proinflammatory stimuli. Many growth factors and cytokines
released during inflammatory events may stimulate epithelial cells to synthesize
growth and defense proteins.®® %

In conclusion, the results of the present study replicated those from a previous
study showing that KCS is associated with changes in chromatin supraorganization
of epithelial cells in the canine palpebral conjunctiva. The present study showed that
accumulated chromatin changes in conjunctival epithelial cells of dogs with KCS
regress in a time-dependent manner, but do not disappear, after 30 and 60 days of
treatment with conventional therapy, involving immunomodulatory drug and artificial
tears, which aims to reduce inflammatory processes and improve tear production.
Although the treatment used in the present study did not reverse the altered nuclear
phenotypes of conjunctival epithelial cells with KCS, it was associated with
restoration in cellular kinetics related to ribosomal biogenesis and protein

biosynthesis.
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